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1 Composition for increasing microorganism wall permeability and
method for detecting said microorganisms on a membrane. 5 The present
invention relates to a novel composition for permeabilizing microorganism
walls and to the uses thereof, in particular the use thereof in a method for
counting and/or for the targeted identification of the microorganisms in a
liquid or gaseous medium. 10 The invention applies to the control of the
micgobiqlogli.%ﬁngmﬁime g aid ﬁﬂ&g@éQQH% N | 66\@@%9;%&;] wall
production lines for foqd or pharmaceutical products. In this field, the i
RS o BchE Red San SRSSTRANE, il wrcredEanns sns
and itis advisable to distinguistith MmemRreMAe microbes in order to
determine whether they present a risk to human health. The control

carried gyt mystwain.of A genigminaionaline manufagiured produd; . ; o,
within a short™20 period oﬂime, maEing It poss?ble, where appropriate, to
st the PraHARE L P tFe oA fid 86 F dedbntafindtioR NstepsO MaRy  uses

ntt_eih@ds flgveiheep;jﬁyednpmlrin order thsa&nirﬁﬁ_r’ezee_the cm_kturi;mg tigenfod for
MIGIRorgaYyss, yhile at 2> the, same, timemgkingyit pp$Sble.0;SGarchs  (pe

for certain “microbes. This is_the subject in particular of the methods for

PREERYTARPISYEniShsca#igd it Sfe PRTERST J¥3HE WRuid through a
membrane, escriedw 30 applicatoh WO 01/6915heAccordingdd thist  the

rﬁﬁ@?@b@@l8&%@9&9%@&%@3}‘@@3%@@”ﬂi‘%&@fﬂpﬁér_‘?@@%@ dhedia
the surfac%of a membrane by IQa:jflng theujtjgwd fthro%Jgh sai lrlmembranet. i cal
THa RicrsStgaishd SFEIEd at te sutfate bPHHE niémbaRgTizceutica

ace of
contgwith-an agar 35 culture medium for the amount of time necessary

toforma 1In this field, the microorganisms to be detected
are often present in very small number and it is
advisable to distinguish the nature of the microbes in
order to determine whether they present a risk to human
health. The control carried out must warn of any
contamination of the manufactured product within a short
period of time, making it possible, where appropriate, to
stop the manufacture thereof and to take decontamination
steps.

Many methods have been developed in order to
minimize the culturing time for microorganisms, while at
the same time making it possible to search for certain
microbes.

This is the subject in particular of the methods
for detecting microorganisms carried out after filtration
of  the liquid through a membrane, described in
application WO 01/59157. According to this method, the
microorganisms contained in a liquid sample are retained
at the surface of a membrane by passing the liquid
through said membrane. The microorganisms are cultured at
the surface of the membrane in contact with an agar
culture medium for the amount of time necessary to form a
microcolony not visible to the naked eye. The cells
forming the microcolony are then 1lyzed in order to

release their adenosine triphosphate (ATP) and nucleic
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microcolony not visible to the naked eye. The cells forming the
microcolony are then lyzed in order to release their adenosine
triphosphate (ATP) and nucleic 2 acid content. The ATP is used as a
marker for identifying and quantifying the live cells by
ATP-bioluminescence. The detection is termed universal in that ATP is a
marker that is present in all living microorganisms. Reading of 5 the result
is obtained by means of a chemiluminescence reaction involving the
conversion of the ATP into photons by an enzyme specific for said ATP.

The lightsignalis defecied tising:an,appropgate videq kerfage (Es@ntifying
LCD  camera). .The image obtained makes it possible, {0 10 visualize in

si?unf?‘ne dité on the membrarie where the microbe’has d%vello%ea?lfhnaescence )

manhfeASiARIAFE i Ttohveritfories ountiiteéarried but bharPatFrlisisirragmrker
medium. ilhec Miliflex rapid” system, soldybynthereempany: skbsMilliposeling of
operates on [he prncinle desqrbed,ahoye, Il was desianggin gL e o cence
carry out the filtration and detection Steps on one and the same

meRTTane WRIEH 33 aiftdiiéd 6RaRasHCsSuppbrt-FRis’sUpporttis Photons
désigned so agrie fikprto the varfous devicksahat.areused fort20 thegnal is

filtyatian,the cyltyring of the microgrganisms, {he jmpregnationofthe . rcp
membrane with detection reagents and, the taking of images in a video

cHEMBGEE This minfaturiZBa &y steP At an afretfble fainiPfimeP e t°
comparetdiwith the conventionktests ba 25rPetrhdishesnFurhermohsie  the

mk@%&:iH@SSi_k?{%éo StQ;T@;IQQdm@gE}S objg-g;m.ed &n aﬁk&ﬁﬁ@éwpp%ﬁﬂw@igb to
makes ItHIEOSSIb|f to monitor the contaménatlogs (trage%belhct\rl).. Iagvsvlgve

]
this BySTMTIAS Sertain limits HuaTh 1AE fact that “ih practice, thé dotinting 9%

oftB@180 microorganisms present at the surface of the membrane is
carried out afteecelilysisi s conseguéntlyystem, sold by the company

Millipore, operates on the principle described above. It
was designed 1in order to carry out the filtration and
detection steps on one and the same membrane, which is
maintained on a plastic support. This support is designed
so as to fit onto the various devices that are used for
the filtration, the culturing of the microorganisms, the
impregnation of the membrane with detection reagents and
the taking of images in a video chamber.

This miniaturized system allows an appreciable
gain 1in time compared with the conventional tests on
Petri dishes. Furthermore, it makes it possible to store
the images obtained on a digital support, which makes it
possible to monitor the contaminations (traceability).

However, this system has certain limits due to
the fact that, in practice, the counting of the
microorganisms present at the surface of the membrane is
carried out after «cell 1lysis. It 1is, consequently,
difficult to reuse the same membrane with a view to
accurately identifying the microorganisms detected.

However, 1in order to demonstrate the presence of

certain microorganisms, 1t 1s possible to carry out a
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difficult to reuse the same membrane with a view to accurately identifying
the microorganisms detected. However, in order to demonstrate the
presence of 35 certain microorganisms, it is possible to carry out a 3
specific hybridization using labeled probes, whether they are nucleotide in
nature or else of PNA (peptide nucleic afid) type. PNA probes have the
advantage of being peptide in 5 nature, which makes it possible, in
certain applications, to advantageously replace oligonucleotide probes. In
general, in situ probe hybridization requires complete accessibility to the

nugleic aeids ofihe cell -athepwise this manipidation gengates flsether they

negalives, 10 Appiication WO,2004/050907 describes gsystemofy. o1
déteGtion 'on a membrane Which niakes it possib?e to détect™fie presence

ofrficfoorganms contaminating blood samples. The particularity of this
system lies iphe facd bkbsthiad the micsoerganismsyaredeteeteddhiosghide in
the 918}:%%”3' n; of Jaheling.a ec“%g‘é% %eﬂé“cr?ﬁ%rgéé"ﬁ%%ﬁhrolggtﬂEE%'Eions,
wall. The labe ing agents used aré small_ molecules, in articula
cOMpBaNESWhIRORR alaf htERiICACIHS TBRAS RNAY: sHERB8 Tyanin
derivatives, 26 propiditraliodide; asridine wrahge orgéthidilimdromiderequires

which pases legsdifficylty in; teyms of penetration info. the. microgrganisms o 1 1
than oligonucleotide probes. The liquid sample to be tested is diluted in a

p&mEABliZAtioh Sofutib catprising the' RBefiRg agent 254 L& ves -
permeabilization réagentoThélCelkOare/incWvated itethisrpéreseabilizatiorem of

sejutien the aim,of whiehis-toinckgaserthe,gelb wall Popesity; Be @st#e detect
faglitate the penctiation of the labeling productnto the microoraanisms ) .,
present. The permeabilization solution 30'7s s&bsequenr%ly%ere ,w@h the
pESsiIEes -

The particularity of this system lies in the fact
that the microorganisms are detected through the
penetration of labeling agents 1into the microorganisms
through their wall. The labeling agents used are small
molecules, in particular compounds which intercalate
nucleic acids (DNA, RNA), such as cyanin derivatives,
propidium iodide, acridine orange or ethidium bromide,
which poses less difficulty in terms of penetration into
the microorganisms than oligonucleotide probes.

The 1ligquid sample to be tested is diluted in a
permeabilization solution comprising the labeling agent
and a cell permeabilization reagent. The cells are
incubated in this permeabilization solution, the aim of
which 1is to increase the cell wall porosity, so as to
facilitate the penetration of the labeling product into
the microorganisms present. The permeabilization solution
is subsequently filtered, with the possible
microorganisms that it contains, through a membrane. The
microorganisms present are then retained on the membrane,
and are then detected by reacting the labeling agent with
a compound and/or a light source which allows the

emission of a fluorescent signal. This system has the
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microorganisms that it contains, through a membrane. The

microorganisms present are then retained on the membrane, and are

then detected by reacting the labeling agent with a compound and/or a

light source which allows the 35 emission of a fluorescent signal. This

system has the 4 advantage of not Iyzing the microorganisms, or at least

of limiting as much as possible their destruction before their detection.

This results in a detection that offers better 5 resolution. However,

because the markers are not specific, this system does not make it

D%%ﬁi@ﬁ‘é‘a@@_t%fﬁinﬁélﬁe nature pf H}?emiﬁﬁq,qrg@@@mﬁ%%gte@-r_ at least

fa‘i%zef ﬁ“n?{%i'ﬁgsugg aﬂgﬁ?”‘aéh&(@%@'wﬁeﬁfﬁ% fhe MICLOONIANISINS 1 e fore
place in‘solution, which requires specific précautions and

edlipient@hfchtisaiore complex. It should be noted that the incubation

of the live cellsiip selution beforefilteation:bas therdrawbaek thetthescellstter
can, %%qqlnéjleo grow and to divide before 15 being fixed on the

membrane, which casts some uncertainty on the final result of the test. It

is also difficUttBS{fably Rfetérad thel perfetrati6h Feagéht ifteta SPecific,
pefmeabiizatiemsaldtion accordindto the methed déscribed iddW&mine the

20041050907 820 perticiat yhen ds sougiiosimultaneously detect

gram-positive bacteria, which are generally more sensitive to

permeabilizify AGBRE"ARE mord'reSitant gram?ficgative baGtefd irhetn9 ©f

pérfmeeabilizatiorr agents sutsich rhaygo to makee25 ap thessohwgasition ofwhich

theparmeabilizgtion solutign are dypisally ethylesgdigprpetetigacetic acidmore

Rk eytene el o) daton, bt ol sonaf che

paly&thylepbifingn solution before filtration has the drawback
that the cells can continue to grow and to divide before
being fixed on the membrane, which casts some uncertainty
on the final result of the test.

It is also difficult to suitably meter out the
penetration reagent into a permeabilization solution
according to the method described in WO 2004/050902, in
particular when it is sought to simultaneously detect
gram-positive bacteria, which are generally more
sensitive to permeabilizing agents, and more resistant
gram-negative bacteria.

The permeabilization agents which may go to make
up the composition of the permeabilization solution are
typically ethylenediaminetetraacetic acid (EDTA),
polyethylene glycol (PEG), digitonin, nonensin, sodium
hexamethaphosphate or benzalkonium chloride.

It 1is also possible to use polyethyleneimine
(PEI), which is a slightly basic and polycationic
aliphatic polymer known to make bacterial walls permeable
to solutes, such as antibiotics, which do not normally
penetrate into the cytoplasma bacteria [Helander, I.M. et
al., Polyethyleneimine is an effective permeabilizer of

gram-negative bacteria, Microbiology (1997), 143: 3193-
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30 (PEI), which is a slightly basic and polycationic aliphatic polymer

known to make bacterial walls permeable to solutes, such as antibiotics,

which do not normally penetrate into the cytoplasma bacteria [Helander,

[.M. et al., Polyethyleneimine is an effective permeabilizer of 35

gram-negative bacteria, Microbiology (1%97), 143: 3193 5 3199] The
concentration of polyethyleneimine in the permeabilization solutions such

as that described in WO 2004/050902 is limited to concentrations of

generally 5 less than 100 kg/mi. The concentration most suitable for
gramyrgegative bacteria, such as Esherichia coli, is around 20-30 ug/ml.

The aim of thf%gresent invegtior% [ tr? findfan a swecrk}o the Iir.lnrilt?gons QL fhe
the existing membrane “f0 dééction sy(s)teméjr%e% |ong&% ove. e
Suprisil thé friveditorsravetnoias thatthe@ useof polgdthyferimidecsd 1in
(Ri)),ccombined sith at deast onesaicahsl, particetarsa pemarpacekalerally
a %E”sor_echa?{“%'y thf efhaq%,eprgg%%ee%%]% r%o%ffe t(')vseclssuitable for
composition or.permggblﬂlzmg.mlcroorganlsm walls. Such a composition .
maked tpuEible fh p&iEHaF iFcaust iacréoleéde8Iwhithfarecol1,  1s
optianatly laseied, suchrds. nucleotide probes, to penetrate into

microorganisms. Ithas in,partigylarhecome apparentthatthe 20; fing an

microorganisms incubated in a composition comprising PE| and a primar

al@BRsICn particulaF&thandM tdidfate Fighérconclhtrafids*or PE| thBRTR T ane
theécdomypdsitiorsyeft thies priemart. ofteslceripbination with a primary alcohol
bmakes it pos@b&%ﬂm @ﬁﬁf&/}@?ﬂ t@hmc,se E@@@ﬁ@@%@iy@emﬁm OEfrflat the
etween 100 and 1000 ug/ml.without ing any marked cell. lysis effect.
TS o R o A ol G in (o Dl bse A g 8 Teast
(éﬁﬂkﬁry@tmbkarmﬁyﬁgﬂﬁé%@hy a primary alcohol, and more

particularly the ethanol, produces a more effective
composition for permeabilizing microorganism walls. Such
a composition makes it possible in particular to cause
macromolecules, which are optiocnally labeled, such as
nucleotide probes, to penetrate into microorganisms.

It has 1in particular become apparent that the
microorganisms incubated in a composition comprising PEI
and a primary alcohol, 1in particular ethanol, tolerate
higher concentrations of PEI than in the compositions of
the prior art. The combination with a primary alcohol
makes it possible, in particular, to use PEI up to a
concentration of Dbetween 100 and 1000 pg/ml without
causing any marked cell lysis effect.

The term “microorganism” denotes, in the present
invention, any (eukaryotic or prokaryotic) 1living cell,
single-cell organism, gamete or virus comprising a
genetic inheritance contained in an envelope formed by a
single or multiple wall.

A composition as defined above allows
macromolecules to penetrate into microorganisms while at
the same time limiting the destruction of their walls.

A macromolecule is defined as a molecule
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single-cell organism, gamete or virus comprising a 30 genetic inheritance
contained in an envelope formed by a single or multiple wall. A
composition as defined above allows macromolecules to penetrate into
microorganisms while at the same time limiting the destruction of their
walls. 35 A macromolecule is defined as a molecule 6 resulting from the
combination of a large number of simple molecules, such as
polypeptides, proteins, glycoproteins, oligonucleotides, polysaccharides,
nucleic acids (DNA, RNA), antibodies, or derivatives thereof. 5

Polysthidengimine-(REI) is,a salukig praducinavajiablg in sgyefal fofMigeer  of
Trslelr{ln%neomeg[il%]@ol eeriszed f%rmc,hwhich has a nioleculgr. mass of rotein
appro%mately 0 kba, ié a prelflerred fGrm ac%8rd¥ﬁge]f>o the inventiéy © -1
(CAS NP 100D2198:6). PEI 50 086d firinad§ TieldsohvER paRictlt s annucleic
ageritder thenfloccriatipn of proteinsi ang nueleie acids 40 sekitioRdtreof .
various purifigation . methods. It is also as a permeabijlizin ent

due to the fa%?%.&aeﬁth ;se t %lﬁr%%%rty glf:grgeglv)ersi I% déastru%(t)uir}ﬁ%%t e procliuCt
pROSPhbTipitR pretenbrvéalifwalld, Cr8thus haRIngHBSE'SVals petthiedhfe 1 zed
tofagents whichcare niot snormallyvallowed torpenetrate intoftheaetis ok firsttely

subjgctgihe inventiop js tuis,a comppsition. for RerReakilizinge  invention
microarganism walls, comprising the combination of polyethyleneimine ,
(PER20 With at féast oné aidoholf partictfary™s primary aiiohdl, hostds, 11
parictlady ethranak Peeferaby; this compdsitiohldoesieticomprisé amyoteins
detergentsc The gongcentration;of REhindthe permealjlizing 2> purification
composiion can be between 100 and 1000 ug/il generally, between 100,
and 9d0 ug/ml, preJTera% y Between 150 and’ ug/m, and hor
pﬁmﬁab@%ﬁﬁNeéﬁ@@Oaﬁ&%Od%EﬂmLthe property of reversibly

destructuring the phospholipids present in cell walls,
thus making these walls permeable to agents which are not
normally allowed to penetrate into the cells.

A first subject of the invention is thus a
composition for ©permeabilizing microorganism walls,
comprising the combination of polyethyleneimine (PEI)
with at least one alcohol, particularly a primary
alcohol, most particularly ethanol.

Preferably, this composition does not comprise
any detergents.

The concentration of PEI in the permeabilizing
composition can be between 100 and 1000 ng/ml, generally
between 100 and 900 npg/ml, preferably between 150 and
900 pg/ml, and more preferably between 200 and 800 pg/ml.

According to the invention, the primary alcohol
is generally present in the permeabilizing composition at
a concentration of between 5% and 95%, preferably between

% and 50%, more preferably between 10% and 50%.
Another subject of the invention relates to the
use of a composition according to the invention, and more
particularly to a method for detecting microorganisms on

a membrane, comprising a step consisting of the
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According to the invention, the primary alcohol is generally present in the
permeabilizing composition at 30 a concentration of between 5 and 95%,
preferably between 5% and 50%, more preferably between 10 and 50c.
Another subject of the invention relates to the use of a composition
according to the invention, and more pagticularly to a method for detecting
microorganisms on 35 a membrane, comprising a step consisting of the 7
penetration of labeled macromolecules into the microorganisms. For
reasons which are not yet well known, the mixture of PEI with a primary

alcehel; inypartigular Srethanolfacilitates the pensdration of s into the
macromolecules, such as nucleotide probes, into microorganisms.

micr rdanlshns,,. . . .
Nlcleotige %rébes which are preferred according to the invention allow
specific hybridiZatiéi® of thies ribgsbital RKNAs 8frhicrodfganisis, iknown, the

particular the d6S 28 RNAorthe23% RiYA o/ Psgudeinenas aerugiosai cular
Such probes can in-particular c riseas nce correspondin
SR B b, SO KOS o S IS R S e iness pibek g ecutes,
capsble dFhPMTdiZing With ReAERCnUCIBiE A HIRSEAER tHBS -
microorganisims; 1saidt ieemethod erakes it glossible toospetifically detecbrding

thedype(s) of migraorganisms presentindbe diguid ar,gasgous medium, £y

The method results in a more accurate picture of the microbjal population

dételietBéng Dtdined” 26158 ARoIFOSTRE 10 evisagethatther the 168
mialdfomalectdles ¢ofsisief antig€ns orlamtivedies anddhatothey Such probes

padigipate ina detection of thedmmunologicaltypenEigureck-indigatesithey o
ngéén X"]B"(i\lf' g seogggsigaﬂg)lgs can EE e%tﬁdl\%:cgrding to the method
of t b ) i

invention,’by INg a'gas or a gas mixture into a
When these probes are capable of hybridizing with

certain nucleic acids present in the microorganisms, said
method makes it possible to specifically detect the
type(s) of microorganisms present in the 1ligquid or
gaseous medium. The method results in a more accurate
picture of the microbial population detected ©being
obtained.

It 1is also ©possible to envisage that the
macromolecules consist of antigens or antibodies and that
they participate 1in a detection of the immunological
type.

Figure 1 indicates the way 1in which gaseous
samples can be tested according to the method of the
invention, by bubbling a gas or a gas mixture 1into a
ligquid such as 1% peptone water. Upon contact with the
liquid, the microorganisms contained 1n the gas are
trapped in the liquid. The liquid can then be filtered as
indicated in the present application.

Figure 2 illustrates the wvarious steps of the
method for detecting and counting microorganisms
according to the invention carried out in example 1. The
detection, carried out by means of a labeled

oligonucleotide probe, is specific for P. aeruginosa.
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liquid such as 1 peptone water. Upon contact with the liquid, the
microorganisms contained in the gas are trapped in the liquid. The liquid
can then be filtered as 30 indicated in the present application. Figure 2
illustrates the various steps of the method for detecting and counting
microorganisms according to the invention carried out in example 1. The
detection, carried out by means of a labeled 35 oligonucleotide probe, is
specific for P. aeruginosa. 8 Figure 3 represents the result of the test
described in example 1. It is a representation of the membrane as a

synthetic im@a@;@b@ined akterecording anchdigitalqayagessingrof thee  test
Il%pt S Cg!:nabs Smltted b hleeprqbes Flgure 4 is a three- dlm%nsconal

f th
represen tation o r]the image presented in ngure 3. ]ieguresfrﬁ strafes the the

vERSUR Staps Gfdhé nfefhdd for detetliag and ebintinteicrddrganisimsording
10 .agconding ta thegpventionicajriesfout inexamyle 2.sthdetectioni tted by
c%rrlgd out b b% means of a labeled PNA-type probe, is specific for P.

aeruginosa. Figure 6 represents the result of the test described in

example 2. IFs& Rrésehitatontdrire 15 fehtbrane asCEyiffeticat ion of
image, obtajpe afierrecodding ahduigital processing of the light signals

emitted by the prohes.dFriguie 7 s 2 fhree-dimensional rapresentaion ofr  the

thei |mage presénted in figure 6. 20 Figure 8 illustrates the various steps of

(S ethod dr etectifg FitroBibanisS by AFPiofinineddriaot 0an sns
carried olit irgexample 8. Eiguee Direpresentsithe result ofithetestidagried The

oufdnexample 3k) Lompating varioys 2adermeabilizing sQlytiors; pNA-type
63?280”952'gg%???”@"?%%n%n aeruginosa.

Figure 6 represents the result of the test
described 1in example 2. It 1s a representation of the
membrane as a synthetic image, obtained after recording
and digital processing of the 1light signals emitted by
the probes.

Figure 7 is a three-dimensional representation of
the image presented in figure 6.

Figure 8 illustrates the wvarious steps of the
method for detecting microorganisms by ATP-
bioluminescence carried out in example 3.

Figure 9 represents the result of the test
carried out in example 3b) comparing various
permeabilizing solutions (PEI200 ng/ml, PEI500 pg/ml and
10% ethanol + PEI500 pg/ml). These are the synthetic
images obtained after recording and digital processing of
the light signals emitted by ATP-bioluminescence.

Figure 10 represents the same thing as in figure
9 for other permeabilizing solutions (90% ethanol and 25%
ethanol + PEI500 pg/ml).

Figure 11 1s a diagram indicating the 1light
intensity measured for each permeabilizing solution
tested in the context of the ATP-bioluminescence protocol

illustrated in figure 8.
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10 ethanol + PEI500 ug/ml). These are the synthetic images obtained

after recording and digital processing of the light signals emitted by
ATP-bioluminescence. Figure 10 represents the same thing as in figure

30 9 for other permeabilizing solutions (90" ethanol and 25'%, ethanol +
PEISOO ug/ml). Figure 11 is a diagram indicating the light intensity

measured for each permeabilizing solution tested in the context of the
ATP-bioluminescence protocol 35 illustrated in figure S. 9 A subject of

the invention is more particularly the use of the permeabilizing

%ompf?/sition RS Qa%%@b@@i %tiohvgh@ aim%@}?gifgﬁc%@”ﬁ%@@d/@%rtié:ularly
identifying, on a. membrane, the microorganisms initially present in .
iU or SrisesLs niadiur ABSSHihG 16 SR SHSBIS fori o thé fvari: Lbed
thelaBthod i clRaraetefiged irrthatie edinprigesthd/ follohitrg stepeiy, on a
thediguic aegaseaus medigrvis filteredsd® thioughia membraneseas toin  a
refain on.or within the membrane the microorganisms present in this

medl%m; (b? thegmembrane and the microorganisms are brought into .
contact with 2pethfesbizihg c@ﬁﬁ)o§i]ﬂéﬁjag18e§?ﬁi5@d @bovdie invention,
camprisingtpaldethyleneimine: and at Z&dleash onehalcohal; (Cxthewellses  the

argfixed fo,the membrane by means of a crosslinking agent; (d) the
microorganisms are brought into contact with one or more optionally

labeled macrGioleiiBs 20 FBpable’Sf crddsingHfie Mitfbdtyanisi wallt tered
arrd (o) udste ciontofithe arecrosleedlestivaving tpemetrated into thie thin  the

MiEABKIANISMS IS GarHed OukaHhiesmicroeamisms farggtes byetheun;

method of the, inveption are mote particulagy chggen from grampositve  .re
brought into contact with a permeabilizing composition as
described above, comprising polyethyleneimine and at
least one alcohol;

(c) the cells are fixed to the membrane by means
of a crosslinking agent;

(d) the microorganisms are brought into contact
with one or more optionally labeled macromolecules
capable of crossing the microorganism wall; and

(e) detection of the macromolecules having
penetrated into the microorganisms is carried out.

The microorganisms targeted by the method of the
invention are more particularly chosen from gram-positive
or Jgram-negative pathogenic bacteria of the genus
Pseudomonas, Escherichia, Legionella, Salmonella,
Listeria, Bacillus, Streptococcus, Vibrio, Yersinia,
Staphylococcus, Mycobacterium, Shigella, Clostridium,
Campylobacter, or Aeromonas; protozoa of the genus
Giardia, Entamoeba, Cryptosporidium or Cyclospora;
mycoplasmas of the genus Mycoplasma or Ureaplasma, fungi
of the genus Aspergillus, Candida or Penicillium, and the
hepatitis A and E viruses, which are microorganisms of
pathogenic nature frequently encountered in the

environment.
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25 or gram-negative pathogenic bacteria of the genus Pseudomonas,
Escherichia, Legionella, Salmonella, Listeria, Bacillus, Streptococcus,
Vibrio, Yersinia, Staphylococcus, Mycobacterium, Shigella, Clostridium,
Campylobacter, or Aeromonas; protozoa of the genus 30 Giardia,
Entamoeba, Cryptospori di urn or Cyclo§80ra; mycoplasmas of the genus
Mycoplasma or Ureaplasma, fungi of the genus Aspergillus, Candida or
Penicillium, and the hepatitis A and E viruses, which are microorganisms
of pathogenic nature frequently encountered in the 35 environment. 10

This method1s,iig priReiRle; alse applicable to-theidetectingof yipicellelarie to
algﬁg sggl% as.C anobafcteria, urﬂfeﬂular foIms ofg&r sitic organisms
e

i .
such as'&moebas or nematods, trematode 6rascarid egys, orelse pflacn%erla’

oMBig Al damefesSith @b poisn o Sperntaig2od. STHe dicof thig amoebae
methagdsde caunt the cmicroarganismsresent ir gdiguidinediugesychant or
s \ialen or.2,gaseous medium sueh,as,air, while gt ihe same time
determlnlng?, as far as possib?e, their identity g‘;{i\ﬁy, 10 genus, species,

etc.). The expréssioAiquidPér gaSBéds niestiiiiis inténdeld o nigdirany the
fluid thatccarebe Sitterec by @pplying aadiffergndel innpréssure sthroughsa water

membrane having pares with an,ayergge diametergf; gengraliypetween +;pe

0.1 and 1.5 microns, preferably between 15 0.15 and 0.8 microns, more
pi&F&rably Betéen 672 did 0.6° miSiis Bith a-fiGid may Edtstdtor paatt 1Y/
salatiorss inededdn theeproductidhef stemlegreducts, but @lsiol obr gaseous

cemplexysolutions (drpkingavater serdims dringn amniotic fluide gty Ofcan  be
altferT%tiveléof gaseoule(l)nmixtur?jsl %Chra% atmos herric air.;l’ehep?r gerﬂlt n o2
me ooer%%y,’ moteover, Have a%p ications in the fie dgoﬁii%lglnoéis or the?

algySis 2dfesampi@s BAginRMEfom'anials®t paf&msage diameter of

generally between 0.1 and 1.5 microns, preferably between
0.15 and 0.8 microns, more preferably between 0.2 and 0.6
microns. Such a fluid may consist of pure solutions
involved in the production of sterile products, but also
of complex solutions (drinking water, serum, Uurine,
amniotic fluid, etc.) or alternatively of gaseous
mixtures such as atmospheric air.

The present method may, moreover, have
applications in the fields of diagnosis for the analysis
of samples originating from animals or patients.

The term “membrane” denotes, in the present
application, a synthetic support having two faces, the
pores of which have a known average diameter.

The membrane used 1in the context of the present
invention generally exhibits a high surface/volume ratio
and a constant thickness of preferably between 90 and 200
microns.

Such a membrane may be a monolayer or a
multilayer membrane. In general, it consists of one or
more materials chosen from polytetrafluoroethylene,
poly(vinylidene fluoride) (PVDF), polycarbonate,

polyamide, polyester, polyethersulfone, acetylcellulose
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The term "membrane” denotes, in the present 25 application, a synthetic
support having two faces, the pores of which have a known average
diameter. The membrane used in the context of the present invention
generally exhibits a high surface/volume ratio and a constant thickness of
preferably between 90 and 200 30 microps. Such a membrane may be a
monolayer or a multilayer membrane. In'general, it consists of one or
more materials chosen from polytetrafluoroethylene, poly(vinylidene
fluoride) (PVDF), polycarbonate, 35 polyamide, polyester,

palyethersulfone; acetyleellulose 11 and nitrocellulose. The materials are
preferably ch&sen so.as to he compatible yit? EEE? solvents used, in

. aterials ar rere chosen so. as to be
particular the aicohols anaaaldehy es aetmay e{iséd atthe variods 5
stepsif tHorrthed.thhe Fembemevenimichiecmicrébrgdifisihs aidar  the
deteetagnreferakly consists mainly aEPVRE (poly(vinylidengflueride))af-i ous
of Nylon . Morg preferably,. it is a PVDF filter membrane, of the type such
ass%h% tslool\s{%c())l ?/tﬁlg?;%%%ény Millipore under the trade name Milliflex
and the referen@es TRIWPSD8r HYMFXELStep A16f theRéthroadieordiig are
todbednvention comsistsrofithe filtrationrof the iquid aregasepus metium PVDFE

to%% analyzed thrgugh aﬂgs&b{@%% as defined gboue d5 sp.as to retain, oy ¢,

at the surface of this membrane the microorganisms contained in said

mediuft Ohcé HE mictodrganiBretavBSeef filtdrad ahdPfetaiied ot the tat
meedlsiane yan bptionalstep sunsi¥tingl o e culturiigrof thee  trade name

MICrPQrIATUSMNS HHCAIHACL Wit 2B Z0-2PRIOREAte, gultyramedium can be
included in tlgecmetk(lj1 d b(EtWEeheQ ste gﬂ%)danéj ké)(5 This culture mr?dlum is

eg .0 m rding, to, the 1nvention
preferably an agar medium on which the membrane s glaced

consists of the filtration of the 1liquid or gaseous
medium to be analyzed through a membrane as defined above
so as to retain at the surface of this membrane the
microorganisms contained in said medium.

Once the microorganisms have been filtered and
retained on the membrane, an optional step consisting of
the culturing of the microorganisms 1in contact with an
appropriate culture medium can be included in the method
between steps a) and b). This culture medium 1is
preferably an agar medium on which the membrane is placed
after filtration. This step, which is optional, makes it
possible to obtain colonies of each of the microorganisms
initially filtered, 1in order to be able to more readily
detect them.

According to the invention, the microorganisms
are subsequently incubated in step b), in a
permeabilizing composition according to the invention.

This incubation step is carried out in a small
volume of solution that forms a film at the surface of
the membrane. Advantageously, the permeabilizing
composition can be contained in a solid support on which
the membrane will be placed, such as, for example, an

impregnated pad, which 1limits any possible movements of
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after filtration. This step, which is optional, makes it possible to obtain
colonies of each of the microorganisms 25 initially filtered, in order to be
able to more readily detect them. According to the invention, the
microorganisms are subsequently incubated in step b), in a
permeabilizing composition according tq the invention. 30 This incubation
step is carried out in a small volume of solution that forms a film at the
surface of the membrane. Advantageously, the permeabilizing
composition can be contained in a solid support on which the membrane

willibg placed, sugh agyfor gxample, ap SSiimpregnaed pad, whishdmitse the

apﬂy ossible @ovehments.of 12 liquid.at the squfEace of the mem%rane and
1%;Q§' of .the %ﬁcroor anisms. 1S caﬁr%e out at a
therefore’ the "mixing of the microorganisms. It'is carried out'at a

tehepEratins of DetiedrF20E and BhE forrthetibdof Bto 20nfmbess. 8L 5 to
The method agcording to the invention is all the more effective since it

comprises a#ep () Py ueans oL wiich (e Selpare Iyed onhe 15 a11 tne
membrane by means of an agent that ger\/es as a crosslinking agent.
TRiS ste"hmakes #'fosSiéfo fixthe ¢8RS 6AE0 the SiiportonSiftuterprns ©f

bythiecmenitbsare: 1A prefereedt Tresslinking agentsadeosding to/theeans of an
inyeation ischosen-fram glutaraldehyds, fpgmalde dY;%%é‘f.‘d

paraformaldehyde, paraformaldehyde being defined as a molecule

composed of ‘at feaSESR fotaidenytie Bﬁi?%. Rivantageddgly, e 151 1s on
fixihg compusition carvhe tontdined ila sofidsuppertormivhichAhepreferred
”@mﬁ ém_i@cﬂ\lﬂlﬁ@ pl@%@ﬁtsugla%r{ﬁ@am@éett}?ﬁ imﬁff%ﬁ @1%ﬁllp@% chosen
walcn Imits al ossiIbje move nts 1Iquid.a e surtace o e

B ar L R T T g P HE T Ba CPeh, PRS2 dehyde,
a&cordihgte 2D Rk VAvention Nthe diking ' stép RScatridtPéGi@t e composed of
temperatue of betweerr 30 angk35Q éor apered of i@antageously, the

fixing composition can be contained in a solid support on
which the membrane will be placed, such as, for example,
an impregnated pad, which limits any possible movements
of liquid at the surface of the membrane, and thus the
mixing of the microorganisms. Preferably, according to
the invention, the fixing step 1s carried out at a
temperature of between 20°C and 35°C for a period of from
5 to 20 minutes.

This fixing step can also be carried out by
irradiation of the microorganisms on the membrane by
means of UV radiation. The membrane then preferably
consists of Nylon®.

Step d) consisting in bringing the microorganisms
into contact with one or more ©optionally labeled
macromolecules, which penetrate (s) through the
microorganism wall into said microorganisms, is
preferably carried out at the end of the respective
incubation and fixing steps b) and c¢), since it 1is at
this precise moment that it has been observed that the
microorganism walls are the most permeable to

macromolecules.
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5 to 20 minutes. This fixing step can also be carried out by irradiation of
the microorganisms on the membrane by 25 means of UV radiation. The
membrane then preferably consists of Nylon . Step d) consisting in
bringing the microorganisms into contact with one or more optionally
labeled macromolecules, which penetra}tg(s) through the 30
microorganism wall into said microorganisms, is preferably carried out at
the end of the respective incubation and fixing steps b) and c) , since it is
at this precise moment that it has been observed that the microorganism

walls are thexmestparmeable to 3grpaerpmolectles, 13 Acequding @t ion,

pr%erred form of the invention ttle magro olegules are labeled .and used
The maCJﬁ}]m(% cCll e% aré ape.Le 81’% use asS r%rok?es
as probes. The term “probe™ is"here infended t0 mean macromolecules

capable of rédagnizirrRjrand ofcdssbeiating 5 wile Bspedifi€ dislegicaltc  mean
elementef thae-micreorgapisni.ethus allavypgiitite heyvisualized: Acesrdingting
to yet.angther preferred form, of the _inventian, the preb n .
ol ec%ﬁé?fa%al&e%%%‘gﬁ%a%n% THTORR oF N e deoorgantsn,
present mlthe"brmictSorganidtn Bhd exhibiitg a certain degree of

specificity witivrespechtp sai nueleic acidsh Kefeparcee wilktherf bermadée, the

in;the present text;{a nuglgicacid, propes. The nvephion £pvisagesaibie o

type of nuclejc acid probe known to those skilled in the art which can give

15¥8E 16 Bhybici2tion with hucléic s, SUER 58,761 eddfpie Simple  £he

oligonceteotides soligomucieotidesab 2t0mmethyd-RNAdype ior probesmsfe of

Dggéem;@i(eaopysgmﬁi&t@gp%&@leMpF?%@@ Q??é’l@@@sﬁ%ﬁg%é/\gmzegierence

By e e s N coac
probes. The invention envisages any type of nucleic acid
probe known to those skilled in the art which can give
rise to a hybridization with nucleic acids, such as, for
example, simple oligonucleotides, oligonucleotides of
2" -0-methyl-RNA type, or probes of PNA type (probes
consisting of a polypeptide chain substituted with purine
and pyrimidine bases) [Nielsen P.E. et al. Science (1991)
254: 1497-1500] or LNA type (oligonucleotides comprising
one or more 2’ -0-4’-C-methylene-fB-D-ribofuranosyl
monomers) as described in patent EP 1 013 661.

According to a preferred aspect of the invention,
the ©probes wused for the purposes of the targeted
detection of microorganisms such as Pseudomonas
aeruginosa comprise one or more of the sequences
indicated below:

5" -TCTACCGCGTCACTTACGTGACACC-3" [SEQ ID No. 1]
5" -CGACCAGCCAGAGCTTACGGAGTA-3" [SEQ ID No. 2]
5" -CCCGAGGTGCTGGTAACT-3’ [SEQ ID No. 3].

The sequences SEQ ID Nos. 1, 2 and 3 have the
particularity of specifically and selectively hybridizing
respectively to the 16S RNA or 23S RNA of Pseudomonas
aerugincsa. The inventors have in fact noted that probes

capable of hybridizing the ribosomal RNAS of
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one or more 2'-0-4'-C-methylene-(3-D-ribofuranosyl monomers) as

described in patent EP 1 013 661. According to a preferred aspect of the
invention, the probes used for the purposes of the targeted 25 detection

of microorganisms such as Pseudomonas aeruginosa comprise one or

more of the sequences indicated below:;

5' TCTACCGCGTCACTTACGTGACACIC4 3'[SEQ ID No. 1]
5'-CGACCAGCCAGAGCTTACGGAGTA-3'[SEQ ID No. 2] 30
5-CCCGAGGTGCTGGTAACT-3' [SEQ ID No. 3]. The sequences SEQ ID
Nﬁ?;clfo%@@g@l%\@ the-pagicularity,obspegificallyrand selectivelyrying out
h)@lrldlzm% Egectlvely to the 16S RNA or 23S RNA of Pseudomonas
aeruglnosa & Mventors have in fact noted that probes 35 capable of
hybridizing th& fibesiRaRNAs R4 imiteadrganishisaeipaticgamgists of
usefubios canyingraui the inventiedQne aspest-ektbedaventipn therefore 1D
cg{psst% of grol%%%co%)n%ng asequence c%rregggr%d;r;tg §to SeEQlI 3 glng v

No. 1 of SEQ ID'N®. 2, i.e a sequence exhlbltlng at Or identity, ]

preférably do: mH?@%FéfEVabI}PQW%@ Lt the®SEqueReésinBicatetr abdve. 2°°-
Sudh probgs=ares particntasly indicdtecsfoe darryingwaut a cowritingeandders are
idspuificationpethod, aecording ta-the 'B‘é%@t%&oﬁﬁoéd'%%% 0L nd/or

aspect of the invention, the macromolecules which are made to penetrate
mféjﬁ'iré hﬁ&fb%?dgﬁ}sménﬁﬁa%lch?ﬁgf bE Bt the shfhe nifiite as™ e t1on -
probesdésordbed-abovenatéased asprmers fof carlying outeention, the
additienalstep Gorsisting, otthe %&épe%ﬁ@@mpﬁﬁcatm%fﬁbgwcl%to the
a%d(s:gggtalned in_the mlcdoom%anl%ms If sugh magr Cﬁjolecules are U

in thé meﬁgodnaccordlng 0" th& invention, then an- additional, bu
néVEtheélESPEstiork Sﬁébb@ﬁwtr@d&%@lr inté ¥ife MetRed betwell Stepss  for
drand@ing out an additional step consisting of the

specific amplification of the nucleic acids contained in

88}

%ure as

the microorganisms. If such macromolecules are used in
the method according to the invention, then an
additional, but nevertheless optional, step is introduced
into the method between steps d) and e).

Such an amplification step can prove to be useful
for optimal detection of the microorganisms by increasing
the amount of the nucleic acids available for the
purposes of the detection. If this amplification step is
highly specific, it also makes it possible to identify
the microorganisms with more selectivity and thus to
decrease the number of false positives. The amplification
is preferably an amplification of NASBA type [Compton,
J., Nature (1991) 350: 91-92] or of LAMP-PCR type [Notomi
T., Nucleic Acids Research (2000), 28(12): e63].

The probes or primers described above can be
designed so as to detect just one or several types of
microorganisms. They can, 1in this respect, exhibit a
varying degree of specificity with respect to the
biological elements present in the microorganisms. For

example, 1f the primers or probes are nucleic acids
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20 Such an amplification step can prove to be useful for optimal detection
of the microorganisms by increasing the amount of the nucleic acids
available for the purposes of the detection. If this amplification step is
highly specific, it also makes it possible to identify 25 the microorganisms
with more selectivity and thus to decre the number of false positives.
The amplification is preferably an amplification of NASBA type [Compton,
J., Nature (1991) 350: 91-92] or of LAMP-PCR type [Notomi T., Nucleic
Acids Research (2000), 28(12): e63]. 30 The probes or primers described

abovesean bgodesigned so asigdetactdust,pneror severalitypesof ds  whose
méceroor agiesms. il'shey can ig tgigergspect,nexhibriltu% ev]?é)({igg de%reeecg‘LfeS of
speccf[flilm y With respect to the eblological eléments present’in the P

ek B RfARIEIS. 67,35 dtrnplé dittHel privietsionprobdés hre Radleicce  very
agigs dbrekgsenrso as tochybrisize-with adgleiccacids Wwhege csequensedsosen
caonserved in numerous species of. microorganisms, the identification will
otbevery SpeTe 1 the St han har SequEnce 1 thosen 550 212
aS RSB gRiZe Bl s8guerces speefficitod SMall idmber 6F§iieeids; the
specificity wilbecqgréates. Accorditg tayetarathesspedific fornfoftheof the

inyention and ad\é@{aag%%&l%}@e&%?tingaof spegific hylyidization, ¢

of the nucleic acid prohes or of the primers with the nucleic acids of

saifl Hhicfodrgdhidihs Chf be'Striétf odt Bitedtep o) and beforé s oF ©of
sutfseqoentdetectiontsteple). This stapcensistingodt hybiidization of ttganisms
nucleic acid prepes Ok Arimersis casred-outdinder 1pstagdayd pefore the

hybrbdization Qconéiitjcons known I;Eo thosrjz skilled in the art. It may also
Subseguen cre’ n .Le c) . . .
comprise a washing steplt%r elimihati g the nucleic acid probes or

primers havif§ igives FSE to ponspéedifie BybridizatioAzr idization of the

nucleic acid probes or primers 1s carried out under
standard hybridization conditions known to those skilled
in the art. It may also comprise a washing step for
eliminating the nucleic acid probes or primers having
given rise to nonspecific hybridizations.

For the purposes of the detection, the nucleic
acid probes or primers according to the invention are
preferably fluorescence-labeled or alternatively coupled
to enzymes for carrying out a chemiluminescence reaction.

The microorganism detection step (e) 1s carried
out by detecting the 1light signal originating from the
chemiluminescence reaction or the emission obtained by
fluorescence, corresponding to the labeling of the probe
or of the primer, by means of an appropriate interface.

According to a more preferred aspect of the
invention, the nucleic acid probes such as
oligonucleotides are coupled to peroxidase. When
peroxidase is brought into contact with luminol
(peroxidase substrate), it degrades the latter and the
degradation product emits photons which are detected by
the video interface (LCD camera) of the Milliflex system.

According to vyet another aspect, the invention
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For the purposes of the detection, the nucleic 20 acid probes or primers
according to the invention are preferably fluorescence-labeled or
alternatively coupled to enzymes for carrying out a chemiluminescence
reaction. The microorganism detection step (e) is carried out by detecting
the light signal originating from the 25 chemiluminescence reaction or the
emission obtained by fluorescence, corresponding to the labeling of the
probe or of the primer, by means of an appropriate interface. According
to a more preferred aspect of the invention, the nucleic acid probes such

ag-c3seligonucleotidgs arescoupled (o parexidasa. When perexidasaision as

brought inio gontactith luminol. (peroxidase substratey, It degrades the .,
latter and e degrad%tion produc emits gho?ons which aré detected by

thedideo interface (LCD camera) of the Milliflex system. 35 According to

yet another aspectstheiinvention 16 668sistscof the use0fiaage using the
permeapbilizing compasition as described above for catrying out L
d% ﬁgasit#c%t%st i%r\(/)i%r%. }ﬁ.se% fact .poséalblg%g ]én\e/és)%éelus%n the ég mposition
SPEic propertied of a%etmBsbifizitg cbfposifio ActotdiAgt6the*robres or
invegtianttoecause lnucldatidequrabés rr anyothertmalesutan compaXito taken

Pencifatenio.cells taken, fromyhumans,or gnimals, grmaintgined it ure,  in
culture, in_order to carry out in situ detection. 10 The permeabilizing

coHhp6SitioR ac@drdihg i the invehtlo Gaf Alsd™fiid many applications in
the medical Tietd, for examiplelas ardrugcadjovantiforincreasingdheg to the

permeahility,of eglhoranicroorganismamallsa parder - fosexamples te. medical
s%'llsilé[chf sa%d ](_;ells or said 15 microgr‘lq?nism o active%%g:redients such
I

as antibibtics” or ahtvira %ggﬁts.alwore garﬁcﬁgﬁﬁnatcompos% ion - 2°td the

a@ﬁﬁ@@@hékﬁéy' of cell or microorganism walls, 1n order,
for example, to sensitize said cells or said
microorganisms to active ingredients such as antibiotics
or antiviral agents.

More particularly, a composition according to the
invention is useful for causing antisense nucleic acids,
particularly antisense RNAs (RNAi) to penetrate into
cells in which it 1is intended to inhibit the expression
of certain genes, 1n particular in the treatment of
genetic diseases or of certain cancers.

The present invention is also intended to cover a
kit for detecting and counting the microorganisms in a
liquid or gaseous medium, comprising at least:

- a membrane for filtering a 1liguid or gaseous
medium; and

- a permeabilizing composition as described in the
present invention.

Preferably, the membrane contained in this kit
consists mainly of PVDF or of Nylon®.

Advantageously, such a kit also comprises a
composition comprising a crosslinking agent chosen from
glutaraldehyde, formaldehyde and paraformaldehyde. This

second composition makes it possible to fix the
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invention is useful for causing antisense nucleic acids, particularly

antisense RNAs (RNAI) to penetrate into 20 cells in which it is intended to
inhibit the expression of certain genes, in particular in the treatment of

genetic diseases or of certain cancers. The present invention is also

intended to cover a kit for detecting anq gounting the microorganisms in a

25 liquid or gaseous medium, comprising at least: - a membrane for

filtering a liquid or gaseous medium; and - a permeabilizing composition

as described in the present invention. 30 Preferably, the membrane
cantained-g dhis Litsconsists,mainiyv e BVBF anof Nylalikes it possible,
Agvanta%eously sucle atlﬂt alr%% %%mé)rlses a or]frlﬁo%ltlor%k(l:om.pnsmrgta fo

crodslinking agent chosen from: giutaraidenyde, ehydeand O

paraferhtalderiet This 35 eévdrndBomposition dedlestit possible to fix
the 17 micrgorganisms gadhe aiemgbrane, whish makesdtpassible,chy also

canng ouLhe melog accorgng tpy inierlionso BN NGHEr or che

rvi
reso LFIOI’] of the detection. A kit accor e invention can also

cHhBrise a%tBbETor thedpécifitodéteétion 6P the FRitrsotdarisntbeligPPe  2s
salsght nindparictiar agrobe asidefined aboveoomprisihg aiseguencet least
exfybitingsatleast, 80 jdentiypith SEQID No. 1s2EQrD N, 2 or SEQ 4Ry 1p
NQ. 3. 10 The aim of the following examples is to illustrate the invention.
Eyz?mpﬁe'l Specific detection of P. aeruginosa by means of an

oligonucleotiflegprobeils Thefstepshaf thefiméthodiwbich arecoartied outis  to
arg) illystratedeindigure 2vention.

Example 1

Specific detection of P. aeruginosa by means of
an oligonucleotide probe

The steps of the method which are carried out are
illustrated in figure 2.

The implementation of this method consists first
in filtering 100 ml of a solution using the device sold
under the name Milliflex® with the reference HVWP® or
HVMFX®. This device comprises a PVDF-type filter membrane
held on a circular plastic structure.

Following the filtration, the membrane is placed
on a cassette of agar medium and then incubated at 35°C
for 5 h 30 min so that the bacterial microcolonies can
develop at the surface of the membrane.

The membrane 1is separated from the cassette of
agar medium and then placed in contact with a cellulose
pad impregnated with permeabilizing solution [20%
ethanol, PEI 200 pg/ml] for 10 minutes at ambient
temperature.

The membrane is then placed on a cellulose pad
impregnated with the fixing solution [80% methanol, 1%
formaldehyde, 5 mM NaN;, 0.01% H;0,-urea] for 10 minutes
at ambient temperature.

The plastic structure on which the membrane lies
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The implementation of this method consists first in filtering 100 ml of a
solution using the device sold under the name Milliflex™ with the
reference HYWP" or 20 HVYMFX. This device comprises a PVDF-type filter
membrane held on a circular plastic structure. Following the filtration, the
membrane is placed on a cassette of agar medium and then incubated at
35C for 5 h 30 min so that the bacterial microcolonies can 25 develop at
the surface of the membrane. The membrane is separated from the
cassette of agar medium and then placed in contact with a cellulose pad

imegﬂ%gwﬁh@@weﬂwm éell%ora[%@y@ﬂmpka%ﬁlozpocﬁgl%]tﬁ@é the
1 minutes atgmbfent 30 tg:m ure The me ?braneftgen ;ﬂ?ced on

a ceWuelosé)pa |mpregna ted with xelnglgglu methanoei Pembrane
formaldefybe ts M NaNG: m@p%m@aﬂea}f@aﬁ@mwegtat%&eﬁpr 30
temperatue.i35 Heeplastic strueture omwhieh thermesirane lie»8diszation
SUeRGenlly TSR 0GRy B a coRsete, TadoweL BRI AL MIG 0.1

is ermetlcall sealed. The membrane is incubatedin the hybridization
cassetiemt @SéqBFlQ@%ﬁﬂffes if contabtAwith 2 nfl ‘of gﬁ?é%ll S5 mM EDTA;
prehybridizatiork’s s0utioA (10MPEG] 36a@iM-NaCl; 306formamide;tthd%first

S%qmtﬁﬂﬁphpsgpr}aéﬁ’o@gd PVPMQ Zrlné:rh%qlgéé'n“ﬂ SEDJfac%Jr'tQH contact
X-100; 50 mM Tris-HCI - pH 7. 5]. Once the first solution js removed, the

m&hittane” placedif corttact With tive sanfie v&é’}ﬁ]éléjf]azﬁ%rﬁﬂzatﬁﬁ lution

salatidre 10 toatairtifg 100 oM efrancdligonucleotide prshecemiptedtoupled to
saybpad-nergwdase @k 45C-for 66 mingtes. Thesoliganucleotide probe

used, which &shsepecflc for thi\?lG NA olj Fi) aerus%gosa has the

following sequence [JS%) IﬁS tSZ]] probe U

5' @GAG@AG@@KGR@@TWG@AG@WB%@E@ N&eg. the following
sequence [SEQ ID No. 2]:

5’ -CGACCAGCCAGAGCTTACGGAGTA-3’" [SEQ ID No. 2].

is specific

The membrane is subsequently separated from the
hybridization cassette and then placed in a washing tank
in contact with 100 ml of a washing solution [10 mM
CAPSO, 0.02% Tween20]. Three washes for 10 min at 45°C
are carried out.

The membrane is dried and then the bioluminescent
reagent [Millipore cat # WBKLS01007, after
reconstitution, is sprayed at the surface of the
membrane. The device 1s placed in the Milliflex Rapid
system and the light signals are recorded.

The result of the detection of P. aeruginosa at
the surface of the membrane 1s shown in figure 3. A
three-dimensional view with the same analysis is shown in
figure 4, where the membrane localization of each of the
P. aeruginosa microcolonies is clearly distinguished.

Example 2

Specific detection of P. aeruginosa by means of a
PNA-type probe

a) Use of a 20% ethanol, PET 200 ng/ml

permeabilizing solution
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The membrane is subsequently separated from the hybridization cassette
and then placed in a washing tank in contact with 100 ml of a washing
solution [10 mM CAPSO, 0.02% Tween20]. Three washes for 10 min at
45C 20 are carried out. The membrane is dried and then the
bioluminescent reagent [Millipore cat#ﬂBKLSOlOO], after reconstitution,
is sprayed at the surface of the membrane. The device is placed in the
Milliflex Rapid 25 system and the light signals are recorded. The result of
the detection of P. aeruginosa at the surface of the membrane is shown in

figure 3. A thiee-dimepsional view withithe sameanalysis is shewddnout are

figﬁr?u4 %/Y:rge{g éhe rrpe%'r{bra{\g Igcalization of each of the 30 P. aeruginosa
mlcrocoﬁonles iS cﬁearly O%Jtlngwshed. Example 2 Specific detection of P.

aeruginosa Bfieansof &l PN figepretse §) Bide of'd 20%Cethdadig PEP the
20Q-ughnlb 835 permeabilizing-solution 419 Thesteps aktheimethadithad aren &
caried o are dlushated, n/figure 5 After & flgllon carmisd-aut aggordin

to the protoccﬁ of example f the membrane is placed on a 5 cassette of -

agar mediunt 8Rd MefibARE%At 35C PPBAT TH membrand sepadisd te of
framnathe cassetien of sagar mediunhand isthenqtaceshon a cellalose pagke pad

impregnated:with the, pegmeabilizing solytion [20, ethanal, PE&%QquHnll (202

for 10 minutes at ambient 10 temﬁerature. The device is subsequent

plREBERRA A cellufose pad iMSrelhated With a fiking BoRitioR{80 ﬁ%thﬁ\eﬁﬁlﬂient

1 Hempaldehyde,.5 mM NaN3, 0.01% H202-urea] for 10 minutes at
ambient temperatWeyice is subsequently placed on a cellulose

pad impregnated with a fixing solution [80% methanol, 1%
formaldehyde, 5 mM NaN;, 0.01% H;0,-urea] for 10 minutes
at ambient temperature.

The membrane is placed, as 1in example 1, on a
hybridization cassette, in contact with 2 ml of a
hybridization solution [10% PEG; 10 mM NaCl; 30%
formamide; 0.1% sodium pyrophosphate; 0.2% PVP; 0.2%
Ficoll; 5 mM EDTA; 1% Triton X-100; 50 mM Tris-HCl -
pH 7.5] comprising 100 nM of a PNA probe coupled to
soybean peroxidase. The assembly is placed at 50°C for 60
minutes.

The PNA probe used is capable of hybridizing with
the same 16S RNA sequence of Pseudomonas aeruginosa as
the oligonucleotide probe of example 1, of sequence SEQ
ID No. 3.

The membrane on its support is separated from the
hybridization cassette and then placed in the washing
tank in contact with 100 ml of a washing solution [10 mM
CAPSO, 0.02% Tween20]. Three washes of 10 min at 50°C are
carried out.

The membrane is dried, and then the
bioluminescent reagent [Millipore cat # WBKLS0100], after
reconstitution, is sprayed at its surface. Finally, the

membrane is placed in the image analyzer of the Milliflex
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15 The membrane is placed, as in example 1, on a hybridization cassette,
in contact with 2 ml of a hybridization solution [10 PEG; 10 mM NacCl; 30
formamide; 0.1 sodium pyrophosphate; 0.2 PVP; 0.2 Ficoll; 5 mM EDTA;
1% Triton X-100; 50 mM Tris-HCI 20 pH 7.5] comprising 100 nM of a PNA
probe coupled to soybean peroxidase. The assembly is placed at 50C for
60 minutes. The PNA probe used is capable of hybridizing with the same
16S RNA sequence of Pseudomonas aeruginosa as 25 the
oligonucleotide probe of example 1, of sequence SEQ ID No. 3. The

membraneson itsisUPRAIL issepatated; fram the hybridization cassstteand The
then placed in the washing %g\k in contact with 100 m| of %yasbii%%n nsional
solution [1 mv-30 AJF%OS, .&f%llnween%léferhrée waghesegf min at *o
50C eie Cdarfied oBdFheaehitiiafe isdidéd anditheftiere 7.

bioluminescemn reageatMillipore cats#t WBKLSEEQG] ) after- secenstitutianally
is sprayed at its surface. Finally, the 35 membrane is placed in the. i e
S M HESE ot Doty L It Dpafs e TEE of a

z
r id'&f THEMRAGE obtained is shown in figure 6. A three-dimensional
view of the satmseanal§sisais showre iidfigure &t This nmethad hakescibmprising

possible $9 specifieally 5 detact the pregence of B. agrugingsa atthe.. or 4

surface of a filter membrane. b) Use of a permeabilization solution

cOMPESRG 206 UGHAPSEPEI Gfone, 500 .igMiti I PE! alof80r a Mhikwure?t 2
composed ot t0%rethandlidhdBERat d Et®8oAdentizEioh &@F 500 pg/ml

(EtCH 10-PEI5Q0) $hesame pretesal as thatdescribedabovewasapove was
cartied out with 3 permeabilizing solution comprising only PELAnAEN. o5,
with & mixture compose of 109k ethano g se on - comprising

only PEI, and then with a mixture composed of 10% ethanol
and PEI at a concentration of 500 pg/ml (EtOH10%-PEI500).

Following the filtration, the membrane was placed
on a cassette of agar medium and then incubated at 35°C
for 15 h.

The membrane was subsequently placed on a
cellulose pad impregnated with a permeabilizing solution
containing 200 pg/ml of PEI alone, 500 pg/ml of PEI
alone, or a mixture composed of 10% ethanol and PEI at a
concentration of 500 pg/ml, for 10 minutes at ambient
temperature, a nontreated membrane having been used as a
control.

The membrane was subsequently placed on a
cellulose pad impregnated with the fixing solution [80%
methanol, 1% formaldehyde, 5 mM NaN,;, 0.01% H,0,-urea] for
10 minutes at ambient temperature, and then treated as
indicated above.

The results obtained for the various
concentrations of PEI, and also for the joint use of PEI
and alcohol, are shown in figure 9.

It can be noted therein that the joint use of PEI
and EtOH makes it possible to obtain a strong and precise

signal by comparison with that which can be obtained in
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and PEI at a concentration of 500 ug/ml (EtOH10'%,-PEI500). 15
Following the filtration, the membrane was placed on a cassette of agar
medium and then incubated at 35C for 15 h. The membrane was
subsequently placed on a cellulose pad impregnated with a
permeabilizing solution 20 containing 2%% ug/ml of PEI alone, 500 ug/ml
of PEI alone, or a mixture composed of 10 ethanol and PEI at a
concentration of 500 ug/ml, for 10 minutes at ambient temperature, a
nontreated membrane having been used as a control. 25 The membrane

wag subseqrently placedonassellulose padiimapregnated witithe §ixingn  the
solution [80'x, me i&ﬂol, 1 formaldehyde, 5 mM NaN;, 0.01% H2C=-urea]
am

for 10 minutes at ién ot%ren]oerature, and then treated as indicated

above. 30 THe RIS obtained for the various concentrations of PEI, and

also for the joishupe of PE: and alcohobaresshowndn digue9.ltean bgr ATp-
n tgg }@%&e}qne%h@é tg:ee joint use of PEl and EtOH makes it possible to

obtain a stroEg and precise 35 signal by comparison with that which can

be obtained 21 RFAFENtE I edmEaBilRATg Agent (Goiftronerif the®  the
prasence bb RELaloné.cExamyple 3riNonspedifiodetéctiondaftecting the ATP

migrgarganisms Ry ATR-A pioluminescence Thepermeailizinging  to  a
composition accqrding to the invention can be used In a method for

d&tREting e AT " BrodtiEd by NG hitroorydhisms faorditly 90T art
chHemipiclomiiescancl reactioh knovwatefrem, thesprior art10 [Aexarder, 1976.

DilN-a Gl Eslerer @and;d. Mg Matsan: 19765 Evalyglionsghan adengsing as  a
5'-triphosphate assay as a tscre%réigg method to.detect igni;ig%nt

a&%nﬁﬁafﬁg me o) ct significan eriuria. J.
Clin. Microbiol. 3:42-46].

The use of a composition according to the
invention makes it possible to obtain better
permeabilization of the wall of microorganisms with a
view to releasing their ATP content.

a) Treatment of <cells with 90% ethanol or 25%
ethanol-PET 500 pg/ml  before detection of ATP Dby
chemiluminescence

A method for detecting Saccharomyces cerevisiae
present in water, by ATP-bioluminescence, 1in which the
various steps are illustrated in figure 8, was tested. In
this test, the cells are pretreated with 90% ethanol or
with 25% ethanol-PEI 500 pg/ml, before the
chemiluminescence reaction.

The protocol consists, as 1in the preceding
examples, 1in filtering 100 ml of a solution using the
Milliflex® device.

The membrane is then treated with 40 pl of a
solution of 90% ethanol or of 25% ethanol-PEI 500 ug/ml
which is sprayed at the surface of the membrane, and then
again dried.

The membrane 1is subsequently treated with 40 nl

of a bioluminescence solution sprayed at the surface of
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Clin. Microbiol. 3:42-46]. The use of a composition according to the 15
invention makes it possible to obtain better permeabilization of the wall of
microorganisms with a view to releasing their ATP content. a) Treatment
of cells with 90% ethanol or 25¢ ethanol-PEI 500 ug/ml before detection
of ATP by 20 chemiluminescence A method for detecting Saccharomyces
cerevisiae present in water, by ATP-bioluminescence, in which the
various steps are illustrated in figure 8, was tested. In this test, the cells
are pretreated with 90'x, ethanol or 25 with 25:c, ethanol-PEI 500 ug/ml,

befoee thewshemilumingscenes reactiondThe pratacaleegsists, a3 e where

preceding examples, in filtering 100 méof a solution using the Milliflex
dé:i/qlge.@%ﬂ?ﬁe ?ngéﬁéria%eaig?lhgé"ne frea e%dvvith 40 ul of a solution of 90 .
ethanol & of 25:€ adthiandl-PEITSOPEG/ it lwhieh isl §prayed dttHersurfage with

ofltheanembrane, anghithenragain drieth dde mesrane dsisubsgquentlyr by

gg;tzggﬁ ith 40 uL 35 of a bioluminescence solution sprayed at the surface

the membrane, and then placed in the image analyzer where the .
light signals aFredriedPhP FratrmeRWItEPET aloRe (BG®BO0 UgfnlTar r1ed
with tethanol-RElLmixtutés=beforeadatection of AP byhanol was replaced

chamilumineseenae, The same profqcpl ag describechabove,was gafriedy ) or

out, in which the treatment with ethanaol was replaced with a treatment

with PEI J167&tE66-2505 500t or ith mistife o ethdnoppEPTaing  to
(compositioreaccarding toEt®the ihVéntion) PECH A02u/ REIL0OG OGHNI; 105 -
Et@H 2056 1 £E4250 vebml; EIQH10% r RI5Q9 uaimkEERH.

The results concerning the various treatments
according to a) and b) are shown in the table of figure
10 and in the diagram of figure 11. It emerges from these
comparative results that the combination of EtOH and PEI
makes 1t possible to obtain a signal which 1is clearly
stronger than with the use of EtOH alone or PEI alone,
even when the PEI alone is used at high concentrations.

Example 4

Nonspecific detection of microorganisms by
penetration of a DNA-intercalating agent (SYBRgreen)

One experiment consisted in incubating FE. coli
bacteria in solution in a composition according to the
invention comprising a 10% ethanol-PEI 100 pg/ml mixture.

The same experiment was carried out by incubating
the cells in a solution of PEI alone at a concentration
of 25 pg/ml or of 100 pug/ml, or in the absence of
permeabilization (PBS).

The experiment consisted 1in incubating the
bacteria for 15 minutes 1in the ©presence of the
abovementioned agents and of a DNA-intercalating agent
(SYBRgreen I, 1/4000) and then in measuring the presence
of fluorescence using a microplate reader.

The results are reported in table 1 shown below.

The combination of EtOH and PEI makes 1t possible



The results concerning the various treatments according to a) and b) are
shown in the table of figure 10 and in the diagram of figure 11. It emerges

from these 15 comparative results that the combination of EtOH and PEI

makes it possible to obtain a signal which is clearly stronger than with the

use of EtOH alone or PEI alone, even Tgen the PEI alone is used at high
concentrations. Example 4 20 Nonspecific detection of microorganisms

by penetration of a DNA-intercalating agent (SYBRgreen) One

experiment consisted in incubating E. coli bacteria in solution in a
C@Pﬂ@é}@iﬁcggf_?ﬁggtﬁé@e xifh\@flﬁiorl 90%@&%@_& d§ 19%8:%_1&!1@@9"9:%|a¥90when
ug/ml mixture. 25 The same, experiment was, carried out by incybating the
S5 & Shbion ot PENBhe ot X UoRcentbia of SEvRyml or b 100 Lot ter
u§/RfirOrRARB BP8enceRdfl perpredlsiiiZation (PBSEarhe éxerimehpined by
censisgied im incubatiag de 30 bacteriefor 15 minutes in the presence of

the abovementigned agents and.of a.DNA-intercalati n :
(SYBRareen L1000 A A i esbbad gpa of E. cold
fId&r@@g@r{&e@@ing a microplate reader. The results are reported in table 1
shown below. 35 The combination of EtCH and PEI makes it possible 23

0 obtaip asignal whieh isclearly sironger than whengihe PELs.ysed

[

alone. This shows that better microorganism wall permeability can be ,
obtained by combining the alcohol with PETSS Table1 TPErié&aisiiFtion R ts
and labeling of E. coli (SYBRgreen) Permeabilizing solUtlond&hdarescence

Relative fluorescenggsunits (E. coli) PBS 9375 9375
PEI 25 pg/ml 13036
PEI 100 pg/ml 15152

PEI 100 ug/ml/EtOH10% 20998
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PEI 25 ug/ml 13036 PEI 100 }ig/ml 15152 PEI 100 ug/ml/EtOH10, 20998

24 CLAIMS 1. Composition for permeabilizing microorganism walls,
comprising the combination of polyethyleneimine 5 (PEI) with at least one
alcohol. 2. Composition for permeabilizing microorganism walls

comprising the combination of ponethyIEneimine (PEI) with at least one
alcohol, characterized in that the concenltlration of polyethyleneimine in

the composition 10 is between 100 and 900 ug/ml. 3. Composition

according to claim 1, characterized in that the concentration of
polyethyleneimine in the compositiogishgtgeen 200 and 800 ug/ml. 4.
Composition according to any one of claims1 to 15 3, characterized in

that the alcohol is a primary alcohol. 5. Composition according to any one

of claimsl 1 to @repasdcténzed irf @iat thesilestiot id éthangl. 6 IMetheifepnism
cauting, and/enjsientifying ofra 2Q Bigmbranecthe BHCroesganismMsleneimine
inigiﬁ% pr %hecr}gfin a H%%{ggr Se%:i%%g'u.m’ characterized in that it
comprises the following steps: (a) the liquid or gaseous medium is filtered
through & mefmBr&eSsd-a8o refeil on BERRRIARAE 125 e mbFare fifer 9anism
micrddrganisme present in this mediut ;i () thememiranecdnad:thieyleneimine
migserganisms arg. brought intg,contact with 2 permeabilizing ;eq in that

composition comprising polyethyleneimine and,at least one alcohol; (c)

the SellS A& fiked T tHe membPahe/ 8§We]a?%e 306ta chBSsqi]ﬂﬁinﬁoiﬁé?\f;i tion
(d) shé& eivreergdriiSmsate Hedught imtd contact with one or more

optionally labelaghmacronelecides, rding to claim 1, characterized
in that the concentration of polyethyleneimine in the
composition is between 200 and 800 pg/ml.

4. Composition according to any one of claims 1 to
3, characterized in that the alcohol 1is a primary
alcohol.

5. Composition according to any one of claims 1 to
4, characterized in that the alcohol is ethanol.

6. Method for counting and/or identifying on a
membrane, the microorganisms initially present 1in a
liquid or gaseous medium, characterized in that it
comprises the following steps:

(a) the 1liquid or gaseous medium 1is filtered
through a membrane so as to retain on or within the
membrane the microorganisms present in this medium;

(b) the membrane and the microorganisms are
brought into contact with a permeabilizing composition
comprising polyethyleneimine and at least one alcohol;

(c) the cells are fixed to the membrane by means
of a crosslinking agent;

(d) the microorganisms are brought into contact
with one or more optionally labeled macromolecules
capable of crossing the microorganism wall; and

(e) detection of the macromolecules having

penetrated into the microorganisms is carried out.
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capable of crossing the microorganism wall; and (e) detection of the
macromolecules having 35 penetrated into the microorganisms is carried
out. 25 7. Method according to claim 6, characterized in that it comprises,
between step a) and step b), an additional step consisting of the culturing
of the microorganisms. 5 8. Method accqrding to either of claims 6 and 7,
characterized in that the agent that serves as a crosslinking agent in step
c) is chosen from glutaraldehyde, formaldehyde and paraformaldehyde.
9. Method according to any one of claims 6 to 8, 10 characterized in that,

in step d}, theyaagromoleeuleiusedyis aPNArtyps prope. 40, Methadi zed  in
ac&gr%mg tg any one o of claims 6 tg 8, chara §terlzed in that,,in s d) 1) an

the macromolecule Used” i< an o?gonucrieotS e- Pype ﬁ)robe @LS f ethod’
aéebrdingad elthepbrElaings9 ahd tio) dchavactefifed inthatthelmebeof the
usgd-incstep &) cemyprises a sequence exhibiting at least 80% identity with

SEQ ID No. ]MSEE%%CED %Igcz% QrSEQ IDNQ..3.,12, Mgtﬁho%ggg 5dlngtarld 7,

anFiP‘one of clai tol ar cterlze |nt at in step e probes
R PrifreFs afsllabeled b?%%phﬁﬁlﬁnth %ﬁ@éh*%ym%k{ﬁét aff6hdere 5 4
emissian ah light sigaalet3. Method accosding to claimiE2, chatacterized from

ing that the, 98@?98@ of fg FUGrQOrgARiSMS, In $ep-£) s 12p caried out by

means of a chemiluminescence reaction and recognition of the light si naI

emitted By méans bt an SSHopraR intSrfateY 14 rf\?FetF?gd &ccdHdifg ¢
amynone of elairns @ torl 1 ehlaracterizetkbip that, intstepra) cthenprobesibe used
thes 39 primersase laheled with a fluorescent molecule. 15. Method
accordingoto clﬂrgt}l% dcharacter cFEd in

according to any one of claims 6 to 8,
characterized in that, in step d), the macromolecule used
is an oligonucleotide-type probe.

11. Method according to either of claims 9 and 10,
characterized in that the probe used in step d) comprises
a sequence exhibiting at least 80% identity with SEQ ID
No. 1, SEQ ID No. 2 or SEQ ID No. 3.

12. Method according to any one of claims 6 to 11,
characterized in that, in step d), the probes or the
primers are labeled by coupling with an enzyme that
allows the emission of a light signal.

13. Method according to claim 12, characterized in
that the detection of the microorganisms in step e) 1is
carried out by means of a chemiluminescence reaction and
recognition of the 1light signal emitted by means of an
appropriate interface.

14. Method according to any one of claims 6 to 11,
characterized in that, 1in step d), the probes or the
primers are labeled with a fluorescent molecule.

15. Method according to claim 14, characterized in
that the detection of the microorganisms in step e) 1is
carried out by detecting a fluorescence emission signal,
corresponding to the labeling of the probe or of the

primer, by means of an appropriate interface.
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that the detection of the microorganisms in step e) is carried out by
detecting a fluorescence emission signal, corresponding to the labeling of
the probe or of the 35 primer, by means of an appropriate interface. 26
16. Method according to any one of claims 6 to 15, characterized in that it
comprises, between step d) and step e%, an additional step consisting of
specific hybridization of the probes or primers with the nucleic 5 acids of
said microorganisms. 17. Method according to any one of claims 6 to 16,
characterized in that it comprises, between step d) and step e), an

additional step gensisting.efspegificy amplification gk themugleic agids to 15,
pregent in.the . 10 mlcroorg%mgms 18. Method accor |n to any one of

CISIMS 896 17 Characteriz8d in that the thémbratie onwhich the < &) | arlld
micreBrgafisms are dé‘téétbﬂ@ih@ﬂsts i@ty oFPYDFSGAGII Nyloh. 15H@©lf ic

Methad ageaidingrfo amy @ml% of;ﬁI@iJm,SSG torl8p eharaeterized in thattheucleic
com%%mgr% ug%q instep | ggmﬁgsmon according to any one of

claims 1 to 5 Use o a co osmon comprising the combination of
alcohol and- poIV@fT’@%lrﬁiﬁ%%Fiﬂ%geaEﬁgaﬁﬁ ni&Roffanfshiwal © to 16,
pefmaeahility r2T.ddseiof atdomposition coppiising, the combinatienepf d) and

alcehol ang) poly%tgyle%@pg ing-methoddor countings andior ideptifying. - £5

microorg anisms. 22, Use of a_composition comprising the combination’ 25
o@ﬁ]@&ﬁdﬁja%t&&?ethﬂémmw forCHusg nudéic Reid Lo péittrate ™ the

into- e wedl rzdridsensf. a composition comprising the combination of

alcohol ang, po'M%Ml‘?cﬁ'i@@@@%@ﬁrﬂj‘u&édjé‘i{§ntogé Use efhaims 6 to 17,
rﬂgosm%n comgrlsmq the ct mbtnatlct)g 30 of al%ohol and

ﬁ membrane on which the
polyethylenimine, for causing active
microorganisms are detected consists mainly of PVDF or of

Nylon®.

19. Method according to any one of claims 6 to 18
characterized in that the composition used in step b) is
a composition according to any one of claims 1 to 5.

20. Use of a composition comprising the combination
of alcohol and polyethylenimine for increasing
microorganism wall permeability.

21. Use of a composition comprising the combination
of alcohol and polyethylenimine in a method for counting
and/or identifying microorganisms.

22. Use of a composition comprising the combination
of alcohol and polyethylenimine, for causing nucleic
acids to penetrate into a cell.

23. Use of a composition comprising the combination
of alcohol and polyethylenimine, as a drug adjuvant.

24. Use of a composition comprising the combination
of alcohol and polyethylenimine, for causing active
ingredients to penetrate into a cell.

25. Use according to any one of claims 20 to 24,
characterized in that said composition is according to
that of any one of claims 1 to 5.

26. Hybridization probe comprising a sequence
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ingredients to penetrate into a cell. 25. Use according to any one of claims

20 to 24, characterized in that said composition is according to that of

any one of claims 1 to 5. 35 26. Hybridization probe comprising a

sequence 27 exhibiting at least 80": identity with SEQ ID No. 1, SEQ ID

No. 2 or SEQ ID No. 3. 27. Kit for detecggg and counting microorganisms,
characterized in that it comprises: 5 - a membrane for filtering a liquid; and

- a composition comprising the combination of polyethyleneimine and

alcohol. 28. Kit according to claim 27, characterized in that said
C@QHQQHQ@@Q%@@%@W@W aﬂ&é}ﬂ@ﬂfyl%ﬂﬁl}m%t@o ffD_ZQ\JcK.it 1, SEQ
aci%nrgflgg tg c(l)a}:lms%&g ?52%,ocha§actenzed in that it also comprises a
composifion comprising a crosslinking agent chosen from glutaraldehyde,
formaldehyde dhdtpafafornsdelnideld5 BOAKiE avedrdirg to efthepsaé ot sms,

claims 24 te 29z chafacterized intthabitalsoseamprises at least one probe

for the specific ction of microprganisms. 31. Kit ording tq claim 30,
characterized irl%(EII gt%%t% t réeprg%&;é foﬁlt ages%ale.%ﬁicadgéc%%ln&éft e820 .
microorganisi beir'86dght Blas defiffedlin’cldim 26182. Kitdeeordingto  ©F

any oy b thaiais 27t B8d, adhatacterized in that the membrane consists

ma"“yOEéTVD§f¥(ﬁ£®@y}ding to claim 27, characterized 1in
that said composition is according to that of any one of
claims 1 to 5.

29. Kit according to claims 27 or 28, characterized
in that it also comprises a composition comprising a
crosslinking agent chosen from glutaraldehyde,
formaldehyde and paraformaldehyde.

30. Kit according to either one of claims 27 to 29,
characterized 1in that it also comprises at least one
probe for the specific detection of microorganisms.

31. Kit according to <claim 30, characterized in
that the probe for the specific detection of the
microorganism being sought is as defined in claim 26.

32. Kit according to any one of claims 27 to 31,
characterized in that the membrane consists mainly of
PVDF or of Nylon®.





