1 Method and device for culturing living cells by coupling a bioreactor
vessel to an automatic sel ection device The present invention relates to a
nmet hod and a device for culturing 5 living cells by coupling a bioreactor
vessel to an automatic sel ection devicd. Waste treatnent is becom ng an

I ncreasi ng constant preoccupation of the public and governnents alike. A
significant proportion of the treatnents is carried out in factories
utilizing Methcd anddelvicedor culthrirg bving eellsbyfdompting Bubiotémctobeesset tal | or a
changes over tjne and this ghange is often unfavourable to the 10 reactions
whi ch are J38UKUBAUCSYBEUON UVIER e t anks. The problemof the drift of
bacterial cultures is a general problemfound for exanple in the
pharmaceutical industry. In this industry, drift is avoided by operating in
a sterile manneThe Pueseérit insertiomegtatesl foyai methodeandla devioevior kcultndieg such
conditions for 15 exanple in a waste- treatnent factoré The cul ture devices
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the total confinenent of the equipnent, is one solution to the robI em of
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m cr olyigal r@@@ﬁbr@év\mm ér@f‘demdltb dcegeimthedahiey, exanple. 25 Moreover, WO
00/ 34433 describes a technique which allows the selection and accelerated
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time eli mdspaérgﬁng hea%t@rﬂecmamfdrants of living cells, i.e. 30 the living
cell's which stagnate in the pipes and vessels and favours the dynamc

variants renai riBuyitiis esasprisally incanaeirable & wark sadengugh wonditiosgdpt ed t o
the culgl urg £0Rd'ih 'aWSste-treatment factory.

The culture devices as utilized in the industry for the production of

metabolites of commercial interest, or the biodegradation of waste or sewage
for example, are faced with the problem of contamination by species
originating from the external medium. The management of cultures under

20 sterile conditions which involve the total confinement of the equipment is one
solution to the problem of contamination by external species, but it is difficult
to envisage for reasons of cost of treatment in applications such as the
biodegradation of waste, or even impossible to implement in extensive
utilizations of microbial populations such as in lagooning for example.

25 Moreover, WO 00/34433 describes a technique which allows the
selection and accelerated proliferation of living cells in suspension. By
maintaining constant cell concentration conditions (turbidostat) over unlimited
periods, the device described therefore acts as an automated selection
method which at the same time eliminates the static variants of living cells, i.e.

30 the living cells which stagnate in the pipes and vessels and favours the
dynamic variants remaining in suspension, which are increasingly well-
adapted to the culture conditions.

The industrialization of such a device with a view to treating volumes of

several m3, or even several tens or hundreds of m® can be envisaged by



The industrialization of such a device with a viewto treating volunes of
several nB, or even several tens or hundreds of nB can be envisaged by 2
sinply scaling up, but its operation m?uld t her eby be made expensive for
several reasons: - the means utilized tor the periodic transfer from one
container to the other as well as the periodic transfer of the sterilizing

and rinsi nﬂniﬁlyﬂlsicdﬁng?!ifb, ButCits operatRMdivolule thet8B§ WEe neatRs @V(Pensi@esl’bgni ficant
consunption of  sterilizing and rinsing liquids, = the use of one tank at a
time, the $#vesal re@gansii ng on standby therefore not being used in the

met hod. It nugt. however..posse all. the egui nt __necessar or th
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system stirrhaovély akafe Férodic tlahsfellidithe Wtbnlizdg apat finking 3iquidseatd ng the
turbidity in a |arge bioreactor vessel with significant clulture densities.
For thése reasuligre additivesoenpuabaenesgyof sewage currently utilizes various
bacterial popul ati. nas ttche nat ltxlre f vyh&ch es rzla ea hhe"I gperaftor s 15
control, and R eant OBéPH'@ BB _|5 g _ I@/ Ay speci es sel ected for
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to the conpounds to be degraded present in the sewage. It would therefore
be desirabl e not heing useddoithe quethod. Ibanust bomevef possessoalbtiveaeiguipmendf sewage
making it possible to utilize essentially the ecies 20 selected for their
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15 control, and without it being possible to use only the species selected for their
performance or their effectiveness with respect to the substrate, i.e. to the
compounds to be degraded present in the sewage.
It would therefore be desirable to have a technique in particular for
biodegradation of sewage making it possible to utilize essentially the species
20 selected for their performance or their effectiveness relative to the compounds
to be degraded present in the sewage.
Following prolonged research the Applicant has discovered a method
making it possible to reproduce and control the proliferation conditions in a
large bioreactor vessel, or in a natural medium such as a lagoon or a reservoir
25 for example, and operating in a continuous, semi-continuous or discontinuous
manner, without having recourse to confinement and sterilization, and
favouring the dynamic variants of living cells which are increasingly well-
adapted to the culture conditions.
This method is essentially based on the cooperation between a
30 Dbioreactor vessel and an automatic device for selecting living cells.
This is why a subject of the present Application is a method for the
continuous, semi-continuous or discontinuous treatment of a substrate, in
which said substrate installed in a bioreactor vessel is subjected to the action

of a culture of living cells C1 making it possible to carry out a reaction R1 on



30 bioreactor vessel and an automatic device for selecting living cells.
This is why a subject of the present Application is a nethod for the
conti nuous, sem -continuous or discontgnuous treatnent of a substrate, in
whi ch said substrate installed in a bioreactor vessel is subjected to the
action of a culture of living cells ClL making it possible to carry out a

reacti on Riai@nsdbstratd andsinr athdctartbei mediurnhist eocratedmpesiodicalty | sriced
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the selection device or to the bioreactor vessel, for exanple in order to
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not  dynangghcehtrafien eetd itrodute siedidpedidsyi ng cells will be used as living
cells C2. The substrate allows maintenance of the cultures of living cells
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directed selection (in contrast to “static living cells”, denoting living cells
adhering to the surface of the vessels and pipes, thus escaping selection).
The static living cells are advantageously periodically eliminated.
Generally, living cells proliferating in suspension and subjected to a
20 directed selection will be used as living cells C2. In certain applications, not
dynamic living cells, but static living cells will be used as living cells C2.
The substrate allows maintenance of the cultures of living cells C1, C2,
etc.
Under preferential conditions for implementing the invention, the
25 automatic device for selecting the dynamic living cells comprises:
- two or more vessels making it possible to receive and maintain cultures of
living cells in suspension,
- a set of means making it possible to separately supply these vessels with
sterilizing, cleaning or neutralizing fluids,
30 - aset of means making it possible to supply these vessels with gas,
- a set of means making it possible to supply these vessels with substrate,
- a set of means making it possible to transfer the content of one vessel
into the other and vice-versa,



living cells in suspension, - a set of nmeans making it possible to
separately supply these vessels with sterilizing, cleaning or neutralizing
fluids, 30 - a set of nmeans naking it @ossible to supply these vessels with

gas, - a set of means nmaking it possible to supply these vessels with
substrate, - a set of neans meking it possible to transfer the content of
one vessel- i atsettdienedrsemaking it possiblertocgvatuatesalt oo partexdribe iwakiemd of t
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vessel in order to be transferred to the automatic selection device.
15 The automatic device for selecting dynamic living cells comprises in
particular
(a) at least one first and at least one second culture vessel intended to
receive a culture;
(b) a source of gas;
20 (¢} a source of medium;
(d) a source for a sterilizing agent; and
(e} a system of pipes comprising means for connecting either one of the two
culture vessels to the source of medium such as valves as well as for
connecting the two culture vessels to each other and for connecting either
25 of the other culture vessels to the source of the sterilizing agent.
The gas used can be adapted to aerobic or anaerobic living cells.
Under other preferential conditions of implementation of the invention,
two connecting pipes are provided between the two culture vessels which
comprise a common pipe section.
30 Under other preferential conditions of implementation of the invention,
there is provided on the common pipe section an evacuation pipe through
which cultures can be collected from the culture vessels. The living cells C2
improving the reaction are preferably collected via this pipe.

In yet other preferential conditions of implementation of the invention,



25 of the other culture vessels to the source of the sterilizing agent. The
gas used can be adapted to aerobic or anaerobic living cells. Under other
preferential conditions of inplenentatigon of the invention, two connecting
pi pes are provided between the two culture vessels which conprise a comon
pi pe section. 30 Under other preferential conditions of inplenmentation of

t he inventi onthe tbireacios davive drd the dutematadeslegtipe dedide ane auppliaguat i on
pi pe through @ﬁn ﬁh cultures can be collected fromthe culture vessels. The
living cells FHer eaction are preferably collected V|a this
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living cells rJPe ntnveﬂthrheatrgﬁervpooft dypamic variant living “cells increasingly

156  well-adapted to the pre-established culture conditions imposed in the
bioreactor vessel is therefore permanently available.

The dynamic variant living cells with a strong growth rate selected by the
selection device are inoculated periodically into the bioreactor vessel where
they supplant the static living cells with a weaker growth rate present in the

20 tank.

The ratio of the growth rate of the living cells present in the tank to that of
the living cells with an increased growth rate selected by the selection device
is such that the living cells originating from the selection device rapidly
supplant the living cells present in the tank of the bioreactor.

25 In fact the growth rate of the living cells originating from the selection
device is always at least equal to the maximum growth rate of the living cells
present in the bioreactor vessel.

In summary, if, during continuous culture, the growth rate of the living
cells originating from the automatic selection device is equal to the growth rate

30 of the living cells present in the bioreactor vessel, then all of the living cells will
develop at the same time; if it is greater, then the living cells originating from
the automatic selection device will supplant those already present in the

bioreactor vessel.



the living cells with an increased growmh rate selected by the selection
device is such that the living cells originating fromthe sel ection device
rapidly supplant the living cells pregent in the tank of the bioreactor. 25
In fact the growh rate of the living cells originating fromthe sel ection
device is always at | east equal to the maximumgrowh rate of the living
cell's presentMoredvee, biyopedadically éassferring lvingreeils frém the ibigreaoturi nuous
culture, the growh rate of the livipg, cells OI‘I!]%I nat | rtl‘gpfromthe automati c
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aeration tan a sewage treat frent s ation cour
which are most actlve vis-a-vis the substrate present in the bloreactor vessel.

A small automated selection device, for example equipped with culture
vessels of only 25 ml, is sufficient to effectively operate a bioreactor vessel
such as the 100 m? aeration tank of a sewage treatment station. It is of course

20 possible to use culture vessels with a larger volume, for example 1 litre.

The living cells C2 used which improve the bioconversion reaction can in
particular be produced by implementation of a method comprising the
following stages:

(a) making available a culture in at least one first culture vessel,

25 (b) continuous supply of the cuiture in the first culture vessel with gas from a
gas source and regular replenishment with liquids from a source of
medium,

(c) transfer of the culture from the first culture vessel by connecting pipes
into at least one second culture vessel by means of an appropriate pipe

30 circuit,

(d) connection of the first culture vessel to a source for a sterilizing agent, in
order to sterilize the first culture vessel,
(e) removal of the sterilizing agent from the first culture vessel,



20 possible to use culture vessels with a |arger volune, for exanple 1
litre. The living cells C2 used which inprove the bioconversion reaction can
in particular be produced by inplenentation of a nmethod conprising the
foll owi ng stages: (a) naking avail able7a culture in at |east one first
culture vessel; 25 (b) continuous supply of the culture in the first culture
vessel with gas froma gas source and regul ar replenishnment with |iquids
from a soufkecontinupeisi supply of the andtuee infthe mecontt ailture ressehwithi gas cul ture
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vessel to a setuiree didhedlugierilizing agent, in order to sterilize the first
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vessel , 7 (g)) returt phihsa subuispfromothe: Becand culterei vesaed via dom copneetineg vessel

the S8urce oPPReae il iRl et Bk Bedfford SOBRRYRIS bibasillr Ly o
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the present Application and in what follows, the term "bioreactor vessel"
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particularly from10 litres to 50 n8 or a fermenter for exanple fromO0.5
litre 100 methanizatignt {apkl af anf apaerobiq bialogieall teatrsentpainiti @ulagaon, fa om 5

litres to r%gelrxr/%ir‘:’lgdco%ei\iﬁgr %?re&gﬁludlg?ljoﬁ 0.5 litre to 100 m3, in particular from 1
15 litre to 100 m?®, particularly from 5 litres to 50 m® and quite particularly from 10
litres to 50 m® or a fermenter for example from 0.5 litre 100 m3, in particular
from 1 litre to 100 m®, particularly from 5 litres to 50 m® and quite particutarly

from 10 litres to 50 m®.
In the present Application and in what follows, the term “substrate”
20 denotes a medium containing a compound the metabolic conversion of which
is envisaged, in particular a water of industrial origin such as for example
water used for washing hydrocarbon storage tanks, water used for washing
pharmaceutical-intermediate production installations, water used for rinsing
filter cakes, water used for washing fumes originating from chemical
25 production methods, effluents originating from the de-icing of aircraft, water of
municipal origin such as for example domestic sewage, an accidental
pollutant of the environment such as for example the presence in the sea of a
slick of hydrocarbons or other chemicals originating respectively from the
wreck of an oil or chemical tanker, chemical effluents spread on the ground
30 following an accident involving a road or rail tanker, soils polluted with heavy

metals or dioxin.

The term “substrate” also denotes a compound the metabolic conversion
of which is envisaged, such as for example glucose used in the production of
biomolecules of industrial interest such as lysin, xanthan, alginates, polyols



from10 litres to 50 nB. In the present Application and in what follows, the
term"substrate" 20 denotes a nedi um containing a conpound the netabolic
conversion of which is envisaged, ingarticular a water of industrial
origin such as for exanple water used for washing hydrocarbon storage
tanks, water used for washing pharmaceutical-internedi ate production
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benzene toluene xylene), organochlorinated phytosanitary compounds or

organophosphates.
The term “living cells” denctes for example one or more bacterial strains
such as Sphingomonas wittichii (which catalyzes the bioconversion of dioxin),

20 Pseudomonas putida (which catalyzes the bioconversion of cyanides and
cyanates), Agrobacterium radiobacter (which catalyzes the bioconversion of
pesticides such as bromoxynil), certain Alcanivorax or Acinetobacter strains
(capable of biodegrading numerous aliphatic hydrocarbons), Xanthomonas
campestris (which is involved in the biosynthesis of xanthan) or

25 Sphingomonas paucimobilis (which is involved in the biosynthesis of gellan).

The term “living cells” also denotes animal cells such as mammal cells
(such as HEK-293 cells) for the production of monoclonal antibodies, cell
growth factors of insect cells for the production of recombinant proteins or
entomopathogenic viral particles (such as SO cells).

30 The term “living cells” also denotes plant cells such as Datura plant cells
for the production of tropane alkaloids (atropine, hyosciamine and
scopolamine), transgenic plant cells for the production of molecules of
industrial interest (such as the overproduction of starch by potatoes).



15 hydrocarbons (such as the PCBs, dioxins and furans); solvents (such as
benzene, toluene, xylene), organochlorinated phytosanitary conpounds or
or ganophosphates. The term"living cells" denotes for exanple one or nore
bacterial strains such as Sphingonona8 wittichii (which catalyzes the

bi oconversion of dioxin), 20 Pseudononas putida (which catalyzes the
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cells" simlarly denotes yeasts such as Saccharomyces cerevisiae used in
t he producti odhéf tempetliviiebl celisoneaualyosienstes fupgie such @sodieniciliHmof
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glucose as the only source of carbon, or Phanerochaete chrysosporium

capable of biodegrading the di-and tetrachlorinated dioxins.

The term “living cells” also denotes protozoa such as Euglena mutabilis
(acidophilic protozoa) involved in the bioconversion of arsenic.

20 The term “living cells” also denotes a mixture of all the abovementioned
types of living cells.

Periodic inoculation originating from the automatic device for selecting
living cells is for example carried out every 48 hours, preferably at least once
a week, particularly at least once a month and quite particularly after each

25 appreciable improvement in the growth rate of the living ceils C2.

The methods for continuous, semi-continuous or discontinuous treatment
of a substrate forming the subject of the present invention possess very useful
qualities. They make it possible in particular to biologically control the
operation of a bioreactor of standard design by controlling the living cells

30 present by elimination of the living cells least adapted to the culture medium
such as a contaminant having a growth rate lower than that of the living cells
present in the bioreactor vessel for example. It is therefore possible to be
freed from the constraints of sterility.



The term"living cells" equally denotes fungi such as Penicillium
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bioconversion) is often made impossible by the time required for treatment or
by the inability of the living cells to metabolize the compounds presents in the
waste, or also by the inhibiting effect of certain compounds vis-a-vis bacterial
activity in general.

20 The device of the invention makes it possible to maintain, in a bioreactor
vessel dedicated to the bioconversion of waste, living cells specifically
adapted and effective vis-a-vis the compounds present in the waste and
therefore to make possible the bioconversion of waste customarily destroyed
by incineration.

25 By selecting living cells which are increasingly well-adapted to the culture
medium by means of the selection device, the invention makes it possible to
improve the effectiveness of a culture method of standard design by
increasing the activity of the living cells utilized in the method without
reconstructing the implementation devices.

30 These qualities also justify the use of the methods described above for
example in improving the operation of biological effluent treatment stations. In
fact, the satisfactory operation of urban or industrial effluent treatment plants

can be affected by the accidental presence in the effluents of compounds



bi odegradati on of conpounds which are difficult to nanage. In fact a great
deal of waste originating fromthe chemcals industry is at present
destroyed by incineration at high cogst and with a significant environnental
risk linked to the risk of em ssion into the atnosphere of conpounds
dangerous to humans 15 and their environment. The biol ogical treatnent of
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At present, the improvement in the performances of the biosyntheses
based on fermentation methods, whether batch or continuous, is achieved by
optimizing the composition of the cuiture medium and physico-chemical
20  parameters of the culture (temperature, oxygenation, pH, etc.).
These developments take a long time, are expensive and in any case
limited by the metabolism of the living cells present.
The invention, by acting on the metabolism of the living cells present
makes it possible to adapt said living cells to the conditions imposed by the
25 technical and economic imperatives and to increase the growth rate, and thus
consequently to increase the overall biosynthesis performances.
In the case for example of so-called osmotolerant yeasts involved in the
production of the polyols (sorbitol, mannitol, xylitol etc.), culture times varying
from 4 to 5 days are observed in glucose concentrations of approximately 30
30 g/l
By means of the invention it is possible to bring the yeasts into contact
with increasing concentrations of glucose so as to orient their natural

metabolism towards the production of the desired extracellular or intracellular



device with a substrate nodified with respect to the nmediumcollected 10
upstream of the aeration tank. This device can be used to enrich the
aeration tanks with living cells adapygd to the bi odegradati on of any
conpounds which are difficult to nanage and are present in the effluents.
These qualities also justify the use of the nethods descri bed above, for
exanpl e i nmetgbyalite, whitehimcpeasing theiogrewtt rateei.di eeycingethedimd aetéssargnd t he
15 inventipn,can be used to inprove the performances (yield, growh tine) of
i ndustri al "4yfR R4S net hods by biocatal ysis. At present, the inprovement in
the perfor MNCERs AnprGferibMEKNIEIRRRR P BRHCRIASECHY BIORILIURY BPdRe Whet her
batch or continuous, Is achieved by optimzing the cohposition of the
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even ifglefini.telyset of means making it possible to supply these vessels with
substrate,
- a set of means making it possible to transfer the content of one vessel
into the other and vice-versa,
- optionally a set of means making it possible to evacuate all or part of
20 the content of these vessels to another device such as a bioreactor
vessel,
- a set of means making it possible to evacuate all or part of the content

of these vessels to a refuse bin.

B: a bioreactor vessel,
25 - C: a system of means for transferring living cells between the selection

device and the bioreactor vessel,

D: optionally a pipe comprising means for connecting the bioreactor vessel
to a solid-liquid separation device such as a settling tank,

E: optionally a pipe for evacuation of the fluid (water for example) treated,
30

F. optionally a temperature regulation device.
The means for transferring the content of one vessel to the other and
vice-versa can be physical means such as pipes or human means making

collections from one to be transferred into the other.



A subject of the present Application is also a device for culturing living

cells conprising: - A. a selection device preferably conprising 10 - two
vessels or nore making it possible to t3®ceive and maintain cultures of
living cells in suspension, - a set of nmeans making it possible to

separately supply these vessels wth sterilization, cleaning or
neutralizati ol Imore garticular sebjeof offiethesprasient@dpplicatissiibl a dememp‘pry t hese
vessels with

15 - et of nmeans nakin possi bl e t up t hese
veseol s vmhtu QQH%’!%P@?S BY ipoDBlng wiied SNalRplig AeVIGeooE SEHeeg Iher ot he

content of.4 into the other and vice-versa, - optionally a set of
means naki ng |t OSS|goI e to evacuate all or part of 20 the content of these
vessel s t o aAotardavickeior selesting Iiamgacelﬂsanemrts-ing vessel, - a set of neans

maki ng_it possifhle to evacuate all art of the content of t vessel s
(o a P8t use bonet 18ant oS ef bid fsriedt BB sedand QILEE yplbel Miendkibfn  For
transferring | 'r‘éb@ﬂe%féulﬁ:r@et ween the selection device and the bioreactor
vessel, - D optionally a pipe conprising nmeans for connecting the
bi or eact or vés)sesource add gas| i d- 1 i qui d separation device such as a settling
tank, - E o tlonallgogﬂqu)e for evacuation of the fluid (water for exanple)
treated, 30 ano"Hﬁ My tenperature regul ati on device. The neans for
transferri ngd &}2& L8BE 2 Qterlizh lat@ the other and vice-versa can be
physi cal &s) as p?pe% Ior gh%?aﬁ Erlnaans maki ng collections fromone to
be tr dfsf er r éa) a systenhef gipes comprisingomeapsarfor cahrectmgbgitrer arfe dhihepr esent
Application is ,a deyjce for ulturin I|V|n cells b uplin th an
At onati o dev; dBOrGHUER VESEeIR0 e shyreof meSidRsHPe ASgaNeaes eflat ca 1 or
sel ecting |ivingnfktify IRERVoSENEre vessels to each other and for connecting

either one of the other culture vessels to the source of the sterilizing

agent.

15 B: a bioreactor vessel

C: a system of means for transferring living cells between the selection
device and the bioreactor vessel,

D: optionally a pipe comprising means for connecting the bioreactor vessel

to a solid-liquid separation device such as a settling tank

20 E: optionally a pipe for evacuation of the fluid (water for example) treated.

F: optionally a temperature regulation device.

Under preferential conditions for implementation of the invention,
- an extraction line is installed between the bioreactor vessel and the
25 automated selection device to make it possible to collect living cells
present in the bioreactor vessel in order to make them develop in the
automated selection device,
- an inoculation line is installed between the automated selection device and
the bioreactor vessel to make it possible to seed the bioreactor vessel in
30 repeated and regular manner with living cells which have developed in the
automated selection device,
- an additional line makes it possible to enrich the culture medium of the

automatic device with one or more additives,



5-(a) at least one first and at | east one second culture vessel intended to
receive a culture, (b) a source of gas, (c) a source of nmedium (d) a source
for a sterilizing agent; and 10 (e) a p4stem of pipes conprising nmeans for
connecting either one of the two culture vessels to the source of nedi um
such as valves as well as connecting the two culture vessels to each other
and for connacrésegvoieifomeollentmgofhe: niesipghand csiéfilization esflakbntst makles isour ce of
the sterilizing . agent. 15 a.bioreactor vessel - C. a system of neans
for transfer PP abﬁa {7 fgllee if@ slerilieing vk npsingcliquids ferrthe

bi oreact or v@grRliondePiceOPtional ly a pipe conprising means for connecting
the bioreactor vessel t0 a solid-liquid separation device such as a
settling t-anla < of pEmpspallowsathleytranspepef the differantfiiden of the fluid (water

Under g of o1 erkeabredgieuiel codifans %F@?ﬁ;ﬁe%r@ﬁt e restpde seserbed o
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aut omat ed sel oncBilhg BekE” HUPEieed by, geleding qones SHBCHILel bl ot o
seed t he [%(,@rst_g r IY gsel in 30 repeated and regular manner with |iving
cells whic @e"y/e oped in the automated sel ection device, - an
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automati c device vm'%h one or, nore, additives, 14 - reservoir for collecting
the rinsing ah@UWe efi IPYEFERIS & rdiAQrAMMaliG odew; Ofp%sspgq%"@' SEWAGETt t he
sterilizing aBQriﬁédT’rB'n%\)idél“' ds fromthe automated selection device,

- Figure 3 represents a diagrammatic view of an automated selection
device described in WO 00/34433.

15 Figure 1 shows a bioreactor vessel 1 connected by a system of return 5
and outward 6 pipes to an automated culture selection device 2. Pumps 13,14
are provided on these pipes.

A surge tank 11 of substrate can also be seen which is supplied
externally with substrate and connected by a system of pipes 4 on the one

20 hand to the automated culture selection device 2 and on the other hand to the
bioreactor vessel 1. Pumps 9, 10 are provided on these pipes.

A tank 8 for collecting rinsing and sterilization effluents from the
automated device 2 for selecting living cells is provided.
An inlet pipe 12 for additives is provided for addition to the automated

25 device 2 for selecting living cells.

The device can in particular operate as follows:

The bioreactor vessel 1 and the automated selection device 2 are
supplied with the same substrate by routes 3 and 4 respectively.

The bioreactor 1 operating continuously, the substrate supply flow rate

30 applied to the line 3 is identical to that applied to the line 7 corresponding to
the extraction of culture medium. The line 7 can lead to a solid-liquid
separation device, not shown, such as a settling tank.

An inoculation line 5 installed between the automated selection device 2

and the bioreactor vessel 1 makes it possible to seed the bioreactor vessel 1



--a set of punps allows the transfer of the different fluids. 5 The
preferential conditions for inplenentation of the nethods described above
al so apply to the other subjects of thigsinvention referred to above, in
particular to the devices for their inplenentation. The invention will be
better understood by referring to the attached drawings in which 10 -

Fi gure 1 risprepsatads aaaddremﬂmmmnnerwwwliwfngacd&/ilming dehelopedeint then, -
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for sel eCtth %gl | Vi ﬁg) cel | Q‘S row ded. d?& inlet pipe 12 for additives is
provi ded f F ﬂeylgeth i 8[75’(0533 V88vice 2 for selecti ng |iving
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vessel 1 and the autonated selection device 2 are supplied wth the sanme
subst 8t e the autematedsselection dedpcti vel y. The bioreactor | operating
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15 the same substrate by routes 3 and 4 respectively, inoculation and extraction
lines 5 and 6 installed between the bioreactor vessel 1 and the automated
selection device 2, and a pipe 15 comprising means for connecting the
bioreactor vessel 1 to a solid-liquid separation device, in the present case a
settling tank 16.

20 Figure 3 shows a first and a second culture vessel 20, 21, intended to
receive a culture 22, a source of gas 23, a source of medium 24, a source 25
for a sterilizing agent, and a system of pipes comprising means for connecting
either one of the two culture vessels 20 or 21 to the source of medium 24
such as valves as well as connecting the two culture vessels 20, 21 to each

25 other and for connecting either of the other culture vessels 20 or 21 to the
source 25 of the sterilizing agent. The bold lines represent the pipes active
during one of the phases of implementation of the method.

This device allows the provision of a culture 22 to at least one first
culture vessel 20, the continuous supplying of the culture 22 in the first culture

30 vessel 20 with gas from a source of gas 23 and regular replenishment with
liquids from a source of medium 24, the transfer of the culture 22 from the first
culture vessel 20 by connecting pipes 28-31 into at least one second culture
vessel 21 by means of an appropriate pipe circuit, the connection of the first

culture vessel 20 to a source 25 for a sterilizing agent, to sterilize the first



in repeated and regul ar manner with living cells having devel oped in the
automat ed sel ection device 2. An extraction line 6 installed between the

bi oreactor vessel 1 and the autonatedié&el ection device 2 makes it possible
to collect living cells present in 5 the bioreactor vessel 1 in order to
devel op themin the automated sel ection device 2. An additional line 12
makes it podkirdlvessel 20y theh rémevaluot three steritizing agentt fremathieo fiesti cultdesi ce with

ddi.t.i . f bi n. 8 bl e t Llect th
SUeri1i 21 PSR 2P 138 sgninGaHs Sup oSSk BieaeulirBoradn e SHONIEUIME st of
punps 9, LhssbB28Rglth' dadiflorythd 8kt ¢is Qﬁ‘%n@' lfebﬁfa‘?%p'én%ﬂrﬁé'it wikh gure 2

shows a bi ol ogli cal seWwage-purification device. shows sone of the el enents
above, narfejwdafrbrmrclmsourceveEMde %nhb neh:ramfaMealehnetZa&mroamcﬂh@n

t d sel egtion d 15 t trate b t
3 ana B 1 CEHER0) RS SERERLA Lo e RAEHg Albom 2P TE 0TS Bmdre GUur oo
bet wveen t Npag3bPRB26Y o eéﬁ ¥ ant Ct?ﬁ&eaﬁ?@r@ﬁ'&ﬂt th! BShndtlioHeyf ffe 2. and a

pi pe 15 conprising freans or con ng t bi oréactor vessel 1 to a

sol i d- | i quéetopdpauliisieonedssli 24, ta the hmtpces’éﬁtfoca’dm aterﬂetrlg iaggnt dok 16. 20
Figure 3 s and a _seco tur vessel I nte ded to

recei ve a {lam@%t@sea on &pggr%yeggglﬂ%an fQrg c@rﬁ? Mtﬂﬁlsﬁ MZNYour ce 25
for a sterjddntifiogn ﬁgaeggeorﬁ%”ﬁ,ré)@gg%pgqf pi pes conprising neans for
connecting ~ elther one of e two culture vessels 20 or 21 to the source of
medi urfi024 such as valves as well as connecting the two culture vessels 20,
21 to each 25 ther a d f r. C her of .the.other culture vessels
20 or 21 to t ‘5’??‘3[]% '@Pgt?ﬁtf"l b?ﬁée%'gﬁpp"?ﬁ %ol d Iines
represent the pipes actlve during one of the phases of inplenentation of

t he net hod. ThIS device allows the provision of a culture 22 to at |least one
first cullkxample 14 pft iwashe Npg ‘ P in the
first cultur?..éo vessel 20 mnth gas fron1a source of gas 23 and regul ar

repl eni sh h iquids froma source of nmedium 24, the transfer of the
cul tung 22 fr%nﬁlé}%aﬁtdrs\?ess%!l%tﬂ% W@éﬁl?'ca%gc@’ STosNRfds I cBhfsousdy 31 i nto

at | east one second culture
supplied, at a fixed flow rate of 0.75 mil/min, with a substrate comprising waste

originating from the production of pesticides. Analysis of this waste reveals the
following chemical compounds: alcochols {e.g. 2-butoxyethanol), alkanes (e.g.
propane-2,2-dimethoxy), chlorophenols (e.g. 2,4-dichlorophenol), aromatics

20 (e.g. 1,1-biphenyl, 1-methylnaphthalene, 2-methylnaphthalene, 2-
ethylnaphthalene), brominated compounds (e.g. benzonitrile-3,3-dibromo-4-
hydroxy) and pesticides (e.g. 2,4-D-butoxyethylester, MCP and MCPP). The
chemical oxygen demand of this waste is 2450 mg/l. The bioreactor vessel is
inoculated with 10 ml of a mixture of living cells of microorganisms isolated

25 from samples originating from different ecological niches or activated sludges
from treatment plants; these living cells are selected because they are
capable of degrading the waste.

The continuous regime is maintained by fixing a residual COD of 1000
mg/l, which represents a bioconversion yield stabilized at 52.18%.

30 Moreover, an automated selection device of the type described in Figure
1 of WO-A-00/34433 equipped with 25 ml culture vessels is also supplied with
the same substrate and inoculated with the same mixture of living cells as
previously. At the start, the same living cells are therefore present in both

vessels.



vessel 21 by neans of an appropriate pipe circuit, the connection of the
first culture vessel 20 to a source 25 for a sterilizing agent, to
sterilize the first 16 culture vessel 2P, the renoval of the sterilizing
agent fromthe first culture vessel 20, the continuous supplying of the
culture 22 in the second culture vessel 21 with gas fromthe source of gas
23 and regul arOneplthantiabidityt settind is réa:phiedsfof thenseleetion systemf(detedtiom 24, t he

return of t cul t ur on1th second, cul tyre vessel. 21 via.the
connect i ngW B $he t‘fg’ %?%gl)n'bet'ﬂ%" ?'i"%’i ogﬁ]e{ Ialpéea#grsg%qse; tt')‘yil(?r@?;lrfg t@? an
appropri at geBig prédiitiin thd AGtofnas skicloR el foﬁ&@@%gtdiﬁﬁlidﬁsllzcvessa 21 to

the source 25 for the sterilizing agent for sterilizing t ond culture
vessel 21 and After operationdonlS wleekbeitsis emdted zhat) thendjuing Eeltsnotigioatieg ond

| t I 0 Th wh foll | ustrate th t
hopl | ¢t | SOES DM S S vie e, Svh dete, SR AHG Nescoies
Product | ongéing AR pBHEES(pEEsHDiRPaRbeY tSaRPis w*thnawgspé mR&ity of 5

litres is cont nuou at a xed flow rate o /mn, with
a subst r at popuiation of mgngvaelisaorlgmamy peesent)inf therbioteactoro@ssel. on of pesti ci des.

Anal i f this | t. foll h | hol
o252 bot oxyik ! $indiS StEad e hgs© sttt DosiBle, R oiie  ED oononc! s
(e.9. 2,4 gicGBbRy: a%ﬁletiﬁél@ls)beu?q DeHii4 ﬁéld%Qofa%smndlpéeadarﬁBﬁ@y utida A.

1- nethylnaphthalene 2- met hyl napht hal ene, 2- ethyl naphthal ene), brom nated
conpoulfds (e. dt haenther¢fore Ib@eB Bosalh!iednomreaﬁpdﬂwywplalﬁdﬂcms*at&:it@Iébe(e. g.
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m xture of living cells of mcroorganisns isolated 25 from sanpl es
originating fromdifferent ecol ogical niches or activated sludges from
treatnent plants; these living cells are sel ected because they are capable
of degrading the waste. The continuous regine is nmaintained by fixing a
residual COD of 1000 ng/l, which represents a bioconversion yield
stabilized at 59.18% 30 Moreover, an automated sel ection device of the type
described in Figure




1 of WD A-00/34433 equi pped with 25 m culture vessels is also supplied with
the sanme substrate and inoculated with the same m xture of living cells as
previously. At the start, the sane |ivithg cells are therefore present in
both vessels. 17 Once the turbidity setting is reached for the selection
system (detection wth the turbi dostat%, t he inocul ati on of the bioreactor
vessel with 10 mM of the nedium pr n the automated sel ection device
follows automatically. After operation for 9 weeks, it is noted that the
living cells originating 5 fromthe autonated sel ection device, the growth

rate of which1ihas dwthb€diordid @ntinbcuPesERTLcORBMSILD drf @Bconfiffous 0. 018
h-1), have replaced the popul ation of I'iving cells originall resent in

t he bi or edtaaimentafed . SLmstltahe 426, nil whictysaid substaten(34 pénstalipssin s e to
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1. A nmethod for the continuous, sem -continuous or discontinuous treatnent

of a substwhitle theapedium imiroculated pariesicaly cuging)livings cells &2 irnp@vmg

el s o S Ton. sk G2 orGrsfodfchh Ahdaarea B byt 19 o
(24) and igutoivatic idvive fordéalseting Inﬂﬁgldeﬂ*sﬁ(ii? pﬁémodlﬁifﬁdia’tldﬁﬁbﬂﬂ?/hémidlg cells
C2 inproving said reaction, said living cells C2 originati ngI roma

sel ecfliPon iyl icelis sind (spidhrautematisedevicaldd) Jer fs@e@@gebwnggce IsvibeiLel | s
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substrate bicbreb)ttdrh@s&élnﬁ)Saﬂdsbélﬁgﬁnétﬂﬂéteasattth@ outsét' PAtHeONving $elé 11) and
bei ng i nocul ated at the outset by the |ivi n%)cel ls CL r11)resent I n the tank
i

of the bi diresenton hedaek qf the mmapwrvwsgﬁl viRg iBavhish diving elleod@® from
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2. A method according to claim 1, characterized in that the automatic
device (2} for selecting dynamic living cells comprises:
- two or more vessels (20, 21) making it possible to receive and maintain
20 cultures of living cells in suspension,
- a set of means making it possible to separately supply these vessels with
sterilizing (25), cleaning or neutralizing fluids,
- a set of means making it possible to supply these vessels with gas (23),
- a set of means making it possible to supply these vessels with substrate
25 (24),
- a set of means (28-31) making it possible to transfer the content of one
vessel (20) into the other (21) and vice-versa,
- a set of means making it possible to evacuate all or part of the content of
these vessels to another device such as a bioreactor vessel (1),
30 - a set of means making it possible to evacuate all or part of the content of
these vessels (20, 21) to a refuse bin.
3. A method according to claim 1 or 2, characterized in that the
automatic device for selecting dynamic living cells comprises in particular



device (2) for selecting dynamic living cells conprises: - two or nore
vessel s (20, 21) meking it possible to receive and maintain 20 cultures of
living cells in suspension, - a set off%eans nmaking it possible to
separately supply these vessel s with sterilizing (25), cleaning or
neutralizing fluids, - a set of nmeans nmaking it possible to supply these
vessel s wi( @g gldeasbae first andeat leastranensecand cujture vesseli (8021 bll'@@rpéw t hese

vessels with %%ggh? ?Ulﬁ-ﬁ' gﬁé}’ - a set of means (28-31) neking it possible

to transfer t vessel (20) into the other (21) and

Vi ce- ver sdh) -a 8carje @ffgam(aa? making it possible to evacuate all or part of
the content of these vessels to another device such as a bioreactor vessel

(1), 30 - (8) sasodrceridnedinak(sipsirategdd24)ibl e to evacuate all or part of the

conten Of(d&tggﬁﬁrc %?gﬂ&a(gt%”“%ﬁétabgﬂg an fuse bin. 3. A nethod according to

claim arac I'zed utomatic device for selecting

dynam c | i(e) ng s?QlleEﬁoﬁ rmlslciﬁﬁpms}in@ﬁiéarfslfoﬁboﬂlﬁeétﬁig dithdresig oPthe o st and
at | east one second ture vessel 20, 21) intended to receive a culture

(22), (b) a s@iltuse V@ssglgs@@zaj tq&)e aow@arofén@muntm‘unst{ciu@%Nabne@)aS( 24): 5

compri o1 g meAl g5 eltediio e 0B ARk veRRels (80, Q1P EHAR Bt S, < (20,

21) to the smreennécﬁ@emdcﬂfthemnér @Jﬁtwalvveewsgzowma@ tlﬁ@rsooﬁwlectl ng
the two culture vessels (20, 21) to each other and for connecting either of

the oflfler cul @9 ef thessteriizipg@gept.21) to the source 10 (25) of the
sterilizing agent efhoqAﬁegérjpﬂ'& E)CS g %H!&ég P{be3°]c:p§ a?'téFer |F1C1h§ the

characterized in origrha romTthe se ection

carried ouivinkg oeﬂamopngmtateaﬂoﬂi th@lxs@wvtmnlctarn@@ gl fremex Popslationyof n
suspension. 5. A nethod according to one of clains 1 to 4, characterized in

that the dypaplighwngicshs @é@léléwebfl')‘ SUSPEASIABr ati on tank of a treatment plant,
the 5. A method according to one of claims 1 to 4, characterized in that the

15  bioreactor vessel (1) is an aeration tank of a treatment plant, the
methanization tank of an anaerobic biological treatment unit, a lagoon, a
reservoir, a container for example from 0.5 litre to 100 m® or a fermenter.

6. A method according to one of claims 1 to 5, characterized in that the
living cells C2 used for improving the bioconversion reaction can in particular

20  be produced by implementation of a method comprising the following stages:
(a) making available a culture (22) in at least one first culture vessel (20},

{b) continuous supplying of the culture (22) in the first culture vessel (20) with
gas from a source of gas (23) and regular replenishment with liquids from
a source of substrate (24),

25 (c) transfer of the culture (22) from the first culture vessel (20) by connecting
pipes (28-31) into at least one second culture vessel (21) by means of an
appropriate pipe circuit,

(d} connection of the first culture vessel (20) to a source (25) for a sterilizing
agent, in order to sterilize the first culture vessel (20),

30 (e) removal of the sterilizing agent from the first culture vessel {20),

(f) continuous supplying of the culture (22) in the second culture vessel (21)
with gas from the source of gas (23) and reguiar replenishment with
liquids from the source of medium (24),



met hani zati on tank of an anaerobic biological treatnent unit, a | agoon, a
reservoir, a container for exanple fromO.5 litre to 100 nB or a fernenter.
6. A nmethod according to one of clainm20l to 5, characterized in that the
living cells C2 used for inproving the bioconversion reaction can in
particular 20 be produced by inplenmentation of a nmethod conprising the

fol | owi ng (¢} atpdern Ohtherauiture 4%3) fram éhex wpndr@ImQ)veﬁehﬂg?)ea@t théhe first

cul ture vesse 0).; C LRUoUS .suppl Vi of th I ture In the
first cultur eéQ/&és‘%‘Pg%s m'hw'&g% ﬂ?er ﬁfﬁtﬁuﬁ@@r\éeéss f(%@sgy( 5@6%@5 ai’"egul ar
repl eni shrrentapprbgrih{eoybd%i,ﬁumm a source of substrate (24), 25 (c) transfer
of the culture (22) fromthe first culture vessel (20) by connecting pipes

(28-31) irhd eannastion afribessecond culturaressek ) toothe sgureeaRS) der the

2" Sour Be- (25, BEIh 3eht. i Hfo BIFEHES B8 seblly bule B AR (ot
cul ture vgyseren@d of fe teliliziggayeht fbmithe sticohd lcuRLOvaden{2f) om the first
culture vessel (20), (f) continuous supgl_yl E‘Eto the culture (222 in the

, f
second cul t ur €. Veggghod aggording to gae of © & Bucbarasterized inAbat thed regul ar

repl eni sh | 1 Liquids fromthe source of nmedium (24), 20 (g) return of
t he cul tug@%%g%e &r‘%r'# the second culture vessel (21) via the connecting

pi pes (28--31)aimédiutmeoitairihg @UEEMPBUNE 186 I métaBblid oRPerforobf dhictRRpropri ate
pipe circuit, (h) connection of the second culture vessel (21) to the source

(25) fiBr the emvisagad,|fopiexgmplena water of dedustdalseagin) wader pk nygveRal cul ture

cui tur e vesse B en S R bxdtbele o TbRfic, 5508, R el pORygES
char act eri zedthererivirdhnidht sugh RstforbramBk) theSpresénd® it thed seandka BlicldoR
conpound the netabolic conversion of ich is 10 envisaged, for exanple, a

wat er of i nduRYdrPeERrbens PMothescéemigal aradustsacherica) aifluents spreadonexanpl e
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chem ¢8| produsirapogie thecmetatidlicuniersigi ebdhivh is envisaged, for example,
glucose, ethanol or oxalic acid, or

- a volatile organochlorinated compound, an organochlorinated pesticide, a

halogenated polycyclic aromatic hydrocarbon or a solvent.

8. A method according to one of claims 1 to 7, characterized in that the

20 living cell comprises one or more bacterial species, animal or plant cells or
cells of algae, yeasts or fungi.

9. A method according to one of claims 1 to 8, characterized in that the
periodic inoculation originating from the automatic device (2) for selecting
living cells is for example carried out at least once a week.

25 10. A device for culturing living cells comprising:

- A a device for selecting living-cells C2 improving a reaction R1 of
bioconversion of a substrate (24), said living cells C2 being variants
deriving from living cells C1, and said living cells C2 producing an
improved reaction relative to that produced by the living cells C1,

30 - B: abioreactor vessel (1),

- C: a system of pipes (5) comprising means for carrying out transfers from
the selection device (2) to the bioreactor vessel (1) and a system of pipes
(6) comprising means for carrying out transfers from the bioreactor vessel
(1) to the selection device (2),



the ground, soil polluted with heavy netals or dioxin or 15 - a conpound the
nmet abol i ¢ conversion of which is envisaged, for exanple, glucose, ethanol
or oxalic acid, or - a volatile organdihl ori nated conpound, an

organochl ori nated pesticide, a halogenated polycyclic aromatic hydrocarbon
or a solvent. 8. A nethod according to one of clains 1 to 7, characterized
in that the D2@pticnaliyadegpe (d5hpempesingnmeans for eonaecting tie bipseader ani nal

one"or ol ar ntS5d 58 2 RalRkudUH Roear iR dhatte slitPps msefel TR Ton” ™
ori ginating gt amiéMyanFip@Brb'rév@tmdti@ﬂ dfzheggﬁiiia(ﬁla%ﬁfbﬁﬁxa pieated,! s is for

exanpl e carried out at |east once a week. 2 . A device for culturing
living cell sFeeptnallymtempesatuie dgegulation gevisel ecting |iving-cells C2

col 1582 bei ng oA SRS RGBSR A g iy et o, chatagtdati g
cel ' s C2 pheiktahe efittioh Hei/ReqQ) cerpiises rel ative to that produced by the
living cells C, 30 - B: a bioreactor vessel (1), - C a systemof pipes (5)

conpri si ng ek OF Hrorearasgelsy(26u21) maaidng itspessildle torecewpetnd mminfain ce (2)
to the biorea n em of pipes (6) conprising nmeans for
carrying out ﬁ@{ﬁg%@f@ﬁbg%ﬁ'ﬁ ﬁ‘e&fﬁ%@?’é@hor vessel (1) to the selection
device (2), 23 set Bf nfdinsonaking it possiBle(tbSupphHdse Vassaraithfsubstatnect i ng
the bioreactor vessel (1) to a solid-liquid separation device such as a

settllBg tank(24}6), - E: optionally a pipe for evacuation of the liquid

5" 117 A dci od Bb8 ottt (o1 eRBL BRI 1 BARIP abk RepfHi o eV ee
charact er i zedvedsel {Jtintolthe Tth HPBAnd&ibec@ercg) conprises - two or nore
vessel s (20, 21) neking it possible to receive and nmaintain cultures of

living cells @s8etobpeadsdnakingdt peasibie tonexasuatalaliner part phtha sortenbokuppl v
these vessel sy LR SUBIE Shbthet Uel® such as a bioreactor vessel (1),
16 -  a set of means making it possible to evacuate all or part of the content of
these vessels (20, 21) to a refuse bin.
12. A device for culturing living cells by coupling with an automatic device
for selecting living cells according to claim 11 comprising:
- A a device for selecting living cells (2) comprising
20 (a) at least one first and at least one second culture vessel (20, 21)
intended to receive a culture (22),
(b) a source of gas (23),
(c) a source of medium (24),
(d) a source (25) for a sterilizing agent; and
25 (e) a system of pipes comprising means for connecting either one of the
two culture vessels (20 or 21) to the source of medium (24) such as
valves as well as connecting the two culture vessels (20, 21) to each
other and for connecting either one of the other culture vessels (20 or
21} to the source (25) of the sterilizing agent.
30 - B: a bioreactor vessel (1)
- C: a system of pipes (5, 6) comprising means for connecting the selection
device to the bioreactor vessel (1),
- D: optionally a pipe (15) comprising means for connecting the bioreactor
vessel (1) to a solid-liquid separation device such as a settling tank (16),



- a set of means (28-31) nmaking it possible to transfer the content of one
vessel (20) into the other (21) and vice-versa, - a set of neans naking it
possible to evacuate all or part of ti content of these vessels to another
devi ce such as a bioreactor vessel (1), 15 - a set of neans naking it

possi ble to evacuate all or part of the content of these vessels (20, 21)
to a refuse ki moptibRally adpipec & )f for evacuatiomef|thei liqyid dMaterbforcxaphplely with an
automati c de¥icF for selecting living cells according to claim11

conpri si ng: edy device for selecting living cells (2) conprising 20 (a)
at | east QneFfbFﬁémﬂ@qaﬁ%nﬁaéﬁhqugmgﬁgﬁﬂgvﬁglture vessel (20, 21) intended
to receive a culture”™(22) urce of gas (23), (c) a source of nedium
(24), (d) a source (25) for a sterilizing agent; and 25 (e) a system of

pi pes conprising means for connecting either one of the two culture vessels
(20 or 21) to the source of medium (24) such as valves as well as
connecting the two culture vessels (20, 21) to each other and for
connecting either one of the other culture vessels (20 or 21) to the source
(25) of the sterilizing agent. 30 - B: a bioreactor vessel (1) - C a system
of pipes (5, 6) conprising neans for connecting the selection device to the
bi oreactor vessel (1), - D. optionally a pipe (15) conprising neans for
connecting the bioreactor vessel (1) to a solid-liquid separation device
such as a settling tank (16), 22 E: optionally a pipe (7) for evacuation of
the liquid (water for exanple) treated. F: optionally a tenperature
regul ati on devi ce.



