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The present invention relates to a composition for permeabi 
lizing microorganism walls, comprising the combination of 
polyethyleneimine (PEI) with at least one alcohol, and also to 
a method using said composition for counting and detecting 
in a targeted manner the microorganisms on a membrane. The 
invention also relates to a kit and to probes that are suitable for 
carrying out said method. 
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COMPOSITION FOR INCREASING 
MCROORGANISM WALL PERMEABILITY 
AND METHOD FOR DETECTING SAD 
MCROORGANISMS ON A MEMBRANE 

0001. 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. 
0002 The invention applies to the control of the microbio 
logical quality of the liquid and gaseous media involved in 
production lines for food or pharmaceutical products. 
0003. In 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 manufac 
tured product within a short period of time, making it pos 
sible, where appropriate, to stop the manufacture thereof and 
to take decontamination steps. 
0004. 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. 
0005. 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 anagar 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 in order to 
release their adenosine triphosphate (ATP) and nucleic 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 the result is 
obtained by means of a chemiluminescence reaction involv 
ing the conversion of the ATP into photons by an enzyme 
specific for said ATP. The light signal is detected using an 
appropriate video interface (e.g.: LCD camera). The image 
obtained makes it possible to visualize in situ the site on the 
membrane where the microbe has developed, in a manner 
similar to conventional counting carried out on a Petri dish in 
agar medium. 
0006. The “Milliflex Rapid R” system, sold by the com 
pany Millipore, operates on the principle described above. It 
was designed in 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 cham 
ber. 
0007. This miniaturized system allows an appreciable 
gain in 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). 
0008. However, this system has certain limits due to the 
fact that, in practice, the counting of the microorganisms 
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present at the surface of the membrane is carried out after cell 
lysis. It is, consequently, difficult to reuse the same membrane 
with a view to accurately identifying the microorganisms 
detected. 
0009. However, in order to demonstrate the presence of 
certain microorganisms, it is possible to carry out a specific 
hybridization using labeled probes, whether they are nucle 
otide in nature or else of PNA (peptide nucleic acid) type. 
0010 PNA probes have the advantage of being peptide in 
nature, which makes it possible, in certain applications, to 
advantageously replace oligonucleotide probes. 
0011. In general, in situ probe hybridization requires com 
plete accessibility to the nucleic acids of the cell otherwise 
this manipulation generates false negatives. 
(0012 Application WO 2004/050902 describes a system of 
detection on a membrane which makes it possible to detect 
the presence of microorganisms contaminating blood 
samples. 
0013 The particularity of this system lies in the fact that 
the microorganisms are detected through the penetration of 
labeling agents into 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. 
0014. The liquid sample to be tested is diluted in a perme 
abilization solution comprising the labeling agent and a cell 
permeabilization reagent. The cells are incubated in this per 
meabilization solution, the aim of which is to increase the cell 
wall porosity, so as to facilitate the penetration of the labeling 
product into the microorganisms present. The permeabiliza 
tion solution is subsequently filtered, with the possible micro 
organisms that it contains, through a membrane. The micro 
organisms 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 fluores 
cent signal. This system has the advantage of not lyzing the 
microorganisms, or at least of limiting as much as possible 
their destruction before their detection. 
0015. This results in a detection that offers better resolu 
tion. 
0016. However, because the markers are not specific, this 
system does not make it possible to determine the nature of 
the microorganisms detected. 
0017. Furthermore, in such a system, the handling of the 
microorganisms takes place in solution, which requires spe 
cific precautions and equipment which is more complex. It 
should be noted that the incubation of the live cells in 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. 
0018. It is also difficult to suitably meter out the penetra 
tion 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. 
0019. The permeabilization agents which may go to make 
up the composition of the permeabilization solution are typi 
cally ethylenediaminetetraacetic acid (EDTA), polyethylene 
glycol (PEG), digitonin, nonensin, sodium hexamethaphos 
phate or benzalkonium chloride. 
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0020. It is 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 cyto 
plasma bacteria Helander, I. M. et al., Polyethyleneimine is 
an effective permeabilizer of gram-negative bacteria, Micro 
biology (1997), 143: 3193-3199. 
0021. The concentration of polyethyleneimine in the per 
meabilization solutions such as that described in WO 2004/ 
050902 is limited to concentrations of generally less than 100 
ug/ml. The concentration most Suitable for gram-negative 
bacteria, such as Esherichia coli, is around 20-30 g/ml. 
0022. The aim of the present invention is to find an answer 
to the limitations of the existing membrane detection systems 
mentioned above. 

0023 Surprisingly, the inventors have noted that the use of 
polyethyleneimine (PEI), combined with at least one alcohol, 
particularly a primary alcohol, and more particularly the etha 
nol, produces a more effective composition for permeabiliz 
ing microorganism walls. Such a composition makes it pos 
sible in particular to cause macromolecules, which are 
optionally labeled, such as nucleotide probes, to penetrate 
into microorganisms. 
0024. It has in particular become apparent that the micro 
organisms incubated in a composition comprising PEI and a 
primary alcohol, in particular ethanol, tolerate higher concen 
trations 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 between 100 
and 1000 ug/ml without causing any marked cell lysis effect. 
0025. The term “microorganism’ denotes, in the present 
invention, any (eukaryotic or prokaryotic) living cell, single 
cell organism, gamete or virus comprising a genetic inherit 
ance contained in an envelope formed by a single or multiple 
wall. 

0026. A composition as defined above allows macromol 
ecules to penetrate into microorganisms while at the same 
time limiting the destruction of their walls. 
0027. A macromolecule is defined as a molecule resulting 
from the combination of a large number of simple molecules, 
Such as polypeptides, proteins, glycoproteins, oligonucle 
otides, polysaccharides, nucleic acids (DNA, RNA), antibod 
ies, or derivatives thereof. 
0028 Polyethyleneimine (PEI) is a soluble product avail 
able in several forms. The monomeric polymerized form, 
which has a molecular mass of approximately 750 kDa, is a 
preferred form according to the invention (CAS No. 9002 
98-6). PEI is used in many fields, in particular as an agent for 
the flocculation of proteins and nucleic acids in Solution in 
various purification methods. It is also used as a permeabiliz 
ing agent due to the fact that it has the property of reversibly 
destructuring the phospholipids present in cell walls, thus 
making these walls permeable to agents which are not nor 
mally allowed to penetrate into the cells. 
0029. 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. 
0030 Preferably, this composition does not comprise any 
detergents. 
0031. The concentration of PEI in the permeabilizing 
composition can be between 100 and 1000 ug/ml, generally 
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between 100 and 900 ug/ml, preferably between 150 and 900 
ug/ml, and more preferably between 200 and 800 ug/ml. 
0032. According to the invention, the primary alcohol is 
generally present in the permeabilizing composition at a con 
centration of between 5% and 95%, preferably between 5% 
and 50%, more preferably between 10% and 50%. 
0033. Another subject of the invention relates to the use of 
a composition according to the invention, and more particu 
larly to a method for detecting microorganisms on a mem 
brane, comprising a step consisting of the penetration of 
labeled macromolecules into the microorganisms. 
0034) For reasons which are not yet well known, the mix 
ture of PEI with a primary alcohol, in particular ethanol, 
facilitates the penetration of macromolecules, such as nucle 
otide probes, into microorganisms. 
0035 Nucleotide probes which are preferred according to 
the invention allow specific hybridization of the ribosomal 
RNAs of microorganisms, in particular the 16S RNA or the 
23S RNA of Pseudomonas aeruginosa. Such probes can in 
particular comprise a sequence corresponding to SEQ ID 
NO.1, SEQID NO.2 or SEQID NO.3. 
0036 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 liquid orgaseous medium. The 
method results in a more accurate picture of the microbial 
population detected being obtained. 
0037. It is also possible to envisage that the macromol 
ecules consist of antigens or antibodies and that they partici 
pate in a detection of the immunological type. 
0038 FIG. 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 microorgan 
isms contained in the gas are trapped in the liquid. The liquid 
can then be filtered as indicated in the present application. 
0039 FIG. 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. 
0040 FIG.3 represents the result of the test described in 
example 1. It is a representation of the membrane as a syn 
thetic image, obtained after recording and digital processing 
of the light signals emitted by the probes. 
0041 FIG. 4 is a three-dimensional representation of the 
image presented in FIG. 3. 
0042 FIG. 5 illustrates the various steps of the method for 
detecting and counting microorganisms according to the 
invention carried out in example 2. The detection, carried out 
by means of a labeled PNA-type probe, is specific for P. 
aeruginosa. 
0043 FIG. 6 represents the result of the test described in 
example 2. It is a representation of the membrane as a syn 
thetic image, obtained after recording and digital processing 
of the light signals emitted by the probes. 
0044 FIG. 7 is a three-dimensional representation of the 
image presented in FIG. 6. 
004.5 FIG. 8 illustrates the various steps of the method for 
detecting microorganisms by ATP-bioluminescence carried 
out in example 3. 
0046 FIG.9 represents the result of the test carried out in 
example 3b) comparing various permeabilizing solutions 
(PEI200 ug/ml, PEI500 ug/ml and 10% ethanol--PEI500 
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ug/ml). These are the synthetic images obtained after record 
ing and digital processing of the light signals emitted by 
ATP-bioluminescence. 
0047 FIG. 10 represents the same thing as in FIG. 9 for 
other permeabilizing solutions (90% ethanol and 25% etha 
nol--PEI500 g/ml). 
0048 FIG. 11 is a diagram indicating the light intensity 
measured for each permeabilizing Solution tested in the con 
text of the ATP-bioluminescence protocol illustrated in FIG. 
8 

0049. A subject of the invention is more particularly the 
use of the permeabilizing composition as described above, in 
a method for counting and/or identifying, on a membrane, the 
microorganisms initially present in a liquid or gaseous 
medium. 
0050. According to one specific form of the invention, the 
method is characterized in that it comprises the following 
steps: 
0051 (a) the liquid or gaseous medium is filtered through 
a membrane So as to retain on or within the membrane the 
microorganisms present in this medium; 
0052 (b) the membrane and the microorganisms are 
brought into contact with a permeabilizing composition as 
described above, comprising polyethyleneimine and at least 
one alcohol; 
0053 (c) the cells are fixed to the membrane by means of 
a crosslinking agent; 
0054 (d) the microorganisms are brought into contact 
with one or more optionally labeled macromolecules capable 
of crossing the microorganism wall; and 
0055 (e) detection of the macromolecules having pen 
etrated into the microorganisms is carried out. 
0056. The microorganisms targeted by the method of the 
invention are more particularly chosen from gram-positive or 
gram-negative pathogenic bacteria of the genus Pseudomo 
nas, Escherichia, Legionella, Salmonella, Listeria, Bacillus, 
Streptococcus, Vibrio, Yersinia, Staphylococcus, Mycobacte 
rium, 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 Peni 
cillium, and the hepatitis A and E viruses, which are micro 
organisms of pathogenic nature frequently encountered in the 
environment. 

0057 This method is, in principle, also applicable to the 
detection of unicellular algae Such as cyanobacteria, unicel 
lular forms of parasitic organisms such as amoebae or nema 
tode, trematode or ascarid eggs, or else plant or animal 
gametes Such as pollen or spermatozoa. 
0058. The aim of this method is to count the microorgan 
isms present in a liquid medium such as water or a gaseous 
medium Such as air, while at the same time determining, as far 
as possible, their identity (family, genus, species, etc.). The 
expression “liquid or gaseous medium' is intended to mean 
any fluid that can be filtered, by applying a difference in 
pressure, through a membrane having pores with an average 
diameter of generally between 0.1 and 1.5 microns, prefer 
ably between 0.15 and 0.8 microns, more preferably between 
0.2 and 0.6 microns. Such a fluid may consist of pure solu 
tions involved in the production of sterile products, but also of 
complex Solutions (drinking water, serum, urine, amniotic 
fluid, etc.) or alternatively of gaseous mixtures Such as atmo 
spheric air. 
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0059. The present method may, moreover, have applica 
tions in the fields of diagnosis for the analysis of samples 
originating from animals or patients. 
0060. The term “membrane' denotes, in the present appli 
cation, a synthetic Support having two faces, the pores of 
which have a known average diameter. 
0061 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. 
0062. Such a membrane may be a monolayer or a multi 
layer membrane. In general, it consists of one or more mate 
rials chosen from polytetrafluoroethylene, poly(vinylidene 
fluoride) (PVDF), polycarbonate, polyamide, polyester, 
polyethersulfone, acetylcellulose and nitrocellulose. 
0063. The materials are preferably chosen so as to be 
compatible with the solvents used, in particular the alcohols 
and aldehydes that may be used at the various steps of the 
method. 
0064. The membrane on which the microorganisms are 
detected preferably consists mainly of PVDF (poly(vi 
nylidene fluoride)) or of Nylon R. More preferably, it is a 
PVDF filter membrane, of the type such as that sold by the 
company Millipore under the trade name Milliflex and the 
references HVWP(R) or HVMFX(R). 
0065 Step a) of the method according to the invention 
consists of the filtration of the liquid orgaseous medium to be 
analyzed through a membrane as defined above So as to retain 
at the Surface of this membrane the microorganisms con 
tained in said medium. 
0.066 Once the microorganisms have been filtered and 
retained on the membrane, an optional step consisting of the 
culturing of the microorganisms in contact with an appropri 
ate culture medium can be included in the method between 
steps a) and b). This culture medium is preferably an agar 
medium on which the membrane is placed after filtration. 
This step, which is optional, makes it possible to obtain colo 
nies of each of the microorganisms initially filtered, in order 
to be able to more readily detect them. 
0067. According to the invention, the microorganisms are 
Subsequently incubated in Step b), in a permeabilizing com 
position according to the invention. 
0068. 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 con 
tained 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 therefore the mixing of the microorganisms. 
It is carried out at a temperature of between 20° C. and 35°C. 
for a period of 5 to 20 minutes. 
0069. The method according to the invention is all the 
more effective since it comprises a step (c) by means of which 
the cells are fixed on the membrane by means of an agent that 
serves as a crosslinking agent. 
0070 This step makes it possible to fix the cells on the 
support constituted by the membrane. A preferred crosslink 
ing agent according to the invention is chosen from glutaral 
dehyde, formaldehyde and paraformaldehyde, paraformalde 
hyde being defined as a molecule composed of at least six 
formaldehyde units. Advantageously, 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. 
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Preferably, according to the invention, the fixing step is car 
ried out at a temperature of between 20° C. and 35° C. for a 
period of from 5 to 20 minutes. 
0071. 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(R). 
0072 Step d) consisting in bringing the microorganisms 
into contact with one or more optionally labeled macromol 
ecules, 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 macromol 
ecules. 
0073. According to a preferred form of the invention, the 
macromolecules are labeled and used as probes. 
0074 The term “probe' is here intended to mean macro 
molecules capable of recognizing and of associating with a 
specific biological element of the microorganism, thus allow 
ing it to be visualized. 
0075 According to yet another preferred form of the 
invention, the probe can be a macromolecule capable of 
hybridizing with DNA or RNA sequences present in the 
microorganism and exhibiting a certain degree of specificity 
with respect to said nucleic acids. Reference will then be 
made, in the present text, to nucleic acid probes. The inven 
tion 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'-O-methyl-RNA type, or probes of 
PNA type (probes consisting of a polypeptide chain substi 
tuted with purine and pyrimidine bases) Nielsen P. E. et al. 
Science (1991) 254: 1497-1500 or LNA type (oligonucle 
otides comprising one or more 2'-O-4'-C-methylene-3-D-ri 
bofuranosyl monomers) as described in patent EP 1 013 661. 
0076 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: 

s' - TCTACCGCGTCACTTACGTGACACC-3' SEQ ID No. 1 

5 - CGACCAGCCAGAGCTTACGGAGTA-3' SEQ ID No. 2 

5 - CCCGAGGTGCTGGTAACT-3 '' . SEQ ID No. 3 

0077. 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 
aeruginosa. The inventors have in fact noted that probes 
capable of hybridizing the ribosomal RNAs of microorgan 
isms are particularly useful for carrying out the invention. 
0078. One aspect of the invention therefore consists of 
probes comprising a sequence corresponding to SEQID No. 
1 or SEQ ID No. 2, i.e. a sequence exhibiting at least 80% 
identity, preferably 90%, more preferably 95%, with the 
sequences indicated above. Such probes are particularly indi 
cated for carrying out a counting and/or identification method 
according to the invention. According to another aspect of the 
invention, the macromolecules which are made to penetrate 
into the microorganisms, and which may be of the same 
nature as the probes described above, are used as primers for 
carrying out an additional step consisting of the specific 
amplification of the nucleic acids contained in the microor 
ganisms. If such macromolecules are used in the method 
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according to the invention, then an additional, but neverthe 
less optional, step is introduced into the method between 
steps d) and e). 
0079. 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. 
0080. The probes or primers described above can be 
designed so as to detect just one or several types of microor 
ganisms. They can, in this respect, exhibit a varying degree of 
specificity with respect to the biological elements present in 
the microorganisms. For example, if the primers or probes are 
nucleic acids chosen so as to hybridize with nucleic acids 
whose sequence is conserved in numerous species of micro 
organisms, the identification will not be very specific; if on 
the other hand, their sequence is chosen so as to recognize 
only sequences specific to a small number of species, the 
specificity will be greater. 
I0081. According to yet another specific form of the inven 
tion and advantageously, a step consisting of specific hybrid 
ization of the nucleic acid probes or of the primers with the 
nucleic acids of said microorganisms can be carried out after 
step d) and before the subsequent detection step e). 
I0082. This step consisting of hybridization of the nucleic 
acid probes or primers is carried out under standard hybrid 
ization 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 hybridiza 
tions. 

I0083. 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. 
I0084. The microorganism detection step (e) is carried out 
by detecting the light signal originating from the chemilumi 
nescence reaction or the emission obtained by fluorescence, 
corresponding to the labeling of the probe or of the primer, by 
means of an appropriate interface. 
I0085. According to a more preferred aspect of the inven 
tion, the nucleic acid probes Such as oligonucleotides are 
coupled to peroxidase. When peroxidase is brought into con 
tact 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. 
I0086 According to yet another aspect, the invention con 
sists of the use of a permeabilizing composition as described 
above, for carrying out a diagnostic test in vitro. 
I0087. It is in fact possible to envisage using the specific 
properties of a permeabilizing composition according to the 
invention to cause nucleotide probes or any other molecular 
complex to penetrate into cells taken from humans or ani 
mals, or maintained in culture, in order to carry out in situ 
detection. 
I0088. The permeabilizing composition according to the 
invention can also find many applications in the medical field, 
for example as a drug adjuvant for increasing the permeability 
of cell or microorganism walls, in order, for example, to 
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sensitize said cells or said microorganisms to active ingredi 
ents such as antibiotics or antiviral agents. 
0089 More particularly, a composition according to the 
invention is useful for causing antisense nucleic acids, par 
ticularly antisense RNAs (RNAi) to penetrate into cells in 
which it is intended to inhibit the expression of certain genes, 
in particular in the treatment of genetic diseases or of certain 
CaCCS. 

0090 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: 
0091 a membrane for filtering a liquid or gaseous 
medium; and 
0092 a permeabilizing composition as described in the 
present invention. 
0093 Preferably, the membrane contained in this kit con 
sists mainly of PVDF or of Nylon(R). 
0094. Advantageously, such a kit also comprises a com 
position comprising a crosslinking agent chosen from glut 
araldehyde, formaldehyde and paraformaldehyde. This sec 
ond composition makes it possible to fix the microorganisms 
on the membrane, which makes it possible, by carrying out 
the method according to the invention, to obtain a better 
resolution of the detection. 
0095. A kit according to the invention can also comprise a 
probe for the specific detection of the microorganism being 
sought, in particular a probe as defined above comprising a 
sequence exhibiting at least 80% identity with SEQID No. 1, 
SEQID No. 2 or SEQID No. 3. 
0096. The aim of the following examples is to illustrate the 
invention. 

EXAMPLE1 

Specific Detection of P. aeruginosa by Means of an 
Oligonucleotide Probe 

0097. The steps of the method which are carried out are 
illustrated in FIG. 2. 
0098. The implementation of this method consists first in 
filtering 100 ml of a solution using the device sold under the 
name Milliflex(R) with the reference HVWPR) or HVMFX(R). 
This device comprises a PVDF-type filter membrane held on 
a circular plastic structure. 
0099. Following the filtration, the membrane is placed on 
a cassette of agar medium and then incubated at 35° C. for 5 
h30min so that the bacterial microcolonies can develop at the 
surface of the membrane. 
0100. The membrane is separated from the cassette of agar 
medium and then placed in contact with a cellulose pad 
impregnated with permeabilizing solution 20% ethanol, PEI 
200 g/ml for 10 minutes at ambient temperature. 
0101 The membrane is then placed on a cellulose pad 
impregnated with the fixing solution 80% methanol, 1% 
formaldehyde, 5 mM NaN, 0.01% HO-urea for 10 min 
utes at ambient temperature. 
0102 The plastic structure on which the membrane lies is 
subsequently fitted onto a hybridization cassette, the lower 
part of which is hermetically sealed. The membrane is incu 
bated in the hybridization cassette at 45° C. for 30 minutes in 
contact with 2 ml of a first prehybridization solution 10% 
PEG: 300 mM. NaCl; 30% formamide: 0.1% sodium pyro 
phosphate, 0.2% PVP; 0.2% Ficol; 5 mM EDTA; 1% Triton 
X-100: 50 mM Tris-HCl-pH 7.5. Once the first solution is 
removed, the membrane is placed in contact with the same 
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volume of a hybridization solution containing 100 nM of an 
oligonucleotide probe coupled to Soybean peroxidase at 45° 
C. for 60 minutes. 
0103) The oligonucleotide probe used, which is specific 
for the 16S RNA of Paeruginosa, has the following sequence 
SEQID No. 2: 

5 - CGACCAGCCAGAGCTTACGGAGTA-3 '' . 

0104. 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% Tween2O. Three washes for 10 min at 45° C. are 
carried out. 
0105. The membrane is dried and then the bioluminescent 
reagent Millipore cat WBKLSO100, 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. 
0106 The result of the detection of P aeruginosa at the 
surface of the membrane is shown in FIG. 3. A three-dimen 
sional view with the same analysis is shown in FIG.4, where 
the membrane localization of each of the P aeruginosa 
microcolonies is clearly distinguished. 

SEQ ID No. 2 

EXAMPLE 2 

Specific Detection of P. aeruginosa by Means of a 
PNA-Type Probe 

0107 a) Use of a 20% ethanol, PEI 200 g/ml permeabi 
lizing Solution 
0108. The steps of the method that are carried out are 
illustrated in FIG. 5. 
0109. After a filtration carried out according to the proto 
col of example 1, the membrane is placed on a cassette of agar 
medium and incubated at 35° C. for 6 h. 
0110. The membrane is separated from the cassette of agar 
medium and is then placed on a cellulose pad impregnated 
with the permeabilizing solution 20% ethanol, PEI 200 
ug/ml for 10 minutes at ambient temperature. 
0111. The device is subsequently placedon a cellulose pad 
impregnated with a fixing solution 80% methanol, 1% form 
aldehyde, 5 mM NaN, 0.01% HO,-urea for 10 minutes at 
ambient temperature. 
0112 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. NaCl; 30% formamide: 0.1% 
sodium pyrophosphate, 0.2% PVP; 0.2% Ficoll; 5 mM 
EDTA; 1% TritonX-100: 50 mM Tris-HCl-pH 7.5 compris 
ing 100 nM of a PNA probe coupled to soybean peroxidase. 
The assembly is placed at 50° C. for 60 minutes. 
0113. 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 SEQID 
No. 3. 
0114. 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. 
0115 The membrane is dried, and then the bioluminescent 
reagent Millipore cat #WEBKLS0100, after reconstitution, is 
sprayed at its surface. Finally, the membrane is placed in the 
image analyzer of the Milliflex Rapid system, where the light 
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signals are recorded. The image obtained is shown in FIG. 6. 
A three-dimensional view of the same analysis is shown in 
FIG. 7. 

0116. This method makes it possible to specifically detect 
the presence of P aeruginosa at the Surface of a filter mem 
brane. 
0117 b) Use of a permeabilization solution comprising 
200 g/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 (EtOH 10%-PEI500) 
0118. The same protocol as that described above was car 
ried out with a permeabilizing solution comprising only PEI. 
and then with a mixture composed of 10% ethanol and PEI at 
a concentration of 500 ug/ml (EtOH10%-PEI500). 
0119 Following the filtration, the membrane was placed 
on a cassette of agar medium and then incubated at 35°C. for 
15h. 

0120. The membrane was subsequently placed on a cellu 
lose pad impregnated with a permeabilizing solution contain 
ing 200 g/ml of PEI alone, 500 g/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 non 
treated membrane having been used as a control. 
0121 The membrane was subsequently placed on a cellu 
lose pad impregnated with the fixing solution 80% methanol, 
1% formaldehyde, 5 mM NaN, 0.01% HO,-urea for 10 
minutes at ambient temperature, and then treated as indicated 
above. 

0122 The results obtained for the various concentrations 
of PEI, and also for the joint use of PEI and alcohol, are shown 
in FIG. 9. 

0123. 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 the absence 
of permeabilizing agent (control) or in the presence of PEI 
alone. 

EXAMPLE 3 

Nonspecific Detection of Microorganisms by ATP 
Bioluminescence 

0124. The permeabilizing composition according to the 
invention can be used in a method for detecting the ATP 
produced by living microorganisms, according to a chemibi 
oluminescence reaction known from the prior art Alexander, 
D.N., G. M. Ederer, and J. M. Matsen. 1976. Evaluation of an 
adenosine 5'-triphosphate assay as a screening method to 
detect significant acteriuria. J. Clin. Microbiol. 3:42-46. 
0.125. 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. 
0126 a) Treatment of cells with 90% ethanol or 25% etha 
nol-PEI 500 g/ml before detection of ATP by chemilumi 
SCCC 

0127. A method for detecting Saccharomyces cerevisiae 
present in water, by ATP-bioluminescence, in which the vari 
ous steps are illustrated in FIG. 8, was tested. In this test, the 
cells are pretreated with 90% ethanol or with 25% ethanol 
PEI 500 ug/ml, before the chemiluminescence reaction. 
0128. The protocol consists, as in the preceding examples, 
in filtering 100 ml of a solution using the Milliflex(R) device. 
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I0129. The membrane is then treated with 40 ul of a solu 
tion of 90% ethanol or of 25% ethanol-PEI 500 ug/ml which 
is sprayed at the Surface of the membrane, and then again 
dried. 

0.130. The membrane is subsequently treated with 40 ul of 
a bioluminescence solution sprayed at the Surface of the 
membrane, and then placed in the image analyzer where the 
light signals are recorded. 
I0131 b) Treatment with PEI alone (100-500 Mg/ml) or 
with ethanol-PEI mixtures before detection of ATP by chemi 
luminescence 

0.132. 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 ug/ml) or with mix 
tures of ethanol-PEI (composition according to the inven 
tion): EtOH 10%-PEI 100 g/ml; EtOH 10%-PEI250 g/ml; 
EtOH 10%-PEI500 ug/ml EtOH. 
I0133. The results concerning the various treatments 
according to a) and b) are shown in the table of FIG. 10 and in 
the diagram of FIG. 11. It emerges from these comparative 
results that the combination of EtOH and PEI makes it pos 
sible 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 Pen 
etration of a DNA-Intercalating Agent (SYBRgreen) 

0.134 One experiment consisted in incubating E. coli bac 
teria in Solution in a composition according to the invention 
comprising a 10% ethanol-PEI 100 ug/ml mixture. 
0.135 The same experiment was carried out by incubating 
the cells in a solution of PEI alone at a concentration of 25 
ug/ml or of 100 ug/ml, or in the absence of permeabilization 
(PBS). 
0.136 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 micro 
plate reader. 
0.137 The results are reported in table 1 shown below. 
(0.138. The combination of EtOH and PEI makes it possible 
to obtain a signal which is clearly stronger than when the PEI 
is used alone. This shows that better microorganism wall 
permeability can be obtained by combining the alcohol with 
PEI. 

TABLE 1 

Permeabilization and labelling of E. Coli (SYBRgreen 

Fluorescence 
Relative fluorescence units 

Permeabilizing solution (E. coli) 

PBS 93.75 
PEI 25 g/ml 13036 
PEI 100 g/ml 15152 

PEI 100 g/ml/EtOH10% 20998 
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SEQUENCE LISTING 

<16O NUMBER OF SEO ID NOS: 3 

<210 SEQ ID NO 1 
<211 LENGTH: 25 
&212> TYPE: DNA 

<213> ORGANISM: Pseudomonas aeruginosa 
&220s FEATURE: 

<221s NAME/KEY: primer bind 

<4 OO SEQUENCE: 1 

tctaccg.cgt cacttacgtg acacc 

<210 SEQ ID NO 2 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Pseudomonas aeruginosa 
&220s FEATURE: 

<221s NAME/KEY: primer bind 

<4 OO SEQUENCE: 2 

cgaccagcca gagcttacgg agta 

<210 SEQ ID NO 3 
<211 LENGTH: 18 
&212> TYPE: DNA 

<213> ORGANISM: Pseudomonas aeruginosa 
&220s FEATURE: 

<221s NAME/KEY: primer bind 

<4 OO SEQUENCE: 3 

cc.cgaggtgc tiggtaact 

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

2. The composition according to claim 1, wherein the con 
centration of polyethyleneimine in the composition is 
between 100 and 900 ug/ml. 

3. Composition according to claim 1, wherein the concen 
tration of polyethyleneimine in the composition is between 
200 and 800 ug/ml. 

4. Composition according to claim 1, wherein said alcohol 
is a primary alcohol. 

5. Composition according to claim 1, wherein said alcohol 
is ethanol. 

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

(a) filtering said liquid orgaseous medium through a mem 
brane so as to retain on or within the membrane the 
microorganisms present in this medium; 

(b) contacting said membrane and the microorganisms 
with a permeabilizing composition comprising polyeth 
yleneimine and at least one alcohol; 

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

(d) contacting said microorganisms with one or more 
optionally labeled macromolecules capable of crossing 
the microorganism wall; and 
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25 

24 

18 

(e) detecting the macromolecules having penetrated into 
the microorganisms. 

7. Method according to claim 6, further comprising, 
between step a) and step b), an additional step consisting of 
the culturing of the microorganisms. 

8. Method according to claim 6, wherein said agent that 
serves as a crosslinking agent in Step c) is selected from the 
group consisting of glutaraldehyde, formaldehyde and 
paraformaldehyde. 

9. Method according to claim 6, wherein in step d), the 
macromolecule used is a PNA-type probe. 

10. Method according to claim 6, wherein in step d), the 
macromolecule used is an oligonucleotide-type probe. 

11. Method according to claim 9, wherein the probe used in 
step d) comprises a sequence exhibiting at least 80% identity 
with SEQID No. 1, SEQ ID No. 2 or SEQID No. 3. 

12. Method according to claim 6, wherein 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, wherein the detection of 
the microorganisms in step e) is carried out by means of a 
chemiluminescence reaction and recognition of the light sig 
nal emitted by means of an appropriate interface. 

14. Method according to claim 6, wherein in step d), the 
probes or the primers are labeled with a fluorescent molecule. 

15. Method according to claim 14, wherein the detection of 
the microorganisms in step e) is carried out by detecting a 
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fluorescence emission signal, corresponding to the labeling 
of the probe or of the primer, by means of an appropriate 
interface. 

16. Method according to claim 6, further comprising, 
between step d) and step e), an additional step consisting of 
specific hybridization of the probes or primers with the 
nucleic acids of said microorganisms. 

17. Method according to claim 6, further comprising, 
between step d) and step e), an additional step consisting of 
specific amplification of the nucleic acids present in the 
microorganisms. 

18. Method according to claim 6, wherein the membrane 
on which the microorganisms are detected is selected from 
the group consisting of PVDF and Nylon R. 

19. Method according to claim 6, wherein the composition 
used in step b) comprises polyethyleneimine and at least one 
alcohol. 

20. (canceled) 
21. (canceled) 
22. (canceled) 
23. (canceled) 
24. (canceled) 
25. (canceled) 
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26. Hybridization probe comprising a sequence exhibiting 
at least 80% identity with SEQ ID No. 1, SEQ ID No. 2 or 
SEQID No. 3. 

27. Kit for detecting and counting microorganisms, com 
prising: 

a membrane for filtering a liquid; and 
a composition comprising the combination of polyethyl 

eneimine and alcohol. 
28. Kit according to claim 27, wherein the concentration of 

polyethyleneimine in the composition is between 100 and 
900 ug/ml. 

29. Kit according to claim 27, further comprising a com 
position comprising a crosslinking agent selected from the 
group consisting of glutaraldehyde, formaldehyde and 
paraformaldehyde. 

30. Kit according to claim 27, further comprising at least 
one probe for the specific detection of microorganisms. 

31. Kit according to claim 30, wherein said probe for the 
specific detection of the microorganism being sought com 
prises a sequence exhibiting at least 80% identity with SEQ 
ID No. 1, SEQID No. 2 or SEQID No. 3. 

32. Kit according to claim 27, wherein said membrane is 
selected from the group consisting of PVDF fand Nylon(R). 

c c c c c 


