CONTINUOUS CULTURE APPARATUS WITH MOBILE VESSEL, ALLOWING SELECTION OF
FITTER CELL VARIANTS Field of invention The described invention provides a method and a device
that allow selection of living cells, with increased rates of reproduction and specific metabolic
properties, in a liquid or semisolid medium. For the process of selection (adaptive evolution),
genetically variant organisms (mutants) arise in a population and compete with other variants of the
same origin. Those with the fastest rate of reproduction increase in relative proportion over time,
leading to a popul@OR ERUIDANEI0H OTEHRBEMD AR ATiegsad Tep MAOBIIVE MES SHis, process can

improve the performance of grganisms us % i &u a% Ses.0 % i rpose. Background
of invention Selection fﬁ%&@@éﬁ% t%§ t@%lﬁ ﬁiﬁmgﬁ m-%%owth, which is
achieved through regular dilution of a growing culture. In the prior art this has been accomplished two
ways: seriaFggidi et andegeiidinuous culture, which differ primarily in the degree of dilution. Serial
culture involves repetitive transfer of a small volume of grown culture to a much larger vessel

containing fTE&HGFEIREARTRERIAN WIRMH 85 CORETRY BIYArSHSTHAR FowAsLiauRtbHh B new
vessel, the processdsseepeatethTHais-odethiod has besrfiusedttbachieupehdpngestaldmarstrations of

sustained cylfre i theliteraturad Lensii I rayisanenBynamics:of adaptatian and.diversification: a
10,000-generation experiment with bacterial ulations. 1994. Proc Natl Acad Sci U fStﬁA.
156808145 17 SRBErHSAES Soh &1y PR CH Rt S SRR oY oo B BT RS GREe rate
over period @fgjeafsoThigiprdoe sasieeisiafyo U trrEgaieigal i aRdas T Sh st Feb N PABTIARRYSINTEME,; and is
subject to crataminatipRiprRHah expasHEriadhiepyisigesnvitanmesisSerahcdlivredsralso tRefficient,

as described in the following paragraph, The rate 0%@%%%%9%9&&%6 ofimprovementin.

reproductivgrrC)é:tees,slscagpen ant on population size (Fisher: The Genetical Theory of Natural
Selection. 193t O¥%foPt PRfiGersity Press, London, UK). Furthermore, in a situation like serial transfer
where population size fluctuates rapidly, selection is proportional to the harmonic mean A of the
population @#&dtgrSirecbbpopuiitivand breeding structure in relation to evolution. 1938. Science

87: 430-431), and hence can be approximated by the lowest population during the cycle. Population
Cive can be BT At AR GRTSIATRE AiBe TR Tt Ot Ca AR s Eattr e

Continuousastigwey] asrdistingeished diiosefialedbavioingirmoives smdiler peletivstvBlisnt@sasthat a

small portiogef @ grawingveulitye: isdeguacide placeshby anequaliglumerofifres Brgrawth imgdium.
This process maxi iéefs the effective population size by increasing its minimum size during cyclical
— 8gree jation. . " e g e -
dilution. Devices aﬁowmg continuous culture are termed "chemostats" if dilutions occur at specified
time intervals, and "turbidostats" if dilution occur automatically when the culture grows to a specific
density.  Serial cuiture involves repetitive transfer of a small volume of grown culture to a much

tsrger vessel containing fresh growth medium. When the cultured organisms have grown
to saturation in the new vessel, the process is repeated. This method has been used fo
achieve the longest demonstrations of sustained culture in the literature (Lenski &
Travisano: Dynamics of adaptation and diversification: a 10,000-generation experiment
with bacterial popufations. 1994. Proc Natl Acad Sci U S A. 15:6808-14), in experiments
which clearly demonstrated consistent improvement in reproductive rate over period of
years. This process is usuailly done manually, with considerable labor investment, and is
subject to contamination through exposure to the outside environment. Serial culture is

also inefficient, as described in the following paragraph.

The rate of selection, or the rate of improvement in reproductive rate, is dependant on
poputation size (Fisher: The Genetical Theory of Natural Selection.1930. Oxford University
Press, London, UK). Furthermore, in a situation like serial transfer where population size
fluctuates rapidly, selection is proportional to the harmonic mean (ﬁ%) of the population
{Wright: Size of population and breeding structure in refation to evolution. 1938. Science

87: 430-431), and hence can be approximated by the lowest population during the cycle,
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For the sake of simplicity, both types of devices will hereafter be grouped under the term "chemostat".
Chemostats were invented simultaneously by two groups in the 1950's (Novick & Szilard: Description
of the chemostat. 1950. Science 112: 715-716) and (Monod: La technique de la culture continue -
Theorie et applications.1950. Ann. Inst. Pasteur 79:390-410). Chemostats have been used to
demonstrate short periods of rapid improvement in reproductive rate (Dykhuizen DE. Chemostats used
for studying natural selection and adaptive evolution.1993. Methods Enzymol. 224:613-31). Traditional
chemostatsrareanableite sastdia stppetiods of sidettionferefmreasettrepradattiventaténradughto the

unintended sglagtionsot dilytionassistantdstatic)yadanizrhhessaariants atsAbletadesistdiltion by
adhering to theIFurfacet,of the(‘ chemogt%, érjmd bg poin SO foutcom ete less stickg}ipdiviguqés including
those that HAVE AIGHTET TEprSaURtivY Faie S RS SHRSHTRY et HeRded PlipSsE brHhe deVies (Chao &
Ramsdell: The @ffezasaf veAlippoptildiiens erPedexisasiise ofl bicteitaspstiadidliashie sffefbMostat
cultures,. 1935uibtoersiddisromaledsddy 122¥M30ruENaMmethothangiehennsiatic deviess (thevidenetic
Engine) has heen invepnigd Lo auaid gilutian Lesistance in coniinugus, puliure (RAIEILS; 8§86, 94-B1
filed by PASTEUR INSTITUT [FR] & MUTZEL RUPERTI&DE] . This method uses valve controlled fluid
transfer to FEKoditHNG Ve tHe YRR @ CHiuRY BERREIMWY Rt ST "81IBTRNY Eadn To6EC
sterilized argngised between periods of active culture growth. The regular sterilization cycles prevent
selection of dilution-resistant variants by destroying them. This method and device achieves the goal,

I\?‘pen(%entficom lex mary}{i)télationsf %f several fl}iiquavf\{iépigea sterile d(segﬁléerdt}\environment,

but requiresFLnrcL e imphcity, bo pes.of deyices will g term
aeoslﬂ W?I Csh | Ott¥‘f very CEUS%IC and’ po%entlal

including one ( : ' y very reacﬂ(/%lfpc?uié'l_(riy damaging
valves, and BBSTReSESMtaifIFBARERR WalsteltiSpEshIHrotiRnss UsSUMmANP oFitNehtbn s thetéfore an
object of thenprasernt swandiondeo-pooiiceandmpeovedatand orapietely indepehdarm) anetitochand
device for continupus culpure of prganisms;(includingpacteria, archasa, AERKeles Rad VEUSES)

without interference from dilution-resistant variants. Like other chemostats, the devic pr?vides a
means for réguiar diftRion SIELGrENR dRtreRTRA fHESH QFowWtRMRSaHTH asﬁwoégn%ef‘é?%a ex@khge
between thénmrityrerant thewoutside igavistn i) seliBE afteanmeratticspelatisiy ddrsithafusa’
chemostat eeaiHFhidagtakbhe-nseseRbnYentiondsrdesionaghte achiesehis)goal without any fluid
transfer, including sterilization or rinsing functions. This represents a specific advantage of the present
invention with respect to prior art in so far as it avoids the hazards and difficulties associated with
sterilization HRE PRI TRERRIHG CORtAINAREN AnE EGRpICR HURTTRATS R SISO o YaliRtie ¥ Vents.
Continuousreghtrtedscactieyeduimsidera flexitian steritetuberfiltd diitiv grositttanie datetic T hermredium

and the chapber swrfage are staticovithsesnash tossathaiher ik hothaareoragularyandat, and
S|multaneoLi)st <:ﬁ'%f)laced by peristaltic rpovemeﬂt of the HJbllng _throgglh g teg',tggp%lg\tfs a w écrh the
s . ,

tube is steri é1y bdivided tc(?fgﬁ%g %S[Sprsét{feﬁt t'ﬁei\(f:]uffarsed'rc])cr]ﬁanl ms from moving etween

regions of therregeciing tritss s AI8wgEpacnal N Peled deaPapatPé ARt sy eowrstPeiRrtHe culture
vessel for adgditienadisesurity. Jdre/presenirmethodand devineaie alsecanimpsoyemsnirewerspor art

insofar as tl%?)’t ﬁggtlnf@élfy father W@%Bﬁﬁi%‘i@'bﬁz@‘iﬂ%ﬁt against adherence of dilution-resistant

variants to the chemostat surfaces, as replacement of the affected surfaces occurs in tandem with the
process of dilution. The tube is subdivided in a transient way such that there are regions that contain
saturated (fGihe grehmdcelidrehesionsithae dontéinefréshatie dioninantas reggonhaveefehaesddwo,

ter:med the growth d@mﬁaﬁinwh&?ig&w euiture i@ﬁf\ﬂé&ﬁ%@%&@@)f@@%ﬂ%l& as{aimﬂ@uﬁor;{ )
The gates iQdi int on the and replaced at another point,.such that
gron Culte B v o e eHar LB e Aot Acrod S L Sh
removed by fsBRIRFHAOM TG FERBrENTIALRIER PEPISESItHY BORTRESH mEHAIHT Arfd Fhesh BRamber
surface. By shisimethat] staieivasianisanespecifitakdy\counter-salesied. bijhe ngualrfraanithetreggion in

which SeleCEWeLS%QHHKJQQI&@?%Q@VMWJGQ@F&%%M variants by destroying them. This method and
device achieves the goal, but requires independent compiex manipulations of several
fluids within a sterile (sealed) environment, including one {NaOH) which is both very
caustic and potentially very reactive, quickly damaging valves, and posing containment

and waste-disposal probiems.



Brief description of drawings Without being exhaustive and limiting, one possible general configuration
will include several components as described hereafter. In the following the present invention is
exemplarily explained on the basis of a preferred embodiment, thereby referring to the drawings in
which: Figure 1 displays an overall view of a possible configuration of the device in which: (1)
represents the flexible tubing containing the different regions of the device which are: upstream fresh
medium (7), growth chamber (10), sampling chamber (11) and disposed grown culture region (15) (2)

represents tggﬁgﬁ{g@sgﬁtimmaﬁolled box allowing regulation of temperature according to
conditions determined by user, and in which may be located: a. said growth chamber (10), b. said

sampling chamber (11), c. upstream gate (3) defining the beginning of said growth chamber (10), d.
downstrean‘}tdétg’("ﬁ?faé?lﬁmﬁtﬂ*f’éte 0% RTINS LSRR REBEGhFRG 6P ERI8%E mpling

chamber (1k)dependent) method and device for continuous culture of organisms (including bacteriz,
archaea, eukaryotes and viruses) without interference from dilution-resistant variants.
Like other chemaostats, the device provides a means for regular dilution of a grown culture
with fresh growth medium, a means for gas exchange between the culture and the outside

environment, sterflity, and automatic operation as either a chemostat or a turhidostat.

The present invention is designed to achieve this goal without any fluid transfer, including
sterifization or rinsing functions. This represents a specific advantage of the present
invention with respect to prior art in so far as it avoids the hazards and difficulties
associated with sterilization and rinsing, including containment and complex fluid transfers

involving caustic solvents.

Continuous culture is achieved inside a flexible sterite tube filied with growth medium. The
medium and the chamber surface are static with respect to each other, and both are
regularly and simultanecusly replaced by peristaltic movement of the tubing through
“gates”, or points at which the tube Is sterilely subdivided by ciamps that prevent the
cultured organisms from moving between regions of the tube. UV gates can also
(optionally) be added upstream and downstream of the culture vessel for additional

security.

The present method and device are aisc an improvement over prior art insofar as they
continually, rather than periodically, select against adherence of dilution-resistant variants
to the chemostat surfaces, as replacement of the affected surfaces occurs in tandem with

the process of ditution.

The tube is subdivided in a transient way such that there are regions that contain
saturated (fulty grown} culture, regions that contain fresh medium, and a region between
these two, termed the growth chamber, in which grown cuiture is mixed with fresh
medium to achieve dilution. The gates are periodically released from one point on the tube
and replaced at another point, such that grown culture along with its associated growth
chamber surface and attached static organisms, is removed by isolation from the growth
chamber and replaced by both fresh medium and fresh chamber surface. By this method,
static variants are specificaily counter-selected by removal frcm the region in which

selection is occurring (the growth chamber).



e. second downstream gate (5) defining the end of said sampling chamber (11), f. turbidimeter (6)
allowing the user or automated control system to monitor optical density of growing culture and to
operate a feedback control system (13), allowing controlled movement of the tubing (1) on the basis of
culture density (turbidostat function), g. one or several agitators (9). It should be noted that the device
elements listed in a-g may also be located outside of, or in the absence of, a thermostatically
controlled box. (7) represents the fresh medium in unused flexible tubing, (8) represents a barrel

loaded withggeh meshvipfiteddairgwimgeler to dispense said fresh medium and tubing during
operations. (12) represents optional ultra-violet radiation gates, (13) represents the control system that

can consistw&mnmu{@rmm;eﬁp@q amith imeans afreopubslinieatior:tal difefientsmonitaringholudperating
interfaces, like opfical density turbidineters; temperaturg, measyiemert and reuationdevisess

agitators and tilting motors, etc, that allow automation and control of operations, (14) represents the
optional disPE¥APEAIeFERARTENYD Wﬁ&%tﬁﬁiﬁd’&@ﬁféﬂn%%ﬁgé%%’g%%ﬁb@fulﬁfgg IdeiBing, (15)

represents disposesligreneculture located downstream of said sampling chamber.

Figure 1 displays an overall view of a possible configuration of the device in which:

(1) represents the flexible tubing containing the different regions of the device which
are: uypstream fresh medium (7), growth chamber (10), sampling chamber (11)
and disposed grown culture region (15)

{2) represents the thermostatically controlied box &llowing regulation of temperature
according to conditions determined by user, and in which may be located:

a. said growth chamber (10},

b. said sampling chamber (11),

€. upstream gate (3) defining the beginning of said growth chamber (10),

d. downstream gate (4) defining the end of said growth chamber (10} and the
beginning of said sampling chamber (11)

e. second downstream gate (5} defining the end of said sampling chamber
{11),

f. turbidimeter (6) allowing the user or automated confrol system to monitor
optical density of growing culture and to operate a feedback control system
(13), aliowing controlled movement of the tubing (1) on the basis of culture
density (turbidostat function),

g. one or several agitators (9).

It should be noted that the device elements listed in a-g may ailso be located outside

of, or in the absence of, a thermostatically controfied box.

{7) represents the fresh medium in unused flexible tubing,

(8) represents a barrel loaded with fresh medium filled tubing, in order to dispense
said fresh medium and tubing during operations.

(12) represents optional ultra-violet radiation gates,

(13) represents the controi system that can consist of @ computer connected with
means of communication to different monitoring or operating interfaces, iike optical
density turbidimeters, temperature measurement and regulation devices, agitators
and tilting motors, etc, that allow automation and control of operations,

{14} represents the optional disposal barrel on which to wind up tubing containing
disposed grown culture filled tubing,

(15) represents disposed grown culture located downstream of said sampling chamber.,
-4



Figure 2 displays two possible positions of the device, exemplifying the fact that said thermostatically
controlled box (2) and other pieces of said device associated with said culture chamber can be tilted to
various degrees for agitation purposes, gas circulation and removal purposes, and purposes of
guaranteeing the removal of granulated (aggregated) cells that might escape dilution by settling to the
bottom. Figures 3 to 9 represents said flexible tubing (1) in place in said thermostatically controlled box
(2) and introduced through gates (3), (4) and (5) through which said tubing will stay during all steps of
process andigusughdishliehssaid tobasipwilbeatimacrotiing ¢vides sedstaltieimotemiast. Figureig

symbolizes giaivs stLefithe slevisednowhich alhregiars plsaid Jlexibleduing.aseditled with feagh

medium beforg Injection of the arganisi ntended fo continyous cultyre, Figre. 4 sympolizes sratus T

of said flexibe tu ing just after |njechon of organism strain. Figu B olizes $tafus 12 of the device
which is a gtBWiHE PR RIUARSEVhIBRChBUERBRERE JrovPeIHAMETEGioH Befif@a 'R the GréWtH &tamber
(20) limited fay GaighgatesdB) tad MAyhEiguep s dymbolizes-statysd hefdewvice, just after the first
peristaltic movement of tubing and associated medium, which determines the beginning of the second

rowing cycle, introducing fresh tubing and medjum through movement of gate 3 simultaneous with a
g g cy %m g d?] ']J g(iE g % ﬁ

transfer of e&ilil&Tert UBITmEBFE Mg, iR End-PBHn SUItirP EGE of the oA EREMEE! Yegion
(10) and intoctiieo8ad phrig{ehaamBeinfegsiorel thieyshoveieenBof (hrerad I dritierns fo wédysive that

the tubing, #heimedinmstbat dsnvithiathestisg pasieanyeulture thiat kisisrgroun todhat medivse all
move togetggébfol%idttga;psf%p i(S){}]I occur i%%gfar as fresh medium and grown culture mix together
through agitation within tﬁggrowt chamber region. Figure 7 symbolizes status T4 of the device which
is the secorfdPYFewinyBhelB=aGHRiyIHie EfENe SiAridme it AnRaRiPIie tieSgio Wt Bifaitbier Ater
peristaltic nfiveendint fofthertebing baivranigiow osihg nugdeists prievided for twetfrashisnediura that is

mixed with the remainingcaituce duwring this steR.pigu e B Symbatizessiatien Th ahdadeestust after
the second erlstasltlc m%\éﬁgent of th%tu wgigeagd the contained medium Whl(d‘h determlgi%ﬁ me

beginning o 'ﬁﬁjer%h|rayﬁ?omngsc‘c)’/tglteu,sintro%umng fresh ﬁﬁbllcng'3r1ad%0e\’\éwl.ﬁ7{3ﬁ)r'r%ua%]§-riﬁ18v‘"é’ment of gate 3
simultaneos it arepsiet st wgifvaefined BridoBranity chaetian 1and gisrrPenaitesifsdtthe
growth chamber4egion (10) and into the sampling chamber region (11) by movement of gate 4. Figure

9 Symbf)"zeﬁg%ﬁae%ssm phevice which iﬁt@&@ﬂ SHONIDE GYCle LIS RiER:IS RBVLYAeRt o Siatys T4
. and indicates the repetitive nature of further operations. Samples '
and associated medium, which determines the beginning of the second growing cycle,

introducing fresh tubing and medium through movement of gate 3 simultaneous with a
transfer of equivalent volume of tubing, medium, and grown culture out of the growth
chamber region {10) and into the sampling chamber region (11) by movement of gate 4.
It is critical to recognize that the tubing, the medium that is within the tubing, and any
culture that has grown in that medium, ail move together. Fluid transfer only occurs
insofar as fresh medium and grown culture mix together through agitation within the
growth chamber region.

Figure 7 symbolizes status T4 of the device which is the second growing cycle; during this
cycle organisms that remain in the growth chamber after peristaltic movement of the
tubing can now grow using nutrients provided in the fresh medium that is mixed with the
remaining culture during this step.

Figure 8 symbolizes status T5 of device, just after the second peristaltic movement of the
tubing and the contained medium, which determines the beginning of the third growing
cycle, introducing fresh tubing and medium through movement of gate 3 simuttaneous
with a transfer of equivalent volume of tubing, medium, and grown culture out of the
growth chamber region (10) and into the sampling chamber region (11) by movement of
gate 4.

Figure 9 symbolizes status T6 of device which is the third growing cycle; this step is

equivatent to status T4 and indicates the repetitive nature of further operations. Samples
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of selected organisms may be removed at any time from the sampling chamber region (11) using a
syringe or other retrieval device. Figure 10 displays a possible profile of teeth determining a gate in the
configuration which consists of two stacking teeth pinching flexible tubing. Gates could also be
determined by single teeth pressing against a moveable belt, removable clamps, or other mechanisms
that prevent movement of organisms through the gate and which can be alternately placed and
removed in variable positions along the tubing. Detailed description of invention The basic operation of
the device isfdejscted snghigisres 81thrbaghrin\@detpatertiak dorfigirationfondesprésemedevidelis
shown in figuiedla agrihaprearsafieeharinghren loaded with a fresh tube of sterile medium (shown
divided into regions.A-H by said gates (3),.(4) and (B)). Inoculation of the device with the chosen
organism oLt B LARELRS By e LN PO NS 8 Sron i am e he o Mefough
injection (figGRsatrafive By TRt NBRIRFther tg% fafRilred @5 t§PORUE fHeCdesHErs deSHy 4nd
continuous suliweasouls-egin @igrbltCombwatk: autyreavawishprateedshy repetitivesriovresnents of
the gated regigns,of lybing,, Lhig jovaives simHltanesys movemants, of e gates, the Whing.dhe

medium, and any culture within the tubing. The tubing will always move in the same direction; unused
tubing cont&IATY FRSASRRYRIM(¥ATARS E9REiPaa AT %@%Eﬁfﬁ%m' of the growth chamber (7)) will

move into the growth chamber and mix with the culture remaining there, providing the substrate for
further groviietaiRe slgarrdRiae RAMBEEIHERIN. Before introduction into the growth chamber region,

this medium_and its associated tubing will be maintained in a sterile condition by separation from the
growth chaﬁlrnhbeeg%s)'lctﬁgeﬁ%s' rnegfrﬁ?hgea o 1@);_5"3{3335 &%fﬂg'%%ﬁet‘céigri%gméﬁ%% culture will simultaneously

be moved '@kt aprfisefRitated Trow RFS G RAM eh i ierBy tHE dwhsiFeAmPg &8s (R Gate
configuratiomeigmpbecspeatiie:poitt of therpresenit patent applicatioshdvwor exataplein@dgorens-H
configuratio[gb g%eaacéggu (lgg 2?95‘@% rough one chain of multiple teeth simultaneously moved or in
another configuration separated in distinct synchronized chains as depicted in figure 1. Gates can

consist of al8YSHH IR YT AT S PINhIFY TR AIBHYSH &Lt 5cRMG THAMAL PX HEBET iR figure
10, avoidingheoatamipztiovchdteveeritegibas Eaffd B bfthetabimjettioughatire grecigion Bf thiee

interface befweea s teettnlpaniier configuradiens stemeiariesambeRRiqined Qyressbugione
tooth againﬁt Qne 1siidg)of the tubing and thereby pressing the tubing tightly against a fixed chassis

. pegin, =3 . . . . . .
along whic t%'bngggls slid during its peristaltic movement, as sketched in figure 3 to 9, marks 3, 4 and
5. Continuous culiure would proceed by repetitive movements of the gated regions of tubing.

This involves simuitaneous movements of the gates, the tubing, the medium, and any
cutture within the tubing. The tubing will always move in the same direction; unused
tubing containing fresh medium {(and hereafter said to be ‘upstream’ of the growth
chamber {7}) will move into the growth chamber and mix with the culture remaining there,
providing the substrate for further growth of the organisms contained therein. Before
introduction into the growth chamber region, this medium and its associated tubing will be
maintained in a sterile condition by separation from the growth chamber by the upstream
gates (3). Used tubing containing grown cuiture will simultaneously be moved

‘downstream’ and separated from the growth chamber by the downstream gates (4},

Gate configuration is not a specific point of the present patent application. For exampie, in
a given configuration, gates can be designed through one chain of multiple teeth
simultaneously moved or in ancther configuration separated in distinct synchronized
chains as depicted in figure 1. Gates can consist of a system made of two teeth pinching
the tubing in a stacking manner as described in figure 10, aveiding contamination between
regions G and H of the tubing through the precision of the interface between the teeth. In
another configuration, sterile gates can be obtained by pressing one tooth against one

side of the tubing and thereby pressing the tubing tightly against a fixed chassis along
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Said thermostatically controlled box (2) is obtained by already known means such as a thermometer
coupled with a heating and cooling device. Aeration (gas exchange), when required for growth of the
cultured organism or by the design of the experiment, is achieved directly and without mechanical
assistance by the use of gas permeable tubing. For example and without being limiting, flexible gas
permeable tubing can be made of silicone. Aeration could be achieved through exchange with the
ambient atmosphere or through exchange with an artificially defined atmosphere (liquid or gas) that
contacts thevgidwithbtsaimbled drting éntirerishdtitosere M n 2inskRisedhientidemandsPanaisbiesis the
flexible tubing @’ be gas impermeable. For example and without being limiting, flexible gas
impermeable tubing can be made of coated or treated silicone. For anaerobic evolution conditions,
regions of the tubing can also be confined in a specific and controlled atmospheric area to control gas
exchange d§AEniesMPRISUENDEBEIBSRPRIHEr 1y PRENITY SR oS ERNER M SEFRtFIRE B 0%
gastight andréremingeetingupstitraltyastintdi itarlycptaicinghiecomplete device in an atmosphere
controlled room. Counter-selection of static variants is achieved by replacement of the growth chamber

surface along with growth mediu deV|ce iS f rther de to b rable in a var ty of
orlentatlonf\% B PBsiE T R \ﬁi@ thAfs, %'éefjl &d §§°§hown E@%ga?o%agng?"ar?éebhf up to

360. DilutioAeeSistirtagkasismeay: a%@i@htﬁr(ﬁibﬁ'w%\n@mﬁg"\t@@% W@W@ﬁ&bﬁﬁéﬁﬁ&@?téwﬁee
chamber walléf aggsegatechcelisccandill upsireammrand therehbyravoid semeviahitom thechiamber.

rlence 1t s desliabit ool (he b genetally e iesdamnaid, sucl gl asateanied calipdl fall

toward the egﬁH at wi eremove rom the growth chamber urin eot € movement.
She i

This configd¥atichS ATBRIE RGN tedlcE & BRat R B8R tredi P fé‘?i" r@‘ife]nga[HEOtﬁBEﬁ@am

gates with r@spéttdo geayithat hegransnghehammber charbecdeprassurnBtocieyeryprestingeden
according teﬁ%mso@}%bxﬁ@&@aﬁ%emﬁ@t&re@féerﬁnﬁwﬁ@f adjustingrasstuscande used,
For instance a[r)]py Ng vacuym or pressyri. ed air, to Ehe fresh medium a}ncttgblng thr%ljegh it% :

pte witnout being mg, fiexible gas impermeable Ing >can made of

coated or treated silicone.

For anaerobic evolution conditions, regions of the tubing can also be confined in a specific
and controiled atmospheric area to control gas exchange dynamics. This can be achieved
either by making said thermostatically controlled box gastight and then injecting neutral

gas into it or by placing the compiete device in an atmosphere controlled room.

Counter-seiection of static variants is achieved by replacement of the growth chamber

surface along with growth medium.

The device is further designed to be operabie in a variety of orientations with respect to
gravity, that is, to be tilted as shown by figure 2, along a range of up to 360°,

Dilution-resistant variants may avoid dilution by sticking t¢ one another, rather than to
the chamber wall if aggregated cells can fall upstream and thereby avoid removat from the
chamber. Hence it is desirable that the tubing generally be tilted downward, such that
aggregated cells will fall toward the region that will be removed from the growth chamber
during a cycle of tube movement. This configuration involves tilting the device so that the

downstream gates are below the upstream gates with respect to gravity.

The growing chamber can be depressurized or over pressurized according to conditions
chosen by the experimenter. Different ways of adjusting pressure can be used, For

instance applying vacuum or pressurized air to the fresh medium and tubing through its
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upstream extremity and across the growth chamber; another way of depressurizing or
overpressurizing tubing can be done by alternate pinching and locking tubing upstream of the growth
chamber. When the medium is contained in gas permeable tubing, air bubbles may form within the
medium. These will rise to the top of a sealed region of tubing and become trapped there until the
movement of the region (and the gates defining it) releases the region into either the growth chamber,
the sampling chamber or the endpoint of the chemostat (figures 6, regions D-C, B or A, respectively). If
the device ispiitemoriveardysacH lbatsisieswilbspetimeiateber thengroerthvelkiaphiseP sSETHIthgr

chamber angd displageithe;culive he device is desigaedie pergdisallydihypwerd fossareyeleof the
tube movergjeent allgwi% fobretrhe removal of accumulated gas from said chambers. Tilting movements

of the device, a%rg)%r Sha n|"ng of the growth chamber by an external device (9) can be used to

decrease aggregation of cells within the growth chamber, Alternatively, one or several stirring bars can
be includedvm:¢he:abimes filledswithtizesit nnegku mdpeferbi stemization andbmagmetitally agitatedauring

culture opetatigns. Fhe-prqperianal lenoth.ofthestegionspb fresh madiany defined By thedpstream
gates as comgL_Jared to the Iength\_g\f the culture chamber will deflnﬁ the de ref of dilution act} _eé/red

during a cyfRUTHE FSYGRISE O Tt ot T B (et a RSt Sifttel by tAiNG (CheRISLtar RIsttish) or by

feedback regalationtivisbpatieth s desmity! BiaBanRar @R ARRIN chdfifberss Arcas(ifed By &
turbidimeter4fi@uee 3-anarkob)ancibectiletion oyele asauts whendheaitwhickity reachessotbseshold

value (urbidasighupetonh T Be.Amelan CoARes Alpws SIRAIaING HQAREUl ¢ in gieorig

analyze the outcome of an experiment, collect organisms with improved growth rate for further culture,
storage, or flEY&folaf FEiBNSHEN BEOAIG? bl PEMEELde U AS BbEminHh & BepURT Bl king the
chemical cdmpbsitiemofathe rredinntgted testiigthespH:bfgi@nm culture. In order to achieve permanent
monitoring of pH inside growth chamber, tubing can include by construction a pH indicator line

embedded/encrusted in the wall of the tubing. Any form of liquid or semi-splid material can. be used as
a growth mi&ﬁﬂ% Pﬁ%eemper%tsse%#t ¢ eeviccl;%e\f] ggéal)l?tp)// ?%arlﬁﬁﬁzeogslgr‘ﬁi- ﬁﬁtgr%% ljselib§¥raape§3 )%eglnr%otable

advancemeff\bser Prictare THEEE révIFEABRRE NI SRISIEH ORI efefREStHETRIBLARDIR PIoEeSs¥B/Tproved
by the seledlianeioeess cbanbechosertanddetineddbyibendseted in the tubing filled with fresh

medium before steritization and magnetically agitated during culture operations.

The proportional length of the regions of fresh medium defined by the upstream gates as
compared to the length of the culture chamber will define the degree of dijution achieved

during a cycle.

The frequency of dilution can be determined either by timing {(chemostat function} or by
feedback regulation whereby the density of the culture in the growth chamber is
measured by a turbidimeter (figure 1- mark 6) and the dilution cycie occurs when the

turbidity reaches a threshold value (turbidostat function).

The sampling chamber aliows withdrawing grown cuiture in order to analyze the outcome
of an experiment, collect organisms with improved growth rate for further culture, storage,
or functional implementaticn, or other purposes such as counting the population, checking
the chemical composition of the medium, or festing the pH of grown culture. In order to
achieve permanent monitoring of pH inside growth chamber, tubing can include by

construction & pH indicator line embedded/encrusted in the wall of the tubing.

Any form of liguid or semi-solid material can be used as a growth medium in the present

device. The ability to utilize semi-solid growth substrates is a notable advancement over

-8-



If needed, this device can contain multiple growth chambers, such that the downstream gates of one
growth chamber become the upstream gates of another. This could, for example, allow one organism
to grow alone in the first chamber, and then act as the source of nutrition for a second organism (or
virus) in the second chamber. This device and method allows researchers and product developers to
evolve any strain of culturabie living cells in suspension through sustained growth (continuous culture);
the resulting improved organism can constitute a new strain or species. These new organisms can be
identified byruitatiomsaeguvedrdeding theheourse oéudttine, ranchtoese mctstmnsiprayallowttiee new
organisms tg.hedistinguished fram their ancasiors geppiyRe characteristics, This device and method
allow the researcher to select new strains of any living organism by segregating individuals with
improved rates of reproduction through the process of natural selection. CLAIMS 1.A device that
increases tHeé natsiest, répeodidtionahrouyghimorelidie sfsedt ohreprodustioh &rl/ohendprastgam
reproductivgaieldsf divingreals insusnRensienae ahanypetitarableeiganismsibrough theuproesss of
natural seleglion, Rid VISR CaMRIINGk, arow AR HPHRICaAIPTIR.IHRE-Coptainion cultdceqnedium:
b) a system oF?ﬂgm S, ea_c% capgo e of open and closed positions, the clamps being positioned so as
to be able tSUWHAS tHE IR ORI SHHEARSFRGRIN Eurtdifg SHRANCCHIRINGSR growth chamber
containing growing culture, and an upstream region containing fresh growth medium; c)a

means of mayingdheChampseand e tubiags #06ers and pidliBEQRIBIDSIEn Nahmeasuies culiure
density in thelgrowth h_ambe{ and controls the means of mrge\llcifwg the cl?cr:rcl)ga and the ttubing tk%aesed on

the measur&d T Bllee (']Vérﬁ%lff s in suspension through sustai rowth nuols culture);
resulting improved organism can constitute & new strain or species. These new organisms
can be identified by mutations acquired during the course of culture, and these mutations
may allow the new organisms to be distinguished from their ancestors genotype
characteristics. This device and method allow the researcher to select new strains of any
living organism by segregating individuais with improved rates of reproduction through

the process of naturai selection.



2.The device according to claim 1, wherein the tubing is flexible to allow clamping and segregation into
separated chambers. 3.The device according to claim 1, wherein the tubing is gas permeable. 4.The
device according to claim 1, wherein the tubing is gas impermeable. 5.The device according to claim
1, wherein the tubing is transparent or translucent, to allow the measurement of turbidity. 6.
The device according to claim 1, wherein the devigeis;constructed and arranged to selectively subject
the growth chamber tubing and associated media and culture to a pressure that is either higher or
lower than ambient atmosphere.

1. A device that increases the rate of
reproduction through increased speed of reproduction and/cr
increased reproductive yield of living cells in suspension or
of any culturable organisms through the process of natural
selection, saild device comprising:

al a flexible, sterile tube containing culturs
medium;

b} a system of clamps, each capable of open and
closed positions, the clamps being positioned so as to be able
to divide the tube into a downstream regicon containing spent
culture, a growth chamber containing grewing culture, and an
upstream regilon containing fresh growth medium;

¢) a means of moving the clamps and the tubing; and

d) a control svstem that measures culture density in
the growth chamber, and controls the means of moving the

clamps and the tubing based on the measured culture density.

2. The device according to claim 1, wherein the
tubing is flexible te allow clamping and segregation into
separated chambers.

3. The device according to claim 1, wherein the

tubing is gas permeable.

4. The device according to c¢laim 1, wherein the

tubing is gas impermeable.
5. The device according to c¢laim 1, wherein the

tubing is transparent or transiucent, to allow the measurement

of turbidity.
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7. The device according to claim 1, wherein the tubing allows the measure of pH of medium by
inclusion of a. pH indicator in the tubing composition or lining. 8. The device according to
claim 1, wherein the device is constructed and arranged to selectively raise or lower a temperature of
the growth chamber tubing and associated media and culture. 9. The device according to

claim 1, wherein devicg is congtiugted and arranged to.agitate the growth.ghamber tubiag and
associated media and culture. 10. The device according to claim 9, wherein the tubing
includes @t Yedst ohe Stirffg Bars©d and L TRREEEVIES aBEdrding-°didin? tPwhereilr ife device is

structured.ang arranges to-subjecta canfineds rrgion: et thertubing teraispecific:aad centiolled
atmosphere to control gas exchange dynamics. 12. The device according to claim 1, wherein

the devid& BStRicturedand arrangedto fit fHeedrowh cREmbef fiding Bhd Hskociated media and
culture. ztmospHds8rA.method that increases the rate of reproduction through increased speed of
reproduction and/or increased reproductive yield of living cells in suspension or of any culturable
organisms through the process of natural selection, comprising: a) providing a sterile tube
containing sterile growth medium and-divided-ly- apluralitycof gatesiinio awrestemeditim: chamber and
a growth chamber, apd inserfine o nital culture jn the growih ehamber as a.giarer eulurgy

indicator in the tubing composition or lining. .

8. The device according to claim 1, wherein the
device is constructed and arranged to selectively ralse or
lower a temperature of the grewth chamber tubing and

associated media and culture.

9. The device according to claim 1, wherein device
is constructed and arranged to agitate the growth chamber

tubing and associated media and culture.

10. The device according to claim 9, wherein the

tubing includes at least one stirring bars.

1. The device according to claim 1, wherein the
device i1s structured and arranged to subject a confined region
of the tubing to a specific and controlled atmosphere to

control gas exchange dynamics.

12. The devlice according to claim 1, wherein the
device is structured and arranged to tilt the growth chamber

tubing and asscciated media and culture.

13. A method that increases the rate of
reproduction through increased speed of reproduction and/or

increased reproductive yield of living cells in suspension oz

11



b) maintaining growth conditions according to experimental requisites; c) after a certain growth
of the culture density, adjusting position of the gates so as to move portions of the sterile growth
medium and of grown culture, respectively, into and out of the growth chamber, allowing a portion of
grown culture remaining in the growth chamber to mix with the introduced portion of the sterile growth

medium gad continye 1, gEOW:e v gard)dRProducing steps o) f@gc@ 49 achieye-goptinuous culture
and selection of variants with increased reproductive rates; an e) withdrawing on demand a

sample GirBWh ctilturé: oM £ 121929 A method according to claim 13 wherein applying a simultaneous

peristaltic movement of the gates; the tubing, and the:medium-and the eulturevithin the tubing, allows
provision of a certain quantity of the sterile S@rowth medium to a first end of thga&%rowth chamber while

an equaldgiranitity B Edlttite &' fSofbtdd ARt rethoved thrctgh ah Gppdkiteend 6i-§aid gfdWwth'chamber,

terminating & growth Gysle-ang stagting-a pew growih €ycleana ins15-Ammethed acceording to claim
13 wherein steps b) and c are repeated without contamination of isolated growing chamber and

without protiferdtfon of & Bifutforcresistartiopulation. = S©37 6. AHetHdd according to claim 13,
further comprising maintamingrgrowth canditions,rsaid geowthcondiionsiaclugingaat least one of
temperatg}gg,e%r%g%r% Epg%%l UgI:,LeSnf,i{;r;\é,sc:;hemical acidity, agitation and aeration with various gases.
¢y after a certaln growth of the culture density,
adiusting peosition of the gates so as to move gpertions of the
sterile growth medium and of grown cultures, respectively, into
and cut of the growth chamber, allowing a portion of grown
culture remaining in the growth chamber To mix with the
introduced porticon of the sterile growth medium and continue
to grow;
d) reproducing steps h) and ¢) te achieve continucus
culture and selection of variants with increased reproductive

rates; and

a) withdrawing on demand a sample of grown culture.

14, A method according to c¢laim 13 wherein
applying a simultaneous peristaltic movement of the gates, the
tubing, and the medium and the culture within the tubing,
allows provision of a certain quantity of the sterile growth
medium to a first end of the growth chamber while an egual
quantity of culture is isolated and removed through an
opposite end of said growth chamber, terminating a growth

cycle and starting & new growth cycle.

15. A method according to clalm 13 wherein steps
b) and ¢ are repeated without contamination of isolated
growing chamber and without proliferation of a dilution-

resistant population.

12



17. A method according to claim 13, further comprising tilting the device and operating agitators to mix
the growing culture. 18. A device that increases the rate of reproduction through increased
speed of reproduction and/or increased reproductive yield of living cells in suspension or of any
culturable organisms through the process of natural selection, said device comprising: a continuous
length of flexible, sterile tubing; a system of clamps positioned at points along a section of the
tubing, each of the clamps being positioned and arranged so as to be able to controllably pinch the
tubing by putting said élamp into B¢idsed Fositoilirwhich the futiing is dividedifito separate regions

on respegtive sides0f said clamp, the,separate.regions on sespective sides-f:said clamp being
merged back into a single region when said clamp is returned to an open position; wherein the

clamps atftlttbing are drfanged! $¢ thiat thé fibing eclampeai FiF st tHrotg b ftA pofnts along the

tubing, defining-a fresh medjumchamber; a growth-chamber; and &.sampling: eaamber gownstream of
the first through third points, respectively; and wherein a volume of the growth chamaber

delimited’By s&id“pdifitsStwo and three is greater than a volume of the fresh medium chamber and the
sampling chamber; wherein the system of clamps is constructed so that, in a repeating
pattern, the tubing is clamped upstream of the first point, the tubing is clamped at a point between the
second and third pointéa,7 and the S&¢oHd péint f%rr%%rﬁeé?o ﬁi‘e%ﬁeri%bsiﬁ%ﬁf’t}ﬁ%?eby subdividing the
growth chambet inta@ncupsiream pardioncand-a dewnstieamspationamerging the freshimedium
chamber_and the Ldlpstream Pgrtion, and thereby defining new first through fourth points and said fresh
. the growlng Ccuifire., . .
medium chamber, said growth chaimber, and said sampling chamber.

18. A device that increases the rate of
reproduction through increased speed of reproduction and/or
increased reproductive yield of living cells in suspension or

£ any culturable organisms through the process of natural
selection, said device comprising:

a continuous length cof flexible, sterile tubing;

a system of clamps positicned at pcints along a
section of the tubing, each of the clamps being positioned and
arranged so as to be able to controllably pinch the tubing by
putting said clamp into a closed position in which the tubing
is divided into separate reglons on respective sides of said
clamp, the separats regions on respective sides of sald clamp
being merged back into a single region when said clamp is
returned to an open position;

wherein the ¢ilamps and tubing arse arranged so that
the tubing 1ls clamped at first through fourth points along the
tubing, defining a fresh medium chamber, a growth chamber, and
a sampling chamber downstream of the first through third
polnts, respectively; and

wherein a volume of the growth chamaber delimited by
said points two and three 1s greater than a volume of the

fresh medium chamber and the sampling chamber;

13



19. The device according to claim 18, wherein the tubing is gas permeable. 20. The device
according to claim 18, wherein the tubing is gas impermeable. 21. The device according to
claim 18, wherein the tubing is translucent. 22. The device according to claim 18, wherein the
tubing is transparent. 23. The device according to claim 18, wherein contents of the tubing in

the second region can,pe eentrollably depressutized.orever pressized elative te ambient
atmosphere. 24. The device according to claim 18, further comprising a pH indicator in the

tubing. 1T @ DEPFREVicerac®rding 16 Blait s Furtfier dSHBRSing ARG ahd E88ling device
that can gonttel . temperatyre ofconients of thestbing. o+ o poi26:. The-dewvee ageording to claim
18, further comprising an agitator. . 27. The device according to claim 26, wherein the agitator

compﬁséf&ﬂ@ﬂsﬁ&ﬁé%ﬁﬁmﬁtﬁﬁlntsf and the second polht 1ls returned to

the open position, thereby subdividing the growth chamber into
an upstream portion and a downstream portion, merging the
fresh medium chamber and the upstream portion, and thereby
defining new first through fourth pecints and said fresh medium

chamber, said growth chamber, and said samplling chamber.

19, The device according to claim 18, wherein the

tubing is gas permeable.

20, The device according to claim 18, wherein the

tubing is gas impermeable.

21. The device according to claim 18, wherein the

tubing 1ls transiucent.

2Z . The device according to c¢laim 18, wherein the

tubing is transparent.

23. The device according to claim 18, wherein
contents of the tubing in the second region can be
controllably depressurized or over pressurized relative to

amblent atmosphere,

24 . The device according to claim 18, further

comprising & pH indicator in the tubing.
25. The device according to cieim 18, further

comprising a heating and cooling device that can control a

temperature of contents of the tubing.
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28. The device according to claim 18, wherein regions of the tubing can be confined in a specific and
controlled atmospheric area to control gas exchange dynamics. 29. The device according to
claim 18, further comprising a device to control tilting of the growth chamber. 30. A method
that increases the rate of reproduction through increased speed of reproduction and/or increased

reproductive yield of living cellsir suspension;er-ef-any.gulturablesarganismsrthreugh-the process of
natural selection, said device comprising steps of: providing a continuous length of flexible, sterile
tubing; €M hdvidinga Ystem G clamps positioned at points along a section of the tubing, each of
the clamps being positioned and arranged so as to be able to controllably pinch the tubing by putting
said clamp into a closed positign in which the tubing js divided into separate regions on respective
sides of said clamp, the 'separat&regfohssh ?e%%%gﬁbé‘ dides o?r%%fdﬂclgr%’p B‘g%g“ Métged back into a
single regiphowhen: saiskelampds returned to-am open positiong placing culture medium in the tubing;
closing the clamps at first through fourth points along the tubing to define first through third regions
downstream of the first through third points, respectively, wherein the volume of the second region
delimited by said point$two afid¢hrées greaterthahia yolume: dethre firSt amd thirdiregions;

regions of the tubing can be confined in a specific and

controlled atmospheric area to control gas exchange dynamics.

29. The device according to claim 18, further

comprising a device to control tilting of the growth chamber.

30. A method that increases the rate of
reproduction through increased speed of reproduction and/or
increased reproductive yield of living cells in suspension or
of any culturable organisms through the process of natural
selection, said device comprising steps of:

providing a continuous length of flexible, sterile
tubing;

providing a system of clamps positioned at polnts
along a section of the tubing, each of the clamps being
positioned and arranged so as to be able to controllably pinch
the tubing by putting said clamp into a closed poslition i1in
which the tubing 1s divided into separate regions on
respective sides of said clamp, the separate regions on
respective sides of said clamp being merged back into a single
region when saild clamp is returned to an cpen position;

placing culture medium in the tubing;

cleosing the clamps at first thrcugh fourth points
along the tubing to define first through third regions
downstream of the first through third pcoints, respectively,

wherein the volume of the second region delimited by said

15



introducing said culturable organism into the second region between the second and third points, and
allowing the culture to grow in the culture medium; and repeating a step that comprises
clamping the tubing upstream of the first point, clamping the tubing at a point between the second and
third points, and returning the second point to the open position, thereby subdividing the second region

into an upstrgam partion aRd @ndewnsteeamfortion, 1Rekging thelfirskregion aad the-ypstieam portion,
and thereby defining new first through fourth points and first through third regions. 31. The
method &Fcidith 363WRBr&in applying a simultaneous peristaltic movement of the clamps, the tubing,
and the medium and the eultdre-withindhe dubing,taltows provisiom ota. certain quantity: obiresh said
medium to the second region of the tubing whil an e ual guantity of sajd cﬂure%is isolated and
removedthrough &F bﬁﬁgﬁtégﬁd of §&id e%%ﬁdtrééi n, ?g?rlnrilr?a%nga&?e Growth &Y€l alid starting a
new growthicycte:s to gra32. Thetmethod oficlaimed@,furthee.eaamprising a step of controlling a
pressure of contents of the tukbjrrll%[in thetseegogg rggiccs)cr)]fvl i s3§1 gpﬂg mﬂeth%% of gl}@li:m n30, further
comprising a step of controliing atemperature of contents of the tubing: — 2 34, The hiethod of
claim 30fusthes sompfisingea Stepsagitatingcontantsyof the fuing.vbing at3% The method of claim

30, further comprising a step of providing, speii and conyglled amaspheric area araynd the tubing
to control gas exchange 5ynam|cs. “236. The method of claim 30, further comprising a step of
controllably tilting- of thessezond portort obthe tubingeby sub@¥y Addevice-for geewinigdiving cells in a
ConnnuoH%8¥gHK¥h%%nBH9@9étream portion and a downstream portion,

merging the first region and tThe upstream portion, and thereby

defining new first through fourth points and first through

third regions.

31. The method of claim 30, wherein applying a
simultanecus peristaltic movement of the clamps, the tubing,
anc¢ the medium and the culture within the tubing, allows
provision of a certaln quantity of fresh said medium tc the
second region of the tubing while an egual gquantity of said
cuiture is isclated and removed through an opposite end of
sald second region, terminating one growth cycle and starting

a new growth cycle.
3Z. The method of claim 30, further comprising a
step of controlling a pressure of contents of the tubing in

the second region.

33. The method of claim 30, further comprising a

step of controlling a temperature of contents of the tubing.

34. The method of claim 30, further comprising a

step agitating contents of the tubing.
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flexible tubing containing culture medium; and a system of clamps, each capable of open and
closed positions, the clamps being positioned so as to be able to divide the tubing into: i) an

upstream region containing unused culture medium; i) a downstream region containing spent
culture medium; and iii) a growth chamber region for growing said cells disposed between the

upstream and downstream regions; anda gonfrol system that controls.qperatien ok the,clamps;
wherein the system of clamps is constructed and arranged, under control of the control system, to
open and EffseSo & o' dIdnTpoff afid Yetife thé grovith charbsr Te§iohGTRAS Tdi5ing between the

upstream, apd downstreanregionsof-ibgtubinggand e eyclically redefinetbe growth chamber region
of the tubing so that a first portion of the previously defined growth chamber region becomes a portion

of the downstream region of the tubing, and a portion of the previously defined upstream region of the
tubing becomes a portian, of thergrowt shamber ragiamofthe tebing: andcomp r i s Wherein the control
system measures culture d%risi J!r;r tr%e, gro,vvth chgmber, and cogtrgls the sxstgm %L%Iamps based on

the measure clitufe dersity @ 1iting of the sscond portio
tubing.

37. A device for growing living cells in a
continuous manner, comprising:
flexible tubing containing culture medium; and
a system of clamps, each capable ©of copen and closed
positions, the clamps being positioned so as to be able to
divide the tubing into:
L) an upstream region c¢ontaeining unused culfure
medium;
ii) a downstream regicn containing spent
culture medium; and
1ii} a growth chamber region for growing said
cells disposed between tThe upstream and downstream
regions; and
a control system that controls operation of the
clamps;
wherein the system of clamps 1s constructed and
arranged, under control of the control system, to open and
close so as to clamp off and define the growth chamber region
of the tubing between the upstream and downsiream regiocons of
the tubing, and to cyclically redefine the growth chamber
region of the tubing so that & first portion of the previcusly
defined growth chamber region becomes a porticn of the
downstream reglon <f the tubing, and a porticn of the
previously defined upstream region of the tubing becomes a

portion of the growth chamber region of the tubing; and
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38. The device according to claim 37, wherein the system of clamps is structured and arranged so that
each of the clamps does not move with respect to the tubing when said clamp is in the closed position
39. The device according to claim 37, wherein the tubing is gas permeable 40. The device
according to claim 37, wherein the tubing is gas impermeable. 41. The device according to

claim 37, wherein the {uhing.is-one,ef %@%@E%@’&Hﬁ”%@%‘%@ﬂ@@%'&‘ﬂ@a%b@&’lé‘lect?r to
determine the density of the culture. 42. The device according to claim 37, wherein the device

further cémpfieés apressure régtiator comstrictetto-chahgé apressiire ot tﬁé@?@\ﬁ/ﬂ?é‘ﬁﬁﬂber

portion of the-tubing relativetoambient prassyte. . 43. The device according to claim 37,
wherein the tubing comprises a pH indicator. 44. The device according to claim 37, further

comprising a temperature regulator constructed to control the temperature of the growth chamber
region of the tubing. 38. 4bnEheidevige aceording to;Claim 37. wherein the device further
comprises an agitator constructed to allow agitation of the growth chamber portion of the tubing.

46. The G&IEE AcEdrding T daint 45 WHEMRIR Bie 8§itatdF E(%%ﬁ%lesg 8t feAst ofié Sfirring bar.

the clamps does not move with respect to the tubing when said

clamp is in the closed position.

39. The device according to claim 37, wherein the

tubing 1s gas permeable

40. The device according to claim 37, whereln the

tubing is gas impermezble,.

41. The device according to claim 37, wherein the
tubing 1s one of transparent and translucent to permit =z

turbidity meter to determine the density of the culture.

42. The device according to claim 37, wherelin the
device further comprises a pressurse regulator constructed to
change z pressure of the growth chamber portion of the tubing

relative to ambient pressure.

43, The device according to c¢laim 37, wherein the

tubing comprises a pH indicator.

44 . The device according te claim 37, further
comprising a temperature regulator constructed to control the

temperature of the growth chamber regicn of the tubing.

45, The device according to claim 37, wherelin the
device further comprises an agitatcor constructed to alliow

agitation of the growth chamber portion of the tubing.
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47. The device according to claim 37, wherein said growth chamber region comprises one or more
growth chambers containing culture medium. 48. A method for growing cells in continuous
manner, comprising: a) providing flexible tubing and a system of clamps, each of the clamps
being capable of open and closed positions, the clamps being positioned so as to be able to divide the
tubing into: I) an upstream region containing unused culture medium; i) a downstream
region containing spent culture medium; and iif) a growth chamber region for growing said
cells disposed betweefi&he upsttBaficanddowAstrédmirégionsCand™ 4° By ety $éi8cted ones

of the clamps 9ndhe tubipg ta define the-growth.chamber regign:of the tubing between the upstream
and downstream regions of the tubing, and introducing viable cells into the growth chamber region;
c) cyclically closing and opening selected ones of the clamps to redefine the growth chamber region of

the tubing so that a firstportion gt the=previousty-defined,growth chamber regiaa becemes:aiportion of
the downstream reg}i]on of the tubing, and a portion of the previously defined upstream region of the

tubing b&CoMies’ a POTHGH bf thesgrowtty CREMBET FediGh of the'fibing? BRE™"  “"2™F&Peating step c)
until a sufficieat: amayntaficellsdasdaeangrown.

a8, A method for growing cells in continuous
manner, comprising:

a) providing flexible tubing and & system of clamps,
each of the clamps being capable of open and closed positions,
the clamps being positioned so as to be able to divide the
Tubing into:

i) an upstream region containing unused culture
medium;

ii) a downstream region containing spent culture
medliam; and

iii) a growth chamber region for growing said
cells disposed between the upstream and downstream
regions; and

b) closing selected ones of the clamps on the tubing
to define the growth chamber region of the tubing between the
upstream and downstream regions of the tubing, and introducing
viable cells intc the growth chamber region;

c} cyclically cleosing and opening selected ones of
the clamps tce redefine the growth chamber region of the tubing
50 that a first porticn of the previously defined growth
chamber region becomes a porticn of the downstream region of
the tubing, and a portion of the previously defined upstream
regicn of the tubing becomes a portion of the growth chamber
region of the tubing; and

d} repeating step ¢} until a sufficient amount of

cells has been grown.
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49. The method according to claim 48, comprising the further step of withdrawing a sample of living
cells from said culture medium from said downstream region. 50. The method according to
claim 48, further comprising isolating said living cells from said downstream region. 51. The
method according to claim 48, wherein the living cells are selected from the group consisting of Yeast,
Bacteria, Archae, Eukaryotes, and Viruses. 52. The method according to claim 48, wherein
said growth chamber region comprises one or more growth chambers containing culture medium.

53. The method accoréirgﬁg to claifn 8 MR 6re Bt ftbre SpeéidsTof drganishrdregrofn in said

growth chambers:-ther step Ihe methodaceording te glaim-48, whereinthe sufficientammount of
cells of step d) is defined as a predetermined density level of the cells. 55. The method

according 1o Cldim 48 in et thbin 1§ Yhe periiedble 2™ 2986 The method according to claim
48, wherein the tubing is gas impermeable.

50, The method according to c¢laim 48, further
comprising isolating said living cells from said downstream

region.

51, The method according to ciaim 48, whereln the
living cells are selected from the group consisting of Yeast,

Bacteria, Archae, Eukaryctes, and Viruses.

52. The method according to claim 48, whereln said
growth chamber region comprises one or more growth chambers

containing culture medium.

53. The method according to claim 48, wherein one

or more specles of organism are grown in saild growth chambers.

54, The method according to claim 48, wherein the
sufficient amount of cells of step d) is defined as a pre-

determined density level of the cells.

55. The method according to claim 48, wherein the

tubing is gas permeable

56. The method according to claim 48, wherein the

tubing is gas impermeable.
57. The method according to claim 54, wherein the

tubing is one of fransparent and transliucent, a turbidimster

being used to determine the density level of the cells.
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57. The method according to claim 54, wherein the tubing is one of transparent and translucent, a
turbidimeter being used to determine the density level of the cells. 58. The method according
to claim 48, further comprising regulating the pressure of the growth chamber portion of the tubing
relative to ambient pressure. 59. The method according to claim 48, further comprising
measuring a pH of thesculture mediwmtin the growthdahamber regionn 48, £60:-Tke method
according to claim 48, further comprising regulating the temperature of the %ﬁ)wtg chamber region with
a temper ﬁ}grr:éﬁﬁfé%orrce %%rﬁc edfto controf Sest‘le*rrefpeorature ‘of ﬁwreoairowt ghamber region of the
tubing. porti6d. The methodiaccordirg toéclaim 48, furtherrcomprisirrgagitating the culture medium

in the growth chamber region with an agitator. 62. The method according to claim 61, wherein
the agitator comprises at least one stirring bar. 63. The device of claim 1, wherein each of the
clamps does not moveiwith resprect te thestibeawheri saig dlamplis innth&Scloged: position. 64.

The devige of glaim 3. yherein e means gfmoyingdhe clamps,and.fhe Jubing opetates n & manner

such that'a portion of'the growth chambér and the associated culture can be clampéd off and
separatedfram ¢hie grovthrchamber, and such that a portion of fresh tubing containing unused medium
can be joined with a portion of the culture and associated medium already present in the growth

chamber,
50. The method according to claim 48, further

comprising regulating the temperature c¢f the growth chamber
region with a temperature regulator constructed Lo control the

temperature of the growth chamber region of the tubing.

51, The method according to claim 48, further
comprising agitating the culture medium in the growth chamber

region with an agitator.

62, The method according to claim 461, wherein the

agitator comprises at least one stirring bar.

£3. The device of claim 1, wherein each of the
clamps does not move with respect to the tube when said clamp

is in the closed position.

64, The device of c¢laim 63, wherein the means of
moving the clamps and the tubing operates in a manner such
that a portion of the growth chamber and the associated
culture can be clamped off and separated from the growth
chamber, and such that a portion of fresh tubing containing
unused medium can be joined with a portion of the culture and

associated medlium aiready present in the growth chamber,
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