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1 PROCESS AND APPARATUS ALLOW NG THE DETECTI ON OF THE
FORMATI ON AND DEVELOPMENT OF BI OFI LMs I N A CULTURE
MEDI UM The present invention relates to the area of
the detection of the viscpsity of a 5 culture nmedium
The present invention relates nore particularly to the
area of the study of the developnent of a biofilmin
a honogeneous or non- honoeéneous culture medium This

PROFBSS | n\NiD ndPARAEUSt Adeh@MIpKs THE nbERediOdf OF THE

Fo O RN PRy ER AR e BuofRAIS NG UigfoR koM

charged 10 electrically (by the presence of positive
and/ or negative_ions) or magneti caIIy or that are

naghhetaresedt inyafi rehaépm ta thy aca v the dpipetiomelyiie vissogty of a

Cuhg%qﬁg%% gabl e Iayer In this connection, in the present
e term"viscosity" is to be understood as

r et ferpreggnt mveitdordeditaemofe partiaridy of the hecansithe studgif ehe
particle. in, t b|oL|In1 It wll e understood fron1a

deV?lealangof& f‘ﬁﬁmp‘i“e% ANOGRNEPUS AL NOR-RHEMORRNEAPS GRItyEduedium.

Thi{l Bfofmvlﬁné‘és i® ld@i/&;@ﬁﬁ ned hﬁ)rveﬁeﬂe@ts 1i88s Bfat B8 move in a

viscosity of’ a medium as woul d have been under st ood
magnietity tleetricelr o7 "alé¢cswomhstic ifield tsscle olﬂnpmticiesarthatg ateutharged

el 5 Py M B ReBU T H o aEGednTIor PBe e pr thal
ate RRENGRIOrSRURLAIDIIGAD06E BOlan BACHL 6 ARgiiosac MveTENt

hi nde not ~ hindered by a biofi
si dnithis cannectip,ahftheopresénd tentdbererm “viscoatKiintp b¢ es@nﬁeod

os g Mabiths ol SRR R Ths hepR PSR Te Rt L Biet . I

be URIGHsWBd fréin\dhiealing lof kigAples &l @ex¥itRAtARE YRR 666 R have as
present and devel oped. It therefore concerns a nedi um

subjepfa fattsn abequﬁtrmgapf die S{aepsibt o€ .2 Tmﬂgisum easg woulgphaye jbgen

d N I
undp Rl 6 e H® SRRl Al ol BERAREHUC spdif the
dentoosmlonn@fdihe rﬁevelbpmenﬂ s @mcﬁ@ﬂgdﬁﬁnﬂ e dnéasoting e}ieeaégrye of

referring to this, definition. Thus, accaording
hbeftw@f OHG é?ﬁ%ea?ralc) HeAgngtible pafielgs évhﬁéedmemmentﬁ%amsiﬁied&r not

o o AT AR BB S B e
of this microorganism in development

Likewise, the expression “culture medium” is to be understood as any medium
in which at least one microorganism can be present and developed. It therefore
concerns a medium that can be natural or synthetic. Thus, e.g., water is included in
this definition. In the remainder of the present text the expression "culture medium"
or the terms "medium" or "culture" can be used indifferently by referring to this
definition.

Thus, according to the invention the terms "culture medium", "medium" or

"culture" denotes a microorganism and the medium in which it is found or possibly

only the medium.
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A mcroorganismis a living mcroscopic being such as

bacteria, yeast and fungi, algae and protists. A

m croorgani sm can be unicellular or pluricellular. The

| arval stages of pIuriceIiuIar or gani sns (et azoas)

can al so be the origin of<“biofilnms. The majority of

m cr oor gani sns ( pat hogeni ¢ or non-pat hogeni c) have

been 5 studied up to the present in their

fc%’r%amsfn‘? [ {Vife nﬁ%séo@ﬁ! B&ﬁg shbh @s 'HﬁgﬂeHH] yeast and

(cultrvate In suspension or on a selective medi umn.

funginalganandipaitistye di uricrootgenide @h betttnecelllalrao Dapbmcekhhier The

arypl e of PR ) B P By R T R e B s
COMBENiaYorER o §Ricor@in®ind [Patho g@m@ dPasdnSpdtiddgenic) have been

community is generally enclosed in a matrix of
studisb pp |ty $he preaerit desthf(lEhzl)mcrtmef iforen, foeecsndhiaplgted inia medium

(cul%lvgtfsﬁ Flgnrsgslil)%qsg%rg gron SlsnfgétAven eé)l}lmgn’lré gtnla‘é n!ll O;%Edlum outside of
the CHIFHAFUHhEbRAG 28 bbENEONs [ale RGN ﬁ-xed Bh &0 ugpern @'sessile” state)
Organi zation of a Bacterial Comun

andrvé@rr@m:é/ sz:.aén@@gnlngyonmumms@l@d avrrréﬂﬁlan bi of ipip phacterial
coALPRRSBFS LS oo, B o
exchhlﬁgeb aﬂtlﬁﬂlleékufmhﬁdlﬁg ynddhey (Aapilthux, 1. 1Galfenr Biafif: fMise en

constituted b trata of cel | ul ar bod] t,
plagsapd rprsrmwl@%oi’yg%&@ﬁ%w%? g%ﬁ%ﬂfﬁlﬂlslt’ i?@cﬂinﬁa%mg and
Or %%hﬁéﬁ oPPBLASH Toinfinityne é&i&ﬁéi@%ﬁ&s RO, U 77- 33

sterton et a Bacterial Biofilns. Sciences 199
284Whkn aTbmﬁlkmrrhivekops dlfere hie at ficst et adiesioh of the dfacteria on a

sungf e CoIomEtioy GhiRE SWRPOR narEn (e PRvHIL EpaL iy ety
for0 al Hml 'CGHétgutﬁ@ ap§ %thi be c@fﬁl@f kl%dhé%n sbdretisg!r £ agRathn of

order to forma "conditioning filnt. - Adherence or
exapelyeacshintides dla esotosts thHEmeagainst @ggrg@mng ok thersesennding medium

(CRRRLRT B BT KR, b AU R 1

fortafibN&f 4 BfiER uaﬁsee afbdtvd & 1f1tor§§ta§dsx at l on st age,
causing only purely physical 25 phenonena and weak
physlmwd the suefacect [Thgreanie e prinerglyaolecules present in

theglgﬁ.lg 4 i% 3 n | ﬁ,ﬂge a%?tﬂbg'& oé ltt}allg guﬂggcgeg 0 Lg”dg’(e 3 a(ﬂ'ﬁ‘fj ra Sor\/l\(nhtlﬂmng

fill®'t.r onger energy to occur as well as the mcrobia

met abol i sm and the cel | ul ar appendages .of the

mi cr AdhersngesonreYarublelalhesioni i mlcroqrga%%m%@i%wt peprapch the
L5, B0 e PRIBAGR, A% BEhbIRE, i ey s
flageilagerDining the courst af ehis first fixation stage, causing only purely physical

phenomena and weak physico-chemical interactions to occur, the microorganisms
can still be readily detached.

- Adhesion : This slower stage caused interactions with stronger energy to
occur as well as the microbial metabolism and the cellular appendages of the
microorganism (flagellae, pili, ...). Adhesion is an active and specific phenomenon.

The first colonizers will attach themselves in an irreversible manner to the surface in



10

15

20

25

30

3 particular by the synthesis of exopol ysacchari des.
This process is relatively slowand 1is a function of
envi ronnental factors and of the mcroorgani sns
present. - The maturation3of the biofilm (devel opnent
and col oni zation of the surface) After having adhered
to a surface the bacteria nmultiply and regroup in
order to form 5 mcrocol oni es surrounded by polyners.
partipid ai ﬂlﬁﬁ}’@ﬁl%%P§W§1Y@Wh@11@%08311%/§11}30ws lig reé%tve?/ Hew gnd
s 0 SR ot 0L HELRASHESa0R oIRGBl dibggpact eri @
fénmserves an ern er

fi naITrh)e haditatién bf ﬂlfelﬂldﬁlﬁﬂ@leﬁélb}ﬁhﬁltamﬁtcaloﬁlzﬁflon of the surface)
equi librium _The biofilmagenerally devel ops in

: Afiar hayips adheserhio a pyrface thebackesia eyHety andregrogp in order to form

mi GBI R BBl Eoy RN, TR B TR Thmits by AFedcd wi

act rhtkd |af‘c<m¢n|t’bmd tearfarce e ats@oddt@npjf alnd lmadtmagmmﬂghhémmeves and

film forne n this ner occupy all the
Wltéut f a%r CFHHt“% taffd 15 forty & flofm gy aE'i‘a‘Hcﬁ HtpisrRe Cquilibiiam.
Th@edid')@iﬁn I gfenérguyl Qle%@logér hg mﬁ%ﬁéﬁs@(ﬁha@fst&%@t%ﬂ Ldﬁshﬁues a
gener al correl ate t he pr oducti on of even
coriffnegent saten Bpemleseroﬁromnbwﬂghﬂ trensatdol rmmere\ymlbﬂwml(z@cal

r if —onl rs,c I wi.se adhere  and_for.
an gy TadifR R PSS The Al RSOV PaR T | e BiPlim
forfrlell Y& tHid Manhd? WABIREkpAA1 BéRafhée tﬁgwsldfkfédqmlaﬂ@he conditions
devel op as a function of the su fpport of the
pemiit rtotgrf@am sﬂ“élean@tumﬁlonmsf the i dmw@ngenetalﬂayScorrelated with the
expr essed. b det achnment s
prf G ReCBIERY oS80S TObeSAre MrblEamSiR SHTRY sFnfhiza e i
onllyi e ipd] yagsd cem maawlﬁi ddB¥tcand o0 BRENUS BE Ehel S€faces.
contam nation of the other surfaces and is in general
t heDstaghmenst: dlipglneuarerswaiurasnyg pezoetuplsbyagmic pepibibrium and
de\ré? &aé Ebﬂ ?)? 'ﬁ?@&p&&q UbEfe %lcttogﬁéaﬁﬁs%qsc Sﬁi) of tﬁg %nv1ronrﬂent
ure o I'0 vVery are ver
th1$ dileveh‘spﬁi%nt gaﬁamodxqares@kel HyEHS)ietaﬂdn@ithef é‘ell&bﬁo@ﬁggﬂéga&al ly
const | tut ed %_gact eri al . bodi ea In man heal t h,
bi of Pl ea%eeo ISdR9; the diapsk me lﬁlgbwrb W Ra@ Gangeduence the
j S
cot AL T D SRS afl 1 hkhlrel oSl SRt dfurring
d1smnbtrmmcdlcairqnummumma (sxfurdetved resyﬁances) ), on the teeth
y,}ﬁar ance of . tarfar, caries on the bronchi
t he

Bngdurs nofodiipiimss isf fVFlfyct\e_aalew th SRCOVAS IV gf¥sitich in

ExoPol_),rSacharIdEQEPg)’ &Qﬁ&h&@ Iaret Feffipally-cohstitfied B?%ﬁ&%ﬁ bodies.
they are the origin of the majority of nosocom al

pat hohogiedical{idriefilnsaarc1@sB0Gibie &bmqu:monsy ¢lzat Jar pecoming
mofre hnd More 1ffc 1cu tqg tsglgpsfes%:r 1nI tﬁg er?tlres()é here Eaudxtory conduit, nasal

membrane, conjunctiva of the eye, ...), on the teeth (appearance of tartar, caries, ...),
on the bronchi, the lungs (in patients afflicted with mucoviscidosis, ...), in the
urogenital tract (...).

Furthermore, they are the origin of the majority of nosocomial pathologies
(more than 10,000 deaths per year) by forming on catheters or implants (cardiac

valves, artificial hips, urinary probes, ...) (J.W. Costerton, P. Stewart and E.P.
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Costerton, P. Stewart and E.P. 4 Geenberg, Bacteria
Biofilns "A common cause of persistent infections”.
Sci ence, vol. 284, pp. 1318-1322). Biofilnms are al so
present in refrigeration towers, responsible for
infection by legionellas. 5 They.also affect the
agrof ood industry on account of their inplication in
Grf@ab%rg, Bagteria) Biofbns o spnmen causei BrpcausteMginfsHeny e Sciepce,
t I developnent on cutting tools,
vol; ﬂ$n@ﬁiﬁﬁgp§g?' and on work surfaces). Likemise,
bi oBidfiims devabo prdsentfinpreSigenadius itovgers; resgasible franfection by
corrosion phenonmena. 10 Biofilnms al so devel op on the
legionehasee of | nmerged objects, such as, e.g., boat
hul
U1 ey ARS8 608 O LAY 1 Dy cocs
of iﬁuidl poibynina(foomstion cluoog gapiusessjn. tHet calfi oahlach, bievelopmdnt on

acteria not alone in creating biofil ns:
cutffiainol Sgaue fol BratyeR Sy aan ve | nt b

bi of jKleWse, IR0 BIAS Ide%io?r ¢én thpsef %@m%rmmp pafRAfar] Rorrosion
numer ous areas, presenting sanitary ri sks and causi ng

pmm@numavely significant damage. Fbmever t he

h f. fil
C o B Alse MePelh CartEe et Him g ?ii%ﬁti TEt B 1 ot
hul¥d) @Budpei ﬁl@bﬁrﬁdbﬁﬂmhﬂ}gt(ﬂ BRI fRface BELBAdSuIfsQdue to the

studyi ng the developnent of biofilns have been
co Dﬁlﬁﬁ@mﬁthﬁh ulbyTreioneMtieraergraisms) udyi ng bi of i l s are

U1 on B0 BEBRk o BESEA: 30 0 Ei0nE Bl QUL ORIAL (REC e

an&Em&@mmeEooﬂﬂnﬁh&ﬂb%uﬂﬂd&i agitation in drying ovens
in order to subsequently color themcrystal viaglet or
to Byddmyerg H]éfiff’f?ﬁ‘%j @innaprﬁise@i 8 ABWRETOUS, lieas, Jpreseyting sanitary

r1sl§02{ egtgi?%;?ést%gdtg’g%%ﬂ cr o ge?a \?\IIU:Z:E gaarszgc’ryst al

(Q Hb@ev@iﬁietdkvﬂbpﬁlbaﬂ arM tche bbladvioroe theselbio fnssiemains goorly

unc% 41N rl n tlgﬁ,ggj:%& !al?rgﬁqlg]é§6ﬁw@egggagéwg§ps %{tﬁﬂuﬁh numerous
B g B o 1

f | udhesmethody ,fobyst@lyshg (ofilnoc adre still principally based on the
colonization of pieces of glass or of plastic immerged in a culture medium contained
in flasks under agitation in drying ovens in order to subsequently color them crystal
violet or to observe them under a microscope.

There are other more complex detection methods such as, e.g., detections by
Microbalance with quartz crystal (Q-CMD, Quartz Crystal Microbalance with
Dissipation Monitoring), detections by MTA (Mass Transport Analysis), by UFDR
(Ultrasonic Frequency Domain Reflectometry), by PCR in situ (on functional gene
Amo A), by FISH (hybridization in situ under fluorescence), by CLSM (Confocal

Laser Scanning Microscopy), by PAS (Photo Acoustic Spectroscopy), ... .
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Laser Scanning M croscopy), by PAS (Photo Acoustic
Spectroscopy), ... . 5 Still other nethods use
particl es/ magneti c beads covered with |lectin, or
anti bodi es for isolating she bacteria responsible for
t he devel opnent of the biofilm in order to then
all ow the characterization of these m croorgani sns by
classi c methods of inmmunoanalysis or by nolecul ar
bi oS&lyothpsy mratlfids aeseoparticleporenets Headsy eoverediarith lectin, or
ant%td?e%%r ﬂgll\ég{lg QUG RehS r«?s ogéi’ﬁ_]]:elf{):%‘tlh% dg\QelJ)ﬂ‘[F%net %?gﬁe I%Qﬁlm, in
remain relattvel'y onerous.” Furthernore, ey do ho
ord2l k®vhed @loff theichmatiyripdtioni sTghéRanittdvggdnismoBy glaved methods
about the behavior of the bacteria and therefore about

of pauRANAkysis OR by mplecytay SIdpmethy bdiz8iwrar BER)- 1 n fact
th | . .
e?ﬁ\,\%@%ﬂg g‘gée'l r?gﬁhp% hédle %% @r&e%’l?ﬁc%ﬁ)t%mquém&t and remain

bi o owed, IS sinp
relatoredy onardvwesd hyrtherhdra) ey kodioe sll¢w iastffidientlOprblying teaching to

EPS (exopal ccharid or, by an anal ogous trix
be GVaCARA BYF RIGHT A ﬁﬁg bﬁfte?%apgél?ﬁr?ﬁge gt i feyggion and
detiRhent DIBiANIRSENE AdVERLd ARthLES 85 89t hifo thY BERIHNARE of a
an apparatus that allow the detection of the

biadidmetoopntahiowed, whetheri it o simply ebnsitated byreellndadbadaes (Listeria

N R S e e S

miédPAtagisHS (PstubehbhaaUl ). appl i cations. The term
"non- honogeneous cul ture nedi um' shoul d be under st ood

i n tlhe preseat aventigipraletat tol Pracess snPrapadepsratye Hps allpy the
: 1] r - - |t [
B35 G RLacx P PR STRESRRL B bl fr AT s o
nofrhomegegaln; slosdydandboppdljuei dhdstesipenst @f. thidOpdoc@&s cdnd/or this
patent applicatigon FR 2555316 is known fromthe prior
apparatus IhpaticylariapRKCcaligps i cat i on concerns a process and

an %@6}&% iug%rf-%mggingf)ﬁg Glillﬂge %il}{h's gﬁ’(ﬁil& Yoe 1 defstdddUindihe

medi um proc consi sts 1 n | mrersing
presemtdapplicatenbiaath brotdest bensef |1nipdrtionthr usmnonthoamgkndong calture

rotati ng magnetic field substantially centered on.th
mgEigR can GRS OF & EARIR SURYIEITEEAEN 4b HRIGHEHCTO BRI ABfEloped
in blBeddigh. d in contact with the bead put in 25 rotation

remains lamnar, and in determ ning a magnitude

conieertch cbaiint lappheatioo UPR 556X kr tsekinown tfiven Beagriby art.  This

virtue. of the viscosity of . the fluid_.nedium. Th f he.
parpbptieRi o GEGHPR S0 B0 Henr S T OuLng b MRty
of @f {18 akddnem PHRRRAFrd @RAkodsstd HEIMMESHES EdhdRBEyABSINB the

a rotation as a permanent speed whose period is al so
fluid medium, in applying a rotating magnetic field substantially centered on the bead,
which rotating field is such that the flow of the fluid in contact with the bead put in
rotation remains laminar, and in determining a magnitude connected with the couple
exerted on the bead by virtue of the viscosity of the fluid medium. Thus, the bead,
plunged in a viscous medium, undergoes a moment of braking proportional to the

viscosity and assumes a rotation as a permanent speed whose period is also

proportional to the viscosity of the liquid medium to be analyzed. The rotation of the
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proportional to the viscosity of the liquid nediumto
be anal yzed. The rotation of the 6 bead can be
visualized with the aid of diffraction discs obtained
by lighting the bead wth the aid of a | aser beam
along its axis of rotation. However, such a process is
only adapted for an inplenentation in a honbgeneous
vi scous nedium A culture nedium of bacteriais

beadpad Bs v0Alized| witidthe #d afidiffrpaipnedischhobtaificlr ey lighting the bead

met hod does not aIIowa deterni.nation of the formation
Wlt]thela&ERf%]laS‘?r Aealng 1tsraxgs JrPialeNi n the culture

] Pg'{b’\géve-{h Quabst hasdesOfis IAPRNRBFted PRIreRt BINH&GRMIN in a

436 al so proposes a nethod for neasuring the
honvigenesis twisoofis neednom- Newulpmé arediuny |0ﬁ bb‘as@dlso@paﬂdtﬁeent cloudy

princip netl trac net hod nsi st
andpaiiies o brermigre i precosCics 36h o s ¥ el R ot Bivdhfon
or 1%k dfF8rmiH Rl FGESRAMS 11191€Q:Elﬂu&fméd"'ﬁnd| sn’rle& gpRnakt bRtlapsiese
a magnetized bar under the effect of a magnetic field.

pateFi epplmah@m ' ld@éé&jalm PIWQS®MQ@96 fetyseasuang g Wegesity of

t er myna t
a n{ni),'-gl élufcf u?sgdsu o ntcﬁw‘?é ap ggtﬁé gt?rﬁgt%rfa l1“‘%’1@ tr{%&hod
conBBishe %daﬁhrﬁtgetﬁé lvwdoﬂ@ﬂﬁy ﬂﬁ@&ns&if |t1(ibl\hlleﬁlsu&hs(eml@&’ thee d1sp1acement
re roductl on of the behavior of a m croorgani sm su%él

andend the displaeament mi¢ ef dpiasestized barangdesthe g&est aliagnagpstiq
pr eﬁ? Ltneih%}{ %%ﬂo%@d ngl::] 3?11%5@56‘@)%&5&%118&9 %eeﬁ@tﬁmnatlon of the

proposing a aratus that
chafmeteistieg rélﬁtntehe) d&a/@isommﬂtudoﬁuohl af tHensiscosity. nblowever, the

mefing 16 RIS dAca Al IR 6 raRPQEoR A e PERBRon of @
m1cg§(gg£rﬁgélg S{lﬁg ggpaﬁﬁ%tbrﬁ' Pélbﬁ?xg i B WREBEERLial nventi on

l'emo W ng the nodeling of the
20 ’ph@mresalt afvehtien thetedore has therprdﬁlela Hprémsmghmprocess and an

m cr ogr sms The prese nyention al Ny t he
spri SN | B HOTHE Sortbh el BEPORnT RIRGS 15 a non-
horﬂbéeﬁq%&n ‘éﬁ)ﬁd?fanﬁ'(ﬁ')‘ﬁ@?é nédiuth %MBOME@@@W&M{E@ iAdum in

d conSequent|y all ow ng the nodeling of the

whmblrmluroergmcmwrdavnlog iif f)@ileemfomﬁe@l blnﬁlmfcor dance with
evel opnent  of eac

pr egg?@reis éHY‘?n(BWn kfSé’ohar?atg‘s tpﬁ(g)lﬁpo I i%wél?g r o%%%fhné of the

proRésRGEER RAhiARion PRBLFAIED Y BIcrddigariigfiect i on of the
devel opment of biofilnms that is sinple to _inplenent

not The pyesertdnvrnsion misot e tthe preblsan afieldemingdhe ﬂﬁne?lﬁﬂ@ﬁlon of
thea 15%5 rr]lagsv o qé%S]tX/ in P4 3k %%moggl%ﬁts' &@dlluﬁl %Bdtc!%ﬁsequently of

SCri
allowing the modeling of the culture medium in different zones in accordance with

the development of biofilms in each zone.

The present invention also has the problem of proposing a process and an
apparatus for the detection of the development of biofilms that is simple to
implement, not very onerous and that can be automated.

In order to achieve this the present invention is of the above-described type

and is remarkable in its broadest meaning.
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and is remarkable in its broadest neaning. 30 7 Thus,
the invention has as subject natter a process allow ng
the neasuring of the viscosity of a culture nmedi um of
m croorgani snms 5 conprisifig the steps consisting
successively in: a) The inmmersion of at |east one
particle that is charged electrically, is 5 magnetic
or can be magneti zed or covered with at_| east one
maghittsi thednverdigneip Aaprticct majisr aiproqens allawing dhemepyuring of
T, j ect i culct | ec
the @i@co%ﬁ?cglg 2 g é%%r%lﬁgléﬁle#)lf Cfﬁﬁcﬁoér%aﬂ%? ef Jo'ﬁéﬂ(f% n§ the steps
unmﬁgmgmummﬁn&hmn in such a manner as to put th|s
partlcle i.n nmotion, c) The opti detectlon of th
degPecl bt PMEEYeR, OBt ietst SRS d¥aﬁﬂ<ﬁ? $hgjaist sharged; ﬁlectilsally, is

T e LR L

laye:rons;msbsltum subjecting this culture elther to an

cal field netic field or
ol S0k MR ather e oitbis ol 6 Rbieclif TatEnse phpispspBRencti
fiel@ préfRrably 9&9&{1&%1‘1&5’1@ iAW ERRh@Rs 8 p@Nhis particle in motion,
el ectromagnetl c field or to nore conplex variations
15 @f Thr opliedtdetartign ef the ddgededofoliberty of motdyi afthisopartitle in
th1s uit ds. The Frgygretssa vee au men?51 ati on of th ot USG 4 Scannin
TS PREGHBEY &Y PPRGe s é“&lpgﬁ%sérdéif‘sna 5 &
mid@dchbp&ul ar configuration of the invention by
approaching a nagnet along a rectjlinear or
si n&t@mlawomsrséa @bﬁ@d%ﬁtlﬁg thigeqrltaee eitliirrg anoelgatrical field or a
il ory 0 v
maRi i Ul Pl haandfi R ARl B3 Bsion. or 10 &
proffesgiue aagmeﬁ&@u&hef aimelecte@m:grﬁxc \fiztd &t toomsreofontiflex variations

el ectromagneti.c field are obtained by rotation or by

of ancslestiomagsaiac 6?1dr%%@reqm@nétf0raofrf%ﬁd%u zed bar in the
pr )
0 A RtgRLe e FaBhEe. o I SiShSrib TRAPS poin
acchRlms té ar ngemﬁaxabmfggumtfomed)fdthenmnmttmmnby Epleroachmgj raemagnet
in a constant styeam or

advant 3 eously fl OV\f ﬂ
alopg & LeHiINAFRfSINUSBIAa] (raigFPRE ornggﬁcgqrﬁ@g,tﬂtagmg gtory motion
that Qz[rphlzgjé (ﬁ'nnd? Rfe HEARHLBIE- osi-aI Mhor Qttn#)ﬁfudg QRA 12944 AblcOfeduRncy.
preferred to the extent that it allows an adequacy
Thevmore térepleatvariations i dhd ¢lectsonadgnttie fieldewre bbjamedtbyafotasion or

bi of.i | m
by comblnatlons of movements of a magnetized bar in the proximity of this culture.

This electric, magnetic or electromagnetic field is advantageously generated
by means for generating a field in motion.

The culture advantageously flows in a constant stream or in a discontinuous
stream at given time intervals through an open reactor. This latter configuration is
preferred to the extent that it allows an adequacy with the natural conditions of the
development of a biofilm.

According to the invention, as concerns the particle it can be either an

electrically charged particle, a magnetic particle, arranged covered with at least one



10

15

20

25

30

According to the invention, as concerns the particle
it can be either an electrically charged particle, a
magneti c particle, arranged covered with at | east one
8 magnetic |ayer, a magngti zable particle or a
particle covered with a magneti zable Ilayer. This
magnetic particle can advantageously have a si ze
approximately identical, to the slze of th
maghetic JayYGai rg%ﬂeaé%%? RETSlE phe Mresle | Geyered W‘tth Asmagnggzable
Mygdvantageously possi ble to use particles of different
sizes and/or, also of advantage, of different colors.
TheTlsirnldgecticsparede par tdeihegearsty haweobsitd gedoxibmafeby &lentical
totg?e | agger-sized particles d r|n t he devel opment of a

8iEs phthe priciogrgapiims gsperaiing LediOUMsr act eri ze nore
Preg el Ecﬁkeanga%\éﬁﬁsﬂpﬂgﬁﬁblmo h@é %a@ic!%fs'dfrﬁl%reh{ Sizes and/or,

degr adat i on. kew se, according to an advant ageous
als¢ ohadyantagei of drfferttheﬂolcnrsreﬁﬁluecsmaﬂlhr-@zecpamttlctﬂsare immobilized

t this
beff ot Rz CRBH S Ge st fioPs P s Tpis thus
posdi%lee% eshaRictorior mBreaﬁre@iéE@/nﬂ{H)ﬂévém;ﬁH&{t of this biofilm or its
(advant ageously Dby radioactivity) or by the

degradagip.ssi on of energy transnitted in continuous or

di SE&Q lslgugcycor$ Iﬁ%%@ B e{(%/gr\llt% ougec%%g ra 18n o@gﬁg invention this

transm ssi on nerg ser eam an

parfi€le &f¢h&atedn Signdll dwéoee&ﬁﬁebszahls abpatatyafor ithé &ptical detection of
advant ageousl y of the fl uorescent, phosphorescent,

motiglj bhisiapal cagrbecdeisstsd) dithPhiastietonopials Mesast @riwgltwoasly
by ﬁ%@ﬁ?{dﬁg? dﬁy Y LB %F{&Yo‘?{“o&v%'e? Rrafidm{GQASiy gc?nt flous or

partic ht ‘source an
dlsct&itlaodnisn gretahs (adtvalttlgsmilsltyh]umlmarst trahsenikdion lvif Senetdyt by daser
20 order to@othls this particle can
a%‘@%%‘é‘!? f§CERFescent . According to a

Pf e*rﬁlrs ﬁ%glcf‘eoﬁfa'dgé{{@%e'gtgﬁ?/ io? R @@Jrégc%hte Bﬁ ospRoeOht, %Hls&nve

in such a nanner I's 1IN e position a
or ¢hesto- lgnmdsbmltajbs:ence of a fiel d) |n this reactor 1.

Th| article c vata 0] be a rticle, e.g., ..
o R S tnBtinane REHR IRighinn slr S cont n Gertin this
par9§1‘3 R hgﬁttsgu@e Qﬁ@ﬂledeft&@iﬁg te motion 3f5thl:sLHa§‘t|I@5 Hptﬁ% culture.
according to a particular 1Tnplenentati on of

| nvbmrd@rtOtdhlthls thrsquetsde wmivsntsgmusycydmffbrqwsqglta
f the.vi

o S fRedbaPraesd S0R BRIt PrfEls S o Bguen o
maﬁl%rrtl@:ﬁ ROR G RYtabR: fRRioheL BsDdn Phe absence of a field) in thlS reactor 1.
This particle can advantageously be a particle, e.g., in the form of a hockey puck, with
an asymmetric geometry with a plane face, (...).

Furthermore, according to a particular implementation of the invention this
process consists in performing a measuring of the viscosity of this culture according
to the process as previously described at a time t=0 corresponding to the seeding of
this culture and at least one measuring at a time t of the viscosity of this culture
according to the process as previously described, as well as comparing these

measurements at t0 and t.
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this culture and at |east one neasuring at a tinme t of
the viscosity of this culture according to the

process as previously described, as well as conparing
these 30 neasurenents atgtO and t. 9 The process in
accordance with the invention allows the neasuring of
the viscosity of a culture of honbgeneous or

non- honmogenous mi croorgani sms, preferably

nonThe nmge%enu scoondssice Adtiothgi mgentwnaﬁmWﬁethea@p@@nng tod the

Vlsg Senf tnte onf g&gﬂoas e%UbJ rrB}bO 0 gCNOUS 00, 1sms
\Ppar 8t us ? at® a EREHEal z‘bt“] ﬁncﬁe ?‘h ‘B‘FB egY!
pre&.frampeonwmegd:mumne@r eviously described. Thus, the
present invention has as subject matter an apparatus
t hat\cearfipgsiot Hetherparast ithjy Pessent HaVYItioadyistap wibjegt matter an
app%i‘leltltlsu[hedt 91{10\99 RE ?&?Q&f’onogf %%”%488&2%%%% vention as rev10usly
croorgani snms, conprisi 1 | east  one ¢OI
dm&ﬁaﬂior for recei ving thls culture in order to perform

the detection of the formation and of the devilo pmen
f Bhes theppresent mvepg%pasoﬁesubg‘cg mafter gmapparatus that allows the

me% rheahd Wl%@ﬁ? Qr chifuBgn %Bhl%ﬁé}{eoumn Bbsh- igﬁ’xlg enous

or covered wth east one magnetc or magneti
Inuham%mmmmunbngmﬂnugn the culture, 15 - Means for
generatln ectrical %net ﬁ or electr
d

negﬁc
1 er it 1o} sl i dRERT i Culiiedh offeB FEPGHOr™ the
detB@®Rnl Fehd RBrhh¥ich ARY ke evedpiitalofbifRRREr as  to put

it in mtion, - An apparatus for the opfical detection

of t heAtmtasbronef patticls Pt tis c¢1ectrlmll'ye|charghhmralssamgnethg or

m croscope. Th cul ture. reactor npt es.
maghHAFESR Srrd S TiPhof it SRR Pt Pl rpersed
in thBeultwbe type, well, (...) (closed reactor), or an

encl osure with two openlngs for allowng this culture

to fl ddeanhriongienetating evicFlegtuicd, (r@ffgeﬂtw edctlestjomagnetic field,
pre? )y gf% o ne&c efdI (Vchtl hcﬁa 1sgé}lpéﬁgd o th?s P}éxﬂ@le i VSchta %a?ner as

I's’rea as’a cl osed
to;ﬁmﬁtrﬁhancftioat bottom 25 In order to have a st abI e
p05|t|on at the bottom of the tube when the particle

- af\n AgRaratug Hag thesontigalsdgjectign @ thymotign @fjthis particle, other
ﬂmg%ﬂggﬁﬁﬁgmugggoﬁgactor bott om can have one or

The term “culture reactor” denotes either an enclosure with at least one closed
end of the tube type, well, (...) (closed reactor), or an enclosure with two openings for
allowing this culture to flow through this enclosure (open reactor).

According to a first configuration of the invention this reactor has a closed end
in such a manner as to form a flat bottom.

In order to have a stable position at the bottom of the tube when the particle is
at rest, that is to say, when no field is generated, the reactor bottom can have one or
several cavities or grooves for receiving this particle or these particles.

According to a second configuration of the invention this reactor has a closed

end in such a manner as to form a hemispherical bottom.
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several cavities or grooves for receiving this

particle or these particles. According to a second

configuration of the invention this reactor has a

closed end in such a manper as to forma

hem spherical bottom 10 According to another

configuration of the invention the reactor can have

two open ends. In this configuration this reactor can

be Aseriligarie @npthesemigaratian r‘i’g themverfionatbe ggaater en have two
opef. Snfc:ig:] o tﬁl]lgsocl%l%\é\@lraﬂoﬁ thl? peSéE:t%P tcans’l§ [ (‘f"onrin eéilri\ﬁ 3 cszh a mapner as to
alldm migie colsurt fid $lopaintd 6d>rgtant tstrd:@n advramtdage@thmioyas girtdi@ Mt given
. particle that is electrically charged (by the
timgigedialse of positive and/ or negatlve |ons) or a

MIRET L fhce@ fhisC! grt ff Qag&\)aﬁ g? Eal"ﬁ le hat is

| east one nagnet ayer gne
electhcail)pdtairgedl (byclma/pﬂ'eeadlchIotf Ipoatlvd: ead/br M@uxmgme) Iozahhegnetlc

er Thi s magnetic .partjcle advantageously has a

par&? eoaamlﬁﬁg‘é?red Ve 6 L%?t My Mpggtigelayery or gf mpgpetizable
parﬁbl%r&oilgd'i‘ﬁ&@ v dbipd it aNRh&Re RlaghétABle thierl S

advant ageously possible to use particles wth

di f Thisemagnstic psrtmhdadansgeowstv ant ageeuaipygximhtely identical to

diff rent col o e snal zed particles are
the;s iths Ifgﬁoor%aé?%?se?’t’h%enle‘éf‘rt%@ﬁb?szedppart| cles during

t he Itdﬁvﬁbﬂﬂﬁ@@hslwpcﬁs@leofd 4w a{r¥101'e§ V&tlhlu diffeP&t Ss'liéls &nHOalso
characterize nore precisely t% devel opnent of this

advantsigeduslyorofi differens cabogs. adbltd omalldrisizedi pasticlas e dinmpbilized
vant a s confiqurati,on of ,the iny thls
betffk Fie PRESIREY FplRRY SRR leidrliael N it M hus
pos@iw@rtat Sfrdcirizt NRofP rsonlel Y elie el @1Bp@ent BPIthBNbiofilth Sor its
particle is advantageously of the fluorescent,

deggpddioRor escent, radi oactive or cheno- | umi nescent

LYDPg, &Qsecgg&?cﬁlgg 2% ’ a&lh%l(ﬁ/a% &r RLURA g&falhéﬂ teo fgfg% Li%\?ntion this

detec ion o Fises

particRNgdietatds e sighalt dgeddibl @ blyi afy fipatdnissfapaht ioptieal defedtion of
opti cal .detection neans allow ng the detection of the
mOHefll onlgf pastigle pigr pxgrdagequly ol Jh? utloresqsat,  ghgpphorescent,

nwaQBLb&&ijgshﬁﬁ&ﬁﬁcco s" denotes any usable

etection neans Ing to a preferred enbodi nent
mac Coscofing tip tapparhturean theaupticalodeteation i nAatiar, di astgn};trtses a
. @ particul ar .25 de,.of .the_invention the nnf
llgtgth%

VRS AOEPEtRg i e disestion pL P eATHelEr 1 ORtR fifigtfon means
all V8 dhE¥&ection of the motion of this particle in the culture. The term “optical

detection means” denotes any usable detection means. According to a preferred
embodiment macroscopic optical means are concerned. According to a particular
mode of the invention the motion of the particle can be visualized directly with the
naked eye.

Within the scope of this detection the illuminated particle can consist of a
fluorescent particle or a particle that is black or at least opaque.

Particles of different colors, different sizes, different densities, different

shapes, geometries, different physico-chemical constitutions, different surface states
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Wthin the scope of this detection the illum nated
particle can consist of a fluorescent particle or a
particle that is black or at | east opaque. Particles
of different colors, different sizes, different
densities, different 30 shapes, geonetries, different
physi co-chem cal constitutions, different surface
states 11 can be used with advanta e in order to

canrhf ysed mjth adaanipge wrqrderftomyltplydhe P%t‘@t‘lé forzAhe charagerizatign of

the%gyﬁqlé}grg&ﬁ%tf Qo Pi of il m Chemical groupings to be

gan be coupl ed wth advantage to the surface

of Cheniealr grbﬁlblﬁgsaf(bd)d tested ohu baddnqﬂeacbmtb nopeitideatd thd surface
t hese. che cal pi.ngs (nobile rticles) can be
of thg pagisle diwewpﬁ@)eﬁwé <tfﬁs P GAL B RIRgS (mobile

pmﬁ§E§Qth9@% orles of mcroorgani sns can be
a a?nt ageously coupled to the surface of the particles

andMoteuleadhdbivamg ofthd heheractatiegoni esf ofertain categorles of

.mcroargani s i nmobil | ze | es ted Thi
MiGEaQTERRIFIRS e%fhg%@évap%m%y ewfq%gtertﬁ?ﬁ%%ﬁcw it pprticles’and the
adhRebidRh |0?t}f%9§b4tég2ﬁle§‘5f ﬁl‘?&éoﬂ intsﬁl@ (1&905111% ﬂﬁ%él%ﬂé%tedt hi's

reactor. This particle can advant ageousl'y
par Thislpesticke cgm beidirecthe coﬁfcglmcbtb resthioe Iseblegmskxonvat rdst gnthe

e sSSP R iRy b subitcle, e, o the
forﬁQimrHo‘éEe)n%@ﬁUMtﬁ én mﬂ&etﬁcogeoﬂi@a§ WhihnGplhReravh, S OB t Y
cu

of this re at given tine intervals and conparison
meaRertlrmord, s tappanatastanesdang el ﬁmpma@ Ipgasuring means

for mer%%ar 5 1515{3(}:1Séty Gofp t% agllﬁl ure ap g%v%lpstlnqg 11 g ¥ ;flnde Stmlt)athrleson

IC

mehﬂlﬁl}@ﬁa&ﬁ@m@ %&Eut‘éﬁbﬁ’t@ lobtam@drtb bE @omgaRi.s ms or of
eononsaccharldes or of matrix secreted by
tdePgasile i this mampento tgpisthp hindranes to éhféﬁléalélé‘%}n%ﬁt of this

parﬂl: g d%{a e g p&é%ﬁcc‘e f-lz:laﬁm d£}{§ H‘P%rggr \341154115 opg)zotpgfysaccha% es or

erstoo escrip I on

of meﬂrﬁWemteellby thy nmaxborg‘ansml iA maii ¢hothjs, pa@tﬁclé tseendaieﬂat different
. enbodi ments of the invention wth reference made to
imehe attached fi gures Figure 1 illustrates the

pri ‘T' é m\%nﬁ’ctn %vhf:‘bg &tdng@rsfgodt\b@ ﬁf%ﬁf‘%%f 15303 @éggrlﬁfont Eﬁ/en

deve opnent o I'min a
belbenpsglgdryi waﬂr obexplarmtloﬁj gdrtke Qiffeepit embodisndnbeof the invention

BEIEREL S8l e SR TgRae" ! T formt i on of
Pleg%?éﬂﬂaeﬁ iB@&traRRUhOBHAQPI1AST theRBRASNSF tHeBRAnMidari of the
development of a biofilm in a tube with a hemispherical bottom.

Figure 2 represents the principle of the detection of the formation of a biofilm
on the bottom of a tube with a hemispherical bottom (or of tubes other than with a flat
bottom) (top view). |

Figure 3 represents the principle of the detection of the formation and of the
development of a biofilm in a tube with a flat bottom.

Figure 4 represents the principle of the detection of the formation and of the

development of a biofilm in a tube with open ends.
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bottom) (top view). Figure 3 represents the principle
of the detection of the formation and of the

devel opnent of a biofilmin a tube with a flat bottom
Figure 4 represents the grd nciple of the detection of
the formation and of the 30 devel opment of a biofilm
in a tube with open ends. 12 Figure 5 represents

anot her illustration of the principle of the detection
of FigarerHrapegsertn anetheroluptradionenfdhe priggiple o the getestiqnef the

foniggtgc?ioénl%g(?it @{e d%vat)%&lgrﬁ dePEo fsm gn ta%?&t(;r 1 Wf" {P{%htgpé lof“é tube 1

gure 6 represen variant o
with alanbeteoin 3hown in figure 5. 5 Figure 7 represents a
particul ar application ?f the invention as it is
desHgpsereriaseRts g yp@ans of theduyeatign shoyr eg

par g el : . ¢ i ovent | L _ _
R R e Lt
in fipmed Scul arly the surveillance of the contam nation of

val ves. 10 The general .pringciple for detecting,the
{ or igtitegh epreorie RSB vBHEdsn of theyERiGR finthg area of the

surfeill4ide o WY RoRiaREnIMoR" OOHYRA] PARICHRKGSHR! dGQciBance of the
follows. One or nore particles or beads that are
congmsingféeh ef wdvesi cal |y, magnetic, magnetizable or

COEhE S PGS LS RTBLARR ol P RS ot

biofRh i £ b@lsurs aontXialng MidrdodganéditthiakésOadedtiolidwd. s 15
conpatible with a reactivity in an electric, magnetic

or enecarr B rstticdest pelbgady mhasr erer chargeds ielegiricplly.t magnetic,
L. ow e i,cl i) | -
ma%noetlz B%g c%ér{%ﬁ "Rt @ ?rlag&ge}gczgr. &%%ﬁét&a@% 10 is/2A %langl in the

escriped rn téerns o esé beads are f

culfuf€ Or'pigy abex@oditidn log thy pdrtidlese chm wabe offtthel Xorskdsetied it is
by the . mcroorganisns until a conplete )
compatigls Vith arsasHvitp o aneleqide, ppaanstis enelegraragastip ficldn dn order

B e

beatlhen conceal ed, protected from aggressions fromthe
obser ved

o5 LESERER0S S gouth PeBprEd {tHBLY 86l ig theynaty gressby the
micth6: RS uAtill LIS ithEBRIZhfigAt T on to be m m cked.

In the biological process of the formation of the biofilm the microorganisms
are immobilized and surrounded in this matrix. They are then concealed, protected
from aggressions from the outside medium, whence the origin of observed resistances
to antibiotics (nosocomial pathologies). The beads allow this immobilization to be
mimicked.

In order to mimic this immobilization a field generator is approached to these
beads. Thus, in the mediums in which no biofilm has developed the beads react to the
approach of this generator and move, in general toward the field generator and
possibly following the movement of this generator. On the other hand, if the particles
are surrounded in the matrix of the biofilm their movement will be checked and even

prevented according to the degree of the formation of the biofilm.
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25 In order to mmc this inmmobilization a field
generator is approached to these beads. Thus, in the
nmedi uns i n which no biofilmhas devel oped the beads
react to the approach ofi3his generator and nove, in
general toward the field generator and possibly

followi ng the moverrent of this generator. On the other
hand, if the particles are surrounded in the matrix

of Thesetoreofthe methodi of thepesseni inkpntionpessidpe bk e epipitaiien of

the %?heﬂi]o% %%%?c% tﬁmgt %E %' ﬁt in rP(E))t}ogq lﬂ}ﬂ%¥ fife e {?ctg&eefléc?ﬁqﬁ tmagnetlc

or é@agnétityeltls.oNf the delkegor ot thée tﬁ-wé fi Hinddredbfthd fr@sence
behavi or of beads that_can be put in notion under the
of e ragfix somppeed iy the blofiay idsthen pessihleéq Aetgeigieh focvisualize

‘the]{rI &ls: off mbbit O)b?tﬁﬁ)‘eﬁilg r <Qhi-hBEsE B gﬁllé)sﬁlm rl;%ﬁ %ﬁ(rinlgj[ly}{ to

resence mat rix conﬁose
visudizt ferdepelspimhieofitbe biefiknt and to visualize 5 thei r

ConbutisenpiRy s M B the HE TR s et gt Son be

putk?h HdtioMunfrt thB RFEBI Fa ﬁemi andBiRO N 1Rkd &W%eﬁm@tﬁs are hindered by
fferentiation of the beads that can be put In

the msenm aftlctem atrixeseerfefed dty thé rracrbmegladlsamd t hose whose

o TR B ot e PR Y orastird G b optica

meﬁﬁﬁnﬂoélﬂﬂzﬁ W df@&@qﬁuﬁlﬁlahb& o@'tﬁf iﬂdﬁ'ﬂebtslll‘ilﬁﬁﬁaltﬁﬂ oyt tHY latter
opti cal neasuri % either by 'direct illumnation or

lnst@ycq thdbeaststused rgrdviantagsausly Auptesecntat t er | nst ance the

yse dva eousl quorescent
pao e 1RERER peily ) AL 2 Sl HERESES W iisdy, ang he
dev%ﬂ@mtehﬁ of dBY &Ji Ofine Rharaétetifeel Biit@f héwn cﬁiﬁ@[aaﬁi &r fiiRdon otfhthe
new criteria as a function of the 15 selected format

selgsed Remaed de pesdls Maomptrysiizee derféydi ty) . The dynanic
ggv?egeg %%1 oﬁe\;ehmtt rdt’(th%oﬁlﬁtixt %hﬁi@ut r{éa %}@ BIHLM &AM be

as a Ion O resen

foloved uenctuncfiord b thel bgtngeios rf&tqoén@n@f the feld pegdtboandbs a
the field f rce Li kewi se, once bi of i | m_has been

fungtaers off  the déeld j foce. qddfrestist | B carbigdny drs drewy ORidted, it
deggmtlsé}::gﬁﬁe fbfllo@e@%ﬁaérQHé 8ffedt B?QE}QRMJ}M ﬁgz%t#enf s then

0SSi to anal'yze the constitution o s matrix

wi t i ibtleahessibkl to dnelyts thel donetiusien of ks fraltdi>owiithghiodhemical

t he i mmobilization of the bead by the matrix
testéonstituting the biofilmallows the foll owing, by

anaf RG¥iscOthd BSIHiRE GTSthefinfdibilization of the bead by the matrix
constituting the biofilm allows the following, by analogy, of the process of the
burying of bacteria in this matrix that they secrete.

In order to test the development of the biofilm at the bottom of a tube, the
detection is conducted with particles that are sufficiently dense to sediment on the
bottom of this tube. Inversely, the detection is conducted with particles that are not
very dense so that they float at the surface of the culture medium in order to be able to

study the development of biofilm on the surface (air/liquid interface).
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burying of bacteria in this matrix that they secrete.

25 In order to test the devel opnent of the biofilmat

the bottomof a tube, the detection is conducted with

particles that are suffidi4ently dense to sedi nent on

the bottomof this tube. Inversely, the detection is

conducted with particles that are not very dense so

that they float at the surface of the culture nedium

i n Mpereres ypesinmhe degsity pfide ppriclseyErispee tletestions can be

erface 14

con?)é&éd Lt@oﬂﬁ/l@ﬁﬁi ﬁg{udﬂﬁgud( i ﬁi’d/gya‘& H#tgrf%eé bart | cl) os.

SerTl&Sdeéctldﬁﬁ ent alacnﬁseqamdies wihdifférent sides stodt ican lalsq biede.g.,

iquid/liquid, [|i qU| d/ gas interfaces. The detections

dlff@%ﬁ“ﬁ?@éy d&reniic0l6t-es with different sizes that can

al s r \ ren S
et éeﬁ?gs%Oﬁ‘Hﬁéﬁt e S U ob gt e
xadpdasr theedhicrborghhisme desxérdl e béwgenn. cribas ganiessieod that the

descri bed. are bact i s upderstood that the
FolID B o S PHRS o, HESEEIF sCa sl €A G EGoYISGY Hef which the

develogﬁfaﬁf garussmbﬁﬁﬁ Whb ot ttigieddevRRPEE ke Qfzci 8fSthe beads is
biofimis to be studi ed. However, theé size of the

advbelageusly adagtedntoathesirs|of thd mmpmrgamlmstsdlzcé 16f>n¢ mashes to
m,Cr 0oL gani s st.uudied if on i.Shes 10 nodel the
mofTARERR 3 Tos St bl e fae bR AER SBiedi ) mt or med.
Fi geig@es I €008 8llisthteSthE PhidcipheoPihcndetdetien @F theeformation of a
detection of the fornation of a biofilmin different

biofilipén ¢iésrrnt Fubeszeomatrics therepeiva acultugreentaninatheibigterindo be
stu(]ﬁ gterla to be studied. Figures 1 and 2 illustrate in
partlcul ar the principle of the detection of the 15

f or Pigtiteonl amdl 20i lubthee ﬂe‘peh@pm:* e pfinéiplei @tfthbrﬂdtemlan of the
reactor | of the tube ty B with a hem spherica
formaroandf the deivcepmans ops 10|ﬁ|ha§t1 adedcit I o tBe Bibied}ﬁpf‘ah dvith a
Ral2bdtni 2t ' t
oMyl P 1 o IR IR o
v1ewel I s) containing 200 I In the pr esent exanpl e a bead
is pl acege t the bott om, 20 of egm be 1. O b
cou SR HOTWSETRE! ti6 b4 TR o gtsrnr?synftneﬁ g0 tubes
$lengh folgich Z’OOC | U g, SRStint Bx4hnpIs tﬂé&&‘ﬁsd Eed AtRe bott
(Oreachl) ?Jbe 1, & M rredlfl)}% |ns tahe}#] geeded \Aﬁﬁ ¢ POHom
of ¢agb ttwrei Bl O£tcoansﬂ, tﬁe phetssciamoti Bingted p)lCCﬂSSEIDﬂﬁ tdoa sfnglenb@d A
un%%%ﬂf;.%qa %a dl Z(?(Pedcngiltlotelélurzhetubeqngvlhgéhonnlgdl m s eegl%tegc{e% 'with a
bacterial strain 5 that can develop into a biofilm 6 under standardized culture
conditions (temperature, oxygenation, pH, ...).
A magnet 7 positioned under tube 1 and more particularly under bead 3 is
moved at regular time intervals so as to rise up regularly along the wall of this tube 1.
When bead 3 does not encounter any obstacle in its motion or is not
sufficiently hindered in the matrix secreted by bacteria 5 constituting biofilm 6, bead
3 follows the motion of this magnet 7 (figures 1b and lc or 2b and 2c). When the
magnet is removed the bead is no longer subjected to its field and can return to its

initial position. On the other hand, when the formation of biofilm 6 is such that the
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A magnet 7 positioned under tube 1 and nore
particularly under bead 3 is 25 noved at regular tine
intervals so as to rise up regularly along the wall of
this tube 1. Wien bead 3l&oes not encounter any
obstacle in its notion or is not sufficiently hindered
in the matrix secreted by bacteria 5 constituting
iofi.lmg, .bea ows the, nption this

mofipf gEPEA 1 i HAGErE ob PP BRI Sh Js itih S CrBAnS ARPITF af the

bott @Y @sbd herifgad di & 1D, 10RO SatcShk @ehiRskel @ de'&féloﬁtn%htdof the
and can return to its 30 initial position.

extmmlémlamglﬁmx wnshituting biefilmat i tnbsf 1, such ithantlss ingatgx shrrounds

s hi ndered or even

bea{ﬁi h? e Wﬁn%er%gc?ugoweﬁg)aﬁtgnflrsmobl le at the bottom

of T ckatnlpl OHE @ndpd etk mipulatél B kR b endnibiSasas REELIREd 3
a devel opnent of the extracellular matrix

alopgrie walltatnlyisofubg il nHewleﬁert ifranibe adiantagpens tohingnipulate the
magﬁl trllnxthg% egtll{l‘g%f bl% nQ/F% Ql? t%aﬁ%ngﬁﬁpﬁi{hea&be ?ward the

urroun ra e magne

magAsti iphet ednanﬁexsascﬂo rﬁowvmlmdm asotdingray %dﬁlﬁdr@ectc&b@hkgt the
the wall of this tube 1. However, it can be
“mﬂ&@gﬁfﬁﬁé us to mani pulate the nmagnet in the

dir %‘htd Qal detpEI%ﬂ% a%lv%taé&%@l lo¥stife H@%E@ gt ﬂB&t}I thhls bead

t ube t magnet uch a mannér as to
to be aﬂueﬂlzad ¢artdhogn. oTlasn apﬂsveatut; cajpadses raylighih aourtd em1ttmag fin the

of.this tube .1, 10 An opti par at us, advant ageousl
dirggtiogyf threbidat a8 spmphbesy %te%lf)gtrﬁ?@s lq g hepgovement of

beeYd §Hﬁéuﬂtﬁﬁed4{ort§étde‘ééb@éﬁﬂ) This apparatus conprises a
['1ght source emtting in the direction of this bead 3

and V%lnmrptnb@éss datspaentothe fmghmuedel ipWoatpdtundemtbisgrenin skch a

bead 4 to be ect d. Wien tu i S .
mapRgspir G (el B SaEr e lRatT Siagnelt hitby. «Hieqdetection
mdaHPSreitRenSiedhgdd aBovcTBRNEbe RSTh, @8 detédtidn loif Y mBEGDS bead

directly tomard magneti c bead 3. The detection means

3 igeasrieheut feﬂwmgéhle albweelttmf ﬁletdﬁble sth ctm@&ponthhe to bead 3.

det |on carr ie .U .

ol FElanodh db B ol Rhatt sRheich B S Ak e Mbhe soupee is

arrtn@gea%dvéﬂthlsvmw it $1R8 almhrsePbs BNerdiY @Wﬁgm%ﬁﬁltﬁﬂou wetnture 4
netal, the light source is arranged above

towails maghsici head e hAG ahayin éhesasiete@tlweanqw are|argghgechabotie this
tuble hr QHglﬂ C%rtﬂ‘%l?z%ﬁ%n t?h%sé %\é@&sd§ JRg Q(T\;ant:a gb%t)nﬁﬁlﬁted by a

b ove, hes on nmeans are arran

flubtebeent hintdrial.s Thanf Wik tiksObeddhSsare beaﬂela&da\he the light source
advant ageously constjtuted by a fluorescent naterial .
thehpeverpgié s defeeted By dhesesletection meghs Rxdelipwing thqmovegpit of

thefAir&Rent spot corresponding to bead 3.
Figure 3 illustrates a variant of an embodiment of the invention: the detection
of the formation of biofilm 6 in a reactor 1 of the type of a tube 1 with a flat bottom 2.
Bottom 2 of tube 1 is advantageously provided with two adjacent cavities &, 9.
A bead 3 is placed initially in one of these cavities 8. Magnet 7 is then arranged in
contact with the other cavity 9. When bead 3 is not hindered in its movement by

biofilm 6 it glides from cavity 8 to adjacent cavity 9 (figure 3b). Magnet 7 is then
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their novenent is detected by these detection neans by
follow ng the novenent of the fluorescent spot
corresponding to bead 3. 25 Figure 3 illustrates a
vari ant of an enbodi nent kf the invention: the
detection of the formation of biofilm6 in a reactor
1 of the type of a tube 1 wth a flat bottom 2.

mos b e sor ity £ ABRRER BRI REL i i e

the! Mr@ABn A hAGRE 7CRMUh tilseHoBon MRHUMBE béink HrEN@fedesr ANBEY not
in contact wth the other cavity 9. en bead 3 is

suffioienthy ridedesed. | nAmdsthﬁ:omtremrepsatecB@t bteghlar nn@ryals until the

ent .gcavyit u 3b
obShIAET of FRTERY fobal i B ARGED - RN Do Tyl APhsure
3d:(WheniRgss 7-is BRIE] an@érltﬂ@ﬁcbwvﬂtytm béad 3 Eoitk GAbibEiMn 8 can
under the attraction of magnet 7 with its notion

no komigkt pasHin 16E0REC for the atirastoroe! megnckAdito gegond cavity 9 due to the

facPf th ﬁinﬁ@ﬁ%%oﬂ't Strlc?rljlnl fﬁ{g%léiﬂ gest is repeated at

reg u Fval's un servatlon of the total

or [pe4 varddnt theobe bbﬁ@hld@ﬂs @(ﬁt Hake chedesod rasiving the magnetlc
|IIustrated|nf|8ure when magnet 7 is nove

beagnefebeadpe L Hhgn ébﬁstf?a@etlﬁé’ﬁéld as §9@fwr% SB.aéftmhﬁ ghle to
mafiflln i89E N\IR1c BBS Jaytthsﬁ@@gﬁgfihQS f.Bg attraction of

gnet into second cavit ue to the fact of the
h| nH%uren‘g ilbfstrates anmﬂleloembasdlmhhtsoﬂauhefmxkamtﬁn ukinga reactor 1 of

vari ant thetube bott gm does not have_ cavit r .
the tﬁ‘@%rwdgwméwmgﬁn@s 1g’e§]d dpbeschisthengop glgeﬂimjpenmt a

Coﬂtﬁbgumgﬁtdﬁuﬁﬁg%é&urﬁqnf| gured so as to be able to
maintain itself 1n a stable position at the bottom

of Akiis thewhemple Fitipiube 4vithl d fle hotioms inamosuntace 12 of wall 13 of

i T8 1y A ool Thd b ien Sondd THaei i g pad o Hege bRkl 3
Ac@&ﬁfrﬂggw et tsz@m@%frmdplél asC@et d)r{bu?kb%lcﬁisbﬁé&c@lfbe@ Uhiagﬁé% 7 is
medium 5. As in the exanple of the tube with a

preputiedin suchrremasnarfagde pup beddswiain mpionfin sudh 2 ma@n@mtﬂiet they
caV|t|es 8, 9 for receiving this

pasr%gmg‘{]gl? %aﬁlgé(y%lea ™ According to the sane

pri neihgligst@etin evt@aﬁncp E@N1yOH $ornedas Ghindd @dsfasermet wdll i1S of
presented in such a manner as to put beads 3 in notion

thiy fubgyt Rheapriaginker wilhie simigr topthesorer deacshed derytheytube with a

| ' v
re Bk ABbof D] 73LBRSE A STR Y Lo
theke bédads pp o drinet &cwillzlof bellsli3rofltiais tibe It he one descri bed
for the tube with a henispherical bottom rragnet 71is

pr edérrrdipgdnad prstietan ondigeratian oh Hifeinverfiangthg beady encased in

biofilm 6 can be subsequently recovered by a magnet being immersed into the culture.
In this manner a fragment of the biofilm is taken for tests of physical characterization
(viscosity of the matrix, etc.), chemical and biochemical characterization (constituent
elements of the matrix, etc.), and biological characterization (microorganisms

constituting the matrix in a state of latency, inactivity, dead bodies, etc.).



10

15

20

25

30

t hese beads up on inner fact 12 of wall 13 of this
tube 1. According to a particular configuration of the
i nvention the beads encased in biofilm®6 can be
subsequent|ly recovered byla magnet being i mersed into
the culture. 25 In this manner a fragnent of the
biofilmis taken for tests of physica

characterlzatl (viscosity of the matrix, etc.).,
CheRIEE Safid ABYBEh HHTAROR Ipdr et BRASHRE thee Jrseiien Oft the
[
o e (e o e 0 D RO E ype it B
bottram 2i X hisnillaststiab é& oplahatencliyom itheatop iof thteytpbalead bod| es,
i,s  anot il.lustration of

or 1 B Lo B Sy e PO et Br e G B is then

addé@‘iﬁﬂo%@@f? ot th@ftu3£ ?ﬁEﬁu@fS'ab RWHich ﬁleﬂi@lﬁpfs‘lﬁerﬂ-se‘éﬁe& BahlWaBteria
type 1 th bottom 2. This illustration is a

streplh értbat\nae\ﬁef/quomltth diafdp offigunes jtutvede) Bemdds sBndardized culture
@@ge meyﬁjmugm%fq§mﬂUMel A cul ture medi um
conglifiQns 5 WIEAHIET Y BAch)of the tubes (figure 5a),

whi ahmpa@dt 1/ %)é‘slttd’h%ﬂ abRPURM tiMelihiter dRAGidRF tube 1S(figaied 55 and
that can deve into biofilm6 (figures 5b to 5e)

Se)uritaen b@aéﬁaaipmot eFosniet @m ebstecdmin theis motion evges nat gpigiciently
hlnﬁél)ég nath%: %'?ath |_s'tecreted)b (gg?e[]?t%% +o§1(s€t%§1h% Q@gn ?th C}'ley are

nterval s

attt‘éét)sd 11V\Hﬁl’dlﬁeﬁd808md@ndﬁ(5’t(f@nfboih’)t Beady3 ahicicrd sound magnet 7
their nption or are not sufflglent y. 10 hindered in
freg ezonst rWithaud deadse gomyelepiceane) dhat iawmplsnier detaeti marticularly

e h f
oS AR O LA | ORISR B o
hinderefireeeevan paaventedy thhauibeade ddsthaor inireblgbr atztha dottodnadf tulse 1

Si Le t et t., particul arl VISU ly. e t he
(gt iaaﬁ bt Slat thepeexgirshes h4eve mfyl%t e getracellular
ma%@g&satdrtéﬁ% bifIes GOwBE 1ER (R BUE Motk sﬁrﬂﬁﬁﬁs %@géwg’oead

remain i e at the bottomof tube 1 15 (figures 5
| imfig S'am):ma“ﬁhelsasst streunfebactrpresses a devel opment of
t he_extr ular matri.x const.itu biofil.m6 in
¢ upEere RSt vt etV hibh Sl hiiresi o bead
1 i pefrh@ sl TeoMBMMIRE a AQuid cudtdfd BMHH PAels8EdCA With bacteria 5,
Figure 6 illustrates a variant of the inventi on shown

and magnefisr beads SRudr3’ Qiudsffer@ntl&wnaramhaon@ na erach disb 1 (ﬁgure 7).
wi th bact
T ShbE e RS AP E Rl ir e R Eryar e ") B o
allow tigaddvedblntlof(Jab@th @nd )heref&h&h@@%v%ltfpﬁldhﬂﬂﬂblbﬁﬁﬂS are
standardi zed (tenperature, oxygenation, pH,

or dMagnet 7 islposiiondsbuniey Beisiheh ablﬁg‘@iat'tl@ﬁll%teé/ﬁlf) When bead
3 (fogg 8{ QI{C%u}llléle aﬁj %K&L&Q FIRS r&gtlol?l' (Qrf 1|s|nQ;]t ?ufﬁcwntly hindered in the

matrix secreted by bacteria 5 and constituting biofilm 6, magnetic beads 3 are
attracted in the direction of magnet 7. A clear zone 14 then develops between the
outer limit of the influence zone of the magnetic field lines 9 that attract the beads and
the aggregate of the beads 15. When the formation of biofilm 6 is such that the
motion of beads 3 is hindered or even prevented, these beads 3 remain immobile in

dish 1. However, due to the fact of the difference in size of the beads their movement
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Magnet 7 is positioned under Petri dish 1 at regular
time intervals. When bead 3 does not encounter an
obstacle in its notion or is not sufficiently hindered
in the 25 matrix secretdd by bacteria 5 and
constituting biofilm®6, magnetic beads 3 are attracted
in the direction of magnet 7. A clear zone 14 then

) vel ops, bet ween t h ter i

is afHEIQPSE REL AEE Rt BE ihe bl o B Sl By Bt LG igevetops

the RRAHDeadwill hevea@eit egdletef inhitBtel @3 dtie bofilleRt, ttﬁ&l with a
formation of biofilm6 is such that the notion of

supplegestagy idgviippipented the biafdm hedorsthegds wilbde vhernsd i8 their
rI{emaln imobile in 30 dish 1. However, due to the fact
6f the difference in size of the beads their novenent
18 Fiigareel fllusiedteonpaticil Beipplisition @nhe divedtivh fanBideyeri¥ed in
the biofilm As the hiofilmdevel ops_ the small beads
figugp 13 ohgy Bgeet Withotherhsads plasedbpp é’ds%ﬁlc? [severed fithp product
rant I t ary.
conbdlﬁlfi% an Jﬁﬁr}nrc‘g;ﬂlg% entgés’hg\[/qm aﬁ{.@% é%gtagq%lglll%%gi ‘raffhlsI fBface
canther of arfy Hagunak iy padtllcmlat phtretala Vghert a malgaet iappproaetiddato the
t.he i ventlon scrihed in 5 or..in
S“f'ﬁ%% JPebeG W‘Fr?“ﬁ?é Ftd@ %?%gg’&s 8ht ‘E%ﬁnﬁhégatég%?(&’&“me a
beal! Héhsﬁy P Uakger CAR AnNkiRD r&R FNiHe MrfdcOb! q{hlsagﬁmcatlon is
such as, e.g., an anti-fouling agent. This surface
advaatragtmlsowhanyt ratlesiied| to mgapuae tthe wifgetivwhessevfilan Mftefouling

net ched.to the surface the beads are
pro?&ﬁﬁ%%f}“%@%% 1GFBEE| i nes of the magnet, that then
C ONg{ thistPafticilak Quidbaih e R%iah Ye ZRNE intee 8Bz th RaFy @B idt&Rity of
rest of the surface. This application is advantageous

theywagnetic figld, egsby edating ammagnatiécd bar vatlerdbe pwidinede befestad.
ant F‘ﬁus U% 51?‘%“8%% g(&) ell%l?% plﬁéﬁ?atl%fq Nid tﬁreklventlon ﬁlutﬁ*lf A& of the

surVdSiIlﬁ{oeS(Sﬂ e Eontamdintidonef lpli}id@ﬁ@hrﬁﬁtul@fly ihh@ie sagEEildnee of the
field, e. by rotating a magneti zed bar under the
consipingiien piovabeest est ed. 15 Figure 8 illustrates a
par f SHie?rto Rl G ?%Il{g;ménl?%f'mgﬁ bR Jb toPteaf’br &l a
t he survell ance o contam nati on o E
hqtparstream I(eiptsy 1), it it pessible wendel @mp@a@fustm&l arc @mﬁﬂmm Iahdldm a
val ves. In order to nodel the de $&nent of

bulS‘F of it Hbon7a A mpAsaeizasliopaticled tsc)er& oseqd g poditrfamaulus 2.
Thi§ RhR§8s & be o altél Lﬁﬂ\%rsﬂhg 8@%&?(&%’? g&tl@%gf ﬁﬁ'ﬁ%&% ¥ BrhS@.n

annul us 16 he din a
magHethicflol devetopsiicthe a@parstwmlaﬂ mstch af tha apmilmst isdfindered.

annyl us 2. This nuI gn be. rotateg tq?
act B gpargt S vilvel e EHS HuPIaSSH ?fF s develop most
readily.

The invention is described above by way of example. It is understood that an
expert in the art is capable of realizing different variants of the invention without

departing from the scope of the patent.
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If a biofil mdevelops in the apparatus the notion of
the annulus is hindered. This apparatus nodels a

val ve, the site in pipes where biofilns devel op nost
readily. 25 The invention I% descri bed above by way of
exanple. It is understood that an expert in the art
is capable of realizing different variants of the

i nvention w thout depa(s romthe scope of the
patent. 30 19 CLAIMS 1—J#§@4écess for detecting the
formati on and the devel opnment of a mcroorganisns (5)
biofilmon a surface in a liquid nmediumof culture
(4)]. BAcprarest Bri é@@lctinug thea torswitidn pansic dless cteaﬁlppinsefs of a
the follo trodUC|n t least o
ekt eI (Th i STL iy deutott e mi R ults,
chafedferiRed [PRedai ZHdcak cgﬁpﬁge@dhé/\foulbwa{g dtgrst one
magneti c or magneti zabl e | ayer (3) said culture,

b) Xedprodgcinaal apt aneepagtile that isoahersci shestriandly, pansgnetic or
canrlﬁ%e ey a5 ze%o&ec%‘i/ gi with glplegét%fnc[-: ngggé(tlcscﬁ‘l rga%}etlgable %ayer %3) in

S gant sm' on Said sur

saidailtukgl e resting on said surface, c) detecting the
formati on of a biofilmon said surface by actlvatlon
of &hkeenieg theopairer(tl it icenditipnsy thappesoy the, depslogpont of a

blog 5%%@' r?l?c% 1399{52'0‘1'1I &id bfach fd Lt adt %@Eﬁftﬁ:@e resting

et'ect ed e novenent o sa| st one
m1$@dmnﬁke on sald 15 surface sl ows down, or stops due

to the fact he biof .l m.formation. 2. The pr.oce
accor drtsgtinsthe é??lﬁf‘tion ﬁ}ﬁ é %?ﬁné Pe ﬁa@) SUE3Rg itgg t e@‘uaﬁmon of an
eleé*b%a%ﬁl‘:ﬁ@ Yield %rd?@ﬁné ‘ﬁ??ﬁotﬁﬁesd?@ ra? 'I&Js? oh® ;ﬁﬂécle trl]le biofilm

tTomagnetic field applied by inpulsion
fonpamnebsmgmmcwdnghtm t@nmowmemsfofcﬂaai atsleastaame2partipleran snid

surfif Boup dorty o iR VR MR Sk el 207

el egt r oPROABELS af:écﬁhﬂ téclayﬁq %@%&eﬁ@ﬁ@dr@is@goﬂ Subfidying
one of the previous cPalnB wherein said electrical, ,

saidratdeast pue partigle ée an elvalgoraagnstie fielddhpphedfanrpulgen. by

meaps f’Phe 9reor<]:gsrsaet1ccg%mg tcg 'a%z donie ofmﬁnin%nl or 2, wherein step b)
consists of subjecting said at least one particle to a progressive augmentation of an
electromagnetic field.

4.  The process according to any one of the previous claims, wherein said
electrical, magnetic or electromagnetic field is generated by means for generating a
field in motion.

5. The process according to any one of claims 1 to 4, wherein said
microorganism culture (4) flows in a constant stream through an open reactor (1).

6. The process according to any one of claims 1 to 5, wherein the culture
(4) flows in a discontinuous stream through an open reactor at given time intervals.

7.  The process according to any one of the previous claims, wherein in step
c) a particle (3) is lighted with a light source and the motion of this lighted particle (3)

is detected.
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5. The process according to any one of clains | to 4,
wherein said 25 mcroorganismculture (4) flows in a
constant streamthrough an open reactor (1). 6. The
process according to any op@ of clains | to 5, wherein
the culture (4) flows in a discontinuous stream
t hrough an open reactor at given tine intervals. 7.
The process according to any one_of the previous .
cl abns, Thenetoeess aceprdingpio Yy engpal theqirevipay claing, ey the
i ' e and the notion of this lighted
par%%%ﬁ)%eé&%%a%g%ﬁfs detected. 20 8. The process
accor di g procanycondingto tlaan Br elereinsthe paitiwks, (3Msefl@rescent,
the particle, (3) genﬁrat els a signal. 9. The process
phogpls pseply Of BdtoRel R of chgmerBmmestdt particle (3) is
fluose &fPrg f | 11Y:8.,40r
chePrr(tﬁ)'- Isrgm rg%eggﬁé’t-‘%mslﬁggo? hen ep@é}éeg@gééaagggtoér%liﬁﬁ@ to any
one- ofwhehein pnesteliahgsevierl ngarticlewhsr @itroduceds baptoajhe culture
i@vergﬁg particles are introduced on to the culture
me @1 and - wherein in step c), the biofilm
f or malheRiPh §@p ¢)StHe AR ToelBatRdsdy sudsdd Maddt@fed by
of an electromagnetic field for setting in notion said
activation cifesn ddvgromnpndtisr fald dor éttiag binomotian bwsiicharticles, the

det ect ed n the rticles nnot. be brought
foriiE pE el i AR R R PR igRE DY 8 e BAE KBl
on §43€ NirtidRBytthe Mhgidic Hld. wherein the detection is visual
detection. 12. The process according to any of clains
|t &1.11Theypeqcsssn aecprding Upt elpian (14) whesein sthp glpirgtinpus Wual
detg&{&hhormgenous, pref erabl y non- honogenous. 13. Use of
an apparatus for the realization of the process as
def i pedThdp@bsss aoteding t6 lhay o8 clhin] td e wippeinatidsculture (4)
. conprising: - at least one culture reactor (1) for
is hogageyeusPr RB-hemogenass (pierably pofshomegensus-f or m t he

det ggti [ 2 f;
oi of 11 e By % st RTRE (R rllaRln e GEKEL R Rlinelin any.
ond eaddingrel X tind gpperatdsi comprsinignmer sed in the culture, - "
at |l east one particle that is electrically charged o
s haghdrit opy culhgngppast b Rt rectyeEdhe oA e qger to
perPiith TRINEE: O YT (HEWIRIatiERINE Jra%EUevdl SPIRER & biofilms (6), the

culture reactor comprising at least one surface which is immersed in the culture,

- at least one particle that is electrically charged or is magnetic or
magnetizable or covered with at least one magnetic or magnetizable layer, immersed
in the culture, said particle being immersed in the culture (4) when present in the
reactor and resting on said surface,

- means for generating an electrical, magnetic or electromagnetic field
capable of setting in motion said at least one particle (3) on said surface, and

- an apparatus for the optical detection of the motion of said at lease one
particle on said surface in the culture.

14. Use of an apparatus as defined in claim 13, wherein said reactor (1) has a

closed end in such a manner as to form a flat bottom (2).
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in the culture, said particle being inmmersed in the
culture (4) when present in the reactor and resting
on said surface, 25 - means for generating an

el ectrical, magnetic or elZlkctromagnetic field capable
of setting in notion said at |east one particle (3) on
said surface, and - an apparatus for the optica

on 551 &8, raat BhaffRls & finedth by | E3RriR Tne BRESH T Por
this3BRASrAY Y BasPenel6lf denedl tavittdsaB )1t grodies €omresalidg saicdt deast

(1) has a 30 closed end in such a manner as to forma
Onefﬂaﬁtd%ottom(Z) 21 15. Use of an apparatus as

def | i é(:r&sf %h %Efﬁr&t%s MG R Fﬂﬁn kst &fﬂé&l&és)aidg)ga%{ﬁj §) has a

reac one of several cavitie
clo@t eay 66s1fchra manet ¥ tofomah themisphedsboitopn e2)par t i cl es.
16. Use of an apparatus eflned n c
whelli sefgnrappaags a@f})egﬂ%‘gmadalﬁ‘ 13- Gelasgein i rﬁﬂ%%ﬂ) has
twoWﬁ@H as to forma hem spheric bottom (2). 17. Use of
apparatus as defined in claim13, wherein said
r eat8. orUge1)f dmagppatates apéefinedds .clai@. [ geheodin aid reactor (1) is

arat us .as defi ne cl ai n said t
conflghieran SEht P -Dabral Tl FDae Ty B SrfBaf yPlam
or 1ﬁld|dt1§é6§tn(lﬂ)hs k@ednh Vil h @mEaNSHaR! stream 10 or in a

di sconti nuous streamat given time intervals. 19. Use

of th dﬁ)quaamspmsatmseas deftheidrinany oopef slaigh 4P g 183 wiherein
s ST i BB St I3 A eoin o

moli®t.i on. 20. Use of an apparatus as defined in claim
19, wherein said at |east one 15 particle (3) .is of
t he2@.| Udveeet ameppaspips gh sleBsedin claim dido sbereie sgd at least one

par%cré]{,:ir(%) { gf‘ t'ﬂgsfﬁl%%sceﬁtygﬁ(fsglﬁ#gsc E trg&%%&v@%%%gsiuﬁﬁle cent

i'nTany one of erern
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22. Use of an apparatus as defined in any one of claims 13 to 21, wherein
said at least one particle (3) has a size approximately identical to the size of the
microorganisms (5).

23. Use of an apparatus as defined in any one of claims 13 to 22, wherein
said optical detection apparatus comprises a light source emitting in the direction of
said at least one particle (3) and comprises detection means allowing the movement of
said at lease one particle on said surface (3) in the culture medium (4) to be detected.

24.  Use of an apparatus as defined in any one of claims 13 to 23, wherein
said apparatus comprises several particles which can be spread on said surface and

means for generating an electrical, magnetic or electromagnetic field capable of

bringing together said particles creating a zone without particles on said surface.



m croorgani sns (5). 23. Use of an apparatus as defined
in any one of clains 13 to 22, wherein said optica
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whi ch can be spread on said surface and neans for

generating an electrical, magnetic or el ectromagnetic
field capable of 30 bringing together said particles
creating a zone without particles on said surface. 22
25. Use of an apparatus as defined in claim 23,
wherei n novenent of said at |east one particle can be
visual | y detected.



