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1 Conposition for increasing m croorgani smwal
permeability and method for detecting said

m croorgani sms on a nenbrane. 5The present invention
relates to a novel conposition for perneabilizing

m croorganismwalls and to the uses thereof, in
particul ar the use thereof in;a nmethod for counting
and/or for the targeted identification of the

m cr oor gariesRe S iFien | fRK L NRr RS PIRERAUFFAgIHavall
| puenthBn1 2pp| h88 hmethBa €8Pt HakeltihBesaid microorganisms
m cr obi ol ogi cal quality of the |iquid and gaseous
medi a i nvol ved in prodd®idi® Sor food or

phar maceuti cal products. In this field, the
nicroqﬁganlsns to be de%ected %5 are often sent

in
very siaf IPhunbar ARECTEIPY A8 RESBI % & b giiitgpsition

tﬁernQEumeabﬁluhanmlanD©ESOi@a@¢ﬂerwmdldetend1ng> the uses
V\@k%]h@ ft hg}{ gf out u]?af' %Ket %é@un@}qepggkt Iln -@emeth]pd for

contro carrl must warn of any cont am nati| on
t el ekd aendred pfedudthan Eargebedhdrderdd fgerdtdprof of the

thI®rodBKd Mshd POSSI Pl QuidNEF ey APPSR hdliBumt O Stop
the manuf acture thereof and to take decontam nation
steps. Ihe  1nvemklone 3Rfs $tve DeelYevettpedt i Pt the

cmihwobibrﬂqﬁ@@zeqnhelmwtdﬂlﬂgetuquﬂa and gaseous media

m Ccro nlsns 5 the tine nakln
pOSET Ygg séarth? 16¥n%e§%%e Cro %%d é&maceutlcal

Tmr@dmst$he subject in particular of the nethods for

det ecti ngr m €£f0Qr gan| l%“s r&f@r&&i Crlgé fkbtﬁﬁgi&gkected

of the liquid through a nmenbrane,
appti catton \Wroies 151Zn AEE&Ydi ﬁglatlé— th@b@ét h@dld tHeE  is

f@dﬁ£§5ﬁ@@'%&£<§P§E@h@@ﬂshntﬁdlﬁﬁﬁ&&§a6ﬁ|ajﬁ£emlcrobes in
retai ned at the surface of a ngnbrane by pass

In
| CEAT ERr GG TSI i o, CRRE MGGt Snakate human
cméiuw&d arhéhe courfrade afadhiedrenbuanemintcontaat of any

1805 AOAL 35 UL € TRl D [.01 t e, MRUNE 1 0F LI T8 hore
necessary orma m crocol ony no % ﬁ

neketo@yet Theecemaglﬁgrntn@OSSebdﬁGr@@@nﬂnﬁpnn9aﬂwate, to
I o] e r enasi i :
yg%ﬁ tﬂe %g%ﬁﬂé%t ez??%ﬁéﬁ? aﬁ@ @8 H%% d&ﬁﬂ%%ﬂ%ﬁ%tlon

and nucleic content. The ATP is used as
ash%?%er for identifying and quantifying the |live

cel I's by Mdiy bigdtHddesanee. pEke dgteelibpRd Siherdeder to
unj ver sal L tha ATP is a marker that is present in

aT+n+m%¥%g Rﬁﬁﬁnghs:u@%ag?ﬁgmbproorganlsms, while at

the same tlme 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 liguid 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 lyzed 1in order to

release their adenosine triphosphate (ATP) and nucleic
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5 the result is obtained by neans of a

chem | um nescence reaction invol ving the conversion of

the ATP into photons by an enzyne specific for said

ATP. The light signal is detected using an appropriate
video interface (e.g.: LCD canera). The inmge obtai ned
makes it possible to 10 visualdze in situ the site on

t he nenbrane where the microbe has devel oped, in a

manner simlar to conventional counting carried out on

a Petri dish in agar medium The "MIIliflex rapids"”
systiemconaleth thy Thike Adnpanyusksl M4 |4 poaeke opeoat edeonifying
t princi ed v

A T B
oAheneledrd tihe Sanmd arardst ae,vasiach s e thtfel heds oam Iaarker

pleasti G SUpROsdnt Thi S SUPRARL nigS rdesi e simds tiedding or
onto the various devices that are used for 20 the

fither kS9N C t e &J‘P‘%adrfi%fb BY 1T cP borgari sl Wpheescence
[ mg@@%n@hl Elﬂlv@ﬁﬂlh@ ﬂi&l@fcﬁﬁﬁfé/ﬂlsh%rdeiﬂaCﬁh@ﬂATleag@m Sphotons
the takin es 1ln a Vvlge apper .. . \ \
A R -Gy L et i LefLE e TRE i gnpa H et is
tdﬂéecﬁegamaingtinthppcopveateonaﬁebe§m$anfdﬁéF%Hrg.: LCD
di-shes..Further m’Efﬁa es rdy p%&k%ﬂ . S&oquses e o

I mages obtalned on gital support
p&ssislé Zzeo h@mqld;vu t ﬁéeco‘m%@n @&t | BAS (reTEREE b | Mﬂwe the

Hawevebe thhgssysiem hasegertaim ||amt§1a@l1lrh%rt0 EhRilar to
fact that, in practice, the counting of the

ncer36rgaRre s Cﬁrué%:éﬁtg AP HHES Wa & 6t Q%t'efhe%ﬁ%njen agar

| mecldmimi.ed out after cell lysis. It is, consequently,
difficult. ta r t-he _sane nbra with V|em1to
accuratelykldenﬁl yF%SX gp&g§r00¥g§%$éns g%te%tt%e company

Hodveporen ordera e danohheratench@lpre%mw&n;hﬂd Ipove. It
cepikal <ﬁ‘ &gr gani Sf%eri ScQP?% 3 %afffﬂt%tt i%n and
el pr obe

3 speC| ridi zation using
tﬁ@§e§ﬁéoﬁuéﬂéﬁﬁid@nlﬁ”ﬁ%t@@@ 6Peel%%“%fm?W¢F€ﬁéptﬂ%ﬂ%Ch is

nHl_@l'l@i't@llﬁ@ddbl’lt wpq;la%%dorsaﬁgﬁaﬂtavemm aeveht @9es Oflesigned
be|ngF£e ?e in ure, which kes it si bl e, 'Qj ¢
cEFt ppliEalh f?s 0 HdvEntaged E%F?Srégla c@re ‘used for

ohh@oﬂﬂcmfmﬂﬂuhﬁ,pHdbESculturlng ofl nhgeneratqodgursidms, the
p'&%%%e%grt'l%z% Sofg?é ezﬂgﬁmfv???‘é {Eﬁlt%t %eacce %' Plldd et ang

he nu el Cc acl e ce erw se
w@hﬁp@ﬁéﬂh@nOéeﬁ@aaﬁéslﬁaﬁs@ld@gapha@ber

This miniaturized system allows an appreciable
gain 1in time compared with the conventional tests on
Petri dishes. Furthermore, 1t 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, in order to demonstrate the presence of

certain microorganisms, it 1is possible to carry out a
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10 Application WO 2004/ 050902 descri bes a system of
detection on a nenbrane which nmakes it possible to

detect the presence of m croorgani sns contam nati ng

bl ood sanples. The particularity of this systemlies

in the fact 15 that the m croorgani sns are detected

t hrough the penetration of |abeling agents into the

m croorgani sms through their wall. The | abeling agents

used are small nol ecules, in particular conpounds

whi ch intercal ate nucleic acids (DNA, RNA), such as

cyarich fder hwatrivies.a t20npropirdi umbaldddeyr@dess diwmieether they
or.ang i di u : [ p es , ,
AR ey e T o pener Parras ot o Vhetbeptide nucleic
mecidor garesms t han ol i gonucl eoti de probes.

The i qui @xaapplecko R d asfedidwtiddd €dr i Bng peptide in
perneabi | i zati on sol ution conprising the |abeling. .
agentires #hdCd @81NeSpertnedbiidti ot redigemt? ghelications,
cebl sdanatbpevbatled repltbks opepprabilkbzaticoprspkyt.i on,

t he ain1o& whi ch i to.inanase t he ﬁg%l w$JI . .
porosity, ‘8o H&'F6 fact i a8 HESTenbitat i GOt ngSautres
| abelpileg epraodiasts iilntlol tthet oi ¢heonganisines pecedenbf ThHee cell
Pe ARl Lbzatiian,sahuthan 30 Le sybsequeatly hibbereds.

with the possible m roorganlgns that it contalﬁs,

through a’REABFAREOTTHE Mt odfitisndepretens areystem of

t ber cetiahned QN nfdhe Menbranesn antay e ¢ heds det ected detect
b¥ eactléghthe | abel i ng agent wth a conmpound and/ or

a FeghtPsotf e whicdh alff oeOt el 88 e $SFdRTgfragtng  blood
f lsaapeseent signal. This system has the 4 advantage

of not lyﬂqgg tar%%irg:iu P ke a%ifsrﬁ'fisor attelmeaf'lteSOfi the fact
limting as ch "as 'possi bl e their destruct i on bet or e

t heiat detleeti gri.croorganisms  aThi s ¢esaditsdi nthrough  the

d%%%%ttir%@iglﬂatof)f flea[bselkl%gt eégén"cgsoir%ci) ORhe microorganisms

However, because the marKers are not specific, this
s?@ﬁ@#ﬂaoé§“ﬁﬁf wakeé -i tTiposSrBRE1PE FSiSYTH néSefe are small

nabukeudkst he iM creorgani I  dedgsdetis FUt e nof €retPalate

such _a .system, th andl i of 10 the m croorgani sns
¢ Bt Te Solplront oAy ohofdhuites cypears: gt Pt ives,
precaitiions andieégui Erentdiwd chrasgporer cemplieX unl tbromide,

SlaJ?llilC?{ ?}%s%%tbefeég]aﬁﬁi% £l f&zbﬁkl (E%r%fs to@emk}gé%ee%ﬁaeé[il& into
in solution before filtration has the drawdac a
t heecaliicsoparagentisnibano ogrownand eps 1devipdebbef.ore 15
being fi X%ﬁeomfi@iﬁ?%ﬁ@ﬂ@’ Wi gh GRSLSASOM® diluted in a
uncertainty on the final result of the test. ,
| PErEegPdd LARPEUI 3O BE KUt t ABMPIRELES obeet Hebeling agent
penet r at i e 1lrneagetndania ix perdreabiddzati on el uté®Ms are
A e Ol he, rEthod desanlibed ;.0 VQ 2004050902, in 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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20 particular when it is sought to sinultaneously

detect gram positive bacteria, which are generally

nore sensitive to perneabilizing agents, and nore

resi stant gramnegative bacteria. The perneabilization

agents which may go to nake 25 up the conposition of

the perneabilization solution4re typically

et hyl enedi am netetraaceti c acid (EDTA), polyethylene

gl ycol (PEGQ, digitonin, nonensin, sodium

hexamet haphosphat e or benzal konium chloride. It is

abﬁaapaasbbkﬂftmoUséypmhgeﬁhyiemetn®03g3ﬂl$ﬁﬁj)prmhﬁnhleast
i S a n I I Qi ¢ p |

e T Tch il AP E bty AR PR e ore

s@@ﬁlésdéﬁﬁpbﬂ@ﬂlcs whi ch do not normally penetrate

into the @“Yltlgplﬁéé@l@émtl%“eﬁ LEelandern, +nM %tff%lrs’ better
Pol yet hyl eneinmine is an effective perneabilizer of 35
Fﬁﬁpﬁéééppve bacteria, M crobiology (1997), 143:

3193- h5 8198Yer, bec%useThﬂmﬁgﬂFQRbkéti&wb?ﬁmﬂ: specific,
pol yet ne|n1ne in the ilizat,i ol uti.ons .
DS bH S A qHEER! Betr | ROWD So04 beotbr B Httiips the
coacemer atfi chs ofi cgepepahligms Hesscthdn 100 g/ni. The
Concentra%h?@ﬁggﬁb %U|t§@|%ucgr ?r%@%%%gﬁtl%ﬁiohfgdling of

bacteria, suc sherlch|a coi 'S aroun
glthle, microorganistie alfakes tﬁelagﬁeeseml i edittiion i s which

t @ chiungcan spRgwET (?)rtel%%dth@ntsatdrﬁﬁsecﬁflﬁnhﬁlte)%ﬁltdmgls more

nenbr%ne 10 detectiaon systens nenti oned

SGPPPISFngl §:  EheUAvétst orstRdvélrdt ed' e héPCFH@tEJ% git the

thwethmﬂ&ﬁaﬂnlbedﬁﬂdn reofdy nefh Wi 4 adn | least tloedrawback
ohoI artlcularly a gln r¥oa coho

parﬁlc&iarly]ﬁhe Ethanol', produce rgwn5¥% g%?ec%Y%%?].efore
c@@p@glﬁlaﬁdfam.ﬁémwmmﬂbnanqn;whxwkxﬂ@ﬁwﬁsammalmscertainty

Sush :acconmasi LEQn akes ik pasgible in particular to

cause macrono| ecul es, which are optionally |abel ed,
such as né@lébiléésﬁrdhé%leQ§¢peﬁ@tr%ﬁ%¥QQﬂﬂb meter out the

CheergaALENS reladgdhas 1imtRAr td CubeFmHEEONE: /PP entolution

at the 20 m croorganis i ncubat co Q .
arcororng ol ChRe FARE SRR LR SR dactbe, in
ephamabulhmlewhéﬁ hitghers ceoceghntr atd osimafl tREkotBaR |1 detect

h@?ﬁ%prgﬁkﬁb%”S 8fﬁE ?18r'°rw$EEh Thgré?”?%gﬁékgfly more

a primary al €6 makes It possi .
pactiséiiliae, to wsgrrREDIUp 2l 25ctbAcemiat iorreof resistant

b%&g%egegggl@@dbggggrg/n1 W t hout causing any narked
Il lysis effect.
y 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 is also possible to use polyethyleneimine
(PEI), which 1is 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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The term "m croorgani sm' denotes, in the present

i nvention, any (eukaryotic or prokaryotic) living

cell, single-cell organism ganete or virus conprising

a 30 genetic inheritance contained in an envel ope

formed by a single or multiple wall.

Aconposi ti onasdef i nedaboveal | dws macronol ecul es to
penetrate into mcroorgani sns while at the sane tine
limting the destruction of their walls. 35A

macronol ecul e is defined as a nolecule 6 resulting

f Bamotthe conbi nation of a | arge nunber of sinple

mol ecul es %“CEoﬁ eB‘BH’%E?Bb' deg, g{)?%gkﬂgﬁene mine in the
glycoprotelns I'gonucl eoti des, sacchar |

nelraicebadids tAPNA, sRNAY 1oaAt | 5odhes?Sor tHaEi vé@isvéébed in

t er eofo.a /9 50Beby ethyl ghet &i neo( %%hq)cén%r%ts_@nléblcef generally
product available in several fornms. The nononeric

pé@?ﬁeﬁ#%%ﬂ %%@hHgﬁ%}chTﬁ%SCQ“E@P@%&F&P“H§§§”bfsultable for
a@@@mxm@gb@hm?S@alc@@,r1|as a gef eraed fatarpceosdingii, is
to_the | egbl &EAS No. 9002-98-6). PEl is used in

nﬁﬁ Ple Hgf particul ar as an agent for the
flocculatﬁha Oiuprofeﬂﬂseamdeﬁ@nteuﬂvammdgnln1$otutiﬁﬂmd an

'%n%%fe'rou%opurt'hfé catii ”caPEeﬂo*hQﬂ of ﬂ al é&éﬁﬁ% aSy&nbrane
per meabi | i zi ng agent ue to the fact that as the
pesperty: obf Sﬁ/é\vém@ Beyptdesefuebaieng the phosphol i pi ds

present imyeghlswabhs, Ld husveakbprg tthese wekks that the

per meabl e t S which ar not nornmally allo
pEi&t 5 erpivatrnd coatrgne” (PETY, "Rorigk u%}ﬁfest at’ least

de&@rlbEdthlIh@%ﬁtKﬁHﬂKﬁmjlGn ﬁﬁtm@eymmﬂwdHQMngand more
' ri.sin conblnatlon of

m.cr m I
pgﬁr th%ﬁeﬁzyn?%e (PﬁingKFﬁ at eas one” 20"&1 to heffeCtlve
partiposiaiby afqriparyeabecobhoingnustrparveealar lwalls. Such

ethangl OSlthD.ImaEng%ﬁabeSSEBié QQFp?§£EEQHlQPG§x> cause

not corrprl se_any det ergents. concentration

i fecHeTpderEaBS)i ZRA§CRS %@rpdmllwlc@h Belsdpeensuch  as

1%@c@@@tlagopgbﬁbs gﬁﬁeb@hbfrﬁﬁbmﬁﬁﬂolﬁgc@@@r%@@lsms
pg/ M, preferably bet ween 15 900 g/ and

pr ef er abl be]i?@\%er%rﬁoﬁaéﬁ&cggé‘ come’ ‘apparent "OtRat the

microorganisms incubated in a comp051tlon comprising PEI
and a primary alcohol, in particular ethanol, tolerate
higher concentrations of PEI than in the compositions of
the prior art. The combination with a primary alcohol
makes 1t 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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According to the invention, the primary al cohol is
generally present in the perneabilizing conposition at

30 a concentration of between 5% and 95% preferably

bet ween 5% and 50% nore preferably between 10% and

50% Anot her subject of the invention relates to the

use of a conposition accordinésto the invention, and

nore particularly to a nmethod for detecting

m croorgani sms on 35 a nmenbrane, conprising a step
consisting of the 7

parstrlatingnofirabel edanceonpleelul @i mfot fe large number of
MGh@ArgansMecuFas, r easens Waich areypepbry@bsyel lproteins,
known, the mxture of PEI_ with a primary alcohol, in ,
pERYICORIRE S5 NSy h &g IO aq &ty ¢ H 1 Gif of uclelc
MaeyierED| (ww,ewAsuctanasbwaleleot ode dptrabes iviest @hereof.

m croor ganj Sns. .. Nuc i.de .pr obes whj ch, are

descri bed 3ﬁw&&h§&$8ﬁﬁﬁénﬁybﬁﬁgﬁQatH%h 0 t?@gﬁble product
r ialvesdraml eRNAs  ofewvécaborfamisirs, Thien panpinedliar pheymerized
163 BNA qp the 235 RNA 1096 Bsgydonpnas agf ughpgsaximately

Such probes can in particular conprise a sequence ,
cOBledBendi 1y &o PsEGSrDedO BorsEErFor fEng &° Sty | brvention
tl:lQ-g;ix_-sd_ No. 90?%%9®—§h,esq>ﬁpflt)a_%s aé_@gcaﬂ@bh%trqf_fierl]ds, in
yoriqgizing w certaln nuclel C acl.ds resent 1 n_the ,
mP@rf&&Fg’&ﬁ%sr?ss, 8l G988 et FodRak %OiCtC%&S‘%sHOBH 1 gproteins
speei f haalkycdedetds t He t ype@sioof in crvearigasi sperification

prmeeacl%{]ogisi n theisI iaqluélod L%%cgagseo E%@g%%leir?nf%ﬁéégﬁt due to

res I'n @ nore ‘accurate pic

popel atfant detbeted iei mp®bt thaedproperty 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 described is thus a composition
for permeabilizing microorganism walls, comprising the
combination of polyethyleneimine (PEI) with at least one
alcohol, particularly a primary aléohol, most
particularly ethanol.

Preferably, this composition does not comprise
any detergents.

- The concentration of PEI in the permeabilizing
composition can be between 100 ahd 1000 pg/ml, generally
between 100 and 900 pg/ml, preferably between 150 and
900 pg/ml, and more preferably between 200 and 800 ng/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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201t is also possible to envisage that the
macr onol ecul es consi st of antigens or anti bodi es and
that they participate in a detection of the
i mmunol ogi cal type. Figure 1 indicates the way in
whi ch gaseous 25 sanples can be tested according to
the nmethod of the invention, By bubbling a gas or a
gas mxture into a liquid such as 1% pept one wat er.
Upon contact with the |iquid, the m croorgani sns
contained in the gas are trapped in the liquid. The
| pgued reanonhen dfe filakekedas Becrawpéaredepn tHato  the
p&g§§g5r§ggh%ﬁ§tlon Figure 2 illustrates the
various steps of the nethod for detecting and counting
ni cr oor gaAPS e QRTVIYI MG LCH t RES| MAdnt Y8R 4Tt edhBlR, the

:ﬁ%%i&@mlsgoﬁ pHe dzﬁttelctaorprﬁgdfy efélQid;ﬂndl% r‘r&fanSp@ftﬁcular
a | nucl eot i de proone eciad1.C or
Lerhgrnden, fagt TEELES RS HEORGe raoi SRR fad Mmelppules,

o%utheabeahodestudbe@rpbesxampte fhickpoirgaaisms.

repr esent he emyan SXQEher%dﬂF%EB 11
obt ai ned g@tggogég%rdlng aﬁ% ng?%gl processin a o
Iﬁ@ﬁpliﬂgnalQYEﬁid@édtb9n5 toe pridises. ribosoma Fléﬁﬁé of

4 i @ ot ga?ﬁsgﬂsmerﬁi tfcﬁﬂ&ﬁ%@t 165 afat e iHRIE23s RNA
presente ure illustrates

VA SR RS o OF U B0 et nBCP oF THBESC ATy HhdbaTEicular

, C@@&blrrigemacrmmén@oﬂﬂemm@gtbosme IiDn\eNtli, onSEQ ID

ri.ed_o [ le 2. The detection, carried out
%BWgaﬁ§ g# a%Fh ng PNA-type probe, is specific for

P aer ugi Wbsa. these prob@isguree 6carprksent shylheidbzimg with
of . LhE i tne%tucq%sigr 'atzﬁ‘dié 3}1@‘5%% e g thd 1h§c§oorganlsms, said

represent at | on nbrane as a, synthetic
| meg&odobraikeéd &FtepoﬁéééﬁélnﬁoanépaFéﬁ%ﬁ?lbyoc@§§?ﬁ5 the

0fty‘p'%@s| | gRYf S ingined oo reyirt itsath b)pﬁehﬁerﬂf obgs. the 1liquid or
Fi t hree- dlnen% oQaLr K esegtatlo%m&% tggcurate
| FagE pPesBRR LN n FuRECBoT To
picture of the microbial population detected being
obtained.

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

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

oligonucleotide probe, is specific for P. aeruginosa.
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20Figure 8 illustrates the various steps of the

nmet hodf or det ecti ngm cr oor gani snsbyATP- bi ol um nescence
carried out in exanple 3. Figure 9 represents

the result of the test carried out in exanple 3b)

conparing various 25 perneabilizing solutions (PElI200

g/m, PEI500 g/m and 10% et h&ghol + PEI500 g/m).

These are the synthetic inages obtained after

recording and digital processing of the Iight signals
emtted by ATP-bi ol um nescence. Figure 10 represents

the sane Fhigngeas 3 n fepgurserd3® 9 tfher otdrerlt of the test

PRETREOLEL?I N9 agkubhans, (39 e1hano! and 233 e Aok the
i m@rﬂ@e{tarnﬁg gheal |Sg/ﬁltthe¢tl@nslltl§/g¢ma§@fﬂééinﬁdr addety recording

PenEEab] 41 Zd NgpseLuLLEeR4t &5t ednin ﬂl@%@ogigﬁglgf dfi®€ted by
ATP- bi ol um nescence profocol 35 illustrate figure

gthegprobes. A subject of the invention is nore

parti cul aFrigutrbe 4usies of tiespedimabd1dzd Ngreonposhta©ion of
3 descri bed_abov in_a_nmethod for counting and/or

Qﬁtﬁpﬁgﬁg?rgﬁeﬁ%ﬁgnﬁpagégufﬁe M cr oor gani sns
initiall yFpoegent5i nila s inaiad thegaseoususeditans of the

A%%Qﬁgbpg Q. onedé@%%k%h& fo%ﬂBOf &Bﬁnkﬁﬂggt'ﬂgcrég?ganisms

method is characterized rn t It conpri
f gccewidAgIsttepsthe invention cggyiefeobitquind fample 2. The

gaseeus ioRdi um isi &l teredy 0 fduough ra aenhrane Sop@s-type
to rgtaln on or .w.thin the menbr ane the m croorgani sns

pPESERt iR ERESLMedi GAY £+ 2€TUILINOEHEY the menbrane
and the mFdzlgu@égam smeareas drtaughthd ntreeaont acdif Wi thhe a test

per.nmeabi I|2|n ition descrlbed abov
CgﬂDVIS%ng pol y&t' ngféhe|%1ne and” at” 15° ?E%%?ntatlon of the

aheoboklne as a synthetlc image, obtained after recording
and digital processing of the light 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 pg/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 ng/ml).

Figure 11 1is 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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(c) the cells are fixed to the nenbrane by neans of a
crosslinki ng agent; (d) the

m croorgani sms are brought into contact with one or
nore optionally | abel ed macronol ecul es 20 capabl e of

crossing the mcroorgani smwall; and (e)
det ection of the macronol ecul €5 having penetrated into
the m croorganisns is carried out. The

m croorgani sns targeted by the nethod of the invention

are nore particularly chosen fromgram positive 25 or

gr am negati vwilpptdiogefii chkeacievemat odnt he gemes particularly
Pseud as, erichia,. . i.anel I 1_a, -

L OPerTe Bhoi T Peafeaniadsd it SqmoBiPRYT, & qescrivea
Se&phiyl odec cusie Wyedbaer ecrumt 18k geld/ar ddstiifdiing, on a
CarRyk-@RACT efncOr ARIOIMNAS: i ROt 0z0a 0f1 the genus 80 in 4
G.ardi.a, Ent anpeba, Cryptosporidium or Cycl ospora;
nycOpres Ras 96FSPHE FEALGE™ycopl asma or Ur eapl asnm,

fungi of nheogenug Aspesgt | kpsci€andifdamorof the invention,
Penicillju and the hepati.tis, A.and .E vir.yses, whi.ch
AP BF 67 Jant Sms 6 SATHAGER ¢ MRat LFS" f requenTiFyioes the
eficduptvengd sitckpshe 35 environnent. 10 Thi s

met hod is, _in i.NCi -1 qﬁgg'ggpl e. :
detection(gg uﬁﬁgel?ghg%dalgge sué% as §§%ﬁb ac%ghigfltered
uheelioll ag fEsTHE  agfe p&Pas?®i COr ganeshs QuclPraswithin the

apRebagner tAeMatiedeoryhenahedereseascahi 8h849sed@hm;
el se pl an ani mal ganetes such as pollen or

t or 5 .
sper mat ozé&? the  membfpaiey AWF tHiS mMetRHoLTSResms are
C bubtighhie ifiter @omganits el tiT esefdrmduial 11 glhg coeabeyition as
such as ter.or a gaseous nedjum such.as air, while
ACCeHe Ehme PEIY Sdet Gr it g, “as ROerveZ%h Hsast g end at
t Relesti dent etlgopbani |y, 10 genus, species, etc.). The

expressi oncjli quid h 19aS6QUSNRA] Ul 15 I ALeRAed: 19 means
mean any fluid that can be filtered, by applying a
diPff ér €AEESiLANBr-egsarente hr ough a nenbrane having

pores W thgdan aver ageiarmpiersrdf geaepablyhbetMeen contact
0.1t nd 1.5 microns, pre%g{abl bet n 15 0.15 andl 1
0”8 i cridfis, Tor e™Bref eantly en B &hd Brgromolecules

mcepabd e Stchrasklinigd theyndensbstyaaf spurweldel ahidons
i nvolved in,th [ i on_of eril t
al so of cé%ﬂ[e%egggggﬁ%ns ?griﬁ%F%g ﬁ%?%?gggégg%?g having
uiciene tramidotng of [thiedmieteoy Jeniamseiratipvaigdoput.

gaseous 20npl X1iWe3SUeh K% atimsPhes i Gyaikhe method of the
Thepr esent net hodnmay, nor eover, have applications in the

f LBIVEE LP diPaGn SIS RS Hrfal all TR0 91" sahph egran-positive
Obirgi N@tdmehdFOiMwNi NBhshekepati eMascteria 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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The term "nenbrane” denotes, in the present 25

application, a synthetic support having tw faces, the

pores of which have a known average di aneter.

The nmenbrane used in the context of the present

i nvention generally exhibits a high surface/vol une

rati o and a constant thicknes$Oof preferably between

90 and 200 30 m crons. Such a nenbrane nay

be a nonol ayer or a multilayer nmenbrane. In general,

it consists of one or nore materials chosen from

polytetraﬁhuerm&ﬁﬂykbnfs pmhy@vhnyhpdeneeﬂkmmrdphﬁlcable to
¥ et%%%X%%TQ%”%H% 1f¥iy%ﬁ! §E%ge§§eéyanobacterla,
yet ersulfone, ace ul os

nﬂlpﬂ@@éllwélaéséorms of paraﬁetmt @malnssawse CEf ersabioebae

chosensa A% thﬁﬁmﬁQﬂﬁﬁtéP|§s@é£hdt€§g§°|%@nkﬁjk§%91ant or
in partlcular t he al cohol s_and al és that may be

usedmat URESVSSI sUHST5ast 86%181‘1 PﬁeSR@FH@ gozoa.
The menbr ane ommhi cBft hecHi<r opegaPHSNE Ar etdet eeghed the

preferabl% consi sts na|nl of PVDE ( ?%%ﬁghgy%bggngns water

f ffaoridefy  or s 6%{%) MBr & 5P

PVDFdW@1$&om@nmedmem sluichhexd yper sughias thatthE) sole time
b | :
NﬁF%%?F%QQBg %% #% gégn nghe&%(r%ﬂﬁgﬁ‘ (family,

Soepuay @fpetchléfﬁ“ret%% laccBhdi RGPEESEREN mitelmq ‘or gaseous

coRrsliigt® Ofi st hentkhheati en ohehhe LhQui d10F39a8EQHS can be
nedlun1to b% anal yzed thrg}rfi a menbr ane as defi ned

abdvé 5% o Ps APFES F e g ade RFCFHFLS, through a
nmﬁhba@aeth&anﬂﬁgxngﬁﬁ@§nsw¢bntaanedau@nﬁgdirﬁﬂhmﬁmer of

%%eraglg %r Or%anlsqs hav%_Q§en fl+£eredrggerab Y between
tal ne n rrenbr ane, an op tl ona consi s ng

ofO -tLie acwl tOur‘8| mtgtcafortShe I 1o (Imeg%mﬂ@ﬂsy ireloomtract - 3 afd 0.6
a&l%Qo%eprOBﬁbﬁte cubi e QE§UL“Bdﬁ¥1sQe b%C|FQ§Q Ifolutions

t he met hod between steps a) and b). This culture

medivermvies ﬁ#bﬂéﬁ%bpyo%ﬁcéb%@ ﬁ@dﬁ&ﬁﬁéﬁQMﬂQQQQQRﬁ but also
n@&‘ormpu%xpl %‘%ﬁﬂltﬂfdrﬁf fiddimation. Jdisr st eperihj Churine,
is optional, s it E ﬁ:ible to ?btal cohonle% of

edPRI6F 1ehe Tmitror g&hiFshs 25 i nPtr&FIS - FTFLéredt i ngaseous

omdamut@sbeuablastatmnspheeadibyrdetect t hem

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 in 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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According to the invention, the mcroorgani sns are
subsequently incubated in step b), in a perneabilizing
conposition according to the invention. 30 This

i ncubation step is carried out in a small vol une of
solution that forns a filmat the surface of the

menbr ane. Advant ageously, thelperneabili zing

conposition can be contained in a solid support on

whi ch the nmenbrane will be placed, such as, for

exanple, an 35 inpregnated pad, which [imts any

passl blie rooeémenbseof 12 liquid at the surface of the
menbr ane, ﬁ%dﬁgﬁ%f¥§¥§ £P§ g&é%ggagﬁ Ig%osen so _as, to be
m cr oor gani sms is carried out a tamaauueof
b@p\m@ﬁl@@@ andtBs5Cher sopeanitod ofssslt 0120 pihtteglar the
STheometRod, accoidbngqate thed WM&?tb%n1ﬁ§a§|Etthﬁmﬁ0§§rlous
effective since it conprises a step (c) by neans of
WRICERSt Ré EBFI 8€4P&9i xed on the menbrane by neans of

an agent ftrhat semnwesnas ancCr@iskthnking agedtooffasSisms are

ste kes it sible to fix the cells_on
D5 L oot PEATEA%BY "t he FURBFahS. A BioPerred of  PVDF
C“@SQW'kaﬁ@ldgeﬂtfauomndemg to theNyiveht i 6oréspreferably,

CHQSQQSf5OEW%FUH%ﬁﬂkQ?hMgﬁbf%ﬁé”H'%eﬁM9§ gg?lne ch as that

par af or mal yde, parafornma yde bei ng as a
n@pé@uI@YCoﬁb@se@O@PaﬁV | Bast 1BPkef orhAfBehyde ubrede name

AgvantiggeQushy, thbertselbxicag eowposhti@pean be
contained in a soh%ﬁ ugport on whi ch the nmenbrane

will be pﬁ&@@d FSFhQQaﬁﬁpgrdéﬁglﬁﬁf@&ﬁ%téﬂventlon
padnswhiceh bEn1tBeanﬁlp©§§tt$m rversent s lokulidqubd agaseous

t he surf%ce oféggi nd thus fhe n1X|n

of
t Ae n1croorgan|snsfwﬁﬁefera gﬁl According to 26 %h%ed above
i Beents oo t methili ngt sttépe | sucdecieedodutthats amembrane the

t%‘"ﬂ%%% \;}Eﬁlghsb%\{’{% n%QCiﬁnga%CmEar & period of

froms m nut es. fixing step can
al so be CQPﬁ?edtQﬁﬂ W%FQQQQ%ﬁQﬁﬁmﬁw BPV?héoeen filtered and

Wk%&@@h@@mdﬁﬂﬁﬂﬁ1ﬁ@ﬁbﬂ@ﬂ@[aaﬁ %t&%n@&a@%éﬁ ddhsisting of
?]_latlo_t The ne ne then 8 erably COHSIS%S of th
N3 nstU-turLng o St df**coh FQ?Phaan5%}|ﬁaP @CFh@”- an

nn@pm@pgaatsw&uLﬁureumﬁdmummman bpe ioclmikel in the method

%%%%E'ysh%%%!ed racromol 6 %U'eSThYQ'C%uEgﬂ%%raﬁﬁé&?um is
rough t he n1croorgan|sn1mall
npéeé@ﬁf@@ws@@ sigg rpmesfciiriablon gdrrdledt vutmenbrdiee ehel placed

of; fthe respectdiive, I naubat Logs angnf bxi ng %ﬁfﬁ%bﬂ@l anthres it
c), since it is at this precise nonent that has

b@@ﬁsé@éérﬁédQH%ﬂlqiﬁ?%ﬁ%ﬁ%ﬁn%ﬁnﬁ%%ﬁm%ﬁlEh%r%l?ﬁ%organlsms
masiti tpennealdia 4«35 macr epakecWesse 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 menbrane. 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 limits any possible movements of
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13 According to a preferred formof the

i nvention, the macronol ecul es are | abel ed and used as
probes. The term "probe" is here intended to

mean macr onol ecul es capabl e of recogni zi ng and of
associating 5 with a specific biological elenment of

the mcroorganism thus allowldg it to be visualized.
According to yet another preferred formof the

i nvention, the probe can be a macronvol ecul e capabl e of
hybridi zing with DNA or RNA sequences present in the

10 imuddoertgariies nsanfe exho bi theg renteraa, n adegrigeswoffore the
S i.fici th d | gic

RTSIEHC Y Wi (BECREBELA:SALY, T B BELERe qup ot
nfengies ageiré probesWeEhe 2|On\¢emndor§5erﬁ/i@age% rylaypet S5 to
obonugheiresaci d probe known to those skilled in the

art which can give 15 rise to a hybridization with

nucl ei ¢ alPfs MW ASCH ot L%&aﬁ%léhesﬁﬁﬁpétlon is all the
ohbg@nwf%@tlld@s sioldgontict eopt dess ok 2'tel- net) h)ﬂy‘ FﬂMans of

pBr eptT e e Subst I TUt ot hw bk BURERE and Y fedhs of an

pyciemtdithe tbasesks[ NiseksemoBsEin&tingl agSoitence (1991)
20 254: 1%%Zsl§99£)QﬁaﬁgyAlgy@%§§yHﬁg”%@l?9%'%%% cells on

conpr|3|ng one oOr
2'thg- 45U@ﬁé€hy$@ﬁ%tPt®i¢@ bd¥ur dresy Merbigmer-s) Aaspreferred

d%%%%b@@gkhﬂggﬁkﬁﬁﬁzFgc%o?%§n 6lx> the 1Fﬁen6@©9erﬁgchosen
a pre erre o} e invention, e
uded™f of Lt her %hgﬁgfé‘g%' off O(W]tdfﬁbyé{eedaﬁg dl%f‘g%??]&ﬂa%@ehyde'
Mearadoganil sies velkc b cas Psaeition@mnass aar u@ilResd < aipeed of
one or, mpre of the se nces indic ted

o R Sk R AR R MR R ARk M peousiy,  the
TlQGAQCA@@@AGAGﬁﬁﬁA@@@A@EACﬁnqdﬂﬂgd[)HWﬁ £31id support on
3%%1 EFE%%¥1@5%Q}§Q¥V%¥E§ bgsgghhngosdgh as, Tfor example,

The sequences SEQ | have the
part i W EInafL ot @ﬁQC|ﬁﬁﬁéﬁ4ylémﬁﬁ%eﬁéﬁt@mﬁﬁﬁble movements

hylr i Xhi @i ing 5@3@@@!3@&%@@ bhe t6S RN 05N 23SaRNA tafus  the

Pseudonnna§ rugi nosa. The, |nvent§rsfha%§l|n fact 4 .
ndt-€d"fhat " p mégroorganlsms referably, according to

cap&bleoﬁhybnod»zun@éheflmDS@nahRNAsam bhrried out at a
mt%?nghe%%ﬂ'r%”%faﬁo%t% Loyloarly, pisefql for cartying or from

I nvent
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 is at
this precise moment that it has been observed that the
microorganism walls are the most permeable to

macromolecules.
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One aspect of the disclosure therefore consists of
probes conprising a sequence corresponding to SEQID 5
No. 1 or SEQID No. 2, i.e. a sequence exhibiting at

| east 80% identity, preferably 90% nore preferably
95% with the sequences indicated above. Such probes
are particularly indicated fot3carrying out a counting
and/or identification method according to the

i nvention. 10 According to another aspect of the

i nvention, the macronol ecul es which are nade to

penet r at eAcnbadtiihg Mocr aorgafiecsmed afdrmhbch tiey bevefition,
t Qﬁgsﬁ%r%%%‘éu?%st B?epﬁ%%%e@e%%d' ngdagg" oBEE

used as priners for carryrng out an addition ste
consi sti nghef theegm5 Speehd| c anpl PRireat ilgrkegidache to mean

n%%b%b%o@%b@§e%0%é%dﬁ¥e'@ftPecﬁbﬁEQQBga@ﬁﬁ“%f|£s§&@bat1ng
macr onol ecul es_are used in the nethod according to the

i Wéht inSPYfehl @nPagdPPienal SLEHE ewdr tHe} escroorganism,
ophiugnalllostiep is Bt beducedailntedthe net hod bet ween

steps d) and e).. u an a lificatio step
orove 10 BECRELREP fo7 SBti HAre it SePraT3F Hheromm of the
rﬁi@Neﬂmganbsmdubyprnbeeasﬂnngheiamaunbmoﬂetheeruﬂdpabie of

aﬁly@ﬁ»la\ral Labl g: for b pur PREES. o &&? getefld e 1hn  tne

ircation step is hi s ec
w@%§§opﬁ996§§mblea@@ |d@¢ﬂ%§%ﬁ%ﬂ§'thé n1%@%%#@%nr§ﬁ§ree of

vvrsiplecritfriel%@l QG lhvirtdspand thssdio) decr ease 4heaHuMbeference

of f positives. The anplification is preferably an
affpri *ﬁsrrcmeora SBAntyggf[Q5%§$%R tgxt, \gyrBicteic acid

( 329bEs35@h D 1B nororf e hAMPa PER tyipe tlyhNet am ﬂﬁclelc acid

N%C% IC]@%R&? B%S%%Egé(igl d2§g1%%1 e63& W% can give
propes or priners descri ove can e desr

aSlE@ detetthyb@idxﬂeiansewehahupypee @hlds, such as, for
%gﬁ%an'§ﬂ§mﬂ£he%ﬂ. nddlééﬂfﬁé§3p3§flg@%ﬁ%feétfﬁes of

vary ng degree of speciticit respect
b|20|—@grﬂ@5rlya,~r8h%nt§yi9eeseﬁr |ﬁreﬁe8m @foon]énu Erﬂee Foprobes

32c0exarplieg iff tah%adquﬁ@ftslc@ dHDReSs 185 £ Nuet &4 Gy €h dSurine
15 chosen so.as to hy rr%rz§ th nucl ei c crds whose 1991
sEh{eRdE e L oRs EAFET i Spectes? Science )

nQ@ﬂooﬂ@@ﬂ%ﬁﬁﬂOtfmzlﬂHRtmeaﬂidﬂl@%ﬂdc]ﬁﬂti&ﬁyeﬁymprlSlng
I
ansmellergunber debcspbeidesn th&espeEif LcOly Wwoll- be
greater. according to a preferred aspect of the invention,
the probes used 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 235 RNA of Pseudomonas
aeruginosa. The inventors have in fact noted that probes

capable of hybridizing the ribosomal RNAS of
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According to yet another specific formof the

i nventi on and advant ageously, a step consisting of

specific hybridization of the nucleic acid probes or

of 10 the primers with the nucleic acids of said

m croorgani sms can be carried out after step d) and

before the subsequent detectibh step e). Thi s
step consisting of hybridization of the nucleic acid
probes or prinmers is carried out under 15 standard
hybri di zati on conditions known to those skilled in the
amticrbbroayiahso aonppaseiauhashyngssifed fHer carrying out
ekhgiggbgﬂg.ggg nucl ei ¢ acid probes or prinmers having
given'rise £o nonspeci fic hybridizations. For the ,
pur poses Bhet lsristtecforkhea hél pekpenee 26hgdied oproensists

O, £PId #B S 3E6AH A1 80n g Oat RR JuaRRt | &bl 2& SoPief g abby SEQ 1D

fluorescence-| abel ed or alternatively coupl ed tg. .
eN2ymés ¢br SEZ ryPnd'Qut?ra ¢hémi | A PERLPLGANY at
gm@a@itpramx%r %ﬁiéirfﬁmh@e,t _epfélﬂ@r&_blep e}, | mfocmr medfatdbly 95%,
etecting the |ight signal.origina ro e

ché 'Iu&gﬁesésﬁg n?%ﬁct%%ﬁlg?kg e é%?g%fong% taiég%b%§ are

f baotésuéncdy dodiespeddifiog toanrydndalselt iy @funthieng and/or

PEQQ%FQEiggtEg%.prﬁg?ﬁodby_égggfﬂfﬁgfmwt%pprgﬁéiatfnvention.
i nterface. According to a nore preferred

ad666rdanat hed NAMERATL t PGkl ePE adiP@ pridbedtEsity  the

amad@onbigenuekeoihdes aneecorphbed to peepxidase. VHhes the
per.,oxi dase i,s brou Q% |Htohconta8% wi t_h Iunlnoh e as
( PeroRPdq88 1 805st rHte) Vi ERddhivade’ Phe YA t 8P End &

de@eadptpbesprodscribedtsamwnn;nuandﬂ @he@readetpcimdrs for
DY G Hdeq jint el f acgafbCRofarer 3k off thadMddidd e - the
syste 5 16 t

According to yet another aSpect, e use
ofspacpérireatinliifiimptdorposi t ton agcdeder iasddsalpmmtained in
f @heCap! ¥iHGr QA i Sndli agR0sieh t @dlcridholiddiQes Sare used in
described, It"is in fact possible to envisage using, = __
t k&S5 sPeelPic FUGPEITIE of-Ca pElF‘?reaW}‘f?}tglgon'

Celpasibnan ,aeeer digvgitthdled romnitdrel t ssteguses introduced

sl soLi e L aee R A0 DR ol gl & complex to

mai nt ai neduich el tampd,ifilcadricder steraraly WAVE ntQilpg useful

?gtot%ﬁtéainQma:hom%eQﬁ:ri@?@@f | 124 D0 COPPOSELh PEMACEPT 8hBBeasing
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 Jjust one or several types of
microorganisms. They can, 1in this respect, exhibit a
varying degree of specificity with respect to the
biological elements present 1in the microorganisms. For

example, 1if the primers or probes are nucleic acids
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i nvention can also find many applications in the

nmedi cal field, for exanple as a drug adjuvant for

i ncreasing the perneability of cell or mcroorgani sm

wal l's, in order, for exanple, to sensitize said cells

or said 15 m croorganisns to active ingredients such

as antibiotics or antiviral abents. . Mor e
particularly, a conposition according to the invention

is useful for causing antisense nucleic acids,

particularly antisense RNAs (RNAi) to penetrate into
2&hoebhs b whschtbt hgbrhtendedwiohi mibdleitheacids whose

PXRLERRLAn ofi LOTIALOANGE. | 1P LLGULBLSI " WBoies o

seases or of certain cancers.
Tmecppesennlsmventtbﬁ i $dgngd filgeéAgad td ldovéarota gg very

f%g %t-' Ng,and GOt headd Cr&%ﬂa@eﬁf@eﬂ& ai 25hosen
aseous nEdIUﬁ] conpri si ng at

nﬁﬁbraa%etporrGF‘Fq"i%H%gO& Vi q‘iﬁ“%u%ﬁ‘c%%\séBﬁ§l%é&| ur? &ngsmall

anﬁﬁb@&abflspe&ge@onmaélbpealascdegcwumedbengtbeter
pr esent gyentlon 30Pref erab

cont ai ned “FACERTEKi T° coife s?ggﬁglnly5%§@£€%§ gomgy of the
Wh&&(’llt)l.onAd\EHI‘d agetushyagsauchl e, ki & ab$epcormprisiesing  of

g%%irfa' o1, o dz%a}f%r@ § o%ﬁllel %al%l@%lghg%ees or of

glutar or mal dehyde and
pamf Srtaledehydeh THhis B85 rﬂfléb?rrpbfsl $3h PakeQOoFganisms

p%%%lmﬁ%tCEJff&é$e odff NMhEFEOr gamkepnsdon thel before the
nbrane, which makes |t % i ble, by carrying out the
n@PP@&q&EEGrgﬁﬁﬁcFéophé FRvENtion, to obtain a better

resol uti omhafs t Beeget eohsdpting of hybridization of the
nucleic acid probes or primers 1is 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) is carried
out by detecting the light 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 yet another aspect,
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kit according to the invention can also 5 conprise a

probe for the specific detection of the m croorgani sm

bei ng sought, in particular a probe as defined above
conprising a sequence exhibiting at |east 80% i dentity

with SEQID No. 1, SEQID No. 2 or SEQID No. 3. 10The

ai mof the followi ng exanpleslbs to illustrate the

i nvention. Exanple 1 Speci fic detection of

P. aerugi nosa by neans of an oligonucl eoti de probe

15The steps of the nmethod which are carried out are

i lthest natedofn d4i qaemmeabilizing cofipesigloenentsat deacribed

of btolQrieS ”PéPOQaf%%gi% t.SoJiJ.. rgt éii% i(Jstt rd. nQeQ-QO 1'551 xpitf_ao, is
s&utién usi ng vice sol d under the name
MdelsiciilideEr-) with the reference HVWWP(r) or 20 HVVMFX.

This devi gg cggprm_esfaa:tpv%sfsm@efit&eremrs&f@e,u@aln@ the
on a circular plastjic structure. .. Follow n o

t B iftiiCat iRFOPIHel $nbPane & s Ebﬁr%eefeloﬂo%l%lf&%ssewgosmon
ofacagaid imedityn enel thesnt henbabetaatse3dud rotdide 3Probes or
Ry etie 1% DAL el 1 050l 0L ED4 £20} 20 DBKEL 0P o
| freogpahanedsf rom tdreedsset be ohadghainedi um ardltthere, 1in
R el e S s do) teron T30 arhdnol | PEL 200

g/m] for The n@ﬁﬁ@@@bb%iéh%geﬁﬁmgﬁﬁﬂéﬁﬁ%¥a@ﬁ?@?ding' to the
TheviRmhaned4rs 4Ned phagedady argaliddasmPath the medical
|gpregnated méth t he flxgn solut'oqﬁ%ﬁﬁ@%netpangéésigb the
f SrifalPdefyRie, BTt NaRB, 20 618 L 1*%or 116 9
MpWires batl iagbi et dedripesat uriesr &Y iplnastvetls, in order,
S%%%Ctu%%a%%lghiCht%he g%%%&%ﬁ%elie%aid cells or said
microorganisms to active ingredients such as antibiotics
or antiviral agents.

More parficularly, a composition according to the
invention is useful for causing antisense nucleic acids,
particularly antisense RNAs (RNAi1) to penetrate \into
cells in which it is intended to inhibit the expression
of certain genes, 1in 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 lfiltering a liquid or gaseous
medium; and

- a permeabilizing composition as described in the
present invention.

Preferably, the membrane contained in this kit
consists mainly of PVDFE 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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18 is subsequently fitted onto a hybridization
cassette, the lower part of which is hernetically
seal ed. The nenbrane is incubated in the hybridization
cassette at 45C for 30 minutes in contact with 2 m of
a first prehybridization 5 solution [10% PEG 300 nV
NaCl ; 30% f ormam de; 0.1% sodlum pyrophosphate; 0.2
PVP; 0.2° Ficoll; 5 mMEDTA;, 1% Triton X-100; 50 nM
Tris-HC1 - pH 7.5]. Once the first solution is
renmoved, the nenbrane is placed in contact wth the
sauiemolrlgtmiefnsa cwybrheli zatboanspl whiich @ leent@a npogsible,
f cl ' CO

gzo%lgl Q 1% otgl% n‘gegctﬂnc%(%ﬁuf%cg&:edl%gupéc?dtljlghjgﬁ)ygf@{]on, to

olom@n@cBebteita@rprf@b@luéié@,n ®fii thei slegpetiibie for the

16S RNA ofy P..jger uginosasndastphehal | qung seguencs,  aiso
[SEQ ID No. 2]: 155 - CGACCAGCCAGAGCT TACGGAGTA-3' [ SE

Q
| BORBTisp, @ bprobe FRE nbhBranBersistbsequentiyn of the

S@Q@E@b@@aﬁﬁ@m t beihybriciigat j onicagsetdied@nd t henprobe as
ed | n vvashl nl%t ank in contact with

R0 Thedl & least
SHTRE Os STt on PIBT M EAPSO, ° 0702% Twesh26] S 19y &8 128
m@@l%egdemtlm/ nwnt]at SERC 12D ¥oe tarBiE@d IdutNo. 2 or SEQ ID
The mgnbrane is dried and then the biol um nescent

r eagent [MIliporecat \BKLS0100], af t er .
reconst it diton,d ¥ spPayedtiat t Ko lderfiage ofxameles 1is  to

nqq‘qh@@@atghghgegh@@nrtgo@l,aced inthe MIliflex Rapid

25 system and :he l'ight signals are recorded.

The resul P ldetection of P. aer ugi nosa at the
surface ofspkhe fieneanet Sorshown A.n séguyendsa Aby means of
thr ee-di msnS| on%l VI ew \gn th the sane analysis is shown

i fOl e Zfdvxﬁ °t hé “menbr ane | ocal i zation of each
of the 30ThRe aélex@gsl mfsa;hﬂ creoduldnitelsch said earfyied out are

dllgtlh@ggla§ggd1nE>f§%L:% 3 Speci fic detection
aer u%l nosa nmeans of a PNA-type probe a)

uSeo% a20( Fhet Héfmelmtmorg/%ﬁ 881iperrtanid Aihg sts first
s@hutfionrtering 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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19 The steps of the nethod that are carried
out are illustrated in figure 5. After a

filtration carried out according to the protocol of

exanple 1, the nenbrane is placed on a 5 cassette of
agar nedium and i ncubated at 35C for 6 h.

The nenbrane is separated frobhBthe cassette of agar
medi um and is then placed on a cellul ose pad

i npregnated with the perneabilizing solution [20%
et hanol, PEI 200 g/m] for 10 m nutes at anbient 10

t espenatsergently fittedﬂmmﬂhﬂﬂ(hybﬁi$mmsanment$$8ette, the

I I d fi
SuP Lo rEos e haE, TR TRTR B K errene
01611 n2d2Lteced]n fidre Mhﬁmﬂt@%tmn eritte at 45°C for 30

t%[’[ﬁ%‘t@surl% Q&Tﬁbecﬂ'f&m@@ ) @@%edfl@t'ﬁr%%ﬂﬁzatlon

on a hybridi zation cassette, in_contact with

o#oéuﬁﬁﬁpldligﬁloﬁ §ol utPBn}l10NapES  48° n“f@ﬁ@?mlde' 0.1%
3@()d2_ufn0rp'§&rﬂpd&35;§ha]ﬂe;80dLgm pyregphosphatec-o012; YR EDTA;

130 BT e ORgr i 1 8 100 TN0f & UK pr bbe Rshpr e TE ot

t@oé@ybeanlgeroxmdasd, TﬁEEaBSEhbhyeiQip|atededtJEDCbontact

caﬁgg hy H%llZlvO %ﬂ%r1t e sanei?gé%éakéﬁgmen%% ution
1@0p§@a@éﬁ§nds@0aé% 038 Qélgsntlﬁée@rtnlgl@nw%mélpled to

Pekecah exaBRlieale at sequeree SEQukiBubes.3
The menbrape on.its sypport is s parat fron1the

hybrldlzaFPEnO&&§§§PF e&ﬁddﬁhéﬁ‘ W1WW&§W@%%|ﬁ@elelc

t @k |ﬁhéon1@$t£muihofOOPn1 &érﬁgﬂﬁﬁﬁ@ﬂgkﬁﬁiuth@n fdDlowing

iVl B%e%égsf g. n20]. Three washes of 10 m n at
50C44re “Ca d y T énenbranelsdrled and t hent he
bioIun1neééeﬁGAﬂéagéﬁﬂGﬁﬁﬁﬁER@GG@GEAt3# \\BKRSODOOP,

after 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 is 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 is 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 pg/ml

permeabilizing solution
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reconstitution, is sprayed at its surface. Finally,
the 35 nmenbrane is placed in the i mage anal yzer of the
MIliflex 20 Rapid system where the light signals
are recorded. The inmage obtained is shown in figure 6.
A three-di nensional view of the sane analysis is shown

in figure 7. Thi s &t hod makes it possible
to specifically 5 detect the presence of P. aerugi nosa
at the surface of a filter nenbrane. b) Use of a

pernmeabi | i zati on sol ution conprising 200 g/m of PEI
al one, 500hg/ mtegfs RPH @Eheoneebhod mhxturseecarqosied afut are
| 10 concentration of 500 g/ m
gféﬁgﬁgagﬁﬁ|égo$§g??% 5. The same protocol as that
descrl bedAdbeve aasliéhratednowa it aopler reabicbiizongo the

S%E%%b%QlcOHEr'§kQﬁ 08l 'y PElshang g th a lék%Ge on a
conposed of 10/6ethanol and PEl at a concentra i on of

5G@S§PEFG(E€oﬂfG¢6@Eﬁ%@@)anfslpﬁppéﬁﬁﬁgthé for 6 h.
filtratiomhet heelferdiane swasepd seesd Oﬂfr@mCa’SlS@ttc%s@fette of
% ned|§n1and tgen.incgﬁated t 33C for 15 h q
THE “Frenbrang™was "Subs&quenti'y 18 4664 oR"a Gel Futogeose Ppa
padprepgnegeat edwwihh atlper mesbinldaziing zsglaut i enl20ion  [20%
C hn / al 0 fs P :
aggﬁghgérga%ﬁgigﬁggagg E%éed g ?103§etﬁgﬁ%tghndggﬁl %?blent
a tesreanatrati-on of 500 pg/m, for 10 minutes at
anbaent t@ﬁﬁegﬁkﬁkﬁzé$sn@ﬁbﬁg@&@ﬂtﬂ§”9&@@%dh%%iUQ beeMylose
used as a contro he nmenbrane was subseque
pPafed T S¥TCHa°UI b e* pad fifpregRated Wit b 8t%rf>e ‘g/??ari@Ol' 1%
S @butnaneh§A%, met hanolaN1,% boomal debyde;ed] nMvbNaN3, minutes
0. Q % H202- ureag for 10 m nut es at anbi ent

tenperaﬁupg Fﬁen treated as indicated above.

30Ther esullhsobteimedior tisevial d oed, cascent r a&xieowd eof 1, on a
PEL+,-and ;al-$0,f orc ts@eeat@ nt yse eénE’géztan%l%cofzolml of a
are shown in figure 9. It can be noted therein that
tﬁébFéﬁﬁ?aﬁéénof PEjution [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-HC1l -
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 163 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, 1s sprayed at its surface. Finally, the

membrane is placed in the image analyzer of the Milliflex
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and EtOH nakes it possible to obtain a strong and

preci se 35 signal by conparison with that which can be
obtained in 21 the absence of perneabilizing agent
(control) or in the presence of PEl alone. Exanple 3
Nonspeci fic detection of mcroorgani sns by ATP-5

bi ol um nescence TheZper neabi | i zi ng

conmposition according to the invention can be used in

a nethod for detecting the ATP produced by living

m cr oorgani sns, according to a chem bi ol um nescence
r@apﬁhomjetmmyfwbarehehpﬂkﬂghﬂtsi@na{ﬁlaxand&mprded The

DiN. G M. Ederer, saggoﬁ N%H%%Qe 1976, Byalyafion, oional
O# aﬁ a

. enosi ne tri OSp ate assay as a screening
netlledd offo thet eetespgailtyiséant sashernuinafigurel i/n.

M CrOb'°|Th§s42mé§k©dTh§aH§§ Qﬁ:ap%%@HﬁﬁkJ'Qe s%ec1f1cally
accordlng%to the 15 invention makées it pOSSI

oBe&eR th hteerpfp?e’sr%@fzgtl B8RTEFLEREAWAIL] télfe surface of a
Mfarneergasndneny. th a viewto releasing their ATP
conten% a)_Treat nent. of ells mﬁgh 90%

et hanoP’ or Y55% &f hahoPPEIC 500 'FAH Bef 5F u&é?@ct?%%prlSlng
o2 0ATRgdpn1200Ehefi T ulnescen®@0 pg/ml of A it heddner or a

d%&%%gr%g S@&ﬁﬁ@éQHyCQ§EceﬁQMJS'@@H858§entaﬁ@ Walrel ot a

bi ol um nescence e various steps are
|pp@§€ﬁéﬁé@lpﬁ PfgGre 89/Was (F&SHed O%rRELRDS)t est, the

cell's arerpeet ggat e%ﬂ’éﬂttd"tcﬁlt harol £ BE ¢ 25 M 1B above was
et hanqgl - PEI 500 P@h , before the chen1|un1nescence

r EACE6A. Cut W T%eFﬁ?HFﬁ%H1l@&ﬁ§is?§ ufdofn tHBPTising
pb@ﬂ@dﬁmg ek&@phﬂﬁnleﬁh|d€m1x&hﬂéﬁbdmpdée@.@blum%Ochanol

using the . |v||||f|ex¥1t)r evnc%f 3Qh 827/% gtg gsﬁtggegjoo)

treate mnth 46°1'<§ utiron o ano
2596ethanﬁleEWlSQOt@kmeMﬂnﬂtuqnsﬁM&y@&m@ramﬁawas placed

S%ETQQeCQgSé@@enB@b%@%§“I@Qﬂhﬁpegn@gﬁh@ndﬁ%%%bated 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 NaNz;, 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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The nenbrane is subsequently treated with 40 | 35 of a

bi ol um nescence sol ution sprayed at the surface of 22

t he nenbrane, and then placed in the i mage anal yzer

where the light signals are recorded. b)

Treatnment with PEl al one (100-500 g/m ) or with

et hanol - PEl m xtures before détection of ATP by 5

chem | um nescence The sane protocol as

descri bed above was carried out, in which the

treatment with ethanol was replaced with a treatnent

withie %ﬁs&ﬂmmeof1@@{@58b5Q@zghm)agﬂnuM(hontx®hresroﬁn the
e PEI ~( lon according to 10 the

i%@%%t%}‘”gﬁ)gf L e Rer Co0 g/ EtOH 10% - PE1250

g/ m; EtOBx20®le PEI500 g/m Et OH. The

resul ts C@%%%b%bﬁ&ikhadaﬁéégyént%@atﬂﬁ8£§09§§9£QMB9kgﬂ ATP-
a) and b) are shown in the table of figure 10 and

t e CdildgrRamCEfCri gure 11. It emerges fromthese 15

conpar Etl\mer e@@m%?kbma;t_z;t_ﬂé@ G:@ﬁf@io@attii@:ﬁl oéc&%]ﬂﬂ@@d to the
PEl _nmakes it Si bl e to.obtain Si gna i,ch.i.s
CEBAPRY T30t GAOrST nARCH £ (hehRERS St TRF OHCAEGd gy the ATP
PEIrcaluore, dwen mManUheIfﬁarqﬂng&ﬁﬂsm&wedaatohdghg to a
coneantiahl,ong S@éﬁ%' eré‘ac@%\}?”%%%' ¢ gt ‘r&‘} or art

m Cr oor gani sns Yy penet rati on of I nterca
agéntexesyBRgr eenly -, G.M. Ed@ﬂi@fexp@mqinehtMcoMél@te@d 1976.

"Exﬂa‘l@ﬁ*@@bhngog &Pl babaskenka bn-spl YhbOPhhPed assay as a
onposi ti on accordln to t he invention conprisin

1@%@?%??& -PEFR280 o mOiSGlur 81995 T ?ﬁé‘*%n@“eglurla- J-
expem. meritt reds odar Bi:éd-agt .by i ncubating the ceIIs in
a solutlthof PEl alqpe at a concentratlon ofcf5
or of 100 /n1 i'h the SHEBRSE “of" pernea [ atlon
(@Bspntthe exmeﬂ%ﬁﬁnt Tonsi ppedibhei ncdivat i ngottdier 30 better
%E%fh@lﬁ@ %éoﬁ‘ngkeﬁjkp %Eler§§eQEfbfgoﬂ isms with a
abovenenti oned agents and of DNA- i nt er cal at1 ng agent
(SYBWgF@eﬁeﬂea?ﬁﬂeoéﬁeéﬁdAFﬁeﬁopﬁeﬁ§asur|ng t he

pr esen@ezl ofrrbhbueEascenge @énmgbfawml—,ﬁr opbat ge:’:ﬁéﬂ@%-s or 25%
res alr e e Int e S el OW.
R BB 1ot ol ER T b arties | eehataipne e OMIE oy

chemllumlnescence

he

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, in 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 pg/ml
which is sprayed at the surface of the membrane, and then
again dried.

The membrane is subsequently treated with 40 ul

of a bioluminescence solution sprayed at the surface of



23 to obtain a signal which is clearly stronger than
when the PElI is used alone. This shows that better

m croorgani smwal |l perneability can be obtai ned by
conmbi ning the alcohol with PEI. 3Table 1:
Permeabi | i zation and | abeling of E. coil (SYBRgreen)
Per neabi | i zi ng sol ution FEdorescence Rel ative
fluorescence units (E. coli) PBS 9375 PElI 25 pg/ml
13036

the membrane, and then placed in the image analyzer where
the light signals are recorded.

b) Treatment with PEI alone (100-500 pg/ml) or with
ethanol-PEI mixtures before detection of ATP by
chemiluminescence

The same protocol as described above was carried
out, in which the treatment with ethanol was replaced
with a treatment with PEI alone (100-250-500 pg/ml) or
with mixtures of ethanol-PEI (composition according to
the invention): EtOH 10% - PEI100 pg/ml; EtOH 10% -
PEI250 pg/ml; EtOH 10% - PEI5S500 pg/ml EtOH.

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 it possible to obtain a signal which is 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 E. colil
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 pg/ml, or 1in the absence of
permeabilization (PBS).

The experiment consisted in incubating the
bacteria for 15 minutes in 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 it possible
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CLAI M5 1. Conposition for perneabilizing

m croorganismb5 walls conprising between 5% and 95%

et hanol in weight and between 100 and 900 pg/m of

pol yet hyl enei m ne (PEl). 2. Conposition

according to claim1, charact@pized in that the

concentration of polyethyleneimne in the conposition

is between 200 and 800 pg/m . 103. Conposition

according to any one of clainms 1 or 2, characterized

i ot hattain canpriiges behinvelen i5% anek 50% sandnger than when

ptefera bet wee % 50% e ol . ;

N% Fod o? cgﬁ%tiﬁaégnd%ggﬂFaéntﬁpsgng %ﬁpgﬁneﬁ%ane,better

t hé crroorgengani snigtlilni tharmgalpresent rfana % | iquialingd Dby

gaseeus imedi-um ,Ghanact gri-ze@drin that it conprises the

fol |l owi ng st eps: o , , ,
Table 1: Permeabilization and labeling of E. col1l

(SYBRgreen)
Permeabilizing solution Fluorescence
Relative fluorescence units
(E. coli)
PBS 9375
PEI 25 pg/ml 13036
PETI 100 ng/ml 15152
PEI 100 pg/ml/EtOH10% 20998
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(a) the liquid or gaseous nediumis filtered through a
menbrane so as to retain on or within the nenbrane the
m croorgani sms present in this nedium 20 (b) the
menbrane and the microorgani sns are brought into
contact with a perneabilizing conposition conprising
pol yet hyl enei m ne (PEl) and ap4l east one al cohol;

(c) the cells are fixed to the nenbrane by nmeans 25 of
a crosslinking agent; (d) the m croorgani sns
are brought into contact with one or nore optionally

| abel ed macr onol ecul es capaglL.gr@g crossing the

m croorganismwall; and . — (e) detection
of the macronol ecul es having 30 penetrated into the
m croorgani sns is carried out. 5. Met hod

accordgng Eo cIaLgL4 chgrgcte%&Z%%bh i%q%t it  Croorganism
conpri sés, bEPRes lgpep éﬁ an& stp b, an Jaddi tToRAr9an+s
swepleorsmprisgngf belterecwl t3%r ian d15% hethanol in weight and
' an 6 AGE BRI RYNEO (PET) .
gkgﬁggégf@g?g?ﬁg %ggnggé?lcﬁgygggggfzgd,inlthgt éhe ) .
agent EhatCymsist N aaceesdinakityy ageut iln stepragterized

i $nchosgep furem ghutanakdehyde, of orgml gamderdihine in the
ar af or nal deh

CPaTHE A L6 S ERaFaEPartDed n AR/ - BNA type

probe. 3. ComphsiMiidioh@acend thggtohamgctend zefl iolaims 1 or

Lagﬁg§égggﬁt%i%%edQQEEﬂéfﬂf%r@%ﬁ%}f%é% 6%€%%é9’5%h§nd 50%,
and preferably between 10% and 50% ethanol.

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

(a) the 1liquid or gaseous medium 1is filtered
thrdugh 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 (PEI) 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.

5. Method according to claim 4, characterized 1in
that it comprises, between step a) and step b), an
additional step <consisting of the culturing of the

microorganisms.
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10 is an oligonucl eoti de-type probe. 9. Met hod
according to either of clains 7 and 9, characterized
in that the probe used in step d) conprises a sequence
exhibiting at |east 80% identity with SEQID No. 1
SEQ ID No. 2 or SEQ ID No. 3. 1510. Method according
to any one of clains 4 to 9, gharacterized in that, in
step d), the probes or the priners are | abel ed by
coupling with an enzyne that allows the em ssion of a
l'ight signal. 11. Method according to claim

10, characperhegd AdbZlidpt thhedafact ben Afafde 4 and 5,
nlcroor%gnlsns in step e) 1s carried out by neans of a

cREATPGRFHeEEENCE T eddtdton &R r8E6BAI t iCOATof SHEes as  a

|'bgbtsfs§ilgrmhgem bhedtby ﬂﬁanSSQEpan gppr Opsi at ehosen f from
er od _accordi n ne o

CBaihe 28 Tghy dens CoRTPACE DY Soa it opRat oo 1 8Rby

t he prdbesMerthbhle grdamtisnar €ol st ednei oif aclaims 4 to 6,
f%HQES%%%Q&ﬁ@H'%%u&%at in Nﬁ OQh@QﬁQéPbﬂ?l&ﬁule used
clarm , e t he

' aracterized in that detection o
miier soPYANICTPE PHOBEep e) is carried out by detecting

a fluogescepes M sstomy Signab, ﬁ@cgﬁée%&or@wﬂnéozl to 6,
the | abeling of the probe or of the primer,

ofhakaghprdpelaté FﬁF@%féEb step d)gth %@?ﬁ%ﬂgmgfecule used
ageokdi Bg iyonany cone def-tgbai peoket.o 13, characterlzed

in tha it conpri ses bet ween ste an ste
addi t§ nal Mstgﬁdco%%? TEHIP of Os feriitg M. 2R Sl nd 9,

hybakdc:atuaﬂdoﬁntm@qﬂcﬂhﬁsunohﬂ|mmﬂ$ Wt $iteped) comprises
UCl Lokl a&ﬁfb?&ﬁ@' qtmlga%g@éusqaentﬁy with SEQ 1ID

N%thoéﬁ%ccordln to any one clains 4
cheraét eBERedDi Not-hat ot SE@nPPi 8€s, 3pet ween step d)

and step_.e) veghoaddddonainpt €9 ﬁﬁgSIO‘-Hé ngr ot1speei fd cto 9,
c ”ngﬁggﬁgg%” 8& t %HPUCHEICSQCI pre%gnt 'EB%éE or the
primers are labeled by coupling with an enzyme : that
allows the emission of a light signal.

11. Method according to claim 10, characterized in
that the detection of the microorganisms in step e) 1is
carried out by means of a chemiluminescence reaction and
recognition of the light signal emitted by means of an
appropriate interface.

12. Method according to any one of claims 4 to 9,
characterized in that, in step d), the prcocbes or the
primers are labeled with a fluorescent molecule.

13. Method according to claim 12, characterized in
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
primer, by means of an appropriate interface.

14. Method according to any one of claims 4 to 13,
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
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m croorgani sns. 16. Method according to any one of
claims 4 to 15, characterized in that the nenbrane on
whi ch t he m croorgani sms are detected consists
mai nly of PVDF or of 10 Nylon(r). 17. Met hod
according to any one of clainms 4 to 16 characterized
in that the perneabilizing cogposition of step b)
conpri ses the conbination of PElI and ethanol .
18. Method according to claim17, characterized in 15
that said perneabilizing conposition is a conposition
a?%@ﬁ@'@@ %gﬁanmlga@oq a%h%?ﬁB 1to 3. ¢ ol 19. UBe
of a conposition accor 0 any one o ai.nms
3, chatdct eMEEBadi @ &S opbertroRti Slasat thrto 14,
[ ﬁﬁaeas:t@glmedrnganasmmldowﬂmai | béywe2 2QepUs®) and

SLBoomESt Lion AERVAIA, Loy SBmel el Amed gpeciric

sai‘d conposi i ST use
i amplidtbedibor cduntiimg andcbeitdenciflgi ngpresent in  the
MG 0 5g niS W . 21. Use of a conposition

accor to any one of 25 clains 1 to 3,

characﬂérlz@@thﬁﬁﬂﬁﬁcqqﬁiQ%u%Pc%%%o@ﬂ?l85|QQQEﬁ% 4 oko 15,
C@H&Ir@@t@&q&@@ml egll ef’thtaQ pefigd r ahRmibHadean ¢>§ol altgith  the

22. Kit tin d count,
TTFSOPESAPSAES e SR ERh SIS (2 B 75 eRVDE or of
308y lanffenbrane for filtering a liquid; and - a

conpositi on acearding to . Qge 9& Gl nprl c&g ﬁﬁ 4 to 16

23. K|t accorglng t%o cl'al m acteri zed
i chalreotesipedsesn atbetpddie i Qﬁrmeﬁbﬂsmgga comPOSltlon of

C"s%fo' bnkb@&@gg%gh%%nfcb%gmtt%@ll @@hw@q, a®d ethanol.
formald hy e and paraf or mal dehyde, 27 ,
18.” Method according td6 claim 17, characterized in

that said permeabilizing composition 1is a composition
according to any one of claims 1 to 3.

19. Use of a composition according to any one of
claims 1 to 3, characterized in that said composition is
used for increasing microorganism wall permeability.

20. Use of a composition according to any one of
claims 1 to 3, characterized in that the said composition
is used in a method for counting and/or identifying
microorganisms.

21. Use of a composition according to any one of
claims 1 to 3, characterized in that the said composition
is used for causing macromolecules to penetrate into an
isolated cell.

22. Kit for detecting and counting microorganisms,
characterized in that it comprises:

- a membrane for filtering a liquid; and

- a composition according to any one of claims 1 to 3.

23. Kit according to claim 22, characterized in
that it also comprises a composition comprising a
crosslinking agent chosen from glutaraldehyde,

formaldehyde and paraformaldehyde.



24. Kit according to either one of clains 22 to 23,
characterized in that it also conprises at |east one
probe for the specific detection of m croorgani sns.

25. Kit according to claim 24, characterized in 5 that
the probe for the specific detection conprises a
sequence exhibiting at |east 80%identity wwth SEQ I D
No. 1, SEQID No. 2 or SEQ ID No. 3. 26. Kit
according to any one of clainms 22 to 25, characterized
in that the nenbrane consists mainly of 10 PVDF or of

Nyl on(pk.. Kit according to either one of claims 22 to 23,
characterized in that it also comprises at 1least one
probe for the specific detection of microorganisms.

25. Kit according to claim 24, characterized in
that the probe for the specific detection comprises a
sequence exhibiting at least 80% identity with SEQ ID No.
1, SEQ ID No. 2 or SEQ ID No. 3.

26. Kit according to any one of claims 22 to 25,
characterized in that the membrane consists mainly of
PVDF or of Nylon®.



