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(57) Abstract : The invention relates generally to
the field of analysis, for example biological
analysis. More specifically, the invention relates to
a method for the detection of at least one
microorganism in a sample placed in a closed
container, said method essentially comprising the
following steps: a) in the container, bringing into
contact the sample, a culture medium and a support
capable of capturing the microorganism(s) to be
detecied; b) closing the container; c) placing the
container under conditions that allow the
microorganism(s) to grow; and d) using a detection
means to detect the presence inside the container of
the microorganism(s) attached to the capture
support.

(57) Abrégé : La présente invention concerne, de
fagon générale, le domaine de 'analyse par exemple
l'analyse biologique. Plus spécifiquement, la
présente invention concerne une procédé détection,
d'au moins un microorganisme présent dans un
échantillon placé dans un conteneur fermé, ladite
méthode comprenant esseaticllement les Etapes
suivantes; a) Mettre en contact dans le conteneur,
ledit échantillon, un
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milicu de culture ct un support apte a capturer le ou les microorganismes a détecter, b) Fermer le contencur, ¢) Placer le contencur
dans des conditions aptes & permetire la croissance du ou des microorganisme(s), d) Détecter a I'intérieur dudit conteneur fermé, a
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PROCESS OF DIRECTLY DETECTING AND IDENTIFYING A
MICROORGANISM IN A BIOLOGICAL SAMPLE DILUTED IN AN
ENRICHMENT BROTH

The present fnvention gsns a;?\}},« re}fiteg o the field of avalysis t\r e\a*mip
Blological analysis. More speﬁiﬁcaﬁj;, the ;mf ent invention relates o a process of
divect and real-thne detection of a microorganism in 2 sample diluted of in suspension
i an ervichment broth, toside & closed container. |

Microbiolgical ;*mi ysis requires precise fechniques for which %e “m:w: to oblain
the result sn ~t be as shart as pdssibi&; |

In the medical fie {d, it is necessary fo sovisage and {iia“’"mc thtv risk ¢ E infection:
the faster and more pragise the diagrosis, the more efficient the hmdz 1w of patients
g

and the more minimal the risk of transmission. The approach s similar ‘233** animal

health

3

In the agri-food f” ?d, the issues are idential, However, it singles out:

e the pathogenis wicroorganisms and thelr foxing whogw:* ;:srmfrmre i
sought in raw muterialy, interassdiate products, and marketed Snished
products, '

«  the mmﬁ}-ai}_mgani‘c' raieroor rganisms wsed. as quality judicaiors in the
production provess, from the raw materials fo the finished p‘ad LS,
along the whole chain, sod | |
& hacterizof maﬁm}z}ma& mter tsu ch as EZyImes.

The rapid and precise detection of ﬁwpmtcﬁ contaminations aliows them to be
monitored and thus allows corrective actions to be taken. A
- Technically, the mie;ﬁm‘i}iaiogica} analysis may 11“1}"@1“1’4;1? One OF RIS pres
garichument anddor envichment phases, one or more detection ohases, and one or more
nicroorganism counting phases. For particular spplicetions such as agei-food

nicrobiological «mtox‘nv s confirmatio

»

p‘mm raay also be required, in order o

mest the standasds in mmeis} thiz fisld.
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the marker past, generally constituted by & «;ammvp%‘ ore or & fharophore ‘ﬁx

¥

¥

Thers I3 curen Ei} o method for detecting a targel mivosrganism ian 8 ‘;ags:

ial sample g wntity, without m waking use of an envichment step.

re-anichment sndior snrichment phase makes use of seleclive ar nop-

M
Wr;
w.

('rfa

selective culturs media which aim to promote the growth of the farget micronrganisms
in hinlogicsl or snvironmental sa mpim whilst limiting the wrowth of the non-targst

<

flora, The medis are oflen used fn stecile plastic hag-type camainers, in which they are

plaved in contact with food oy environmental samples in order to re-suspend and re-

3

enrich the microorganisms sought. This phese s necsssary in order fo meel the

i

cequirement of rew ealing the potontial jmitial presence of «b least one fargst
nucroorgatism In o very varisble and possibly very lorge quaniity of sample, e 28
srates (@) o 373 ¢ diluted 1 225 1o 3378 milklr tres {mm in the eultre n};&cﬁm‘.m Al the

end of this errichment step, an aliguat {imz:ﬁ 5 mieralitres (ul) 3wl i sampded 30

&

implement the step of detecting the target miernd z_‘gam ans. B oIz necessary to have g

3

suffictent s,;.mn{.};i}-*--sf targst mi;mfgge:gam nis i this aliquat fo allow thelr systematic

datestion.

Ths detsction phase Is Mstoricslly hased on culturing the microcrganisms on agar

modia, to dermonsirate the metabolic characters of the microorganisms sought. Specific

suzymatic substrates are conventionally used. These ¢
pomposed of two parts, a st pars which ts specific for ic enzymatic activity which is
to be revealed, alse called the target part, and a s\,\sm part acting as & mugher, called

W%

choosing

\

these substrates depending on whether or not there i & reaction, It s possibke o

® N

characterise the nature of & nucroorganis o aiéf’?’*erﬁ:mi&i& hetween mn‘m snt groups of

microcrganisms, Thus the &gwm‘amﬁ ar disappearance of o colouring o of a

fnorescence will indicate 2 genus or a type of microprganisms. In this rogerd, the use

of &‘Tf*&m&g::i‘an media ma}é&ss it posathle o nmmimn mi. detect s 1&&;}&‘&%‘}? the

e

garms sought. It siniplifies the process and substantis zi’v reduces the time to oblain the

45

3y way of example, we would olte the ap;wmai t's ChromID@ media. Thes

reswll. By s

e

chromogenic media are based on the detection of "{.‘i’&lﬁv metabolic -i;ha;m;-,- 8 of the

germs sought, such as betaglwuronidase enzymatio activity 1o
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Imaunoassays constiitde another of the technologles used for the detection test.

They make use of the imumung ge}: e characteristizs of the misroorganists sought.

Without being exhaustive, the m:nngﬁ:i&iw or sandwich-type BELISA {Enzyme Linked

Inana \nrbr:m '{’xS:sCE.‘«f} techuiques ean 1 he cited.

E"znaiiiy, the :rmif:w}ar bivlogy techniques based on the gemmi@ characiers of the

‘mis:-mmg&msm s sought are also employed to detect gnd identiy the target

microorganisms. By way of example, it is possible to cite s..@ﬂ\‘t%ﬁii%}&g amaplification

techniques such as PCR (Polvmerase Chain Resction} M& the WASBA {\u sie Acid

Reguence Based Amplification), which can be coupled with rs:aEnﬁme detection

technigues Known to the person skilled to the s

Howaver, the use of all of these techniques reguires the bag o be opened at the

end of the pre-cotichmendienrichment phase in order t© wegover an al quot of the -

“homogenate and to carry out the detection step.

The cmzﬁm&até»:«m phase, for s patt, is moore particularly asseciated with the

- nverobiclogical ana ;’,’is- i the agri~foed field imi:sed when the result of the meihmﬁ»

set out ghove is positive, i IS necessary (o oo afirm the presence of the pathogen sought. '
This necessitaies a a complenmentary test and the use of 2 detection ;‘-ﬁ‘.s‘nm.pie which is
ditfferant to that used dmmv the first anadyvais, The techaigues described supea are used
at will for the confirmation. |

The complete and precise identification of # microorganism in g s&mpiiéi}}ﬁmfﬁfa
ngcessiiales A sguenes o of several s teps: enwichroent, detection and confirmation. "i*i
s"*»ndafdisaﬁem of the tests routinely used has permitted the automation of the detection
mathads, though thelr imple *'mrztsiiﬁﬁ remaing long. Tndesd, a disadvantage of the state
et the @i is that these steps are carried ont sepuentially and mqmr a large nunber af

¥

time-consuning manipulations, thus fmpacting on the time necessary 1 yield results,

Furthermore, the tCK.-:,Ali"}:{ es described s «*e:;ui e the envichment bags o be

opened once or more 1o %&m}ix ihe aliquots. The grester the nm&bm of mgé‘w“

samples duving seresning s@e.mmm ;in am»i@ﬁé industries), the more detrimental
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this 1s. It is therefore beneficial for the handler not to have to re-open the containers to find out

the positivity/negativity result of the sample under consideration.

With regard to the technical problems associated with the state of the art considered
above, the present invention aims to provide a simplified process for the detection, the
identification and the confirmation of the microorganisms present in samples, in particular
agri-food samples.

Another aim of the present invention is to provide a process for the detection, the
identification and the confirmation of the microorganisms, which limits the handling of the
sample contained in the container, thereby limiting the risks of contamination, both of the staff
handling the sample and the sample itself.

Another aim of the present invention is to provide a process for the detection and the
identification of microorganisms, which reduces the time necessary for the analysis of the
sample.

Another aim of the present invention is to provide a process for the detection, the
identification and the confirmation of the microorganisms on the total volume of the sample
throughout the enrichment, manifestly increasing the measurement sensitivity, and even its
specificity.

Another aim of the present invention is to provide a process which makes it possible to
considerably increase the rate of sample analysis.

Another aim of the present invention is to provide a process which allows multi-
detection.

Another aim of the present invention is to improve the traceability of the analysis by

drastically reducing the sample handling steps.

The present invention provides a process of detecting at least one microorganism present
in a sample placed in a closed container, said method comprising essentially the following
steps:

a) Place said sample in contact in the container with at least one culture medium and
a support capable of capturing the microorganism(s) to be detected, wherein the
capture support is a one-piece support,

b) Close the container,
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¢} Place the vontsiner nnder o m;;f:ms capable of allowing the growth ofthe

mi wmrg&rszre’&%

4} Dietect, invide sald cloved container, usding detection means, the presence of
the nueroorgausnygal fixed onto the caphure support.
According to 8 particular smbodiment, a revealing system capghle of sllowing the

detection of the prosence of the microorganismis} is placed in contact in the vontainer

‘R@Veaiinﬁ avstem ix pnderstond io e any rmiw wle capable of coupling with the
izroorganisms o the BS zzs:iimg partners of said nucroorganisms which, by v irtue of

thel ‘Q@ansdm:ﬁm pfa};§&f‘ii&$ {Hhuorescenes, solowing, ,ﬁxéiﬁaﬂi*@i?;y in particelar) make

1 possilie to revend the presence of said microorganisias.

According to sunother pattionlar embodiment, the process {:cc:rdmﬁ 1o the

invention includes an Intermediate step ©) consisting itﬁmﬁ&a‘ﬁng all or pact of the
mixtwre constittted by said sam‘pkx the coliwe medium, the support capable of

capt 1:0.“ he microorganisnia) o be detected and potentt uﬁ a revealing system, fom

=
the cmmrer galled in this case the m&in_ container, o at least one sscomd container,

called the secondary container, wherein it is possible to i&mi tally performa smm*‘ﬁﬁ

. x

snrichment by adding the nuuitional clonents and seﬁieaﬁfﬁé agents ad oo Into said

epondary container beforehand. Such a secondwry enrichment noreases the population

‘ 2

X,

the non-targel migroorgamsms, which

of the tarest mwmmmmm{g} relative to that of

improves the specifictiy,

Advantageonsly, at least oue specific o nonespecific hinding pe x‘:m:r of thc
microorganismis) is fixsd onto the cepinre support. According to & preferced

smbodiment of the invention, the specific binding partner is wken from the proup

oeamprising:

Nagments, Fab' frapments, recontbinant or pone

revombinant ‘g‘hﬁgé proteing and phages or any other Heand well known to the person

pacd

skilled in the arn

QU Comprisu
seang, optiead

19, mephanical
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- corresponding to the difterent targel micros

s
)

b

.

detection meas and magnetic detection means,

The {;‘gﬂmf\ support may be o conventional support. In panticwder we shall cite

€

artioulats, potentially magnetic, supports or one-piose supports. 1 may simply be an

e

£ae

mert support, such es a plas te or Sibreglass plate. Such a w,;:s“m, support is then
connected to the detection means. The capture support may be advantageonsdy
sensitised with & binding paviver, potentially speeilic,

Alternatively, the capture support may be integral with the detection meany. This

is the vase, ‘{m* example, when the capturs support is constituted by an sleetronhemical
biosensor or an optieal fibrs |

‘u.em;ima o a particulyr ambo Em;m iz entirely possible 1o envisage
combining the defection mesns | ;*;_z order hoth to perform detection and 10 carry owl

confirmation similtaneousty or subsequently. For exampls, it is possible o perfons the

deteetion of the farget microorganiamis) by mears of an ¢ slsetrochemical blossnsor B
the targst misvourpanisms are fined vis spesific binding pariners, the detertion step in
that case a:‘s;mstimtézs an identification stap. An optical analys is of the mﬁ;@rmfga&isiw

speeifically onts the biosensar at the analysis area by the ootical detection devioe

allows the identification of the microorganisms o be contirmed, If the optical detection
deviee i3 2 Raman gpectrometer, an ,m“ix\ic of the Raman \p&«\* rom  through
comparison with a database of refirence spectra comresponding to the differsant target

5

microorganisnts, then makes H sible to confinm the idemtifioation of said

THOTOOrEanISTL

According to suother partioulr embodiment, it Is possible to perfomm tﬁe

*

detection and the confirmation with the same technelogy. “ii:\x» if the detertion mosns

B oan ;.;pz;,@::ii means such a3y an intringie fhorescence messurement n}i’,’-‘c‘ﬁ’i&. it i3

oarticulaly advantageous fo perform detection of the farget microcrganisms via

sppearanee of intrinsic fluorestence, The response i3 @ that case yex {pressnce of

Tuorescencel. If theee s fluorescence, then g spesiral

signal compared 1o a datshase Gi fusrefzs:e spealra

fsms alloves sald misroorganism to be

identified, snd therehy allows the eiue;mm of the ﬂr senve of said misrcorganisn to be

confinmed.
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Preferably, the detection of the microorganism(s) is performed in real-time.
Nevertheless, alternatively, the detection of the microorganism(s) may be accomplished,

at the end, after the growth step of said microorganism(s).

According to a particular embodiment of the process according to the invention, the
container is a homogenisation bag. Rigid containers such as flasks, bottles or pillboxes

could equally well be used.

According to another particular embodiment of the process according to the
invention, the detection means is connected to a data analysis system.
Advantageously, the connection between the detection means and the data analysis

device is a wired connection or a wireless connection.

The invention also relates to an electrochemical biosensor for the detection of at
least one microorganism present in a sample placed in a closed container. Said biosensor
comprises a support including:

o at least one detection electrode, coated with at least one electroactive
polymer, onto one terminus of which is fixed at least one single-strand or
double-strand oligonucleotide, the second terminus of said oligonucleotide
being bound to at least one binding partner of the microorganism(s) to be
detected, specific or non-specific;

. at least one counter-clectrode.

Advantageously, the electroactive polymer is taken from the group comprising
polypyrrole, polyacetylene, polyazine, poly(p-phenylene), poly(p-phenylene vinylene),
polypyrene, polythiophene, polyfuran, polyselenophene, polypyridazine, polycarbazole,

and polyaniline.

According to a particular embodiment, the electroactive polymer includes at least
one electrochemical mediator. Such an electrochemical mediator is taken from the group
comprising ferrocene, quinone and derivatives of these or any other mediator well known

to the person skilled in the art.
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Avdording tn m alternative embodiment, the slectrochemisal muediator is i w free
form fn the cultwe mediom. Sweh 3 mediator may be R cxwnple the

o

fermiey amé forn §.‘§:§‘2ﬁ_’;‘§.€§& Py i“{.‘g NI the dridinm chlotide palr [RCLIZW, or

fThe bond between the oligonucleotids and the hinding pariner of the

ttentng ate i preferaldy mads by means ()i at least one Botin-sireptavidin o

ek o

Bictin-avidin binding pair.

It the ahgonucieotide iy singlestrand, & ?:nmm s ficed onte the ¥ trminus of

3
e

said nucleatide, the 57 terminus sliowing the latter to be bound onto the slettrs active

+

polvmer, partioularly by & covalent bond, By wsing o bind

e

e WHIG IR Jise

’z:xiatia}fiatei § i then casy 0 hind this o the 3 sermimus of the ;31153333 Heotide via a
maleonle of streptavidin or avidin,

i the oliponucleotids is double-strand, the fiest shrand s fixed, notably by a

covalsnt bf}}‘l{i} frs the sleotroactive pelymer wis its 57 terminns. The second strand for

¥

s part 13 Motinglated at is $° termimuy, which allews the binding pariner, alsn

aied, o e Bxed via o streptavidin or avidin molecnls.

Advantag mw\ the binding partner s taken from the group com mz%mw
2

antibodies, Fab fragments, Fab' fragmuents, recombinant or non-recombinant phege

proteing, and phages.

The alms aod advantages of the present hnvention will be better understood in
light of the following detailed desoription and the assotiated drawings in whicks
- Figure 1 deplots 2 pre-enrichment andfor enrishoent bag in ﬁsﬁ}f}tibi;mtim wwith an
alectrochemical Mosensor. |

- Figure 2 depicts a front view @fﬁzﬁs electrochemical hiosensor,

& I

- Figyre 3Aisa depiction of ¢ the surfies of the electrochamical sensor without the

P o system for analysing the pres

%

chment bag with the slectrochamin ﬁ biosensor
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~ Figuve 3 i a graph of mpedance speotrometry measurements obtained doring

the detection of E. coli Q13717 in s food sample
~Figwe bis g gmpi: of myeﬁaﬁ@& spectromoiny measwements obtained dutdng

-Pigure Tisa msnmg d\\:piﬁ' on of an analysis system by optical detectionina
apture support, according fo a first .

smbodiment.

: system a:»dcgzci&d infigwe 7,

o

in 2 bag position which allows the sensitised vaptare suppost to be read

F 18 2 schematic depiction of » sensttised capture support,

3

~ Fignee 10 is & schematic de epiction of the sensitise 4 capturs support, depicted in

~-§ig§ﬁ-‘s ii i3a s\,\z\ﬂm*i dcp}cﬁm of & system of analysis by optical detection in

8 pre-ontt 3‘1?‘”1 satenrichment bag with # sensitised caphurs support, ace arding to 8

seconsd embodiment,

According o a first embodiman of the present fnvention, the provess of

misroorganism defection or Wentifiention consists in omploying @ sientle plastic

homogenisation i%* mwmzmﬁi}' zalled & Stomach awsggzeé'

the reference mumber 10 in fgurs L This bag 10 & mnﬁimﬁﬂé €f two roughly

rectangular plastie s}"s&:’eisg 12 and 14, wmmi 0 one another by 3 of thelr dides, so as fo

define an inner space for reoetving the cui*g re medium and the sample to be analysed.
Hts acopssories vomprise a roughly v rectangnlar flter 16 connested to shests 12 and 14

by one side, separating the fnner space in two, The bag Soally contains a Blosensor 18,

This blosensor is an electrochermical blosensor, depicted in detall in ﬁm: 2. The

iy

 biosensor 1€ is sandwiched bﬁt’swm sheats 12 rf’ﬁ "‘4, such that one -;:vzm. 181

SETSApG miiz‘sg 0 ‘Ifme detection sreg is found in the innes space of the bag 10, whereas a

part corresponding 1o the connection area is s putside the bag, so as to allose the chip ta

tysis deviee. This s explained e,

5

Figure 2 depd biosensar 18 o detatd w‘m explained above,

the biosensor 18 i3 const stuted of an analyels arey m‘%i and 2 connection area 182, The

analysis arsa inchudes cight working electrodes 20, m:ma:ﬁd around & ‘mm‘:x sl "H‘B(ﬁm‘
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slecirade 24, in the torm of an open Ting positioned around the mmiez‘sicc@rrm 22,
Al of these electrodes are Independently imﬁxa to ton connection terpinals 26, ¥
means of cmdu«cn 'y iracks 28, The connsotion terminads are imade of she sane m&taxﬁai
g5 the working electrodes, This material is prefesably gold. Mevertheless any other
conducting materizl well known to the person skitled in the an may be nsed, sueh a8
carbon, platinum or damond. The material constituting the suppornt {}f the eletrodes i
& pobuner matertall such as polvimide. However it may be envis isaged to use any pther
material with equivalen properties well knova to the person 3 skilled in the art

Tt should be noted that the configuration of electrodes prosenied iy figwee 2 ds

ondy one confipuration smongst ;\*;h&ﬁq asud by no means Hnits the seops of the

protection confers ed by the present patent applivation,

Figurss 34 aud 3R deplet 8 crosesection of 2 working slectrods at mi dorascople

fevel, in the shasnee o presense of microorganisms mepectively,

At the working slectrodes, three overlaid layers van be seen, The first of these
tayers 30 is the polymer layer constituting the biosensor suppoit. The intermediate layer
32 iy the laver of conductive materisd, t\s;}zmh gobl. Finslly, the layer 34 s o layer of
slestroastive confngnted polymer, Such a polymer is for exarople a polyprrale. Such
polvmers are well known for f:hw conductt tve and *i{*@tr &c::tiv?: charagter, It is also

known that polypyrroles mmmam their conductivity :ﬁmi their ai@ctm&ctmu when

\

certain pywole cycles are sobstimied in posiion 5 or 4 with fonctional groups.

Polymers be aring this type of Sunctional group are desoribed zr WAL - 9320199,

Crander o8 g {Svnthetic | Metals, 100 S??é%&%‘)} Ho-Homg ot all Svothstic Metals, |
1

A=
&&r ITT-28G,

Kord-Youssoufi ot al, (Materials Science and Engioeering, L1 5, 26

99%

9943, Ho-Hoang et wb (3 Mader. Chem,, § (7), 1107 1HIZ1996), and

5

2682001,

Different molecniss can thus be erafted onto the functions! groups bome by 8

polvparrols monomer. WO-AL-SHIV188 tdas m‘\l&di\e the awih:eﬁs of o pol

ohisined by sleoto-oxidation ot & potontisd gresier than oy equal to d NEVIED

-

fe by slectrochemical ovidation leads to the foomativn of an

3

e slectrodde, more progisely on a condustive

.

WIe Mase ox %

¥
%

3
7

substeate in the form of & selfsupporied film, This Is 2 method of indirectly



i

.‘Ji :

e’

o

N
s

1

immobilising oliges suclentides in p{zb nyrrole. The perrale monomers substituted n
posttion 3 of the pyrrole nuclens with functional groups are dilstedin solation of none
- substituted monorers, which will mumobilise. the fonctional groups during their
- glectre Ggmi"n‘en\a‘i‘zmz by inclusion in the ¢ hain of functional units. In a second step,
st anti-lgand such as an ﬁizig@mzcimtzde, a polynucleotide or a peptide is chemieally
conpled onto the fancrional groups of the precuser pmvmw The waim\er thus
obtained maintaing v conductive and electroactive propertizs. These gzséﬁi:f'me:s A
therefore be used o detect an analvte interacting specifically with the anti-ligand

- grafted onto the polymer by messuring a difference of potential or a vasiation o
‘cwrrent; WO-AL-O0/77523 also ¢ desertbes the s::hsm cal coupling of an anti-ligand, sach

&N

as an oligonueleotide, onto a precurses polymer beating fonctionsl FrOUpSs.

5

CThis can slse be g method of dir @cti&* immnbilising oligonucleotides In

i

he pym role monemers m‘% stituted in position

<

polypyrrele by electrocopolymerisation, 1
3 of %ﬁhs: pﬁ;*mic nicleus with olgonucleatide S gre ﬁﬁzm@d in & solution of nowns
substituted monomers, which will immobilise the olig «rﬂz{:\mhdes directly duning thelr .

slectrocopalvimerisation by inchusion in the chain of functivnal l&mh

Qoto this iézyﬁﬁr of electroactive polvimer, there s grafted & double strand of
nucleic acid 36, via the §° terminus of one of these strands, with the complementary
strand bearing a botin molecule 38 at ity § tormi ms, 50 that & bond 1o a specific
binding partner 48 also bound to & Motin 4" i3 possy bi via a stm?ﬁ&ﬁém moleculs 44
The speeific binding pariner 40 dﬁ*gsxcigsi in figures 3A and 3B 15 an antibody. It can be
&ith&z‘ one or more moneclonal o polvelonal amibodies. It may also be an antibody
fragment, such as a Fabor ?3‘3“11 fmom ent, as well as any antibody obtained by genetic

)

“modification o recombination &né speeific af a *g'-“ tHonlar microorganise,

Alternatively, the specific binding partuer may be a pmge or & recombinant
* phiage protein, which binds specifically to the mx gt mictoorganisms. Sveh pmtéi’ms» and
their use for the capture of bac ier 1R Wers dosz, z%c:d in pﬁiﬁr‘* EP-B-1 336 080 amongst

athers.

It ahmﬁ& b noted that the sirocture depioted f;samb 3A and 3B iz only one

ue‘

ample amongst others and is by no means o be understood as 8 restriction of the
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. i can be epvisaged fo fix the enti-Hgand molecude

girently m*s the elsctrode without using the double strand of nucleic acid,

and an em“‘mahs“mw} mi or, such as the ie**m»mzie ~ ferrocyanide puir. In the

abstnce of micreorganisms, ao slectron exchange fakes place botween the el sctrouctive

<

corjugated polvmer snd swid redox system present in the reaction medivm. This is

3

shown in figure 3A. The electron exchange is ransformed fnto elsctric current and

'\..,

measured by slectrochemical spectroscopy, using & putentiostal, ws explained fnfa,

When the sample contains microorganisms 44, these are caphued by the antic
fizand molecules 40, The presence of microrganisms in the vicinity of the slectrode
brings abowt a steric hindrance, which disrupts and diminishes the cleviron flow

hepween the electrode modified by the electonctive conjugated pelymer and said redox

sm present o the reaption medium. This modification s then messured by

~x

mpedance mesawement .émd charactenised by the losd transfer o

of wiich the value increases wihen the bacteria is cuptured (positive

; &3

The analysix results mocasuroment systemn is depicted schematioally in figure 4,

7

secording 10 & frst e z\‘mmz‘mm, Az cant be seen in this figure, the hag 10, by means of
iy blosensor 18, i awm@im t© a potentiosiat 30, This connection is made via a
sonesior ‘%2 whizh 15 mme{;md e i%zs ponnection ares 182 of the blosensor 18, The

commnector 82 4s extended by 8 coble 34 hnked to the potentiostat 30, The potenticsatal i5,

Tt

.

for ite part, linked 10 a computer system 36 capable of recording sand analysing the

et o

impadance measurement deta.

For the purposes of detection of the maczeo San sms, the homo ogenisation bag 10
ix preferably tncubated foras long a3 neoded to sllow the microorganisms o grow. This

meubation mey be conventionally ;;}gz;f{}maed in an invubstor & @ jomperature of

between 35 and 4570, The incnbation e may vary from 3 1o 72 hours depending on
the sms gs‘ ssntoin 'i ¢ sample and on the tpe ol
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According to a first embodiment, the impedance measurement may be performed at
the end. In fact, the homogenisation bag is incubated for the time deemed necessary and
sufficient for the growth of the microorganisms, then it is removed from the incubator and
connected to the impedance measurement system described supra. The impedance
measurement is then performed and the result is compared to a reference impedance
value. Such an impedance measurement is possible insofar as one or more working
electrodes 20 are coated with electroactive conjugated polymer and/or a non-specific anti-
ligand molecule for the microorganism to be detected. The impedance measurement at
this/these electrode(s) constitutes the reference impedance value. Insofar as the difference
between the impedance value on the detection electrodes (electrodes onto which the anti-
ligand molecules of the target microorganism are directly or indirectly fixed) and the
reference value is greater than a threshold value, the detection of the microorganisms is
effective.

A second embodiment is dotted, namely by spot impedance measurements during
the incubation. In this case, the homogenisation bag is removed from the incubator and
connected to the impedance measurement system, for the time needed for measurement,
and is then incubated again. The interval between two measurements may be between 30
seconds to 2 minutes. This second embodiment has as its main advantage over the first
embodiment the ability to detect the presence of the microorganisms after a shorter
incubation time.

Finally in a third embodiment which is the preferred embodiment, it is envisaged to
have inside the incubator a means for connecting the biosensor to the impedance
measurement system. It may be a wired or wireless connection system. Such an
embodiment is particularly advantageous because it makes it possible to carry out a
measurement at regular intervals inside homogenisation bags without having to handle the
latter. Furthermore, the impedance measurement at regular intervals makes it possible to
carry out detection of microorganisms in real time. When linked to a computer system
alerting technical personnel when a detection is made, the latter are no longer constrained
by the workflow consisting of performing measurements successively over time. Their

intervention is only required when a microorganism is detected in a bag.
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to conneet two electronie devices to sach che:r in order to enabls daia ?rmwmw:w i

tﬂ
73

A w;“{; coOMecHon means is con wstituted by any means which makes it posst

g
7

o

wwans may be g ﬁmw} cwm:@c gon aystem (RS 4835, R

fos

o

particular, 8 wirsd connectior
233 standard), i SB connection system ;\L.m ersal Seial Bug), network connection

8y stem {Fﬁ’}ﬁmﬁt}? parsilel connestion system ((iPIB) or any other exi&i'\’ﬁﬁ“ﬁt means,

A wirgless conuection means is & radio wave ransmitter — receiver. For sxample,
it may be a WEFL (802.11b standard), Bluetooth (802,15 standard) or ZipBes (802,154
standard} system.

According to an alizmative, the date sequisition means may be & RFID Radio
Frequency Identification} reader, & Labjack card or any other means well known to the

parson skilled in the ant,

According to an alisinative {0 the process acgording to the §m ention, :‘}m may be
tmplemented via an optical detection means. This detection means may be independens
of the captize s support. This i the case for exampls with an optical sensor, :*mh' as a
TR, :Xitcm atively, the optical detection means and the saphure support may be be

integral. This §

W

the case for sxample with an optical filtve, the end of which acts as 4

Such an alternative is deploted in 1 gurs 70 A closed homogenisation bag 10, as -

R

viously, is incubated with a food sample 60, constituted here by & sample

ot
e
&%
7
&
s %
Z
e
o
b
r‘ﬁg
/‘”
s
"4’:3

o o 5

of minced stoak, This food sample 60 is *ngsd inte a cnltwe wmedium

-.}\

\

implemented with a revealing system. A sensitised capture suppart o4, held inplace in

e

the bag by any appropriate means, is alse placed into the hm‘ownm tion bag 10 and is

v

tnmersed in the culture medinm 62, The sensitised capture support 84 is functionalised |

i

by af least one binding pariner specific

o

o 2 target microorganism fo be detected. The

capture support may be constituted of any support capable of fixing the specific binding

e

parinens and well known to the person skilled in the al. By way of non-limiting
xample, an appropris ¢ vaplure support meay be mads of wrradiated polystyrene, such as

that marketed by the company Nune/Thermo Scjentific (Cat. No T’EE«Q 1 Such a
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capture support is deproted _sch@:z}étimﬁ in figwre 9, under the reference 64,
Xmar**gemmiv and according to a preferred embodiment, the lower part may e
divided in two. i‘}e xons bearing the referenice 641 miay be sensitised with g solution of
binding partners (poly clo mal antibodies, m anoet fonal antibodies, Fab’ o Fab’d
fragments, p}m&w gmteins,\ whereas the upper part 842 rernaing free from any binding

pariner and thus acts as a negative contrel,

The s;api e ‘*gppart i ﬁmcmna}med by at least one specific binding partner such
as antihodiss, aptamtm phages, me*»mbw: it phage g “Bmis:‘!}’* or any equivalent means

enabling the specific capture of the target bacteria,

")
Lok
m
“"2
Wrnt,
B
(4)

m‘ may be coloured simultanepus dy with their growth ﬁ}a;:{%:s 1o the
revealing system mmmmﬁ in the culture mediom, |
According to 4 particular example, the revealing system is based a;a e
reduction by the microc “giﬁlbiﬁb &\gmiimwmhm the growth, he TIC {csimzmss i
its non-reduced form) i internalized by said mis:rm:rgazﬁsme then reduced by the latier
_m’m i mew*-ﬁ\w 1zan (rcéﬁ thus eolouring sai id mivrovrganiams red and diowing

theni to be rev &ied on the support.

e process of dﬁ:wt roul- -time detectibn of microsrganiams in a , food faamp;e.

durny

ff“

P

i&e mcuba ton peri iod, i3 carled out antomatically or acnmgwmaiﬁ:tssaﬁ}yﬁ by the
optical reading of a sensitised ca;mtre sa}gart The incubation may be performed at

temperatures betwesn 25 and L‘M‘“ forstwo 48 h

of & positive samrﬁa} is effe %iv‘ei‘,-‘ feapftsr*ﬁ., 8 cha nge to the gptical pm;_:seﬂi&s of the
support takes place by the appearance of a red o ommg thereon {Le. transduction of
the bmi opival signal). This coloustng of the ma;‘zm > :zppmt is then detectable to the ove
or measurable via the use of a  reading machine such as a camena, The cﬁa;‘;mf& support |
i3 depicted schematically in ﬁgure 10 after anadysis glving & positive result. As can be

seon, ares §41 szpp&am c{}ioured due to the fixing of the target microorganisms on the

&

£

specific binding partners, if‘.zs“:' area &42, acting as the negative cont m‘i I\mama the

starting o ix e of ih\. \,gp fure support.
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To facilitate reading, it is preferable for the sensitised caphure suppont © mo
longer be fn contect with the onltwe mediom. To this end, & may be envisaged, for

23

exanude, o uh the E'xtsmﬁg sation bag 10, which i well depdcted in d gure B, A

o i real

;‘;%mre;;

According t another Gi&f native of the provess sccording 1o the fve

capture suppet is mﬁmﬁcdi sensitised panicles, narely bearing w*&c;k ar non-
specific binding pertner for the misroorganismis) o be detected. The delection is then

prafembly demonsirated by the appsarance of real-time ag 51&1‘&&:;:33 of the sensitised

A

pasticles, via ﬁ"i&- target roivroorganisos bound to the lader, during the incebation
neriod. Such an embodiment is deseribed In documenmt ‘M}“ A-2009/12206%,
Aceording to & particwlar embodiment, the sennitised particles may be mag netic

particles, This embodiment consists in ‘Ciai()vh‘e m tecting, via the agghntination of

sensitised magnetic puticles, the “I‘z.*a»,l‘lift of the tarper microorganisny (L & & ol

CHETHT v 2 food sample during envichment. The deteotion is perfo *mad during the

binding partaer {;s, am:»ﬁ ef;:ff DISTHT recombinam g»i e protein) in the closed

nee which contains the food sample, diluted in the culturs medium,

In thisy allermative, it may be sdvantageons o use 3 secondary, 1 u&sw\*;f-c conlaines

he

nside the main container (homogsaisation bag) 1n order to improve the demonstration
f the agglutination of seositised particles. As wan be seen from Sgure 11, the
homogenisation bag 10 containg in addition to the culhue medinm 62 and sample 80, &
fube o This tubs 86 &8 .is Huid commrmurdeation with the onltwre maﬁizm 53 contained

in the homogenisalion b:a*? 10 via a conduit 68, A fravtion of the eulture medium 62

containing the food sampls may then be ransforred info the tube &5, in which the

datection fakes place, Such a fransfesr may 3*0‘:&&3? be achisved through temperature

!

v

changss, tased on the low of perfect gas s (FV=nRT} Swch a process B {‘il?;‘ﬁi_ii‘ﬁ}*&d. n

dociiment WORA20G05240L

o~ o~

in the case of use of negnstin ptu'x:w;x\ the reading in the secondary container
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oH 8.2, c«m stitwted o

oy

sontaining the reaction medium at the ond of the incubation period i carried out using
& magnetic reader.

&%

The magnetic signad can te dm;;?:’m ed by prior use of & magnetic field {via g

Jge
mragnety which conceniy tes the agelutination al the cenbre of the reading

RTS8,
The application of @ magnetic field may also Improve the detects fon Tt when

this phenomencn tiggers the formation of an sggiwtination, &Qiim\‘mg 3 wmmf*

S

f’1

oaether of the magmetic partivles which have piﬁsﬂi‘c‘{i the micreargenisms, In faet, if

3

the mivroorpaniam concentration it not sufficient to frigger passive sgelutination, the

Loming together of the magnetlc particles, some of which will have proviously captured

the microorganisms, will mation, }?“m*i‘}*wmmrs, the repatition of thix

sequense (Lo, magnetisation and re-suspenvion) may also amphify the phenonsnon of

T

the senifivt

ty of the analysis

RS

c:zg}aturixz.g and agelutination fonmation a

The exaooples set ow hercafter aim to present difforent embodiments of the

provess avcording 1o the invention snd the results obtained, They by no mwam Hmit the

invention,

EXAMPLES
Example 1t Prepavation of the suadyels cleetrodes of the electrechemival
Idosensor, |

TN
2 neagenis

AT

Lithium perchlomte (LICIO0. sodium chlovide (NaCl), spdiom hydroxide

{NalOH), potession (U hexaoyandorate {ix Fe (UN)R), potassium hexacvanndprale

(1) tritvdrate (FLFe(CNDs; 3HL0), Tween 20, phosphate bulfer (BPS), hovine senum

albumin (BSA), wist Yﬁmwm sthyDaminomethane (TRIS), maleic scid, salmon DNA

sod SX Dad :.m:it corns from 8 Aldrich,

The wash buffer, pH 7.2, {s PBS 0.01M, NaCl 0.5M and 0.05% Tween,

The hybridisation bufler is PRS G01M, Natl 0.3M, 2X Denhardt and salmon
DNA st ;  pofml

v s the TRIS-MALEATE BSA bufler,

W g‘i malele seid, 6 2L sodium hydroxide

of the binding

M«,

§24.23 Q»’L n\ib‘
and 5 ¢/l BSA
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Syuthetic oligonucleot §§C\ s::amaizﬁng 20 nucleotides and be

atthe 5 terminus are fived covalently by substitution of the NHP gronps.

The functional monomer is as follows:
By CTTTTTITITIGAATCOCTCAGT §““§‘?‘&:Aﬁ§ i\“
The conplementary nucleotide bears a biotin oroup &t the §° tenminus. lis

Faliows {}?‘T {‘: A 3: AMDTGAGGAT YC‘”

f‘*
b»y,
o

BRAUENCE s 186

 Biosensor and slevirochen vical de e ctivn squipment:

The slectrochemical detection measurements ave canded ont tsing & compuise

controlisd RicLogie potentiostat Fom Sciences nstruments.

The sensor used s dertved fom p Snted oireuit board (FURY techmalogy, The gold

deposition on the elestrodes 1s @ galbvanic deposition by slectrolysis from ¢ ﬁd hased

elecirodes axe compossd of ap epoxy resin, Lopper, m\.}\ei and gold

Preparativn of the slsttrodes:

h,« wash the electrodes, the analysis ares of the sensors s soaked { ina 3:1 distilled

water'ethann! sohntion for one minme in an wirsscund bath,

5

and activated slecthrochemically. To do
&p

%
&
Z
=
%
i

- After \’s"ib"k}f‘: . e sensor ae A

g Eﬁf in distilled waler is deposited on the ana bysds aven

this, one 30 pl drop of 0.2 M

s to wet all of the elevirodes. The sensor is vonneeted to @ poten tiostat

2

¥
iy
o
5
%
e
7y
L7
=
8923
’TJ

and seversl 'i}}’.ﬁf% s of potential fump {o oxidation and o reduction sre generated by

chroncamperometry. The aim of this step Is to gmw;a& oxyen bobbley at the iii}".z::rf&i:-i_%

The surface of the working  elecwrodes B moodified by copolymer
electrodeposition. Al of the slectindes are thus coversd with a dmp of

T‘_"i@"‘@i‘vf"a(ﬁi\&’iﬁ&‘i solution, 100 mM of \OH and 25 uM of Py *f‘{}\' {14000

concentraiion ot o‘s and 0.5 M LICLO. The resction is then slectrocondusted by

applivatiom of a fixed potential of G \s.,mi peendo reference, geoerated by
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L amg crometry. The ;m} ‘merisation is interrupted cnce the im po:;e,u charge of 11

i

diiva
mClem® i reached, The Q-Gﬁﬂz}i‘{} et is formed simultancously on all of the working

trodes The slee ctrodes are then rinsed with distilled water.

gleg
The following step consists in §E}fbxi{§§sa%"i.g3zz_, The senscr is covered with ope 30
ule drop of buffer solution in the pressnce of 100 nb of botinyiated target OIN. The

- hyhridisation i performed at 37 °C for 30 minwes. After s washing step with PBS
buffer, the sensar is soaked in a 100 po/ml streptavidin solution in PBY buii@r for 18
mi:nmes'mih aw tation. The anti-ligand molecule s ;h;zn fixed by placing the swﬁm in
comtact with & solution of 1 }w“i‘L anti-ligand mele uie in the i\i\vm&}cmc BSA
butfer. . -

n the following examples, the anti- hc&*d molecule i either 8 recombinant gmgf:

protein for the detection of Ecoli{ stection of Listerfa

Example 2: Detection of £ colf O157:H7 in a food sample

A biosensor funstionalised with recombinant phage proteing 's;tfeciﬁﬁ to E Lol
0157, such as desertbed d supwn and joined {0 a bomogsnisation bag, is i_sizﬁummi‘wit}}. a
food sample. , | |
| Two bags «,,mtaz:smg the biosensurs ave i._ﬁ*i:{batad with SQ&N‘K s:zm;:ﬁmm‘i
| preparati ans. Two bags containing the biosensors are incubsted with :\}» nega’zzw ;
&m‘;ﬁc&mem prsg.mrz’mm s, and two bags containing the blossusors arg 41«‘13%»&&{% with an
tmeontaninated enrichment preparation in order to measute the %ckcmmd noise a‘

the food matix.

Pagitiy emchm nmmmﬁaa

25 g of raw meat having & minimum 5% of fatty materiad are pim,&i aaepfzaaﬁ“\:
Into i}z Storaacher® ® bag with a filter and placed 1o contact with Eeoli O157H7
ATCC 4 38BR. The bag is placed for 24 hours at 2-8°C to stress the stain, |

225 ml of buffered peptoie water (bloMérieux ref. 42043) preheated for 24

houss at 41.5°C and 5 mM of redox probe [Fe(CNIG1/M ave then added o the sample.

W;f

he growih of the Eedli QES??H? i*saf“‘ﬂ‘m i the presevice of § mM of redox
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corets ATOC 27522, The bag is piau:ﬁ for 24 howurs at 2-8°C ta stress the stw

prote [P CROST was verified previously. i was confirmed that the presence of this
redon probe did net slow down the bacterial prowth within a culiure mediumg,
After homogenisation of the suspension, a functionalised capture suppont i3

plicad into the Stomacher® ® bag.

This protocel is repeated fn order o test two positive suspensions by means of

twe bags cmt&izﬁmg a functionalised support.

A count on B } otri dish, from two positive suspensions, made # possibis 1o

B

w&imia\ hefore incubation in the 5t n*gciu/r& ® hag, an sverage Cone extrstion of
Eeoli (}35? HTATCC 43888 of

. 258 ¢ are placsd
aseptically into & Monwacher® & § hap with & fiter and placed In contact with Bueillus

Qo)

i,

335wl of buflersd peptone water (hioMdrieny roll 43043) preheated for 34
bl

hours at 41.5°C and 5 mlM of redex }th% FelUM)6] V" ave then added 1o the samgﬂm

.

After homogenisation of the suspension, a fung wm}ww capturs Suppont is
placed into the bag

This protocel is repented tn prder to test twe negative suspensions by means of
twe bags containing & functionalised suppo

, i . S Loy ; e s sies §RR R
fa the two suspensions, the rates of contamingtion by Baeilhe cerens ATRC

27522, before incubation in the Stomacher® ® bug, are evaluated &t 1,32 t“’éUg of raw
meat (theorehical messuremend),

The preparation {5 then incubated at 41.5°C for 3 hours,

Mresursment of the bufkj‘zz‘ﬁﬁf’lﬁ noise senerated by the matrix the smn gw: Hocel

s repented without bacteria. The preparation {s ’F;hﬁri incubated at 41.3°C for 6 hows,
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contunination, by &

The alm of thig s

hours of incuh

Resulis oblaineds

For each bag, the impedance measurement is performed dm*at . Mf‘iﬁ‘ﬂ the step
of washing the bosensor,

kS

The Nyquist graphs (I ve Re(2)) obtalned a1 200V ina & cqum v soale of

e

between 1 Ha to 100 kHz are sot out in Bgee 5.
The olectrochemical bupedancs speetrum oblained after & howrs of tnoubation of
the raw meal preparalion in the Somacher® bag wi ithout contamination, sad that

obtuined aflwr 3 hours of incubation of the mw meal preparation with mn&mc

contamination show the

451

sme clectron bransfer resistance Ko {diamester of the
setnichvies), the vatue S are TRepe stively equal to 118 and 11 SR

The rosistancs to clectron transfer is thus atiributed 1o the backerownd mis‘é of

the mistriy, whish i3 identical to the resistance o electron tnsfie during non-target

hacteria growth, :
After 3 bows of ewichmest of the saw meat preparation with positive

TAW e 43, the electron fransfee

reater thay that obtained with the

esistance value I3 718 K, Le avound six - time 3 gr
negative conlaminaiion and so allows clear detestion of £ coli QISTHE

=

The average Ry value obtained with all of the homogenisation bags, the standard
devialion and varianon coefficient valuss, are aof oul in table 1 below, “}‘}i@ values
indicated ave the gross values of chargs resisfance f‘gm‘mguﬁd ug to the diameter of the

semnicirele of the impsdance signal.

Matrix background ~ Negative Positive
:mix’: fwetthont
contanunation)
‘wm:wa o %\MZ\ N e : s
‘?m:\iﬁf\% de dation |9 R = . 123
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Example 3: Detection of Listeris fmocua in a food semple

A blosensor functionalised with Fab® foagments apesific to Liwerfa, suth @
deseribed supre and joined 1o 2 homogenisation bag is ":im.‘zﬁ\: ted with # food sampls.

dne bag vonialping the hiosensors s invubaled with a vosttive enrichment
sreparation. One bag containing the blasensors ix incubated with a nEgative mm}m

rreperation

Prepamaiion c:\i the positive govichy

28 g of raw meat having & minhmuam $% of fatty maters L are placed aseptically

into & Stomacher® bag with s flter and placed in contact with Listeria fmocug ATCC

33050, The bag is place wd for 22 hours &8 2-8°C to stross the bactena,
225 mL of Listeria Xpress broth {bloMerieus ref, 42626) prebeated for 18 hours
at 30°C and 3 M of redox probe [Fe{CN)E]374 ave then added to the saraple.

¥

The growth of the Lisreria humocue bacteria in the presence of § M of redox

g

WOSITAY was verified proviously. It was thus confinned that the presence

probe Pyl

of this redox probe did not inhibit baterial growth within & sulture medium.

Aller homoegs :*zi ahion of the suspen sion, twe f\mc Sonalised czﬁ“tﬁm supports sre
placed intw the Stomacher® bag,

i dish made ¥ posaibie fo ey ﬁmis the Disterdy buoong ATEC

A count ont & B
33090 concenteation, before lncubation in the Stoma cher® bag, at 0.48 CFLg of raw

mal




The pwpar"*m"& is “’am J‘s“‘ bated &t 30°C for 8 howrs,

e

Preparation C‘f ihe nogative enrichunent

Negative control: fromn the same taw mead baich number, 238 g oave placed.
5 sseptically into a2 Stomacher® bag with g filier and placed In comtagt with

seus cowens ATCC 6538P. The bag s placed for 22 hours at 3-8°C,

N,

25 ml of Ligrer z\p: zag heoth (MoMericus refl 426281 preheated for 18 E“ch

o

10 Stomucher® Zmz, The Sf@@ﬁ{}‘&?dmﬁ}i&? FUTENE :5{1"{“ < éi‘m% P concentration is &r;w

CFUe of raw meat Oheorction] messorement), before Em;cnhfz);’csﬂ in the Stomscher®

bag

The pw;mam 1 is then mcahats,{i at 30 “o; 6 houes

i3
The aim of this test 15 to verify i §t is possible to detect Listerin gemus bacteria

adter § howrs of incubation ¢ ennichment,

$o
b3

For each %; the impedance messursment §s performed directly, without the step
ol washmg the bms&\rwr

200 mV 1o a frequeney <smi of

ar

bhetween 1 Hte “53{3 kHe an _
The clectrochemieal mps,iam,e spestrum obtained sfler § howrs of fncubstion of
35 the raw nisat preparation in the i&@m&g%ﬁis@,ﬁm hag with negative contamination
{Siap! nomcra&ss awrens at 4107 CFUA (Figare § broken Hne) shows an electron
tmz\‘iﬁr resistance value is of 13 kO | _
Ay 6 houwrs of curichment of the raw mest preparation with positive
\,zs*z’;m‘mai oy, by Listeria fmocua ATUC 33080 (048 CFUY of raw meat before

mm&&ttm’s {figure 6 nnbroken Hnel, the elestron transfer resistancs value 19 45 KX Le,

i3k
T atrt
=5

A wnd three tines greater than that oblained with the negative contaminstion.

This result v shows that i is possible o detect the prosence of Listeria
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inmocua bacteria present in & food sample with the speoific Fab’ {rsgments iy t.i o1 A

cleatrochemival biosensor i contact with an emvichment medinn containing said

sarnpie without the step of wasking the senser, wnd without siens] ampliSication,
| The sversge Ry value oblained with a}% of the homogenisa qmz bags, the stunddard

i

deviation and vaniation coefﬁcs:* values are sof out in isbde 2 &e"m\ The values

2

indicated ave the gross cherge resistance values corresponding o the diameter of the

semicirele of the impedance ﬁzgzﬁ

Megative Positive
sontamination contamdnation
& wreus ' L. inmocna

@IV CFUR | (D4R CFUR
Averags Ry, (k0 15 ﬁ 43
Standard deviation | 1 g
Varigtion » 5 17

cosfficient (94}

Nuber af ' 16 12

measurenents

"

18 . Table 2

Exmnple 4 Elaboration of 5 capture support sensitised with at loast sns binding

parteer specific fo the target microorzanism for optical detestion.

Ay
(%3

A capturs su;\;ﬂ& tomade of imadiated polysivrens, sold by the company

o

%mb Theroo Sclentific \& at Mo, 472230) and shown iﬁ-fiﬂmes: 8 and 10,

The sensitisation of the capturs support is pe nwm;,d i six steps, as follov
13 the polvstyrens support is bnmersed ar 3790 for one nishi in s Sue/ml
8 ¥ L ‘,3‘) ity

.
Riotinvlated BR:
pH ‘?5

Serum Albuming solution {n carbonate butfer

oy
s

2} thesupport iz then rinsed wi ith aFS‘% bufter fo ¥ seve sral aeemzds*



Lo
k41

N

3} afler rinsing, the sipport is fmumersed at 3P0 for twe howrs in g

Hugiml sty cgﬂ:@ugm solution in phosphate affer at pH 7.3

4 Vﬁie stipport s then rinsed with a aﬁa‘smw tuffer at pH 9.6 fr Si.sti(“ﬁ

SR L}S

Ay
sl
o
zf ok

the support s %ma immersed for twe hours at 3750 in g solution of

agmmc tanding partners {1 ng'ml to 40 &g;m{ 3 in carbonste buffer at
H 9.6

P

”:3

6} the support s Boally A in carbonate haﬁ‘

At pH 9.6, for two heux

The sensitised support thus elaborated may be used for optical detection of the
microorganisms or kept &t 2870 for later use.

Emmgia S: Optical detection of Escherichin voli {}h? H7 in a food sample

15 vin the use of & sensitised support.
The aim of this experiment is to dirsetly deteot, via the use of a s sensitised support
such as described sipra and shown in figare 8, the presence of the target bacteria £
el Q13T HT n g food 5@ ;3 during envichment,
20
As detatled ie;‘eme the detection is carried out during the Incubstion perivd by
immersing the sensitised captire st ?Qm"i with an antt-E eoli Q13T HT wecombinant
phage protein in @ homogenisstion bag containing the food sample, diluted to 110" in
the reaction medivm,
23
Erotospl
Stepl Re““m‘ﬁ‘f‘w‘ﬁ of the samples in the reaction medium
Four samiples are prepared a follows:
’ A in a homogenisafion bag, 25 g of minced steak
30 contammated by ing units mg; \mg B eali O157:H7 are

r\ammmix,d i

supplensented by 0.01 o :J of var xmmycm {Szmm Cat, No, 73423 and
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e
s

o

4P

0.3 gL ot TTO (hindMeérios :*quf:i{é\{z&iéié%
» Sample B in 2 homogpenisation bag, 25 g of minesd siesk net

cottaminated ’zwxfi‘ off Q187 HT are re-suspended in 225 ml of BPW

supplemented by 8.01 /L of vancomysin and 0.3 g/L of TIC:

FEEy v?

i 'ﬁt;{;- -a:;:}"‘%?‘s”‘s az»\gmi rnented by G601 oL of
TTC

X

» Rample Iy in & homogenisation bag, 375 g of minced stesk not

s

contarminated by B coli O15T:HT are restspended in 3375 ml of

S
~

RPW suppicmented by 8.01 oL of vencomyein and 8.3 oL of TTU,

The analysis is carried out thres times for each sample.

Step B homersion of the sensitised supports g zi’u: hm:o&m

2SS

The sensitizes capture 13;};3@:& is placed in cach steonacher bag (Samples. A, B, €
and 1), e describad herealler, The home gen Tndtion bags ave thex reclosed by means of

2 closing pin and {ncubated in an incubetor et 41,570 for 1624 b

%

Sten 30 Res ading the captre supponis alter o Sncubution perind

At the end of incubaton (20 h st 41.5°C) and following the nomspecific

redustion of the TTU by all of the bacteria present o the sample (e ﬁﬁiai&giﬁg, to the

ey ﬁﬁza and the fargst o) N ‘I"z& regotion meding 1s red o colonr,

to be “}’ e to ohserve the caphure support which reveals the positivity or negativity o
the aualysed sample, the homogenis sation bags am e Lmé i order to aolae said
capture support from the reaction medium,

e

In accordanes with the ax speriments al plan, :a&mﬁ Band Da




SO 4

g

%
e

o]
3

samples A aod © sre negative. The analysis of these same samples by the VIRDAS®

Apk wws

EL}*?}“ method marketed by the gspplicant {refl 30123} led to simi i&:{ results, thus

peads

confinmin g the results obtained via optical reading of the sensitised caphwrs support.

Finally, the target levels reached after 20 oof 13191.133:;‘&03:1 are amm}d 5 5 E{,g;g

‘*‘U ‘ml for saxaple B and 3.5 logye CFUMmL wmp e E}

Example 6 Optical detection of Listeria spp In envivenwental samples via

the use of 3 sensitised support.

The aim of this experiment i to directly detect, via the use of g sensitised
suppony, the presence of the bacterial stains belonging 1o the genus Liverfe in

suvironmental samples during enrichment,

As detailed hereafter, the defection is canded out during the Incubation g‘saﬁ‘t"\‘oﬁ '23}'
Inunersing @ capture support as d@sarﬁﬁed nﬁgmw 10, sensitised w’?ith tuee sflf:%‘f:‘w

iy

Lizteria spp recombinant phage proteing in 2 closed container u“‘ii‘mﬁ"lg ﬁx»‘: samy ole,

diluted in the reaction medium.

Protocol:

%:‘;3 i re-suspeusion of the samples i the reaction medinm

Al of the covirommental sswvnles are *e*aara,ri as in the examy ix detatled
: i g8

hereabier;

P

ges (& om o x 3 cms used for taking swrface samples are divided into two

1853
oo T
C)
-y:

%J\m, treated as follows:

Sample 1 in & contadner {(ise g}tisbm‘; the first fi_;_"?; sponge 15 conty taminated
aritficially by 3 CFU 3 a steain belonging to the genus Livteriy and ro 'sgsf;pmdeﬁ 4
mb of LX medive (bioMéteuy, Ref 42635 supplemented by &1 nfL of TIC
(oMerieux, Ref. 04568088, o | |

Rample 20 i a sevond mrtmum {i.e. rtsiiii‘m}:},, the other half which is not
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ags wre inchined in order t

{3“ ’

i‘QQQ‘Lﬁ\‘t of the analysed sanple, the homogenisation
isclate the sample from the reaction medivm. Fach sample i3 also analysed by the

VIDASE LIS (Ref 30700) methad.

- THe restits oltaine é&x» Haoted in Table 4 below

Ssmple No. Iunculated strain Optical Biosensor | VIDAS ii.,-}ZS |
- Rexult . Resalt

Ramp Al . monociogenes 46 4700 + P s

FRS

Ramp. A2 PIA ‘ .

gk

Samp. Bl I seeligeri RSB 223960 .
Ramp. B2 Mia = -
Samygs CF L. welshimeri 8o & +

e

Fcr the sensitised e,a;mm suppott, & red colorstivn of area 641 &mi an absenes ot

coloration of e 542 of the oo \emxe m;agmﬁ highlight the positivity of the sampls {sep

2 100

2

s

fgnre

£

In secordance with the experimental plan, the 1 samples we positl fe, whergas the

e The analvals of these same saoples by the

VIDAS LIS m eth d led to sl mﬁa’r «"ur«, thus confirming the resulis obtained via

Exampls 7: Eleboration of the particles functionalised {conjugated} by at

fesst ope binding pariner speeific fn the farget microorganism.




xample, two types of conjugates are elaborated from late:

430 nm in diameter,

*  Preparation by adsorpion of the specific bindlng potoer {(ant-E colt
O15THT recombinant phage protein) following the steps belowt
& 1. washing the latox particles (Plain Hidye blus, Polymer labs) tn VERSOL
water bx cominifuging

s

{:EHS(\"»‘?RNX of the specific binding partoers at 150 pg/ml in phosphate

buffer g‘H in the presence of the latex particles &t o solid content of

.59 for 3 hours &t awhient temperative and with wheel agitation,

‘..11:

The adsorption \‘i&i@‘% are greater than $0%, 1t is therefore not ecessary fo wash

3

He latex particles afier adsorption.

SR

» ?zfagmmﬁmz by coupling the specific binding pariner  (agti-M87

i35 binant phage protein) following the steps below:
i X%-’&Si‘s‘iﬁ:g. the lstex })Q@“iﬁi)ia‘ {Carboxylic Hidye, Polvmer Il tn versel
- wler by centrifuging V
2 c:s:}i;:pimg o ety N -dimethylaninoipropyleahodiimide
hvdroehipeide (E1XC) of 125 Qﬁgfmi» streptavidine in 20mM phesphate
20 buffer pH 7 in the presencs of the falex particles af » solid content of
0.8% by agi’;amn i & thermmmixey it 37°C and 700 rpm for 3 howrs;
3. the weoupled st fminated by 20 nying \}t cenfrifugation
at S000 ¢ and the ranain sieri taken back up in 20 oM Trs bafter pH
7
23 4. addition of the 1M pgfml Siotinvisied w}‘ﬁmﬂ\/ binding partner {anti-£
codi ,(}:}_;ﬁ-‘?':i?f{? hiotinviatd reconthinant phege protein} and incnbation
for 3 hours at ambient '*Tl‘imgt}:‘a‘i re with whesl sgitation; |
5. slimination of the exeess of binding partner by cenirifugstion for 10
sies at 7000 ¢ and §a. e hack wp in 20 mM Tris bullerpH 7,

Example $: Detectivn of Escherichia coli QISTIHT tn food samples vig the

agxtutination of sensitised latex particles o Bguid media.



L
P

The sirn of s expe eriment ix ¢ tiz ety detect, ’m the gualutination of ser
tue Iatex part

3 such as described in the proceding cxample, the pressnce of the

17 in g food saumple during enichunent,

L

As detwled hzzrw ey, the detection s payy

ried out during the incubation period by
fmnnersing the sensitised Mue Intex rt clee with an ;mti & ool OITHT rag:ﬁmi\m&nt
phage protein, in the closed container which containg the food sample, diluted o the
sorichment medivm, '

f'fj

10 Protaesh

Sep borssuspensionddibution of the samples inthe &

5 S X3
Six samples are prepared ag follows:

11 mifmmt mw:?u

oty

£87 53
LAy
5

wnple Al in & homopenisation bag, 338 mL of pasteurised milk sontantdnated by
CRFU of X ooli O18THT e

iy f*\i 3 ml o BPW {hm?xﬁs;cm&ci 420433

CSample AL wmoa iiﬁlawwﬁgat“‘

stton bag 25 mb of 7“5<1kifim§z~€£.\ milk
conta minaied by & &

= ;
>-a-4

ol O1STRH

=i

net
are diluted in 323

AT mlof Bx"%“

et Sample Bl in 2 homogenization bag, 23 2 of salmoon contamingted by 3 CFU of
£ colt BISTHT are re-suspended in 225 ml, of BPW,
Saraple B2: o 2 homogsnisation bag, 25 ¢ of salmon net contsudanted by E eoli
I3 HY ars resuspended in 225 ml of BPW,
23
Sample O Ef: a homogenisation bag, 23 g of salad coma
5{3?}""? H7Y are re-suspe ldasw} £ 2258 mb \h HP‘\%
Sample C2¢ In o homogsaisation bag, 23 g of salad not contaminated by K ool
30 OISTHT ave re-suspen

mied in 225 ml of BEW;

meé ot i\\r &3



b
o

\M 2 Insertion of wf-z inbe coptaining the reaction medivin info the

3 In accordance with figure 11, 2 tube containing the read don medivn it then
added into the homogenization bag The resction medium i E’{'}mgmseci of 100 gl of
sensitised blue latex particles snd 14 ml of BPW spplemented by 10 mgfl of
vancomyein,

ig The honogenisation bags ave then re-closed by means af 2 cloxing pin and placed

~

HY & ,zfegramma&i.e incubator for o three-phase ncubution. I fag, the tansfer of an
X PR ¥ : H

a’izq ba g 1o the tube cmiszmwg the

Ll from a the homuogenisation

@.4-

_ ‘s\-"“{}wﬁw’é{}{}f&f{}?}ﬁ&i-ﬁ3., ‘i‘}.&eu an the i;m of per ‘t, NE gt {%-\f*" =alTh

13 The incubation period s divided a3 follows:

Phase 1716 hat 41,570 sonichment of the 23 g sample diloted in BEW,
Thase 20 1 h @ 000 wansfer of 0.5 mb of swople into the tube contalning the
rengtion medinm,

Phase 3 8 hoat 1.3°C; envichment of the maction medinm

pOSTHvE versus negative f@z‘ the &dzzm No. 2 sam_pig& The soalysis of these same

samples by 1:;\ VIDAS BEOPT method led to sinuler results, thus confinming the results

diained vis the sgphuination of sens ttend latex ;m's:z; o3 in Hguid medium,

£
L5
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The discussion of documents, acts, materials, devices, articles and the like is
included in this specification solely for the purpose of providing a context for the present
invention. It is not suggested or represented that any or all of these matters formed part of
the prior art base or were common general knowledge in the field relevant to the present
invention as it existed before the priority date of each claim of this application.

Throughout the description and claims of this specification, the word “comprise”
and variations of the word, such as “comprising” and “comprises”, is not intended to

exclude other additives, components, integers or steps.
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The Claims Defining the Invention are as Follows:

A process of detecting at least one microorganism present in a sample placed in a closed
container, said method comprising essentially the following steps:

a) Place said sample in contact in the container with at least one culture
medium and a support capable of capturing the microorganism(s) to be
detected, wherein the capture support is a one-piece support,

b)  Close the container,

c¢)  Place the container under conditions capable of allowing the growth of the
microorganism(s)

d) Detect, inside said closed container, using detection means, the presence of

the microorganism(s) fixed onto the capture support.

The process according to Claim 1, in which a revealing system capable of allowing the

detection is placed in contact in the container during step a).

The process according to claim 1 or claim 2, including an intermediate step c’)
consisting in transferring all or part of the mixture constituted by said sample, the culture
medium, the support capable of capturing the microorganism(s) to be detected and
potentially of the revealing system, from the container, in this case called the main

container, to at least one second container called the secondary container.

The process according to any one of claims 1 to 3, including a supplementary step €)

consisting in confirming the detection of the microorganism(s) detected.

The process according to claim 4, wherein the confirming step e) is accomplished using
a detection means which is identical or different from the detection means used for the

detection step.

The detection process according to any one of claims 1 to 5, wherein the detection
means is taken from the group comprising: electrical detection means, in particular
electrochemical detection means, optical detection means, acoustic detection means,

thermal detection means, mechanical detection means, and magnetic detection means.
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The process according to any one of claims 1 to 6, wherein the support for capturing the

microorganism(s) also constitutes the detection means.

The detection process according to any one of claims 1 to 7, wherein at least one specific
or non-specific binding partner of the microorganism(s) is fixed onto the capture

support.

The detection process according to claim 8, wherein the specific binding partner is taken
from the group comprising: antibodies, Fab fragments, Fab’ fragments, recombinant or

non-recombinant phage proteins, and phages.

The process according to any one of claims 1 to 9, wherein the detection of the

microorganism(s) is performed in real-time.

The detection process according to any one of claims 1 to 10, wherein the detection of

the microorganism(s) is performed after the growth step of said microorganism(s).

The detection process according to any one of claims 1 to 11, wherein the container is a

homogenisation bag, a flask, a bottle or a pillbox.

The detection process according to any one of claims 1 to 12, wherein the detection

means is connected to a data analysis system.

The detection process according to claim 13, wherein the connection between the
capture support or the detection means and the data analysis device is a wired connection

or a wireless connection.

A process according to claim 1 substantially as herein before described with reference to

any one or more of the examples and/or figures.
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