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Title: Inproved flexible bioreactor The invention

relates to the field of biotechnology and cul turing of
wa@edoBasi4m a |iquid grow h medi um Anong ot her SPCT/NL2008/050388

relates to flexible, single-use bioreactor bags

specifically adapted to allow for detachably securing

the bioreactor to a bioreactor support structure. It

Tigleat es Iinprpasd flexitde bicreactorexi bl e bi or eact or
specifically adapted for non-invasive and accurate
nonitoring of the cellular, e.g. netabolic, activity

of cell It also relat .

cul 1 varnhsg e BrPOnE e i sBe R FBEPIPLAGky and culturing of
AN ih & RG0SR WA medivh VAkidHE sidlels. it rblxédteflexible, single-use
di sposabl'e bioreactors for culturing cells in a liquid
hiexhiactorabagskspmeifidadlyt adapted to adlosy foxglesachably seeuring the

t.he use of an inflated plastic bag.that pr.ovides .
hipkaacias toup Bjweasios sCapbrvI RERTEL S F R RpaPtyfe to a flexible
t%%ﬁgat%?t&f spﬁe%if!ic%élyTQ&a g fbP thfiﬁ%!siQE aad & A€k monitoring of the

ormto I nduce gentl e wave-like notion to the
dellalag ecpnheiabetict aetiviy of peltw Itiatey telapes do minkapraratds for

enhanci ng oxygen trapsfer fromthe heads e 0
aidvatiggicgllp ngl?l% &he lmprp‘ée&@éﬁ%?tar, fffg(f %%quq%ﬁaé%sarh
ang1 n@t abo}li sm Restraining straps prevent the bag
chl hiE Pgﬁﬁ ﬁ‘g of the platform Rocking rate is 1 to 30

rocks perleRibe despoERBlb7Eb AR cbbofor ehltiueing celbs in a liquid medium

bi oreactor bag for culturing cells using wave nptiQn :
odkgimm 10 ibe baty US GhbIUOBA disslessetbosistel Amintiasgdplastic bag

e SR S FAERH Ry L Pk B da0thpes o
Q3! frh@tﬂ s394HA n RAOCERTY FatfriStOindreid pattlomave-like

simlar construction for retaining a bioreactor on a .

motiongoahelapki mgnpaiac shardis, propéingdlignid mixing and enhancing

WO2006/ 017951, 3/.028869 di sc] osges;.a M xing b o, -

eR (rABGIPR §Fom ABE deAaroR s £ 19 (et et Bh A REels i

elg Soedl b TOAIS Iyfotl eResthBEniv@StPApBievdnt the ba

?ﬁsﬁfqﬁ%gorrt?eglnglﬁ)nc u |(?1!gfe§hp?$ésl%l rggei velr %%%r I?egei_vi ng d

abgh Hepsiheerthe platformaBothkingngte lie irent3Oatocks pemeninute.
itioned in the vessel S

the. pr cSBRLITAvehelsorroleea s IEMIHOBEE 0 C0GUIPE gl using
wave motion. Therein, the bag is held on opposite sides in a basin by means of
a clamping device. The basin is arranged in an oscillating frame, which is
capable of oscillating about a horizontal axis of oscillation. A similar
construction for retaining a bioreactor on a moving or rocking platform is
proposed in WO2006/017951.

W003/028869 discloses a mixing bag or vessel having a receiver for
a fluid-agitating element, e.g. a magnetic impeller. The vessel has a rigid
portion including a first receiver for receiving and holding the fluid-agitating

element at a home location when positioned in the vessel.
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a flexible bioreactor to its support structure.
Di sclosed is a disposable bioreactor, e.g. a

wtogs/gsi¢alor bag, that can be detachably and stR{3l/yL2008/050388

secured to a support structure in a predeterm ned
position, and which requires o@ y mnimal handling. A
specific aspect relates to a fl%exi bl e bioreactor bag
that can be secured to a rocking pI atform ensuring

accur at eO"ﬂ%dasi)te@p hptl‘gaf)}?i'ésbﬁfl hﬁ%rﬁ 1{ F@ag?sgtod Métﬁggél $5t securing

even if using hig ation spee . hore

Adi&bledivesctivistl s edpport\WOPQE (i Oﬂ)is’&los@dss Iao&eploé.aebla

fl exible bioreactor intended for culturlnq cells in
ablg

Prareactesnp e aiigreactaring thélap%mbeméa agdosbably secured to a
g&ﬁﬁéﬂt%ﬁﬁtﬁré B:?é ﬁeﬁet’lﬁ» Heltiort fﬁwwﬂlwe@'{?&b&ﬁy

birore I'nuse

bliexnal Bapdlibg. A s?émﬂc ﬁbﬁé‘dttﬂeﬁatbgttb anflévdble Bio€eactor bag that
interrupted by at |east one rigid elenment of said

taebelsecurnst toarogking nladormg eusuem@mcumte @mdngfablg positioning
abl securln t he bot t.0. of the pioreactor

P BE alir TS, B andf niie DR Feity o SP&dR S gorbhan 40-50

ppﬁrs@afserosea@ﬁwt)zb@amome rigid elenent allows for

accurate positioning of the bioreactor in a bioreactor

S uppoﬂlscﬂmeld:islﬂ ﬂexrbdda bivgeactor éntepetedt foo culturingaeells in a fluid

adapt or el Vi de the s ort, strucgture wh .

EHEbBIR A BT Re wnasfgl Eiﬁereaémﬁ Teprigig plxiigWall forming
IS I I

%gﬁi&i rﬁﬂvgggp{@lgsblé Bb&oﬁﬂa Qaf & &mgf‘edc@oﬂ Whehliftddd gfhereln

detachabl’y secured via a correspoh

Auriide pattsostantid flegiisiobotone wdlharsimpariptad Iby'(ztwlbast one rigid
In contrast to a fully flexible wall, the | ocal

elarmmﬁ of sadd flezihlehostom Wéalbutbpéfa@d&le@ant @len@n&ﬁ@r detachably

oot PRE PRRGRE AT AP FRASTH BrBb s oy receivine

6P YelaRf ngﬁquMb&@éﬂtsr CORShE LGlst 0fe Rl teieRE all6RH f&p hccurate
the rigi | enment - adapt or el ement conbination, e.g. a

pbsigicamig o6 thebioreastor we i bjnreaomormb}ppm shxuctyare, acting in co-
A PSR 0 Bl 5ol ECHERAR g when e
iS55 U P51 Bl PR BDGBS ii
elaghentsl ianen fleribde bbttoadapllois detackatily aeeured via a corresponding
number of adaptor elements on the support structure. In contrast to a fully
ﬂexible wall, the locally “rigidified” bottom of the bioreactor can withstand the
pressure and handling required to attach and detach the bioreactor safely to a
bioreactor housing. Any type of suitable construction pair can be used for the
rigid element-adaptor element combination, e.g. a plug-and-socket
construction. It may involve a clicking mechanism and/or the use of wedge-
shaped constructions to provide a detachable securing system.

In a specific aspect, the rigid element is arranged for cooperation with
an adaptor element such that the rigid element and the adaptor element are

securable to one another using vacuum pressure, the adaptor element being

arranged for being fixedly connected to the support structure. Once a
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securabl e to one anot her using vacuum pressure, the
adapt or el enent being arranged for being fixedly

wa@oensasided to the support structure. Once abi OPEBNLZNNS/050388

of the invention is correctly positioned on the

housi ng, vacuumis applied e.g.gthrough the adaptor
el ement to secure the bioreactor in its position.
Duri ng operation, for exanple during rocking, vacuum

bSorEBEr A RBE inté A i86n §OMrELtIPPosiEiohBE ot W HeWidng, vacuum is
process, vacuumis released and the bioreactor can be

appliediesntthyongimbhe ddaptom dlement o securst thedtiorenctdy in its

positive pressure can pe applieq to further facilitate. , .
PEFETe ‘%réﬂgpﬁér%‘%{btng exn Urig 19CkH & J@CHBRS 1 ppintained.

T e L R O i
basieatite candicenivenidémly iréinededvifitdin ahé sugpormadtuaetueé. A positive
(finished) cell culture. The at |east one ri

i d
prresrawe canrbenanmliedhtq Burshemntaslitaie gelgpge feomg rgslhe afigp{or element.

3 R 2R P TR 62 Bl B o RRERRE g pottom of
RO BicteactRewhd R in A B c@inbebsoré dhd My ftsRWRBidreactor is
does not exceed 10 percent of the total bottomwall of

tfille dow sheabirge vopnme e {finished) cebcultunen 5 percent.
The c ssés]gcti on of id el enent can

.th [ ) )
ci reul aeturid slordehtout Y origr sBARpegnd dimensions.
z%%eaﬁx{égﬁ’ggﬁﬁgﬁg smaMCert o tdWIIRE ok c?ﬁitiiﬁgzt JHRImé bPtKe flexible

o vary. SO In viewo
isdrehatiruv ke hot & sisel In genqambfthertothlt dyah dfitbe ragitldrottom

sprvants syl gy of B gt SRl T borenco,
AR5, B30 00 g . L gL SRR o B B lomentcan

IRCH dullr, FectrtidiLaE E@liared b bEh& shgss aeeatlso encompassed. The
di stribution can beair eferred. The rixgsi d el enents can

setzomimbenefinsividyanigik elerments anrctley vagy chliodpi ey of the
IR
SERRRTH ATy s e B ek e g
déhontsdite tdlative pheitioning of the vignd elamentstaapnbefreglyechosen.
innoJig%Cgfoe{ stia%lé glfcid rﬂ.a[l!lrrlrc%ld s)g%hgﬂsg cg:fo an{){ogggc toir,oelt’] more or less even
dist;'ibution can be preferred. The rigid elements can be positioned along an
axis of symmetry, preferably a central axis of symmetry. In case the effective
volume of a bioreactor can be modulated (see for example W02007/00173 and
further herein below) it is practical to position the rigid elements in the section
of the bottom wall that, when in use, forms the bottom of the bioreactor in its
minimal volume configuration.

The skilled person will understand that the total number, shape and
dimension of the rigid elements, as well as their spatial orientation, are

adjusted to the total number, shape, dimension and spatial orientation of the

corresponding adaptors on the housing.
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The skilled person will understand that the total
nunber, shape and di nension of the rigid elenents, as

wowedoB/1580t hei r spatial orientation, are adj ustBdr/ND2M8/es0388

total nunber, shape, dinension and spatial orientation
of the correspondi ng adaptors gn the housing. The rigid
el ement can be connected fluidtightly to the flexible
bottomwal | of the bioreactor by various neans.

Dependi ngLeRidilQ16M8ALEAR V8 dBRLBEA! fPuidl tis Ry fib eké Eﬂeﬁlble
and rigid bottom sections, the sections may %e seal ed

bmq@mwalltd the hivzeactar by Vaughus oransc Dependfigg on the respective
th d el

ety o G5B aad Figid EB%?%E%%%# tforts Ty be sealed

{%fth&gt Orhfh H ofn‘ﬁ%cﬁl dértlpieh% ABLES RS

not e seal e e rigl
camnprisfgstle mgt&élemgexﬁi ceambé tﬁghaly sealeked thgflyxible wall parts by
connected to the flexible parts of the bottomwall to
heatng f1uid tight connection therewith, while the

rigid el ]
o seal | AEUhaty: R RERI P EnE RERL of HPEBS shaf
todethéid the Gidid svnesnt b@&ﬁpﬁé@é aWouplinknge e thABis sealingly
element is for instance hose barb hol ding the insert

edrereshed by thd Bapible patﬂse)futhg dottosh evadhto faym aHtuid tight

ur pose preferably . bei i ed or otherw se
Bt GR b i, Wn e Ath SeEforten: REHRS Qmriaiiah Ssert
h?léfiﬁ At §d Ee:ﬂ'inélﬁr%ﬁh@&%ﬁttoftlh%)@ogbﬁ ?léléﬁl'eﬁt £6 féth QY¥luid
into the biofeactor and to permt visual
tlghp echnarticaf thdrewliiln ﬂﬂmdmmtplnrg deopnsde $si mytadice a hose barb

desjired, Suitable fle pl astjcs are PVC,
BolcURE Ay SpRsre AlABR OBy PR megold% R Al menfr Shpf purpose

pilat Bhed éélet?P%% Pt i sever

var i aihedlexilsie vl grd Q@i@iaﬂ@' mhdé loé aStmaﬁspatrent or translucent
structure. Suitable materials for the rigid el enent

Bewible plassisl tpeallnpy dight intsl Shedbiptragter and do pepifyisual inspection

e PlopRobi Bibionr st el 2Pyl SR REI A ffgips ave PVC,
ﬁolty@%ssleﬁé,epblypmsylbﬂ@,rp&gaaétmbeﬂy@alon@ HDPE, EPDM, XR-5™,
Coolguard™, Teflon®. The type and thickness of plastic will depend upon
several variables, including the size of the support structure.

‘ Suitable materials for the rigid element comprise polyethylene,
polycarbonate, and similar polymer materials. As will be elaborated on further
below, in one embodiment the rigid element is made of a transparent, non-
fluorescent material.

The term “rigid” as used herein refers to any inflexible or stiff
material that is incapable of or resistant to excessive bending or deformation.
A rigid element is made of a material that is less flexible than the material of
the flexible parts of the wall forming the bottom of the bioreactor when in use.
However, the material of the rigid element and that of the flexible wall can be

the same or different in terms of their chemical composition. It is preferred
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The term"rigid" as used herein refers to any
inflexible or stiff material that is incapable of or

WO e®sasEN t 0 excessive bendi ng or def ornati onPCHNL208/050388

element is nade of a material that is less flexible
than the material of the flexilgle parts of the wall
formng the bottom of the bioreactor when in use.
However, the nmaterial of the rigid elenent and that of

1g BBt iR dancRithBtadd eh S B S stetiliketi8Atprofess that will be
terns of their chem cal conposition. It is

ptiéﬂzeflltetstéxzihzéoﬁlmbimemtbal s can withstand the type of
sterilization h i1l b tilized t . .
Steri|i z0% PRE aBPSite it BECINA PaFES Sidhedetiinaral apdihe rieid
Qﬁgﬁeﬁ}togret B%d@ ¢k APhvakin ARk tbhs], rei.%i e B A 8f a flexible
nmade t [, e.g. t

romthe sane material, e.g. e bottomwall of a
pbBxithylenp eindetheyatcleastone rigd alethentsbeingemnilgioflhardened
el ement. bei ng .made of hardeped pol yet hyl ene.

pﬁlgﬁeflfayléae?ég\i@dicﬁ@ Hhes ithe amgferiale of thp iid Elpangnt and
s

the¥ighll and&ibR mateglshepetidretledrgby dormitg a fRdiditight
ti ght” connection. In another aspect, the material of
pomenedtiyind lolanesher aspecthihe matemal of the ngid ¢gJamentsmd that of the

he. L] di ff ¥ : i ¢, .
ERgine pp At Bt ST oFF idihebe g oths bR hir hemical
&ﬁnk)ﬁgﬁﬂ)nb HONSRLIOYalts @Fikhé BoRehy MallléanBe @88 by dlexible

a pol yethylene coupling element of the rigid o
gbhrsthylens sheateth whickt hgolythplinemouplingelemngng of the rigid
el ement conprjses_an inseynt el enent. bein de of .a .
elamepaiccioe ot e that ertRdimentptie igrb et chpgprises an insert
tran i r i
P AR a4 LB e 3y AL fofbonate. Tho
AR A rE Bt irtelrt E)emidrtoeacebé slanmpel fl thelcaptprg slentprd.

l'iquid nmediumusing a flexible bioreactor, preferabl .
usi ng Theviaventipanalsedeintesitng met Icylifé‘é%i}?g ﬁﬁﬂ%\lﬁ/ a fluid

bi or eact t o .a Di .
SpRGERinE 2 iR shhe RRAREIe BT HroRrBR Msing wave
LRGSR EdonYh i SingBRIE cRAlsI§ eREbufif gthBioedyior to athionxactar. support

Preferably, said means conprises one or _nmpre rigid
etamtntebpmieavaptesent i tenbettanr vied Qfgthtecbit)%cgor that act

Itg\g/eet telr %'th means present on the support structure. Preferably, said means
cor;lprises one or more rigid elements and adaptor elements according to the
invention.

It is an aim of the present invention to provide a flexible bioreactor
that is specifically adapted for non-invasive and accurate monitoring,
preferably on-line monitoring, of the cellular, e.g. metabolic, activity of cells. It
is a specific aim to provide a bioreactor bag that allows for a reliable and
accurate on-line reading, in particular if cells are cultured using wave motion.
Flexible bioreactors comprising means for monitoring the metabolic activity of

cells are known in the art. For example, W02006/017951 discloses a bag-

shaped flexible bioreactor with a housing support arranged on the upper side
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It is an aimof the present invention to provide a
flexi ble bioreactor that is specifically adapted for

woensiim4asi ve and accurate nonitoring, preferabtNL2008/050388

on-line nmonitoring, of the cellular, e.g. netabolic,
activity of cells. It is a spegfic aimto provide a
bi oreactor bag that allows for a reliable and accurate
on-line reading, in particular if cells are cultured

B thraRY6r BREI Phe hblisinigh ) tﬁé&@é}@@?ﬁi@ fitE HBPbASH 'i‘ﬂtenor and
means for nonitoring the bolic activity of cel

eompkisesn tiranspareattsenfor piexaapden dicoet 0ilé9h lzontact with the

RS SL i, BIOTSAPE AGAd BirPUREY (g eAngPdAG fhee optic which
Ergag}:ftgélf P89ntrbaeche Yeid GheSHRARGA % Eégﬁdﬁld Bditnddi&d to a display

s Interior and conpri ses parent sensor

deexe. Bhe hansingdswaiort id phﬁndé\d eadth adlanyge pictd eightly sealed to
contents of the biaoreactor and which may_ be scanned b%
e

the vessel gl WV Q%O@ﬁ/Qﬂeﬁ%ultlgé}qat%thaﬁ ﬂ@oﬂ%@%ﬁ Piece mae
E@ﬁﬁéc@gd ) Pﬁé) L én&f}dplggé“&g %Sde st(%’ q ttﬁ}ﬁclgr %qugc\égxg Ie)lece Whereby

ousi ng sup provi ange

th@l&ﬂg‘th&ﬁ%h@@ohﬁeétbﬁ p¥R8sS8lsudRlthat M@Q&ﬁs’o@lpz lpermanently
indicates that the flange piece may be connected to

rmlgensmt}m eapetayt neans of a tubul ar connect or

pi ece, e length of t connector i ece

P uch i natvidrets 4RE arTiftedactcttBecting: ot b SBticproposed in

W@20@@/@t17951 Wher §RSwifBE tak n%‘ \Jersib Iﬁéaédl%nﬁﬁﬁstﬂrth@@ﬂetabohc
fibre optic proposed in WX006/ 017951 nay all ow for

aaﬂwmg ofi cslig rthleepreastumyenirsexpenenced abat itas ety vluﬂfr;cult to

cells,.the present inveptors experienced tha
; fayn @ yeliakle ?nfi@cﬁB%f%lierPI‘aﬂP%IrP% g, dhPagHewhaz colls afe

ourclbae ugl“ﬁ%dx!vgge n&&&ﬁﬁ{%#l?ﬁ%iﬁge({eﬁls %Hﬂ% wave IﬁHélEH 1§ Qnown in the

u3|ng wave "o S using wave not

hst, lkBeYeY éxurhpR B5t6,1909 18 ERADROE7/081 3. ﬂ@&yﬁib&ll&l’lﬂmpnses
WO2007/ 00173. It typlcally conprises the use of a
begyushaha é)algrshaé?@dtb}ﬂr@éﬁéw gagured 40 pgerking plasforsy that is rocked

ot pleSES Hatadt it BHA rolRY B oif of R tMhation in
%@Bb? Qehikh b eidel Hotd kiS5 A ARG 29%¥ Y @ﬁygé@mfr@fer from the
fromthe headspace gas to the |iquid phase where it is

hsaésnacalgafscno thelliquyd pltase amldeneat abesdeamial Homealkgrowth and
me%abgls sI ogveevglr O%ﬁgﬁtu%iné’ {hg\gocx)'gg(/:tg% Z)? @\}028055/6‘1%89, a rocking
motion often causes the housing support to sway out of the growth medium
such that the sensor piece is temporarily in contact with the gaseous phase in
the bag’s interior, instead of with the reactants. As a result, the signal
obtained, e.g. pH or oxygen level, does not accurately reflect the metabolic
activity of the cells.

Another drawback of the arrangement set out in W0O2006/017951 is
related to the fact that the fibre optic is part of the housing sticking into the
medium and thus also undergoes a wave motion. This motion negatively
affects the accuracy of the reading, possible due to a variation in the distance

between the tip of the fibre optic and the sensor piece.
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notion often causes the housing support to sway out of
the grow h nedi um such that the sensor piece is

WO eoupas®Eni |y in contact with the gaseous phasePCTINLE®S/050388

bag's interior, instead of with the reactants. As a

result, the signal obtained, e.g. pH or oxygen |evel,
does not accurately reflect the netabolic activity of
the cells. Another drawback of the arrangenment set out

in WO200GHR41R3dnt favedhatsefhirpPisihdydsdovbhad thdea frigiﬂ @lement

optic is part of the housing sticking into the nedium
andihe hottoar oba frexablgddsreactaveambe advnantﬁtgesuaiyt usgd for

sodttenae delolg setoafit Mpe s erticsuitBe 40 Hbiae sction can not
gggys o R bAPL b 0 e CRSRE 1 8EioTHS o support

ent I nventors surprisi I scover ed t at a ri
sharctnte, iitical alﬁ@@haﬁmalgfoxeaddm»nblly sbiros eacantiecton xheans that
advant ageousl y used for nonitoring cellular activit
wélpav s A inyasIve mtomionrxg of Gsbtulin?e@eiy oler dBFiaRGe Wherein the

E{%bgotmgf)relgoassenggp gletm at. Q‘fxtlé Loffe tt?l% 1B%1118g}1 1:48E to a flexible

a suppor ure,

%ﬁé&hﬁﬁﬁ'lﬂﬁéﬂd&l for@dilturaiiatdlls Hes 1R uad nQéHlﬁhﬁ r’chﬁz QMioreactor
means that allow for non-invasive nonitorin

cehiprisang acfl¢xibleywalldprmineg arihedwnmee?meatbﬂm%ﬂﬁanswaﬂ of the

FEBRe& T Bhar 1 iep oV BOTHLD: lekibls Patht o e A bHom wall are
G i 29 153535# fodsP ofe rhéiﬂ'e%ﬁ%ﬁt Hffbaltdrﬁe)ﬁblér F&%I‘ﬁrwall the rigid

conprising ‘a flexible wall formng a fluid inperneabl

bdnmem anﬂ lthefflexilde maytsehemgmovmenteldrﬂwemghﬂgr andh Wherem the
erX| parts of said flexible bo wqj

.rral %@@a COIPPEISCH MRASUSHRE Fleging giloppogsgpyasive (on-line)

(gﬁ%lt 11§g B’g‘ré% a\(g?‘ir%wé%;&necdtlg&g ?ﬁ%' gﬁ%hﬁﬂ Iqlly}fd%gnd

wher ei n tAreuddddhéleth evmd f’nmmipralhﬁsang&‘as nohAgvasansnonitoring”
all owi ng for non-invasive (on-1li nez3 noni tori ng of
eeforaite anyealemeny, struearg Omd@wwcw ichyidpvelvedoa inplgumental in

x@% g?(gl?%]nﬁ?ﬁfdlqg pzf%ﬁglagga%gﬁ)} gx%%ﬂ%véﬁ% ch 96}3& gts) t access the

‘é’f‘éﬁf& in$ediBY 6f MRAbRIreddt6H. r'ﬂﬁ@é‘ﬁﬁhot BnI}*’@ndebds%s ﬁﬂaa@furmg
cellular activity which avoi ds the necessi Lél to access

m@am pel $eg biuttadso oreanis thiaé ebiableg at fasilitateude datuabmeasuring
ng P a%g%%%s% g oﬁﬁe %E(;rggctor.

In one embodiment, the measuring means are formed by the rigid
element having a surface, preferably a planar surface, of a transparent, non-
fluorescent material, said surface being provided with at least one sensor
element facing the interior of the bioreactor. Therefore, in one aspect the
invention provides a flexible bioreactor for culturing cells in a fluid comprising
a liquid medium, the bioreactor comprising a flexible wall forming a fluid
impermeable bottom wall of the bioreactor when in use, wherein flexible parts

of said flexible bottom wall are interrupted by at least one rigid element of said

flexible bottom wall, and wherein the rigid element has a surface, preferably a
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means per se, but al so neans that enable, or
facilitate the actual neasuring taking place outside

WQo008/KHe4Mi or eactor. I n one enbodi ment, the medSUYNIRG08/050388

means are fornmed by the rigid el enent having a

surface, preferably a planar s%rface, of a

transparent, nonfluorescent material, said surface

bei ng provided with at | east one sensor elenment facing
bhgmdri BT ofh t&*&ﬁsﬁr@ﬁ?,%rﬁﬂuoﬁk%@ﬁ% F({aeceri'a'i', 41§ surface being
aspect the invention provides a ex! bl'e bioreactor

provided mith ng lesdtlanei senaof bleintlerotofapirigsthegintetibe of the bioreactor.

medi um the bjoreactor, _conprising a flexible wall .
form ng & FPRPENAteR MHnB T e stismiphe Pogitiqnas below the bottom

' i ' ' aj d
Pl B PRahe Ao mhRREE) P IDER S RRHIG Pl 3
argingeel@rtaditseabos and prblex bbb stfof hamcsatdte sibreliable non-
wherein the rigid elenment has a surface, preferably

plagivg momtoxERE obmetaholizrgiaisn thwohiorbacpesbdrantageously,
OB PN AP BB A TR B s and

BhehRRAAT nldhRRTRaPAlLRR M BBt tinchPe RRbE e RIS of the
posi t1oned bel ow the bottom of the bioreactor, e.g. a

powrbsparsling eigitd@lemens Uppamtrastriodharagrangément disclosed in
SR s e TR R oo S S s bt ofthe
8all bltthe WAL BE B BBGEPLon ity ANRAROUS dtantd) InRIRhon, the
I's he I n the adaptor el enent nounted to fhe suppor

spticifiber prelndisvistappedfithe dicraswr driththakforemdt@ubjected to the

detecting the sensor e]enment of the caorresponding o

viaye dnefiepehbe segnresrd aequrate perdtigprofile hiereactor comprising the
| 8¢l [ 06/ 951,.. the sensar, bej rt,.0

A s BEE sl Ao Rl ik AR EHE Ay P QA Sbance

Betwedisdribob @IdiREn€ 81l dpticiibcdR groBe Ak M mindmally, even at
addition, the optic fiber probe is not part of the

bigly rogking rafed. t her ef ore not subjected to the wave

o7 or eact DS BRI EEA TGt ASai TEmERT Shi & BREAER pafh at least one

hR3kaRng MehAE IVIACH WBhs G SlehRAt! iMerelieafdbiSiddBRARd to as

bet ween "sensor el enent and optic fiber probe varies
Grengormygingidl elemewneh Atrigid glemestknoigbeiaggerovided with a
remarked that a {li gi.d el enent being provided, wt q at .
measprigganeans is hereinafter referred to as "securing rigid element”. It is
however to be understood that a "sensoring rigid element" can also serve as
securing means. Unless indicated otherwise, the term "rigid element" refers to
a "sensoring rigid element" as well as to a "securing rigid element".

Sensor elements for use in the present invention are known in the
art. It is for example an oxygen sensor or a pH sensor. More preferably, at
least an oxygen sensor and a pH sensor are present. The sensor may contain a
luminescent or fluorescent dye. Alternatively, it can be a sterilizable electrode.
In one embodiment, a rigid element is provided with a conventional pH

electrode based on selective diffusion of protons through pH glass, and the

determination of potentials between the internal electrolyte and a reference
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nmeasuri ng neans, |like a sensor elenent, is hereinafter
referred to as "sensoring rigid elenent". Arigid

we@b@msasi4onot bei ng provided with a nmeasuri ng nREINL2®8/050388

hereinafter referred to as "securing rigid elenment”

It is however to be understoodgthat a "sensoring rigid
el emrent” can al so serve as securing neans. Unl ess

i ndicated otherwise, the term"rigid elenent" refers

ERcirod2eTHE rrbﬁ&ehbél bR cBlodBRAN heSithe! bxREnhP(sBparate sensor) or
"securing rigid element”. Sensor elements for use in

iterpak St electrede iomommnded mykhe rigid esext e.gl using gikicon to

B Bep Sohgu R cmenioy 5y Hash G D H R BYe e dp contact
?fuen Pﬁ&ﬁgﬂ%d géllﬁ(;@ %Q{Sﬁ{e me%&g{ ain a |lum nescent or

["'uoresc ternativ it can be a
slt erili zTbheealiffepnitreasord mwplmf&fﬂm;d ipnmtiedamréegpiadate rigid
eemant s provided with a_conventi on Ietroe
t@np&fp é%lt ¥, erﬁh&ugiha@ﬂawo%%gc iplement,

gkw@‘é’}‘ﬁ& r g‘%ﬁegeg@ tag% rlg %%g&?lj & fhegl%é \éﬁ%@oﬁaﬁned in a

6Rig26 NEE e@élﬁgﬁt omee Satbobeididligcosvdrently readpaitdi@n the
sensor) or internal. The electrode is nmounted in_the

pugmde thewrgh the t;ranaparﬂ;lts npndbroresceadimatasial qfithgirigid element,
onneci){ﬂ ¢ that the pH sensitive tip is in

86 5%]? YiPth PCresT Fé‘g‘? 4Rt s of the bi oreact or .

The di f'T st,e0%18 §é§é?ﬁ‘§ iR¢16de &)ﬁﬁé@@ﬂﬂéoi? bWtheRes, B8} instance the

separate rigid elenents, préferably on, or through a
ptasarspots Sappelied by rRreSegs dPreblemmSenahg Komyid,iRegensburg;

S oo gaumabbe ukie S e po R lBle Rpysagtors
no%nf{lem et ¥nd ?]aglb%‘ttrgﬁ TelhE, ?r@ g% {?%Q&Qj?altsn%ed for the

ranspar en hon- uor €scen I’THt eria ri gl

piseBfor a1 Qfd% rcabipatible avitkothorbnditioad mgaied. for attachlng the
Sui t abl e sensors include planar. sensor el enent ?
iseesarRlemens, Henssiansp @ofsglgmgn Ingqgnisrashy a sipd e sment of the

Elgﬁ%lbtﬁtlngga gﬁ{lgge Cfgl R%n ﬁp lﬁ(%i pﬁ‘oﬂf&gp& rl-gi](fﬁ?aterial of
B O i P
suitable tlorararthen emhodmpant tihe means aHewins fint ngninvasive
rn?grﬁltgr?ggfcgflu?trta?c PV'IP}Q compr1se the rigid element being interrupted by a
membrane allowing the passage of at least one analyte to the exterior of the
bioreactor, the analyte being an indicator of cellular activity. Upon passage of
the analyte through the membrane by passive diffusion, the analyte can be
taken up and transported by a transport medium, preferably a fluid in which
the analyte is soluble, to an analyte testing chamber capable of detecting the
analyte. This concept per seis known in the art, see for example EP1870033.
However, the use of a membrane in a rigid insert located at the bottom of a
flexible bioreactor has never been disclosed or suggested. Said membrane is

for instance a dialysis membrane or filter membrane with a selected pore size.

In a specific embodiment, the rigid element is provided with a cellulose acetate
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sensor elenent, for instance by gluing. In contrast, a
rigid elenent of the invention can be nade of a

WO ea@sdpsEnent, non-fluorescent rigid material OPCT/NDRID&050388

on which a sensor el enent can be easily nounted.

Pol ycarbonate is very suitabl ejgln another enbodi nent,
the nmeans allow ng for non-invasive nonitoring
cellular activity conprise the rigid el enent being

iné 1R b4 . €Chd)¥n e FRIAY @RELALE S G coilfeMRIIBIBe Figidlelement by
| east one analyte to the exterior of the bioreactor,

whethedalkyoa b the art. iAnalytesof interest thataandes meaasyred include
SRORIGERR Sihslriteq B0t aF soEbAAUAIe, SR AT IR  Apucose, and
%ﬁ%ﬁ%?ﬁt BYe QT:&'@?JHSW phndedicis Aeahes 28k (@.?f 1d#e# acid) and

e analyte 1s" soluble, to an analyte (esting
pleptides. Gapahilseamdlytiet mchidegOt hada®@byt e. This concept
per seis known in the art, see for exangple EP1870033. .
However , Qther G@Qﬁﬂm&nﬁ%%mﬁﬁéwlﬁ%eﬁ 1a¢thidy psing a bioreactor

| . i o) 3 r_ b

298} ShBlrd as RaRluhe SUch iy B HThD opl@RL or non-
foptichNEledN6ds. F et larsple, sRebicdlengledanlct SicdRibmames can be
wth a selected pore size. In a specific enbodi nent,

meeformgidd el enent is provided with a cellul ose

acetate ane. The e._can seal.ed.. s
connect ed A BTG ?I?Sdﬁrg‘%ggfé il {:ne&ps%{ ﬁg%}{slg%ﬁlgé\ﬁelll%latrhaézmvny,
%t%.-a ARloY bSmeht,  WAEASStIL B8} d§AAgheIRAGUIRE, fob¢hitdace during
ceflular growh substrates such as carbohydrates, in

patdrisivd agitgtion e e, bamshapd debisreactoh asing theswave meetigy disclosed
cells, such organi ¢ aci e.qg..lactjc acid) and
Je ¥ D300 R, e draterred T it glesponhpraspse gyl

. I -
ARRRETTRRL ol pitEARLOL R BFby BENGRr dubuity, $hOfH forming o
dgeshining @egsel USha dimphiioal amt shapoof iheaineasuiiogsessercan vary.

exanpl e, electrical inpedance neasur ts can, be,

Jés Erpesaction ay DReiCElF, FEURFRET OYR. dgne pRpodiment, the
noni t,ari ng,cel | ular LY €301

BRI AR A i g P RO AR SR o onst 2
dibBghé Medstiti ofthaGivrddutlingfw 4l Dagosd epdédihontabeatigid

usi ng the wave notion disclosed in W2007/00173, it is

plefment edmipirises iagivallairetmidting dnfsr theeigterignppace of the bioreactor
and surrounding the sensor element (see Figs. 1 and 2). Thus, a measuring
“Veésel” is formed which will always contain a required minimum amount of
liquid, even if the bioreactor undergoes vigorous rocking. In another
embodiment, the surrounding wall faces away from the interior to form a
measuring vessel which is located below the surface of the flexible bottom wall
when the bioreactor is in use (see Fig. 3). It was found that this positioning of
the measuring vessel allows for an optimal exchange between the liquid in the

vessel and that of the “bulk liquid” present in the remainder of the bioreactor,

such that an even more reliable (on-line) measurement can be obtained.
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surroundi ng said neans for nonitoring cellular
activity, thereby form ng a neasuring vessel. The

waleowensison and shape of the measuring vessel CBET/NRZOPS/050388

Its cross-section may be circular, square or oval. In
one enbodinent, the vessel is g cylindrical well.
Preferably, the dianmeter of the well is at |least 3
times the height of the surrounding wall. In one

R bERNpretiBted bPitHe ?b%ﬁ%ﬁékiﬂ@&ﬁﬁitﬁg Srf tWat the rigid element,
protruding into the interior space of the bioreactor

with suwithmdi mgasieng emsors, el g mesensps ebﬁélys is adgamltageously
bidh i SBYVRF R HORE P B th kMU REIRE Fog, paiae easily
g%cgi}ﬁliftota 'opéag’crtgitelgﬁ}?é]oxjﬁ ARl eSS irY h%&%ﬁﬁ}ﬁl@ A RSer 4fd/or from

er enbodi nmen e surroundi ng wa aces away

heamatd andiietinbly monitdodiny of cetladar actgvivesBadfevdhilghutiis a
| ocated bel ow the surface of the flexible bottom wal

disposable hipraasten df can bern disposalde, segile ggnk linegdar culturing

found that .thi s;.positionin f t i S
LD B GRS TR By BB T pretorea
bhfbousneat, 87 atdidiosabld, Reerilsd e lplsisticiba giesadedifor culturing
the remai nder of the bioreactor, such that an even

nellein elliqbd en¢dinn,i preferablys usimgewave arotian. (b cauree. the
e BLFSHaS SR PG L Sl b ibes mear
YRALS fa&li%te%#x%ﬁ?ig{gfigﬁlo? Tehfoval 8f Q@Yﬁ@ﬁsﬁ%?é‘?. Yiqus®ehedium or a

inany type o e bioreactor that woul d benefit
tamploedtigreasbssorimandfbatores bnoveanttbe agtippay be present as
structure_in a detachable mapner and/or, from cur%;e )
avedl, iaelndine masitaring Ak sersarElg derresetheyithpn those described
ref.ergbly, it is a disposable bioreactor. It can be a
gleg%gsatbqvé sterile tank liner for culturing cells in

a | i quiLd iaeehtioh 4bkRgoidakorovides of mekhodfntmonitoring the
system In a preferred enbodinment, it is a dj spo,sabhe,.
stlularj s gomeetpbakic.i astiviy ime dased celd ﬁuw@,uwilﬁsele@ gxible

eipectotravifed Wb DFE Rt nt R Rk il dfbans, such as
?g%ﬁi’?%ﬂt BbRBBNESttiohXarkPinledd §6ndR @NMSmeAt,Cthat acts in concert with

tate the addition or renmoval of a substance,
@. grobkioguitHembybicuof deteetos anpiatedQirhe biersaetyorupporhflructure.

e BginoanL o, 8 B PE LB, Wby o i
trﬁ]gcﬁ%ngeesg.rf)&%ryotic or eukaryotic cells, such as algae cells, bacterial cells,
mammalian cells, viral cells, or any combination thereof. Whereas the
invention is particularly suitable for use in cell culturing, a bioreactor provided
with the measuring means as disclosed herein can also be used in other types
of applications, for instance in the (on-line) testing or monitoring the
properties (e.g. pH or conductivity) of a liquid contained therein such as
culture medium without cells or a buffer.

One specific aspect of the invention relates to a bioreactor bag wherein
the flexible wall forming the bottom of the bag comprises at least two,

preferably three, more preferably four such rigid elements, and wherein at
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herei n above The invention therefore al so provides a
nmet hod for nonitoring the cellular, e.g. netabolic,

WO008/17840t in a liquid cell culture, wherein aPCTEU2B8450388

bi oreactor provided with a rigid element conprising
nmeasuri ng nmeans, such as transﬁﬁrent bottom section
carrying a sensor el enent acts in concert with a
probe or other type of detector nnunted on a

RLOE 6RELPIhS HPRAIE x%t) HLérl eﬂ%elsb% element.

contaln any type o t can e In a
Prefarablypdicumulipte rlgrd)klammtts @ro rsubsteartyaily areaiged along an
such as algae cells, bacterjal cells, mammalian cells,

s &t swmgtryaf thaposiommadl olothe bag. dhe bagerrdavesay shape
Gﬁ"ﬁ&‘f&%{w %a%%&ahﬁél{ﬁéé&/ dﬁh‘é%&@h& 1{ of indt3% ch & fsedf* an essentially

I Or eacC provi nmeasurl

f@@@ﬁgtﬂ&r @han esh bRmRIAfreaNtld ) ReanSAthtyktatd) eﬁ one

ges of applications, for_instance in the (on Ilnef
pilingemnt; mmftr@ptmq aeshappendicempresige fpwr vigid elements that

ﬁ%‘?ﬁ?é%‘écv AR T TRV O AgP Dot ERpe she

t t [Pesr
SRl S pLINE CRIPFICUTIORR B TiREH ol bas Two o

thegrigohplensoads are Ieaahlprbvmd,edpzmherddstlpct hemsor glement, e.g. an
preferably fo r s ch rigid el enents,

FENLERSICTSAE 28 s(ﬁnspé thep,ig Y€y ?ya,lg%% Ile?rgelats contribute
SR Rl 04 A B

Adtiricalby rhetivy Lhsdtfiaghidgidelemehts afllowhfer badinelhmnitoring of
bag can have any shape hut preferably has standardi sed

hemmesalomic aqtorty ﬁéﬂsﬁneﬁéla qontaingtd inrfhekaht i al | y

(ot SRS oS B R o HREy RO G RRA BRI well as
&dr 6B dig g’ ?)tdh* &liegh 31tS HRNhS dupporhadt@cture, in an :

circular cross section. The rigid elenents are
msmmecbneail cindigyrabioncettivé tagach oifhes”wnrmsuye plaabtheebloreactor

Lo o RBARAAE s 22T BB T o LB riantaion
Ly 8 040 St s
aacinvelwnl] each wequrinpaispedificroptizhl phabeoiagread theesensor signal.
SU ppoIrI} stsifl rau utr%lrler aspect of the invention, a bioreactor bag is provided
whertein the flexible wall forming the bottom of the bag is, in addition to at
least one rigid insert, furthermore provided with modulating means for
modulating the effective volume of the bag when in use. Said modulating
means are capable of acting in co-operation with a pressing device to
compartnientalize the bag, thereby allowing for modulating or adjusting the
effective volume of the bioreactor during cell culturing. The term “effective
volume” is meant to indicate the volume of the bioreactor which can be
occupied by the liquid cell culture. Modulating or restraining the effective

volume involves in particular the restraining of one or more flexible walls of
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to place the nultiple rigid elenents, as well as their
correspondi ng adaptor el enentsgn the support

structure, in an asymmetrical configuration relative

to each other to ensure that the bioreactor can only

ke dRbRGRENY #t GRCORY of ehé cAHBPRI pREiC tilii®e bfadually or stepwise
single orientation. This is of particular rel evance i f
treteasingrtheretitsainnalong evisb eixpgnsiogi of the ertimudtimresrolume.

RIER- NG TN TR e
t
ISP o AR D s

ddglitt drenrddowhicH Basntainedringi Hollowesebm protiied svthe bottom wall
provi ded wi th nodul ati ng means for_nodul a

éllfftb@ thiage T OCﬂlme?meﬂEP%H@’ e ¢ ﬁeC&gf@ Vogam& ot the bag, the at

TREH G140 SRR L AR5 P 0 FEg e

tRanaBY tAbAHbNE phet oREBIbFE ISR Piradld] vabesef tHbebag Preferably,
ef fective volume of the bioreactor during cell

cachuodrand ¥heorrespondinigseniny és peditinned ja§ angigtanqegrom such

|nd|catethevlu b

RRiLe s of RRORF Guf Giftibfe Ohd FERR LY thiRifAPFRge Evyeen the two

r f

L BT At o i v
mlsbéctufet sectbiatsemat aimedtint tveo mespettivé stutlke sea,msUeadgrod flanking

process, while gradually or, s Wi se rel easi
r@@wramﬁr%np%‘ga ymosEigaTigh! efert SR Delhe A Ifpstione rod, together

Z\OI ﬂo@t e@?éang 1b1 Qﬁllgisoélﬁﬁﬁ}e‘arb)b a c@aﬁlﬁih;?fievme in

antl a Iy r qguar e ‘shape, an

vme eehe eSRCcEveRdLimat lmgsmteeammo it iisetanae, 4 dmsmhke bag is sold
rod which is contained in a holl pw seam pﬁaw ded at

tmnetlmotmmqméwhune penfigigratiog WheprrAnfthe TR AraProvidse with a

L o E

Sﬁa{ﬁ%ﬁ%r@ﬁhglth@hnm(s@ askt1&H(s)iBbhe 6f niove (gamm@ rigid
aral | el” edges of the referably, each rod _and

| élsmrts e&pbtimb m}naﬁaiarlcé thediagi Thedagcan be Siladdnflated and
ggg%& olongli AR mg%ﬁ%@%ﬁég) Isze{r@: at &1P08ture at a

sultable cell density. Upon an increase in cell density, the clamps can be

removed to release the rod and the upper flexible wall, such that the complete
volume of the bag becomes available and more growth medium can be added.
The clamp is for instance a semi-flexible plastic profile having an omega-
shaped cross-section designed such that it can fit tightly yet reversibly around
the rod having circular cross-section.

A further aspect of the invention relates to an apparatus for cultivating
cells in a flexible bioreactor according to the invention, wherein the apparatus
comprises the support structure for receiving or retaining the bioreactor and at

least one monitoring device adapted to act in cooperation with the measuring
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opposite parallel edges. Preferably, said nodul ating
means conprises two respective such rods contained in

WO wesnsxRpect i ve such seans, each rod fl anki ng BCTEND2008/050388

nore centrally positioned rigid elenment(s). The at

| east one rod, together with t bott om and upper

flexible wall, is clanped by acl anping device in case

the effective volunme nust be small. For instance, a

dheRAs 8Ptk BRlleado? 8 Provide B@ adbubhiPteaiRhy BFcellular activity in

configuration wherein the rods are provided wt

diherjoraastéowhen ihiupei Theigomitbhengidevidecis\er msiance an optical
ntral . part ag, the p rt co r|S|ngthe

fﬁ?%tr(rgjo caeﬁ}?{st qtjs]\)e gﬁbﬁ BFETE0T HERg gf&wgﬁ iRyghhersegisqr element

f

edoﬁ%gﬁeﬁ iny ag sﬁﬁgﬂgﬁg’? %ﬂgarleﬁe ;ﬁgﬁ%ﬂe p}é@a?gge %ﬁgvx&em the art,

duot erampie i ism p@IySiaf dpticad €iber (ROIY rstipplied SUPteBY® Precision

cell densit pon an increase in cell density, the

&ea}f’@%g Eamb Regﬁaﬁ@ar&, Saranangs dnianothey eehediment, dherapparatus
t
i RBeEA ey Bty SRR B ARu oo B HRyeRhighgg at least one

adflaste thhe ldApassed themémblaRE. S HeBikall A HPE370033. In a
plastic profile having an omegashaped cross-section

dusiemed emlwidimiat, fhe apparhites furgher gompriseevaraddytyr element

AR L RIS LS SLSTIEE L O e orantor
%@@&ﬁé Yifl %'lexﬁéhf bﬁétth@ Qtd%%ltd)lselbﬁle"i‘ltfa{r@)%'e%leable to one another

bi oreactor according t he i nvention, wherein the
apjing ahusunopressees thh adsmpmme]bnsdntd@ng arfanged for being fixedly
receiving or retaining the bioreactor and at |east one
#@ﬁpﬁgpﬂﬁﬁf@@ﬁ“ﬂ@“ﬁﬁﬂﬁ?&ﬂ“ﬁo act in cooperation with

the %g%ﬁ%gg ggﬁfbet:%@?lpfe‘&r %ﬁ?@{/ lact® &s'(ggﬁld&p%%le of holding a

accura cel Ity I'n

bil@lb(ﬁs&%ﬂé)ﬂem@ tank dERr atberdingitd ohé Mvatgyorce is f or
i nstance an optical fiber probe capable of reading
sensorlngsd grefer mdoetmb@@mbgmt lbe apR8BRLUS| 18 ﬁ@ﬁtgn@érfpa r:ﬁ&bvatmg
|n th sensaor el ement uj t b

B AR R A miop 8w i g poiibd CREHRY BRISAR0E of the
1hb@f1t16ﬁ’ Fis ?xé’f’ﬁiétﬁﬂcebé( rBEIBRS D PAr a6 S b ASE A Shé ﬂeachmg of US
GrbH, Regensburg; Germany. |In another enbodi nent, the
&Hpa0,8d8sbub addxtmniaébf heing prosisedovithreadapser meams to accurately
allows fo

detectio of at | east. one anal

RS pR SBUA DKo BHELetun e B HABS P18 EBEF AFrm.
Preferably, the support structure is furthermore provided with at least one
optic fiber probe to monitor the metabolic activity of the cells using at least one
sensoring rigid element contained in the bottom of the bag. In a specific
embodiment, the support structure is provided with at least a first probe for
detecting, in cooperation with the respective sensor elements, the pH of a
culture, and a second probe for detecting the oxygen level of a culture.

In a preferred embodiment, the apparatus is an apparatus for
culturing cells utilizing wave motion of the liquid medium, for example

wherein a bioreactor is moved such that it swivels with respect to a

substantially horizontal pivot axis while following a cyclical closed-loop path to
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preferred enbodi nent, the apparatus further conprises
an adaptor elenent for cooperation with the rigid

web@msrsi40pf the bottomwall of the bi oreactor BCDNL:M0&D50388

the rigid element and the adaptor elenent are

securabl e to one another usinggvacuum pressure, the

adapt or el enent being arranged for being fixedly

connected to the support structure. The apparatus can

P ude St whv€ tidtasikid SRClighidinedanme Thadtyih0bf Seiveilngs &

di sposabl e flexible tank-liner according to the o
desgeibeilan. detail an gV X2007 1016130 ddierapparatdremaypmprise aglriving
desli]] ned for qutivafing ceILs tilizin yav m)%ion‘. h
MEFRANISTLIGT AYMER Y east BIPEThPh %?Qi?orgf’ ’E"r‘ﬁgure or moving the
biBYERES LD tHdreby 1h@hcd i) RAGE nfotidiE bF ik RRRRY AleH$um. The
based on the teaching of US 6,190, 913, but

drddirtg meaehdyisheinray predetabdyl coinplrisededeast omacyinder-piston

accurate secure a culture g in_a predetermne i
wgmheixnhyxﬁ cy Radeispigten aﬁ?"&%lgg’r mayher SngHAatie Wegydrauhc one,

F BRRAEIeR! ST, lrd WA DGR B BYLE B RaRbprial scale coll

adtunhg ¥noirohheeg| | s using at | east one sensoring
rigid element contained in the bottomof the bag. In a
speciltiie netasbthatethe, intersessppiyeHing magianupehigh freaverees

wi th least a first probe for.detecting,dn
Posittey SR b e el KeorRiaSBhESH SRt rfeact qnneh
AMirfer3istént AH@mIARG . ThefSBRE tBiABR kO the ¢HEEirh89f te cylinder-
oxygen |l evel of a culture. In a preferred enbodi nent,
piktornpgmnabliss, ithe appapatarsas aslvhotagasuslyr praoyided wsth at least one
utilizing wave notion of the |jquid nedium .faqr
QHETFH PO IHSRE T2 5 BPRG augferrb g surmeriaped; shocksabsorber

| j e i i zont al
%gg&%&ﬂé@%ﬁﬁg"% ?%(ﬁé§gﬁ%§ﬁ% %g{)ﬁ%ilag%gd_ | oop path
t oi nduce€Tlee Wwenem tivat iscembaoditd én ltheg undepradientclaiibis Runpher
of swivelling is described in detail in WX2007/00173. )
paéicabpae mbadimentceftheilsgention aye sgt fﬁx&hawthmdpe?n&nt claims.
movi ng alﬁurltgng’ tfea&u?gg, tetffzzfcjfigﬁd ggpaﬁfg of %Pﬁ&ﬁﬂérﬁsfo?rthe invention
novi ng t'he broreactor to0 thereby 1T nduce The wave
At dearibbd thel dlugidade dBdlownwiilh eefdFéndens theGRABIITIdAR Yigures in
preferably conprise at |east one cylinder-piston
thesanebmpanyieg dyAWHtRr - pi st on assenbly may be a

pneumat Ifig?'i stl%gvrsailflll r6s208ttion a part of a bottom wall of an example of

an e~mbodiment of a flexible bioreactor according to the invention.

Fig. 2 shows the example of Fig. 1 again, however, wherein the part
of the bottom wall is secured to an adaptor element, the adaptor element being
fixedly connected to a support structure for the bioreactor.

Fig. 3 shows in cross-section a part of a bottom wall of an example of
further embodiments of a flexible bioreactor according to the invention.

Fig. 4 is a perspective and partial view of an example of a support
structure of an example of an embodiment of an apparatus according to the

invention.
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a pneumati c one being nore conpatible with |arge
and/ or industrial scale cell culturing environnents.

wo 2ooBasxot ed that the intense sw velling noti oPCENLE0gNH50388

frequenci es provi ded by an apparatus causes a

consi derabl e overall inpact onysuch cylinder-piston
assenblies. Therefore, to increase the life-tinme of
the cylinderpi ston assenblies, the apparatus is

advant aggexs yhdwovhél @ﬁaxﬂ!plé"ofiﬁé qa&éalﬁnﬁoﬁﬁ%lgbbgether with
absorbi ng arrangenent, preferably a spring-based

soimeladshionakparts o&theduppertzstuctune t he suppor t
rati on The i nyention i.s

t t nbodi ed
Ehe 1 ndeRishQLRra BRLRRtive ok of SR Amue 4 SGsmng dco used
ﬁfr 4 ﬂ@xibﬂé! %mﬂeg&o@ra%c&%ﬁng % ;tﬁe ifvddiforfiependent

clains. Further features, ects and details of

enbodi neRig ofs 4 hettomv et ofhameratipde of be@ndudliment of a flexible

glu0|dated bel.low with reference to the schenatica

1gBREST ascQuddng 6@ LR IIKANEP ™My awi ng. Fig. 1 shows in

Cross-se f car | fi. ;

an_ erbo dlﬁ‘%‘%{‘lsa% PR lsgrztlﬁﬁx %?%filé; rﬂ%o\g’g J(:)tro? g(f:' ?2 %%h% line I-Tin

e 7, rvlestiei® bhe Eag is 2n alenditide oL Kaviplgea ﬁﬁ*sﬂ:éﬁectﬂve volume.
agai n, however, wherein the part of the bottomwall is

secur ed Fig. fhalsaap acwoss-eersion ofithe higreascoor ef Elrgeﬁ’talong the line

e connect ed upport structu
D iR, §rhoveus, WiE i it Bad BORCR kaR s A fytifk el dond
Qﬂ&ét‘i% 'V‘@Illlm@f)eﬁl% BX8dPtenPthd ﬁféthﬁ’fecﬁ%%‘lﬁ%@t s of a
flexi ble bioreactor according to the invention. Fig. 4
is a Paweed, 2y&, 8mchdphshowla flexablobioreadrnigbe colftuaing cells in
S art structurge of, an .exa of an enboglnent.of aH .
Eﬁ»ﬁ SOTPTEIRE A AgLd Bedhum; TG BRTSACOT § CORMpses R Texible
E‘ﬁnﬂ% afGid i éhblg PHEOTA vJaqgﬁto!F Ehe W%g}r@a P&hen in use.
|ona parts o e support structure. Fig. is a

F&r}abhqﬁax\te 3vofesaubﬂearb1e batiphe walll 2 ape m&m@tﬂed\b}c&t least one
used for a flexihle bioreactor according

rigid alemepnt fogsaid flexiplebgtten wabw- Bhe aﬂrglé ﬁéﬁfﬁ?’é’ﬂ rallgps for
ggpacg Hﬁpéec% 1riag hllee%bé%r% wall of the bioreactor to a support structure 5

for receiving or retaining the bioreactor 1.

In the example of Fig. 7, the bioreactor 1 has four such rigid elements 2.
However, a bioreactor according to the invention may have any suitable
nur;xber of such rigid elements. In the example of Figs. 1, 2 and 3 a cross
section of a part of the bottom wall 2 is shown, which part has one such rigid
element 2.

Figs. 1, 2 and 3 show that the rigid element 4 and the flexible parts
3 of the bottom wall 2 are sealingly connected to one another to form a fluid
tight connection between one another. In the shown example this is realized in
that the rigid element 4 comprises a coupling element 7 that is sealingly
connected to the flexible parts 3 of the bottom wall 2 to form a fluid tight
connection therewith, and in that the rigid element further comprises an insert

element 8 that is sealingly connected to the coupling element 7 to form a fluid
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bi oreactor according to the invention. Fig. 8 is a
cross-section of the bioreactor of Fig. 7 along the

WO 0we/1534b1 in Fig. 7, wherein the bag is in a cPCTNL208/050388

of having a first effective volune. Fig. 9 also is a
cross-section of the bi oreact%7of Fig. 7 along the
line I-1 in Fig. 7, however, erein the bag is in a
condi tion of having a second effective vol ume being
kA onhBétion BBedewith. Bf {IRCEAMEn bRhHIRe, tHeXbuPtink elément is a
7, 8 and 9 show a flexible bioreactor 1 for culturing
ekt barlm 7ahdldingithroinseitsélement|§ bypicthmpitigum 20. The
bi or eact gr onprises a flexible wall formng a,fluid
i nper nea&} &b SOV B pars O&?Exlgh Hiesp dnghovnateadanfor element 6
¥ich i ﬁ&b@ifc e'i:i?ec?t(f{hesﬁi drt S RLEr Bl o %g’@n:ge %y means of
are Interrupted by at |east ‘one rigid el enent 4 o
$altd orltkeblBebThe aigidallémenT Hes mirgakel forendpdratldnowsth the
for detachably securi r%% the bottomwal |l of the

t

@ﬂ@pemlemeﬁé %swpﬂa hgirigigialpment pyd thecadantayelpment are
t ai ni t ' . . | '
b Al5HAT B OE REAGOFH B b RGBSR 8L 151 us ocure the

HYRYEtor PRIl S@s3dt sBaeturt BYid thd heaptoraléiment BRBioreactor 1
have any suitabl e nunber of such rigid elements. In

chn hexanped inthemmnting direation 24. Figssshews the sypasion in which
rt.of the.bojtomwall, 2 is shown, which I

Bfie icheghpEdp LhiR peorep g h? SHRROR sttty et Mumoral 25

&hﬁCQEe%' SIRInA A the daftbP¥IMEN KIS whilH chiEndIAHeRId

wa are sealingly connected to one another to form

aathuindptdsghte cambe cipiphiedbBefmenconammral B6rdenobes fme O-ring
shown exanple this is realized in that the rigid
enthastdedandbemarihery Oéégﬁﬁﬁﬁ@t@q et P -t hat i s

seal i ngl d e [

Dot ¢ om v I3 SEvECetab ey the Sieal FIERREACS 3f Bhe HRM cloment 4

tHherepladobr strthded bhatrddipartgi, hod-Busrtiscénts taeerial. The surface
conprises an insert elenent 8 that is seal i_nglty ,
oisrmaov ke dt withre sersgsidlengent dRdaeing the ingeriepof the bioreactor 1 to

SRS DB A R e BB, I e
iSRS o8l IRPR)EhE ilert bRIMREMIOS of Phd Bigid eWenamsa fadher @dbmprises a
Fig. 1, there is shown an adaptor elenent 6

wall 11 protruding into the interior space of the bioreactor 1 and surrounding
the sensor element 10, thereby forming a measuring vessel. Alternatively,
in:;tead of being a part of the insert element 8, such wall 11 can also be a part
of the hose barb 7.

Fig. 3A shows an alternative embodiment wherein the wall 11
surrounding the sensor element 10 faces away from the interior space of the
bioreactor, to form a measuring vessel that is located below the flexible parts 3
of the bioreactor when in use.

Fig. 3B corresponds to Fig. 3A with the exception that the rigid
element is provided with a membrane 110.

Although, as described above, a bioreactor of the invention can for

example be a disposable, sterile tank liner for culturing cells in a stirred-tank
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which is fixedly connected to the support structure 5,
for instance by neans of bolts or otherwise. The rigid

we@b@msasi40¥ i s arranged for cooperation wth theECENBREI&DS038S

el ement 6 such that the rigid el enment and the adaptor
el ement are securable to one ajgther using vacuum
pressure. In order to thus secure the bioreactor 1 to
the support structure 5 via the adaptor el enent 6,

PesutEREySteml if & hORINBIEHabdurh8@ thRttHd Bidrehdte£1ii8™ disposable,
24. Fig. 2 shows the situation in which the bioreactor

sterilinadle plastedbag ltfhlec@mpp@ngtceéhs ridizing veaveRmosioan Sach cell

nureral 25 indi cate h th dapt gr el t
Bkt iR lomerin Atk ADP R A e orelili b P8 Satfiiouh R apparatus

@%&) rRls tﬁ‘)@fsﬁ BftestPH&%E'élE) 126 rQ@eﬁ?fn%soxafthﬂlhgg;he bloreactor 1.

ed I n t perlphery of the adaptor el enent
{fligs. shamd Seshmpb@me tfhethensletailebasnpp8ricftradimre |o@ lsdch an
elenent 4 has a planar surface 9 of a transparent,
ABRAF3Sr escent material . The surface 9 is provided

wth a SEi> ozf §ﬁ$v€€?rﬁrs#9ra{rﬁg sfihctife Q@B?Eﬁé)éﬁorrt%%?ucture 5.

bi or eact or non-1 nvasi ve noni

Telel adantoﬁ@Ierﬂéﬁm 6, Antthes Giserfeastae. proriddieors hl@wﬁrst frame
exanpl e, the insert element 8 of the rigid element 4
stimuchiere %’brﬁqefeseersceanwralﬁo denotegd siyivieHing aris of the support

terior of the biaoreactor .l.and surroun
stk oRAR frByed iR Pai RS A fin iR e AR Hl ol at least
'g‘l Pt %@Ehé( @hﬂpoﬂt%?@&@r@ﬁé 8L i\&/ids RRE bideattiz 1 f58idreby induce
el’'enent 8, such 11 can al so %e a part of the hose
lneervte Motibngf tBAlsjmdvsn@huai 26r Raxt siveplicityo dhiedriving mechanism

eLeR AR LI a0 e el Sl v
%gsérﬁgwe A ??géﬂ%f‘é%%ﬁ%m}lﬁ@mé&w{rﬁgﬁt q%ebﬁkﬁ%ﬁ‘aﬁ:ﬁ‘@ls further

exl of the bl oreactor when in use.
PRoeided esiphrdde st dricgencdfyvilisbriting caxapgement bh dtesctlh]eed earlier.

Hiin Gughwadn digch PEBCaBbIEWa BT BEd TPk ahgorbers 19
{aﬁﬁ%‘éédﬁ@g%&tﬁlggl it ?raqi(i? @txﬁfg@@&sﬁ"? Lethe E&f)ﬂ)éﬁ structure 5 in

Q?bféﬁﬁhtankreactoru;;ggeﬁ] it is hereinafter assuned
at the bioreactor 1 is a disposabl e,

Fig. 5 shows a second frame structure 28 fitted on top of the first
frame structure 27. The second frame structure 28 has a more or less tray-like
shai)e with upstanding side-walls for receiving the bioreactor bag 1 shown in
Figs. 7, 8 and 9. For simplicity, the bioreactor 1 is not fully shown in Fig. 5,
only the four rigid elements 2 of the bioreactor bag 1 are shown in Fig. 5.

Reference is now made to Figs. 7, 8 and 9, which figures show the
bioreactor bag 1. In the shown example, the flexible wall 2 forming the bottom
of the bag 1 comprises four rigid elements 4 substantially arranged along an
axis 12 of symmetry of the bottom wall 2 of the bag 1. For example, the two
middle ones of the shown four rigid elements 4 are sensoring rigid elements,

while the two outer ones are securing rigid elements. For each of the sensoring

rigid elements the apparatus comprises, as explained, an optical fiber 17
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sterilisable plastic bag 1 for culturing cells _
utilizing wave notion. Such cell culturing is done in

wa@moappEnat us according to the invention, whi CPACT/NL2008/050388

apparatus conprises the support structure 5 for
receiving or retaining the biojgactor 1. Figs. 4 and 5
show sone further details of a Support structure of
such an apparatus. Fig. 4 shows a first frane

SoMmsdted o ZHe Péspdetive lé%?;%r Slebdiit 8 Ger Fighel Qﬁa @.t) Ofaid optical

elenents 6, in this case four, are provided on
fibes beingmerasged sughéhavit Ref sreha eensnmghaB@bnia&atﬁ«bby the

| | f th t. st t 5. Th .
et e pd 1 e Tng 83565155?&1&@&5’@%5%“¥§r Tovi ng at
| east IﬁtH@EBo@B )%er 4 S/ | ngnﬁhi)féchg{(?e?,ﬂ&{ts \éﬁQIge]i B their

bi oreactor 1 to uce  wav
torpaspbrid whapor Elemesitsll arei pliced bh TheisupbBet structure 5 in an
nechanlsn1|s not shown in detail. In fact, there is

BRYpmaiEsAl rorligwirsion relatiee tppaehAtheysiormspreganesplgined
tu
ekl B0 RS A PR esp BN Bt § oot

Qﬂrh@t’tﬁ@fiﬁl’ﬁ singlélesieht4tech €PhisiiS reallH Bid thaahavWigl B each pair of
Fig. 4 by neans of two spring-based shock-absorbers

admag’é@lnﬁwf disutightgosthdiree rrgldfeﬂfanenm 2 lhetve reefigst, ecﬁual

rt struct ur n era
R Pttt R R shE 1P RGR b0 i Bt i@ iRt 2 have
5158860 b Hfs‘t'&ﬁéér Botdveen {Hens 8GRA ‘ge&{x@&ls%ﬁééc(gfffe?lr?gsﬁjaﬁf’ said first
a more or less tray-Il1ke 'shape w th upstanding
distiencsalllle dmalogeceohsiargatiba dpipdice aegardingghéd lskwermostnthree
Figs.. 7, 8 and 9. For sinplicity, .the bioreactor 1 is
ﬁsgf f“flﬁm}’%??owsvﬁ tg? FPPSTIER G i Hig 7 apivgplljas of course

r Fi,g.
EATENL UL Herdiie UL RO6 b g ARG O e il
fi gur BsFidwo W, Bhedod Oﬂ}féﬂé)ﬁbl&ﬁgﬂﬁ forthihBe&hs H@6dm of the bag 1 is
exanpl e, the erX|bIe wall 2 formng the bottom of the

gharmexepproyaded wivh mogidatangmenns 1, s\fforanedulating the
UL DR ST R —
6eflf aédrir:g%t i;ihélyl@péﬁiﬂorf Wwiihda PhESERAE Fedica A SRNPRTH T9g./é.IKis is
elucidated as follows.

The shown bioreactor bag 1 is of a substantially rectangular shape. Said
mociulating means comprises two rods 14, each contained in a respective
hollow seam 15 provided at the bottom wall 2 of the bag. The rods 14 are
arranged parallel to one another and parallel to each of a pair of two opposite
parallel edges 16 of the bag. For each of the two rods 14, there is provided a
corresponding pressing device 21. The pressing device 21 is a semi-flexible
plastic profile 22 having an omega-shaped cross-section designed such that it
can fit tightly yet reversibly around the rod 14 having circular cross-section.
The omega-profile is embedded in a body profile 23 of the pressing device 21.

| Fig. 8 shows a condition of the bag 1, wherein such tight fit is present,

the bag thus being in a first condition of having a first effective volume. In this
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while the two outer ones are securing rigid el enments.
For each of the sensoring rigid elenents the apparatus

waeeopnszes, as expl ai ned, an optical fiber 17cPCISC208/050388

to the respective adaptor elenent 6 (see Figs. 1 and
2), said optical fiber being ay %anged such that it can
read a sensor signal generated by the sensor el enent
10 of the sensoring rigid elenent 4. In the shown
exdhRlitibhetHeAW b Bbﬁosﬁtegéﬂdﬁbm&iﬂpr(ﬁﬁe%' dred® be received
their correspondlng adaptor el enents are placed on
o difpBdrin therupstandirg wallawf ahgﬁmmd fraime structure 28 (see Fig.
égnflguratlon relative to each other to ensure, as

pl ai ned before, that the bioreactor can only be

det achgbly/sEARLL Wnlifich SEERObAg 31 fyiEkinGaloh dghl ifhSS been

orientation |s I's realized In Fig

pand¢elletl, shi¢ bagrithushemgin & kecondytdmbisibntdf] dmmfg gisdcond effective
el enents, 2 have flrst equal di st nce t hem

Yphumge i)ﬁglg @frg% than the Has ivej pilgme, qb ﬁla% gressing

gle?)f%g %dc qx'fﬁé a05 nggisl ch hép grmhlﬁas'eg (f&())lji] tﬂ)'nstlh%nt%@o opposite

ering ron1s ance e anal ogous
ehasbF thd bodyppofile2d egabdifikedlyhéoroesdrasthd é‘@o@ﬁd frame
rigid elements 2 versus the uppernost two in Fig 7, as
glafuicture 28 visosarew resgiving ppeningsdiZiminpetange em@tandmg

R o LA s s BSREE T lRg in
f)i"éésh}?% ARV RePLOHAE do ek tHD Bakat § i a@@ @ﬁhi‘lr\ﬂ/é:(sv@l?eﬁﬁfg)

nodul ating the effective vol une of en in

upexatiai of tiecaperiatgs. Rz abéy,rig tba@aézﬂoadafond@tibmgtherpressmg
o-operation with a pressjn vi.ce 21 shown in Fig.. .
dovichs 21 as0dnaun e whFIGS donih ERISLVS 8 thR GRip G PR AL Fi- 8, while
Pr?gh]ﬂs defor cOn R A A RhL b tRE P%ﬁ%ﬁe@ﬁ@ﬁ%l which contact the

I'ng nmeans conprises two s 14, each contai ned

bagd hesPbedn desipabd avitls eherain gibewihg éd nah-dlippebpindmon-

mall 2 of the bag. The rods 14 are arranged par al | el

destanetiug centactingengassmant withdherbagi1.a pair of two
opposite parallel edges 16 of the bag. For each of the

two rods 14, there is provided a correspondi ng

pressing device 21. The pressing device 21 is a

sem -flexible plastic profile 22 having an

onega- shaped cross-section designed such that it



can fit tightly yet reversibly around the rod 14
havi ng circul ar cross-section. The onega-profile is
we@edwedstaol i n a body profile 23 of the pressi ngPCENLZ®LS/050388

21. Fig. 8 shows a condition of the bag 1, wherein
such tight fit is present, thegpag thus being in a
first condition of having a first effective volune. In
thisfirst condition, the two opposite ends of the body
profile 23 are to be received into slits 31 in the
upstandi ng walls of the second frame structure 28 (see
Fig. 5). Fig. 9 shows a condition of the bag 1,
wherein such tight fit has begn cancelled, the bag
thus being in a second condi f haV|ng a second
effective volume being larger than the first effective
volunme. Optionally, the pressing device 21 can be
desi gnedAsﬂmtibimhioréantbhimtended ok animdi'ihgmellts e a liguid medium

05|t ends of_the bady fil n be fixed|y

o Bipreacton 61 seupprs ex} wa&f rpgng; %ﬁgsi Bppermeable

Bgﬁ%h}/ W%ﬁ’ll (%2%? Y ﬁg)%%aé%r or] 1 gér i) ?le%ﬁfﬂe ?)%;ihcg]@) of said

Secon fane ruc uré

Flexitié Hosiped Whlbﬁ)f&iﬂtéﬁﬁhpfté@ bpraa;slgaﬁgmdeeivilgmssleaaeﬂtew of said
to keep the bag 1 in place during (swvell

flesitde bottost walk the pigidielement ¢ earubthe ﬂewbﬂm%grf@e(ébhamg

Giperted fmid Pl S WP RRnGEE S GURY hfrisgs measuring
whidi (10; &ho;saﬁ@&grlgifo@qnﬁi AdvaRive @ oaieafeldf de@lar activity in

pressi ng devi ces whi ch contact the bag 1 have been
desl oeehotdt Wwhelneinaase. of being in non-slippery and n
on destructive contacting engagenent with the bag
1. ainms 1. A fl exi bl e bioreactor intended for

%ul turing; ﬁ)r' ch@rdlh lfb %l;{[ﬁg ?(91}1 thterﬁgld element (4)

| or eact or conpri SI form ng a

Ebmlpdmleﬁ’[aed’dﬁp&lbigeelbﬁieho rm/\aidt i6 %)aahﬁglyl‘@rhlecteehm dre flexible
when in use, wherein flexible parts 5% of sa
plaétsa ®) ef bag bottomawall(2) to foran ﬁ Jbuddight ‘a%m}eéal@fl thggewith, and

d. t
o BTERl Pl AT BB B MRbient 19 that i
GOMMESlyabninkbted fol it doﬁph‘ﬁ?d%lé\ﬂ@h@ ite fodie ar fl@iddtigheomiection
conprises neasuring neans (10; 110) allow ng for

tberewivlasi ve nonitoring of cellular activity in said
bi or eact or when in use.

3. Bioreactor according to claim 2, wherein the coupling element is a
hose barb (7) holding the insert element (8) by clamping, the insert element
preferably being wedge-shaped.

4, Bioreactor according to any one of claims 1 to 3, wherein the
measuring means are formed by the rigid element (4) having a surface (9),
preferably a planar surface, of a transparent, non-fluorescent material, said
surface being provided with at least one sensor element (10) facing the interior

of the bioreactor (1).
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2. Bioreactor according to claim1, wherein the rigid
el ement (4) conprises a coupling elenent (7) that is

waemBilsgghy connected to the flexible parts (3)POF/NLE®S/050388

bottomwall (2) to forma fluid tight connection
therewi th, and wherein the ri éj el enent further
conprises an insert el enent (% that is sealingly
connected to the coupling elenent to forma fluid
5i ght CcoBii6hét@R alcBSFdRME t& cladm 5‘ WheAGhthe 319044 é’églsBP element
claim2, wherein the coupling element is a hose barb
(10 ivel S@mgr tortaimserd hehomsoeny &) ﬂbyr&slcanpdy@ preferably
sert elenent preferably bei ng wedge- ed. 4.
BhG e, SERatn R (Bl R0 LRy e Rof 05 P oo
wherein the neasuring neans are fornmed by the rigid
el ement (4) having a surface (9), preferably a planar
éur f ace, Bafreactior aicspaliegto angoniel ofel giscebtto Batdidrain the
said surface being provided with at | east one sensor
BIe@FBRNE(EINE AES ?@m@%by ihe rigd edgmenk (4 be@gclmerrupted by a
fn]e)m ran%' rl@?& 185&71 né &?&Ilg%lgsga Pts at":}eén t4d%e\r/]\'!€1§f|£ gt I anatlyte being

eas sen or e 2 Sensor
bﬂﬁh@i@ﬁﬁ(ﬁ%fc@ﬂuﬁéﬂ@tﬁt@ﬁ@ﬁm dye, preferably Wherel n the
sensor is a (planar) oxygen sensor or a pH sensor. 6.
Bloreactor accordlng to any one of clains 1 to 3,

Lenent BIFeRRRGorELRE G claqmc RPREAFB IR SEEEAE (110)is a
Qa3 Atk BEaRATIBARABly AtollARSE RBRBTALKNEnt NE

anal yte being an indicator of lular activity. 7

Bi or eact or according to claim 6 V\,her ein the nmenbr ane

110 di al nb f bl [ 1 ul
RN R S

%1& Ql%n?ebxﬁv \)Na%"@p?‘%ﬁ Wﬁﬁ'('ﬂ 1} Q@rrﬁhﬂﬂ%gi%aﬁpgag: 154 one

nprises a surroundi ng sal st one
ARASUFingOnBRAS\SShel dlgr Rlpynihgraninegsarigasigselng vessel .
9. Bioreactor according to claim8, wherein wall (11)
protrudes into the interior space of the bioreactor

ein the

é.l) ' Bioreactor according to claim 8, wherein wall (11) protrudes into the

interior space of the bioreactor (1).

10. Bioreactor according to claim 8, wherein wall (11) faces away from
the interior space of the bioreactor (1) to form a measuring vessel which, when

the bioreactor is in use, is located below the flexible parts (3) of the bottom wall

(2).

11. Bioreactor according to any one of the above claims, wherein the
rigid element furthermore allows for detachably securing the bottom wall of
the bioreactor to a support structure (5) for receiving or retaining the

bioreactor.



10

15

20

25

30

10. Bioreactor according to claim8, wherein wall (11)
faces away fromthe interior space of the bioreactor

WO(2098/134Flor m a neasuri ng vessel which, when t PRET/NL2008/050388

bi oreactor is in use, is |ocated below the flexible
parts (3) of the bottomwall (2). 11. Bioreactor
according to any one of the above clains, wherein the
rigid elenent furthernore allows for detachably
pecuri nggihe, hot EQ(EB Wﬂ#é tPélaie DivPh&GRE Phe 5%1@ element (4) is
support structure receiving or retai
diranged far cob%erﬂmm &ath an MDIS{ elegndmt @) aich 1hat the rigid
mhereln the rigid el enent [ ranged for
ew@mﬁ apdaptan e&aeewoareeqse@hlﬁgﬁ le(tg)ong puppthgy psingvacuum

%Ile% ure, ttﬁg%'atagwdelgﬁleen%%%% Elnea{rgmr%)r %@gla%%%ﬁlgmoﬁn%?ted to

er using vacuum pr ssur

R agppdrt angeeufo)bei ng fixedly connected to the
support structure (5). 13. Bioreactor according to any

one of the above clains, wherein the flexible parts

of t b f
(9,1, oA M ] B0 RS i
AOLBES df)‘%lt@ ns) 6f tHeO(I)th%ﬁRle ne) aﬂe"maﬁb@f%aﬁhﬁéparent or

accor to any one of the above clains, wherein the
tragshlcehe fleriblé zpjastsc pirefeeakly Hmiyeﬂlwlemjer pblymropylene.
transparent, hardened plastic, preferably polyethyl ene
or polycarbonate 15. Bi or eact or according to any one

cl &l Bigtaddor bl ) SOSARISEans bBbLL LBARlE wheroin the

p ‘astic ba pre ag for culturing cells

HEid élzidehtway & ableastipaitly nBidJsr eba teanspagenis dardengd phastic,
claim15, wherein the flexible wall (2) form ng the
prsensbly polyeshplege onpalyemsbpaate. at | east two,

preferably three, nore preferably four such rigid

el enents (4) substantially arranged al ong an axis (12)

P4, SymeBioyefbtot BeclidiA@® o ¥aY lone ¥ chiintd e 18aBeing e disposable,
wherein at | east one of the at least two rigid
seettisable plaspicdagdd, miefératbba g haigfgr nulatrqen(gmﬁllsmeylzlng wave

motion.

16. Bioreactor bag according to claim 15, wherein the flexible wall (2)
forming the bottom of the bag (1) comprises at least two, preferably three,
more preferably four such rigid elements (4) substantially arranged along an
axis (12) of symmetry of the bottom wall (2) of the bag, and wherein at least
one of the at least two rigid elements is provided with measuring means (10;

110).

17. Bioreactor bag according to claim 15 or 16, wherein the flexible wall
(2) forming the bottom of the bag is furthermore provided with modulating

means (14, 15) for modulating the effective volume of the bag (1) when in use,
said modulating means being capable of acting in co-operation with a pressing

device (21).
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17. Bioreactor bag according to claim15 or 16,
wherein the flexible wall (2) form ng the bottom of

wo bmshssyoi s furthernore provided with nodul at i PGI/NE2008/050388

(14, 15) for nodulating the effective volune of the

bag (1) when in use, said nodulating neans being

capabl e of acting in co-operation with a pressing

device (21).18. Bioreactor bag according to claim 17,
wherein the bag (1) is of a substantially rectangul ar

or square shape, and wherein said nodul ati ng nmeans
t&npri seBicaeadtondagaveording ta 4)aiwhil éhwhereinribaihagll) is of a

Sk tpRgALlpTarERlg bY By S o, Bn8 RASTIR S ok Ptine
. | : Il
@%ah%oﬁ%?s%%td&\ﬁg%%j&?gﬁg iilﬁcﬁ & @@ﬂ%ﬂn@@f‘iﬁtavgﬂév@ seam (15)

€ anot Her an of a pair o
PRRAGED at Pas Bbitein eddile@) of Ehe bhgtivefbmply ewotrespettredsuch rods

Its correspondi ng seam bei ng positioned at a di stance
¢ordminascin @@gsne@tléra@@cbfseawn%aér&naearmraﬂsﬁ one another

t hi,rd the distance. b en..t t I

B arr oGt AT B el dFe s BRSSO ol fhebae,
bicirdd 8xi HLcdtRading sédh RI69pasitibried @ty distancd from such
claims 1 to 18, the apparatus conprising the support
eppaesiteuedze &) aliort Q’@cfgiighitﬁ @D@rthﬂ’gf‘aﬂ thendistance between the two
bi or eact or d.at | east one nonitoring device (17)
apRetitePapllel #des-cooperation with the measuring means

(10; 110) of the bioreactor to allow for non-invasive

moni toring of cellular activity in the bioreactor when
0. use. AR apjpatas fin adtivatinggells ivlaaflexible biogeadter (1)

s B ol rindy P e Tb 6] s PSP the Buppore
DLOLERE! 8 s3Ik ohetdinghal ol pIERBACBR AnNg: RdaPbs

€ securabFe to one another using vacuum

M AS8ise dbhRedUAPA@iptelerRit ihebogeratioanygit thermpe$wgng means
fixedly connected to the support structure (5), 21 ul
Abpal ) wf the bioreralgrite adloay Far MPTGIVASIV foging,pheellular

noni t or.i evice is an gptjcal fiber, said optical
ppgg}tygg%({gplfegﬁ&gdwgﬁgﬁgt‘ﬁ"%t it can read a sensor
signal generated by a sensor elenent (10) provided at

the bottom wal | . .
20. Apparatus according to claim 19, further comprising an adaptor

element (6) for cooperation with the rigid element (4) of the bottom wall (2) of
the bioreactor such that the rigid element and the adaptor element are
securable to one another using vacuum pressure, the adaptor element being

arranged for being fixedly connected to the support structure (5).

21. Apparatus according to claim 19 or 20, wherein said monitoring
device is an optical fiber, said optical fiber being arranged such that it can read

a sensor signal generated by a sensor element (10) provided at the bottom wall

(2) of the bioreactor (1).
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(2) of the bioreactor (1).22. Apparatus according to
claim2l, as far as dependent on claim 20, wherein the

WOo908/td#01f | ber (17) is connected to the adapt ACTENIGE81QS0388

(6). 23. Apparatus according to any one of clains 19
to 22, being an apparatus for gultivating cells
ut|I|2|ng wave motion of the ITquid medium (20). 24.
Appar atus according to claim 23, conprising a driving

pBchani sALhafFatiRVdRerdihglt@¥din? 20244 4 ad R@pe%i&b@ﬁrotn claim 20,
structure (5) for noving the bioreactor (1) to thereby

imiguein theeomasd fitwtri(37) Bf conme ctadgtel theredhntor eRGhent (6.
driving nmechani sm preferably conprising at | east one .
pneumatic or hydraulic cylinder-piston assenbly (18).

35, APPAnBpUS.ARRLHARE't ihAD If1ai o Yodedibihndhn

nergy absor arrangenent
Rppheltablfyr aulpratiig bdbedtilhogkwabe aiditon aof thnligalid medium (20).

abutting the support structure (5) in operation.

24, Apparatus according to claim 23, comprising a driving mechanism
for moving at least a part of the support structure (5) for moving the bioreactor
(1) to thereby induce the wave motion of the liquid medium (20), the driving
mechanism preferably comprising at least one pneumatic or hydraulic

cylinder-piston assembly (18).

25. Apparatus according to claim 24, provided with at least one energy
absorbing arrangement (19), preferably a spring-based shock-absorber

arranged for abutting the support structure (5) in operation.



