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30  of several smaller bioreactors increases cost and maintenance time and thus use of several

small bioreactors is more expensive and labor intensive than the use of a single larger
bioreactor,

Due to these limitations, culturing of plant cells in prior art bioreactors results in

relatively expensive extractable products, including both secondary metabolites and
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25 Thus, there is a constant need for improving on existing systems and devices for
disposable cell/tissue culture, in order to provide greater yield and quality of the product,
as well as improved cost-effectiveness. The present invention provides a high volume,
disposable but reusable bioreactor, effective for use with a variety of cells/cell cultures for
production of recombinant protein, in which the problems inherent in scale-up of the

30  disposable reactor volume have been addressed.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided a disposable

device for culturing and harvesting plant tissue and/or cells comprising a non-rigid



d) an aeration rate at inlet; and 25e) a gas bubble volune at inlet.
Accordi ng to another aspect of the present invention there is
provided a plant cell culturing systemconprising the disposable
device for culturing and harvesting plant tissue and/or cells; and
culture nedium suitable for culturi ng 4aid plant tissue and/or cells.
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bar ;
According to further features in preferred embodiments of the invention described

below, said oxygen saturation and said shear forces suitable for culturing said plant tissue
and/or cells are maintained by combination of values or value ranges of the following
20  parameters:

a) a height to volume ratio;

b) aninlet gas pressure;

¢} adensity of gas inlets per cross sectional area;

d) an aeration rate at inlet; and

25 ¢) a gas bubble volume at inlet.

According to another aspect of the present invention there is provided a plant cell
culturing system comprising the disposable device for culturing and harvesting plant tissue
and/or cells; and culture medium suitable for culturing said plant tissue and/or cells.

According to yet further features in preferred embodiments of the invention

30 described below the system further comprises a plant cell suspension or tissue cultiure
growing in said medium.

According to still further features in preferred embodiments of the invention

described below the plant cell culture comprises plant cells obtained from a plant root.



c) a density of gas inlets per cross sectional area of about 20
inlets per square neter to about 70 inlets per square neter; 20d) an
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e) a gas bubble volume at inlet of about 20 cubic millimeters to about 1800 cubic
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According to still further features in preferred embodiments of the invention

25  described below, the oxygen saturation is at least 15% volume per volume in a liquid
contained within said container.

According to further features in preferred embodiments of the invention described
below the combination is of a height to volume ratio of about 0.06 to about I centimeter
per liter and an inlet gas pressure of about to 1 bar to 5 bar.

30 According to yet further features in preferred embodiments of the invention
described below the combination is of a height to volume ratio of about 0.06 to about
centimeters per liter and a density of gas inlets per cross sectional area of about 20 inlets

per square meter to about 70 inlets per square meter.
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yet fypt hgrgetbo??f:é{ft%%s ko Rb %@E{e@ﬂa@ﬁ@?%’lﬁﬁi‘%@ﬁeﬁ:m pdi@ini@vent i on

15descri b ow the gas bu rate 1s about 20 liters per mnute
to about 50 Ii mpcsdlpgrtorryetuﬁlaherrrﬁﬂaélrm af enefbirsd 3bpdiments fe theninmention

described below the combination comprises a height to volume ratio of about 0.06 to about

1 centimeter per liter, an inlet gas pressure of about to I bar to 5 bar, a density of gas inlets

per cross sectional area of about 20 inlets per square meter to about 70 inlets per square

25  meter and a gas bubble volume at inlet of about 20 cubic milliliters to about 1800 cubic
milliliters. |

According to still further features in preferred embodiments of the invention

described below the combination is of a height to volume ratio of about 0.06 to about 1

centimeter per liter, an inlet gas pressure of about to I bar to 5 bar, a density of gas inlets

30 per cross sectional area of about 20 inlets per square meter to about 70 inlets per square

meter, an aeration rate at inlet of about 0.05 to 0.12 volumes gas per volume medium per

minute; and a gas bubble volume at inlet of about 20 cubic millimetets to about 1800 cubic

millimeters.



According to still further features in preferred enbodi nents of the

i nvention descri bed bel ow the gas bubble volune at the inlet is about
300 cubic mllineters. According to further features in preferred
enbodi ments of the invention described,20 bel ow the di sposabl e

contai ner is transparen nd/or transl tcent. .. or di to still
further featur@€of “%)F‘b%‘)é\%?’e RS O PTRETATE °8’fb°fhl’féenfsn€(eiﬁ? |n3ﬁ§%§sd%?ﬁr{')°8%
bel ow t hepggRtia Eiht kSviTRHE rdtio QBB einité hbdus lieete® s el tb tiem t he
group conprising pol yet hyl ene carbonate, a copgl yner o

| . .
pol yet hyl ene aferordingrio W(‘f_uﬁh‘érpo FBSZQAB’_@Wn:@m]PQSh‘V%‘FS }[Oﬁr%ﬁéf‘“’em‘on
features h&cﬁﬁe‘?ifb%’[cfv?ﬂmﬁ ﬂ{jﬂomﬁﬂﬁ'& xgt{io fs*&?odt@yﬁ’&ﬂ RNitgtescri bed bel ow

the contarner 1s nade ma [amnate of nore than one |ayer of said
mat eri &l s. Accofdingrtdi siigl fwthenfeaaes frepraferesst pmberhimerts rafdthe invention

enbodi nent,s a he ipvention descri i.ce further
conpri ses dﬁscg{%i)bc?f WQ’FH‘QS{%?F i ‘é%%‘g%?t%: b%g“’ts%ﬁﬂp‘ﬁ}éé\ﬂ ce. 30 _
Accordi ng to ygtcdiding e furfheafedtues in prafereti embedinsmizodf the imvsntph debaibed

i nvention described bel ow the su t stru e conprises arigid
cylindri cQFiO’f"rﬂrA‘?@ﬁ’Fu&%m‘@”‘e\md%‘i‘ho gﬁgbﬁfs%?go%tngar' According to still
further featurgscdrfinpr®f gt fetheaQdirde i srefrddnembovigsits wf tiesiavénied
bel ow t he harvesting port is |located at the boftom of  sai ottom end

i d
of t hd0codessribes below dhyy densly ©8 spuIlLPericERss IPIOn AR israbppluyf per square

enbodi men 6t sdWERLLLOdescri bed 5 bel ow said -harvesting port
is locate F\egfé{?ét{%ﬁte&g%tt%m o?n the bottom end of said contajner, such

that at the endcafrdisgch $il Vather depteyt i psefermed embipdiments #f thy; igvention
medi um cont ai.ni cell s _and/ or ti onREL cal Ly feMRL DS.Atm&dl d
pot t om onde ot Sl el ! bRy BULPRBhORE e ST (abimad,
har vester. According tAceer flirther funtwsts kil pfafiertdde embedimante sofi the invention

f d enhod] f the | j i.b L.
Bna | 45suseraRt BTy ool G i Had 20 RS s iR L RS UBR A4

i n pref er pagute e pregahsly a0 litdepdrmiaume.i on descri bed bel ow the said
bottomend i s substanti al W frust a-coni.cal

. Ac.cor di t 0. .
further featur&&cqrding ter g1t Sgrthepiferivine in sPr?)fF“?%émibﬂg‘g}‘?flﬁso%gg'@s’@?”f%lga
bel ow sai degaBiobdlRs URQAP bhSRS véliimb B (BE Mt i dbbliEdtoRubilniMenetdis.bet ween
about 400 liters and 1 about 30000 liters, preferaply. between apbogt

500 |iters andAgeudingite Sirther fatnresr ieferemnd cradimentppihf invepion describe
Accor gjyng b%f?mytﬁé %1](5%53%9? Eoﬁtﬁﬂ&qg ﬁ'ﬁlllﬂlsbﬁ}eﬁ)tr RALF iredrRERodi nents of the
e el ow the

i nvention descri met hod further conprising checking for
cont ani nants ahdtadinghe eilbifutther dkatedee indireforred smbedimghiscel Heeinvention

produced id@sc%n%!ecg be or\]n; ?lilen%{)r:itaiingr 0 Maagiffb%ptas nﬁfc‘ﬁaf QURGected from the group
comprising polyethylene, polycarbonate, a copolymer of polyethylene and nylon, PVC and
EVA.

25 According to yet further features in preferred embodiments of the invention
described below the container is made from a laminate of more than one layer of said
materials.

According to further features in preferred embodiments of the invention described
below the device further comprises a support structure for supporting said device.

3¢ According to yet further features in preferred embodiments of the invention
described below the support structure comprises a rigid cylindrical frame having a conical

base.



20 or the cells/tissues which are produced are of poor quality, the
device and its contents are disposed of; if contam nants are not
found, harvesting a portion of said nmediumcontaining cells and/or
tissue. According to further features in preferred enbodinents
of the invention described bel ow, whil% harvesting said portion,

| eaving a r erra*hcmdahng)ﬁo wtilli furtherofeatarasi ingpreédrted ersbogiagnds of jthas Wevention
sai d cont r er Is f dj

for a nex es%ru e?u%‘?“ﬁgtrevtés Sgyéﬁéﬁ?@ﬂ’%mg c?:igerbdr ng tgf)gag(?rb?ﬁ '?&?E&Fgef?m
f eat ur es dontdicef er red enbodi nents of the invention described bel ow

t he met hod fur

and/ or steril %g%ilgggpe@nﬁg&gﬁtwgg e dk@f%ﬂs%’sgalhgpgg’lg E‘ e eg‘ﬁwn ldesc'fnbed

repeatq NOudi b\ ssifl BadvastigGlot ibl ichied iddrtha Bottoan bithe Ibaﬂkﬁrﬁ ead of f«id ochtdiner,
the cells/tissues which are groduced are of poor u wher eu on

the devi caichribrtiat shecend; efrgash Apresying ﬁér%l@craréffemamdef 0 tdo%arhﬁ'& gt
further featupes, ﬁé@u?ﬁtﬁgﬁﬁt{éﬁﬂy RFRR TRAH HoRbmhe of &Y& BdritRRer4BIS El'léi@!j
bel ow, wherein sterile air 1s supplied through said gas exchange
ports conbelwdwslbvjplpﬁsa@h@mterat | east one cul ture/ harvest cycle. 9
According to f/% torh f? ashﬂrﬁlﬁhérnfeg Sl %f&%ogh fttH invention
i nvention descri “hel ow t sterile ar I's supplie t roug sal d
pl uralgt yddsérzlgaﬂsbelom ﬂic’sbamrrpamkissambstamaﬂg cabicdleast one

cul turing/ harv Accor di t.0 further f

preferred enbo‘g?cr?ﬁﬁ%/% £ yet rﬁérﬂ?eﬁv%ﬁ“etﬁnmdgrg@e?ﬁ o TR, g‘\?/e'rn{é%n
has no nmegdiabedaelowede Saifl 86tidth ¥ndig sﬂﬁ;dmﬁﬂ[}aﬁ'wt’egcdxﬁml cul ture rredr um
The present invention successfully @& 5 sh(grtcpm n Ofﬁ‘-gl%hff
presont |y knowhCOBHPE BURERFREUISS 1, PUFTH SELeER QAR IRentER SEcef o
but reusapligy Qmarcgﬁtﬁﬁl@r conffrfs@Chnl MR rrdaPLil A8 vk 0B batAkéLsb6uOF00 liters and
cells/cell cultures for production of reconbi nant Erotern 10 and

met holfs  aghous $¢Wnliters preferably hstwese rabent 9| ters 0PTiftesy ayd pigferably
DRAW NGS %bout;()oo-mgrs' nvention is herein described, by way of exanple
only, reference to the acconpanying drawi ngs. Wth specific
refer ence now Accotdieg de ayet rigghdrnfeakatesi in, pieferied agbasimenis o thhdnventen
particul ags s are p §t§§

illustrati \fe :ﬁ\é\‘té'ﬂ%%rlt{)r%){%%@c{dhgfn&@é 5@#5’5 g‘ﬁgc 4 fd ng r%Jltsparnéﬂsoént ©
I nvent i onquatikyof the delBrtasys edioht 22€lpiodudeden szidi smtmherp rfa:mnlﬁrmrgnmm fousd

bel i eyed to. be nost, .usef ul nd rearl od des rr t of
Dhe oi o cpoime el st it Prodg dng 3Epodk AR, Bk AReS SREl ol £
regard, n@ispdst@ BT dohtaamakRd De BHRAVUEL hatotstingla pdﬂioaldf Salﬂihleﬂhlﬁl containing

i nvention |n nore detail than is necessary 20 for a fundanental
under st anef@EPr 58S nvention, the description taken with the

drawi ngs meki ngcaRBag & furfer resr%@ i btelférf%d. dnibolifdfendy df thOWvERRnTRYE@Hal
forms of the invention may be enbodied in practice. In the draw ngs:

FIG 1 il belews sthile hatyssting Wlfb@ﬁliﬁ'@ﬁsehﬁélﬂ&fa eemagderpf apedivanisentniningt cels
the dgyi cg, #assid sRiaeShidned, WAER QM fefhafiOSsmedafih 9Hds o8 itRuMhEf 2

next culture/harvest cycle.

According to still further features in preferred embodiments of the invention
described below the method further comprising: providing sterile culture medium and/or
sterile additives for the next culture/harvest cycle; and repeating the growth cycle. untii said

30 contaminants are found or the celis/tissues which are produced are of poor quality,
whereupon the device and its contents are disposed of.

According to yet further features in preferred embodiments of the invention
described below, wherein sterile air is supplied through said gas exchange ports

continuously throughout at least one culture/harvest cycle.



FIG 2 illustrates the main conponents of an exenplary enbodi nent of
the device of the present invention and an exenpl ary support
structure in front el evation; FIG 3 is a histogramshow ng the
superi or oxygen saturation achi eved in pl ant cell cultures using the
Lar ge- Scal e Di sposabl e Bioreactor. CarPot cells were inoculated into
30 cul ture nmedAecardingtofuster satyregfin drefefrendamboximtqme@ thtEmIVenm;Lbscnbed

}c : ?:I:Sr eag‘fl ﬁe? I%%J{_qg@% is %‘?P{lée{{ t@%ﬂu&ﬁ §a1§1 pfura}fty&xgézg i Bﬁsesrmm)lg at]19£st

(PX-400, onangeris@harmessyycland cul tured for 3-4 days under opti mal
conditions of each.s sge Mat.eri Is an t hod er ei nbel

Each reactor i S8R fpeﬁ’%rt atéfresst“epf CL ec?ﬁl FG( ’@é’?ntloﬂtfﬁﬁgé'rbed
SFPST3YOPEMBw (Y &3RR SaflieabaiafRal rﬂr&nsc—'ﬁi?%lﬁﬁg @ﬂ)ﬁ'&:ltlrfg(lﬁe detufy medimg 02
saturation at the indicated days [02 is measured using Fibox 3
(Presens Presision Sensing GrbH)]. Note the superior |evels of 02
saturation in Iﬁﬁ@ Ieeéng%aﬁa&@ s&&%s ai'afksfe>s< tﬁQ%orIebai@@%tf%é g)re’:étﬁy 4
is a photograp of a Western bl ot show ng the superior "production of
5 reconbi keewn GEifigusitines bh@rCLvathgeaSuah eolbingp dispdsklele Biub revagile biorggtor,
sanpl es of I

51 or eact of Ty e ripL bRy Yol St Hisrbel Ml e Sl R p BB R,
(see Mteammmghadnjan%ymmmrthmethempﬁr ated on PAGE, blotted onto a
nitrocel l ul ose transfer nenbrane, and reacted with specific rabbit
anti-GCD pol ycl onal anti body. Bands were visualized by SuperSi gnal

West Pi coBmmjmcmmwopmﬁaQWM$ Lane |- 10 liter reactor
with sparging; Lane 2- 10 liter reactor with & un bore opening; Lane

3-10 liter reabboinveition i3 dersingisseriivdabway of sxampls only, Wi agferencgtp the
5-400 |it Qécoﬁ'?ﬁi?}lﬁg draf@ygs4; W—tﬁln%eéfﬁc%@rén'cé %Bwr Rk Qi'rawiﬁ 117 detlaﬂnﬁsis

and 8- 100 i reactor, Lanes pr GCD standard 25ng.
Not e fhe siegpadithetahe bartieulsa rsgwn %eéIYdN%T of@enpkf ang éoq_raweese%ﬂlestratwe
Di sposabl 8 sBisGhR AF IR re Ered® sVHfrﬂth

el af 5
FI Gs. 5a- 5 are RP-HPLC ana y5| s oW ngﬂ@ﬁﬁﬂﬁﬁﬂ%ﬁfﬁ?{d&%ﬁgf@ﬁé&h&d i&
Ant i f oam Geusinsgyof provisingh &hefelsclrﬂhovmit gbapirymog. l&é’ﬁl@/@mﬁtrta‘dd&mn@rstood

| si 5.
erul o0 QB 100 e o RS 2, 15 AL
salt-gr ad amlﬁpt(is)mﬂtﬁd NaBbw stru@idaNdeEiils cfimiek 1200 ih mnreildeﬂml tl’thkﬁfh)neﬁdskwy e

1 1 1 { f.Ant|f C. F
ot oo b o SRR pd g JE15¢ HRetion. e Geritsts (e i e P ings

Fig. 5b shamagdgpaea{t it® thodd sKilll nhé @ BHwthd RviEfoeat UNhe ih@WiSHMaY 88 .
Not e t hat absence of retention of Antifoam C on the col um;

FIG 6 isc®oasted ipargetishal ysis showing the identity of GCD produced in
Large Scal e Di gpasahlvimedl or eactors. Sanples of GCD from 400 liter
reactors (Lane 1, I On), 80 25 liter reactors (lanes 2 and 3, 10 g.tg
and 20 jig, r eEIﬁadtlIIuSétIavy thegnain comnpencoisaif ky exanantay etbodiment of the device

I I 4 and 5, 10
and 287 | o AP SRR PR ot Ml SR i pace. Bands were

vi sual i zed by ElCaQnIlmgramtﬂ’m 1Gaicrraspoeenid ofen exemplafy dénsbodivhet of die device
wei ght ma

r he el.ectrophoretic identit, GCD from
o o0 soaPlSEb BrestR irieldth 156 ERERIRY Shirod! SN p8pLfIdfuicE
30gl ucocer ebr oBii3gea ﬂfs&igﬁfnﬁiéhcﬁﬂng the superiot 6xygén kfurdtieschesed B sihnt cell

showi ng the identit in Large Scal e Di sposabl e
Bi or eact of &ty feavﬁbfrgeé' af@oﬁ?ﬂ?ﬁ‘r &'ﬁ ley Bwéqacff%éa%%rmt Selly wigresingculgipd ingo |
50 ngzandcdifile E’&dlarlﬁ%ﬂﬁ'@iclo\f@bf’ diffeQt LWbluBiks: r}'ﬁﬁt‘ﬁh@&é A8 @ue cA0An,; 1@0

ng and 100 ng, resFectlve y), and commercially prepared
gl ucocer eblep s¢agtose P@’ei‘ezryﬁréehu)mé], dfAedits reavtpre £P3500@\gtvlatvd001l®@rm) Bd 460

respectlv} ) trr%n n SR %J ?I
ni trocell ﬁegsreeX\?érgn g g% C(ﬁg C}AI’ eac 1@} i s eC| SI Bndreab%ﬁt‘fnal
conditions of each system (see Matenais and Methods herelnbeiow) Each reactor is

equipped with a sterile silicon chip [(Cat. Number SFPST3YOPSUP (Presens Presision



5 bioreactors, and the conmercial gl ucocerebrosi dase (Cerezyne0)
preparation; FI Gs. 8a-8d are graphs show ng peptide mapping
(tryptic digest) of glucocerebrosidase produced in Large Scal e

Di sposabl e Bi oreactors. Sanpl es of gl ucocerebrosidase harvested from

Smal | Scal e Di sposabl e Bi oreactors (8d liter) and Large Scale
Di sposabl &emingr@émbtrfer dedgmining B Jatyelian afithpdodietfedvilas Qe it racasered using

separ at edE%»%}( %F%’re%grg??&%lgﬁjgér}s d’r‘ﬂbﬁ Elﬁ e 388u io'r' ﬁ@,@e{gﬁgﬁ}%gﬁ%%n in

000- 4396- uce an am o aci ngerprin
fragrrentstheﬂmigémamiPml(mjaﬁlemcﬁ)bloZ&Gtorsgjn Fi gs. 8a and 8b are the

et ect | on at 2 FLf AEROCRRPBCL b ST g ing: s Bl gy bt
the profi k@smbinast @Gm@@ﬂﬁsﬂﬂgﬁ&dﬂ Dﬁhp@@ﬂlel Bmﬂé&@toh tsal sihglecoftads
(Fig. Sc- detection _at. 214 run, Fig get ecti on 280 rim Note

t he i dent Fxtpctsrat ding 7flay sgl culfye ei‘tﬁ@tsté‘f‘ﬁ ‘Of%?ﬁ@" erggta‘fcgqufssgqgggs
Bi or eact ok dcscnbed herm:%%lc%p(s%é AR IO AN, e E@ﬂaﬁt@d"@ﬁ PAGE, Blotted

gl ucocer ebr osi dase Eroduce In Large Scal e Di'sposabl e Bi or eact or s.
A ucocer ebntos duiseceliulpsee sreesderf memblase.gandseedcied Dviih ospaeifie mblt anlO83

kT i s ek e e N G

9b) . Mot eStisatte2(.anbé- pd GeDrappesith spargmgsLagl 2 19dier rmadtor wigh 8min tome

it ) ; obnme: 1k 70 8 Bk ot R e 381 3L a7 40

superi or g kdaytoffda¥ heL@k@Cm)wﬁadmadr day M aney Pande-al0e lidrspesaklag 7;

Bi oreactor. Sanples of rGCD pr.oduced._in the Scal.e Di spas
Bi or eact of- 20 kﬂérpr Rrivendendi 4omgg Nofe thestagt tcaﬁ@wpﬁa?ﬁ Pl

process dﬁéCLak ajm@o@@cﬂé DI rMRIoR, &@&ﬁ?zﬁf&&dltﬁmeéﬁﬁ | GoORkEeidideS;
focusi ng gel ong pr GCD puri fied from Smal| Scal e Di sposabl e

Bi or edt or ( 1oFIGSt % jib aLfaR% HPLQ anafpsisshaving the glipination e%ﬁn ag (g YyHng
Lane 3- Lgj gé@hroﬂ{a{&g%fl L&%@S%%T 170 E’ enh@d6n ﬁlﬂodr%“ .g%?b@rmr@

purlflcatlon sta e; Lane Lanes 1 a EF P
st andar ds NYmo’tae loaded prjehd miyatlmcm:ghccbleme KBiofRadUysA)y ant saniples of Gom-

pur 1§ oot i, Galh PR R Y SRENGE, Tanf nack BRI o Loy NaG

pr GCD pr odhneiedmrsﬂomg dt 269em Soadwsediios pd sabifeanBCo rlﬁg.ciaoshowSalmatt&m affthe

Poonetdih Anhsaini F8voRldn g ok R0 Cotfins B 3B o tisstiny of the

respecti vemyfoamcO mmbmkdanaﬁ-&parg@d Nbtebarsees 08 tatkn%ion CEARZKAM-C on
(lanes 5 and 6, 50ng and 100ng, 12 respectively) and carrot host

prot ei ns UM anes 7 and 8, 50ng and 10Ong, respectively) were
separat ed on Spg; RAGE sm.fm@medmc&lmaﬁtr%cthwem@mébcp@&kbﬁ feHParge

pol ycl onal antibody. Bands were visualized by SuperSignal West Pico

Cheni | uni Aedle BispostisdtipreeorsnGemplen of Gbbeliere 460 lijerpraeiors (bgng h 10pw, 80
L t
- Large,gcalg, %a%ﬂ?sség{eg 2 rzf :91% and’s Oggag%?'ect Jgﬁ(l')] :SJ{Z)! do n‘ﬁn&&%@agl%epared

prepar ati ons; ottome
exenpl ar yghllpeqs@ackslcbsdoﬁar@amto(ﬂﬂm apdh€20pgledlemts 4 randnd.i om pghsmdu 29 ug,

rrultiple sfor vi di [ nd mX| cultur

rodi um - aRAPSHVEE SR o PRSI Gl RRP vlt MRy & Saiflng i
FI G 13b: s:oamashiﬁmger dpﬂhcﬁh@?ﬂo&@ular baﬂghtaﬁa&k&fs BlseTht alEMrdpﬂblgﬁc et of
D sposa 10 oreactqrs of _t i nyention; FIG 14 is
a phot ogr gﬁh %‘Sb nf? fe&r yS"Brorg C%‘F tﬁ*\%rei‘ﬁt‘é‘éenﬂnd rthe neprpppercial
show ng a [@M@,@&M@%ﬁm port; FIG 15 is a photograph of
West ern bIg how ng i nTnunodét ection of plant- e(%essed human

r econmbi nant A@@ B0 9 Wastesn Blogslipwipg theodertity 9é $SOD preflueyd tnbargoScale
Disposable Bioreactors. Samples of GCD from 400 liter reactors (Lanes 1, and 2 , 50 ng

and 100 ng, respectively), 80 liter reactors (lanes 3 and 4, 50 ng and 100 ng, respectively),

and commercially prepared glucocerebrosidase Cerezyme® (lanes S and 6, 50 ng and 100
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15 (lanes 1 and 5) of reconbinant human ACI 1E-R produced in a Large
Scal e Di sposabl e Bi oreactor according to one enbodi nent of the
present invention (lanes 1-3) and commercially avail abl e reconbi nant
human ACIIE-S (|l anes 4-6) were detected using an affinity purified
goat polyclonal antibody raised againdtl a peptide at the N-term nus
of AChE ohghiesmntiasly)givere( Spna@d GnugDBIFAGE,hblottal ynto Sanitewciuldse transfer

CA) (identical in AChE-R 20.and ACI 1E:-S). . 4 | l-ecul ar . \V\&j ght

st andard_s.meglbfaé‘ﬁ i’%ﬁfﬁwtﬁisﬂ‘iﬁ‘ r‘%?“@ﬁ"hﬂiﬁ PPHCQPQ{D@Q _ yes}?a?dsg”ere
FIG 16 i $isaalB0t B9 BRferSibndt] amisnOOitd MHemRRGcbdet PSEsRAE, St Nofd Nfe
of SDS- PAGE gel of plant-expressed human reconbi nant AChE-R produced

in a Lar gelesgepharetip.cppdsiapnenobiginak idepbly ofcthe QLA drany Laree ¥iso amalh fealef
t he prese i i i rcially
e | ot o OREESET e cHimER AP RS oo (oo AL ar IO

manmal i an- cel | Figisod8z8d AGl 1gashs( |showings-peptideer mappingr ftyptc adiges) of

Figure 13,;, and the.gel stai Lt h R ] T S b
nerel n. NELERCHEHAE ARl ohids hAl THRFRUE WERAIAAT (SRR 5
t he AChE- Rudedeebimitlabyharvasied ddasdialuStakgDipdablaGidreantdrs (ROdited agdLage e
13, above),. Further e, the sjngle band observed on the gel as shqwn
301 n P gurEeie S pieasitr OGS Orors GiEsR L K oRorcess, sehaefed o Rt
a Kampyskypaesriitéeiu Frbbmed dofunttetreshomark yOorhat9emes | &f gdeudeahainihé C
activity in plant cells cultured in a Large Scal e Di sposable

Bi or eact ofcid ?ﬁwww c 8 the fagments @e@wﬁ&ﬁ%if* rEsInd 288 amR Rigss 8 end; §h asgy

from BY- 2gfeq)rbfed G g(&%&&&glgéi{%b PRALEA iR2b GRPBighlacof! (82, defel d%g,@% hg(?: a

id
400 L Large "Scal e sposabl e Bi oreactor accordin 0 one enbodi nen

t

13 of t he8hrdstretion 2286 mim)o FigsD8& arusk§chage shrorrafilss eig glppasersbrosidagei frpduged

fromcell %.id(fiﬂ@?bihé&&oé (Fig. ggodefé%ﬁ Jbé'tg‘/flﬁ fm, A8 8. Totddd %gz%d AeSNete
ng on & 10°9% yflam e gel

and 6 = 5 were separat®e nat 1've~pol yacr
under 1fonthdedeattitrafiile produdit far direst arge aheé 8mat §cile DapeshbleBireudar;

pingie . Sy e .
Sounts of 5 bty T AcehY Pkt PR e B R ol e b SRR e
El Fct r oplhm _EgigS Soile mrgrﬁsa%laanebééﬁé&. ch@agbﬁqlm&aivast?@ﬁ%’mnmge/ Scale
pol yacry m de. gel. under -.denat uril condi t.1 S.. S were un_ at
4C, ri nseﬁ’@ﬁbﬁ?eéwwwﬁfsk@@& 4 W?&E}Hg?eécfsfdﬁ?a“?‘ﬁﬂ%t‘“?%% ; 176 ly7rdhon
buf f er cogtARPIHIL.GERiNh bid AeRtred& 219 ntn (FI. Th) andi 280 Rin S(ﬁsg?@by Miote that

acetate (65 pH 6.0; Sigma), sodiumcitrate (5 M Sigma), cupric
sul f ag@ ww"%a afReAFS %ﬂn&@)p%ﬂaﬁsﬁe{?ﬁflwme@éﬁi%@iwssslmr tpyjtlest of

De Haen). eatBlihdard aaloMhiyeyyas visually detected. Upper arrow
indicates mgration of the tetraner of AChE-S. Lower arrow indicates

m gration 01_‘ nBio rris & phaeErapbESSRIPR EeshoringHEe PREFBRPETDY of the prGCD
EMBCD Whg%gu?egnglnﬁgf%gggfdl{ps uéagﬂ %ﬁre%to? F%Hﬁl%%é@ Prf(lﬁc[z Efo@?@%dﬁlg the

device fo ulturi an es 15 or cél
devi ce of Lufge Soale d3imfosabley &idreaniori (G0 lice)s aad porified i e Gotlanm eurifivaviomg

di nrenspons and gas..exchange, ports desi ed far intaini.n i ssol ved
ool oREhs BRtined ARRBROR bed LoRa P oSt Bt s ey it
ti ssue or pERCD putifiedHOm! Srhl Scaly Di¥pssableBisiehdtel @0 Mad). UNAneSUqhrg Scale,

devi ce cangybe used for culturing transfiorned plant cells for the .
product i oA #Rriteatisnsiagsdiane gt barge gealeve Pusitisriing stage) [ang4-Lagge Scale, 5

material s ﬁﬁﬁ&tio@ﬁg@e?:lé' AEAPS SACRAR) LA Mahd6, IBEIHI StaABRMLO N HE Weitity,

medi um AFso provi is a plant cell culturing systemusing the
devi ce of anhaghteaglairuiitnaiihd rCD from LatgecScplei Disosibie Binehctop etradk stages
of theypregpanchiyenti on nay be better understood with reference to
t he drawi ngs and acconpanyi ng descriptions. Before explaining at
| east one enboBiGrdits DWebtem tlonshodvingnhd purihed2priGCD prodsced asibgLape Scale

under st ood.that . the invention is i m inits l{catlon to
UhaC et or Pisogabie BiBrntion "SerPlea gt G s Brep oot BB Ll 173088 %8y
: 100ng, respectively), 80 liter reactors (lanes 3 and 4, 50ng and 100ng, respectively),

commercially prepared glucocerebrosidase Cerezyme (lanes 5 and 6, 50ng and 100ng,



30As descri bed herei nabove, scale-up to | arge vol unes of disposable
bi oreactors requires uni que solutions to the problens of aeration and
m xi ng. Some prior art bioreactors have enployed gas for this

pur pose. US Patent Application No. 2005/0282269 to Proul x et al.

di scl oses a di sposabl e bi oreactor havildg nultiple gas inlets with

bui | t -i n gasecthidly)umdrcsrrariost proteizs §CHP) (lixes 7rind 8, fingtand (PO, tdspevaislel g}

the bottomend of the CcO iner. in order to prqvide ation and
mi xi ng. SHEW S&P@Bﬁ?iﬁhﬁégﬂ’of‘r@ablﬂtﬁﬁ e P gl s st (P st
contact Widibody1e Bah@UivekeMBslialivad MpBlsbrsignd West BeD ORerllupeicRent Babstrate,
interfere with adequate gas. suptgl ﬁ No vol ume cg:)a,m ty or dinensions
are di scl Yetedhe ghsenchof impyskicnm e Saigs A6tle DiperablcPisreation aginplikthe gther

aeration TR igR.is 5 offered by Cellexus Biosystenms, PCC
(Canbr?dg@@tEngﬁeg%%i?. This bioreactor is a flexible bag having an

integral spar gd. 12k ghiotdgxapti of thediogemend obamexemplar dispesable biogeacion f
of the .deyice, for | I { : i 3. X1 NG
B el B, B 5 O T

The bi oreac égs acco 0 a unique,
asymet r i edfurgpaediaiy shd antekerhplagyrosieblrigid sappbet stmegtaei ty of the bag's

fluid vol [ . hal f .the Dbi tor. This desi,gn.10
(L8 vol e U5 VERELRa s BhetSa el et S Sy,
oper atQ Onbioreactors oPthR. prédshtaftentibn; 6, 432,698 to Gaugler et al.

di scl oses a flexible, disposable culture bagp,f or cul‘%]thr&e of . .
nemat odes. TheFlgll uise? phYOBEPR 1A% FXPRIFTY HPioregrier phthe: prgsgt invention

di ffuser, sHoliddBreh b abveatidyldf, for the aeration and mxing of the
culture nedium Volunmes of up to 200 liters are envisioned, although

no reduction t”IGr détib gephosogsamiy i desterp bl sbpwing immpinqdetaqtion ofaplent-
di scl Osedex ressed ﬁu@%mﬁ?&%aﬁﬁin R'(fhﬁatﬁ'ﬂctgain% agé)ﬁ’f’/lﬁ(gagﬁ'eé@ 4nf 65’@&9@0 g

al . discloses a I'Sposabl’e or eact or ving integrate
i npel Eor Qémeddsarfdo$) off recomgbiniitxtiungnoiCluErRt pnoduged din ianl.arge Scale dhsposable

by inmpellgr is known .to create shear fo i t.ab foQ | taar i

o] ant " ool Plortadigt SiAplng, o\ GRE Erdiifhd (0 BE, HRRM (RRsfioh Nanks! 1L AP
her eby i nemtirpatiatle dviilableeicesaliicat damah ACHH-§ (kaes 4-6F Merehdetetan)) using an

di scl oses di sposapl ¢ cul turing deyices .c ri sjng non-rigi a

ot o ooetipap ShetBsd oGl ol Sibod ifecpeinsl AP, et By of

or for nuAChBloE hevmeh BSgiaf(Sail-UrizeBioRehdstipyeSinta The, dayideatiel ] ATSER I
pressure through carefully regul ated bubbl e vol unme and, nunber, to m

and ot at #ck AeRES)-t Liee 4 Eripleciila Weight Sndaids. Skong aipdy MEAnELGHdent

cel I's acciyratghyieexpressing a variety of heterol ogous (mammalian and
non- mamel i an) feconbi nant proteins has been reported using the
bi or eact or s asFl§edé is dptwiceyapBied Klaniiago ?@é@spgl%mremn F@ining 0BBRS BSEIE

s P ent o A gL LT S T s s

all of whBiheaatwe abhanrdioy to mnorepodineut bf 180 presdng imreotorg sasi domipedetl yto sk
forth,herein). wever ,-..Shaal. t.i, el | . 1N 6, 691 i.scl o a
desi g% suPrPﬁi)el 8*?‘8?“’5 lpfearvag?‘lb&e ée%%ﬁ sli)l?ét 8 F"’ﬁf?ésgéﬁ?‘rﬁj {l]a%eé f’ﬁi and
yi gl ds of mﬁﬂ&alim@é‘rbj)r_ﬂaﬁﬁed PICHERS (ans)sanheat Eqﬁrdtéﬁsﬁh Figure 13, and\thel gl
reduci ng the presept jnwgntion to pragtice, the presept ipyentaors.

have desi Wﬁ‘Pé’“ﬁgﬂﬁﬁlng‘éal ‘E—f??gfin&f?é%%ﬁﬁii g‘ﬁi%‘th@gb‘ie’ ria% -R migration
const ruct gAY cdrfeBPsiRE 6 Mat VF thel ACKE-R detected by immunoassay using anti AChE-

antibodies (Figure 13, above). Furthermore, the single band observed on the gel as shown

30 inFigure 13 indicates efficiency of purification;
FIG 17 is a Kamovsky assay gel stained to detect acetylcholinesterase catalytic
_ activity in plant cells cultured in a Large Scale Disposable Bioreactor. Catalytically active
acetylcholinesterase-R was purified from BY-2 cells harvested from pooled batches of

cells, cultured in a 400 L Large Scale Disposable Bioreactor according to one embodiment



transl ucent, non-rigid materials. The bioreactor has sanpling ports
enabling use for at | east two consecutive cycles of culture, specific
di mensi ons and gas exchange ports providing gas in a manner
sufficient to mx and aerate a cell culture in the bioreactor with
sui t abl e di ssol ved oxygen concentrati ob® and shear forces for

ef ficient of ﬂmmrftsemtfmxﬂnanm Bewtding amountd ofipesteigrpaified fromanlln@mes lansr b=
ThUS. aCC g anes Spl%ﬁt antg hff\:% gseﬂ)t rrx_ﬁ}rl%?@rsé Ontetdhoenr eld % native
provided a bosa eV|ce or cufturrng a arv |ng an

tissue anq;b[}/hc@alﬂldie gel under Then- dﬂmtlmag ofornkditiongr eashed andv &Bited) no reveal

i ncl udes a non-rj nt ai ner, vol u of . at st 400 I ers
and bei ng aﬁ?fﬁ*?‘ﬂlﬁ’ge&a YR é’ﬁté""é'x?#ﬁﬂg’gﬁ‘ﬁor%nand %Or‘f@p%g}l\gemoﬂa
enabl i B tah@yIdENInES {laheb@-d)Sade ﬁ@ﬁhhd‘ upu&bymﬁ@r E&t:tré;ﬁaﬁe&lstdﬁmcmR and
consecutive cul turing/harvesti ng cycle Al t hough the present

devi ce cafh@E-Bswes perforpad: iy i18g /arwﬂ‘fwelyawbme SEl flfl%egueon-ﬂqnaruémg
desi gned t.9,&RAR! eGaE (e ernﬁ at a@qué&ﬂb%n@glwzm Hbo Ah lpéww&d ¢&! 1swand

ti ssue. Oxygen saturation of the mediumis crucial for efficient

growt h of agiédtiog 1arb@lffmscqné&3mnmam§ﬂthlcmhoh@ @-erafrelssyigma), spdjumtasetaedpe
critical t t e r 0 S

product i or?%(/)[f ecdﬁgﬁghg drl&f‘ ICRPdte {? P’P S?%E%)gé%nggtq Lf%tg?% (I;)rhMo Ighl%) and
bi or edét orpstakum pfearmyamdad: I(OGuinM;r Riegdelo hHawsy).ev €atalytic eactivigo Maam1$ually

since plant cell e nore. susceptibl.e t qu t uat i o]

Shtorari ofeiefEh MR ATav iR iealicn, b e P ASnkd, o TRED prrow
Bi ot ech. &@@ﬂ@mlgﬂaaaﬁoflﬁoﬁﬁﬁaﬁg&mhﬂ:urt her, pI ant cells are 20
sensitive to the nam c enV| ronment in conventl onal

bi oreact ors, nAESCRIBHORY OF JHE PREVERRE BERIMENISS; ;05 ext ensi ve
vacuol i zation QHE’ éﬁ&ﬁﬁ%hﬁ&ﬂs B@bfrﬁfsﬁlﬂe &fﬁ%&blé’ﬂ&lc@ fé’&fuﬁhhﬂﬁ‘pl@ﬁt tisfi@s
culture mediumb | nt roducti on of ‘g bubbl es into the contai ner al so
provi d&s 9F %elisg, Seasiisrlly, dhe devieteofr thenprasent mtﬁnﬂ@raglch@ew aAn-ngil ontainest
be avoi de Yo B8 Has G&biafied ot hlstied 8 faRliig [dBsifed
suscept i bﬁle qu%ﬂ%}s mﬁ% rsé'%Sear l#ﬁ% go esponglang vm% Sved oxygen:
char act er icstdeptritgmbnnd \shear"forces potable, fom,hwitmmg rplang tipsus iog giHs ma%ﬂﬂl lyters or

limts the effjci.enc f pl e

pop. 81 oot ShSUERS e R oee BPLEREHA RN oo ihe B Pl

Thus, t he foevlec cprunifuctﬁdae of rreqeitiindng v plahﬂ-damvam idlagindlyoxytien rr&&hﬁlsa(elg)n
and s orces S bIe for cuI uri t tls ue an . ce

S0 Ul oPhagHery el B e dsE Aad g BfeE rihl | A0 pRR D gt ool

combi nat i Qﬂitﬁing@étézﬂ&l&iﬂg%&ddvkb@ﬁ{heprHsetd%h%ﬁt’ﬂd'“ ng oxygen saturation

and shear forces in culture. gen saturation and shear farces

suitable for cdhe aﬂwgleWrﬂpefaPe%a’é@caﬁfa?rtsrm"@éﬁlqrsmﬁh & préfegenerstrog vath

mai nt ai neQebeén@eﬁQﬁ@er@fn’gQ&ﬁcc&ﬁfJéf@ﬁl Qfesc\fﬁath% ranges of: a) a hei ght
to volune ratio; b) an inlet gas préessure; c) density ?as inlets

per cross sect Bofrat explaining g leagtgongrerahadiment of rt@t iavention hfe dbtﬁ €it is tonlep
e) a S at-l o
Vechan oarhonyped Bab R ieof e bl Bhii in s app BT A0 AMAMTE BB
bi or eact orfel,lomg)descabtﬁqn twfmemplxﬁsdgca/ the lEuatB[slemf Tlnsaniiwmoarimdpelbln gf other
processed. Aerati n ofd the cu re medi um.in gﬂl arg tsc,gll e
bi or eact orMYRATISE 550r % P@%B‘if by ?aﬁrée WEW“’B? hGEAS o be

t hrough t hadémedbd Mat ilﬂéeplﬂﬁéﬁogy(hlﬂﬂ&hﬁﬁmfo@? epliyad herefn i fer Glapuipsbdbe
with the nedium the great er the potential for gas exchange, and the

more ef fi deesPtipmandshopid gobhe regayd EES’faSt i8%s in the medium Thus,

whi | e jphe hei ghys &e@crYﬁEhLHE?elﬁé%\z@ s‘éﬁie%ﬁ%' Bfge WIIHAR & &5&@9&1@'5&%561-3
have al |l owed greater flexibil ity, the height to volume ratio of

bi or eact orreqisgs casue osobiions del the tprotilemsy ef \aptatipne and eniging4 0Sompt petog art
bioreactors have employed gas for this purpose. US Patent Application No.

2005/0282269 to Proulx et al. discloses a disposable bioreactor having multiple gas inlets

with built-in gas diffusers and filters at the inlet ports, positioned at the bottom end of the



10or nore) nust be maintained within a range of about 0.06 to

| centinmeters per liter. Height to volunme ratio can be cal cul ated from
the height (length) of the container of the device and the average
cross sectional area of the device. As used herein, volume of the
device is the height times the cross se@ctional area. For exanple, for

a bi or eact@ftaif@yingde & ploditle abla6o@ M) mBdng? MhcE e RbhfiRERIa ianslited ahatme
of 400 L éhavi ng, for exarrcgl e.an average_ 15 radius of abou

25
“cent i met efhs)filters being frypantach Wil therbiawidmadiyre, werd s, o &FC%’?%@O?W@Q
bi or eact ofnfayd Rih addyRhdd 553%%?@0%%@%@%9?9 BEnéikionOAe bisclofit

height to volune ratio IS 3 000, or O. npl es of ranges of
hei ght to vol uAsothert fyps of udispabibde binreagtoe uginghgas Her lpistiem @neé ragtittionhis
present inventio re._ab Q | S el y .

b of or dol JHERRLY Cotbe B ket 30 CahufBl. EERAL TBR it Hhrjsa foxivi
centi met ebsg hdving ar @itegra? Opatpdriatie affikedror pladeé abyppriecinside Sottdratend héthe

hei ght t | ‘atio.can. be cal cul ated using. either the tot
pot ont i al AP 48T SHCHPRPAAT GoPBe GR B AT Her 176 DEiq 2 of

desi gnat egepaiuk bR YekigREdeRtordigi t6 A unfqubNBy@peirRhi gedmefryNelitlp s@centrates

tillable internal volume of the container, wthou he "hea ace
typi cal |y theonmigrigpRhiee baes fipidi wiyes & ﬂlwpaerﬂ}ﬂ&t{]%fa%? Eique%nr-nfjf_zvfs @%ﬂ
pressype: rdglirty A9kcihiy Bs@ubdippitk EhGdBR (CORSaKd: Dt %ﬂﬂfpﬁﬁatiaﬁ.r or
oxygen) for m xing and aeration of the culture nmediumof the |arge

scal e bi or eact BrS: Polant Re:es4i2088 e Cangler aipbulisslpsasaciixible, dspospbierquépment
to over CO¥Ey %Egulg%xvt@ i ngatéﬁg.cfhgéulﬁtheb(j’i(‘gg%]b'\%tt?% with g‘éhsdin\é? ahd Giffuser ilgll

bi or eact or, sane tine avol ear rces “assocl ated wt
creation @fe fooo oframpebiobliieesration afxliimiiingoftthe owiue mathium. sYdemeoof @l tant
cell cult ., Large scal e,30..bi oreactors of the.present.. nvention
naving a REY GHE P8 T ey APREL A0 oo o PiFrk SOBPYiddy N PP
requi N8 gdmsdneiongas dtlesslure at the gas inlet than in smaller vol une

bi or eact or s. ressure is r |,n_bar._units, wherein J is
200, 600 paseal B3 BT Appfiegpaibnoapideds Hadge Pk dliblaegadglHaro:
noni t or i N@ispodbleEGEAE HaOBig! ite@fafed ipel@Bladds f6f m@asy. PMISEBEIE cultu@as
inlet(s) are,well known in the art, and wi dely comrercially .

avai | abl emedipm pbigrpactrs By impeHges kapwi i @eatgsiisanforcss ypsudable for suiwing o,
the bioregghptenof the present invention are in the range of about 1.5
bar to about 4 bar, nore preferably about 1.5 bar to about 2.5 bar.

Densi 2§ of gasUSnPasnt Neero, 11633 to loplagt alr, dsvhichg |herapy| ingasporated by
bi or eact Otetedfide as if fully set forth herein) discloses disposable culturing devices comprising
non-rigid bags having gas inlet and outlet ports, designed either for a single use, or for
multiple cycles of culture and harvest. The device employs air pressure through carefully
regulated bubble volume and number, to mix and aerate the culture. Efficient culture of
25  transformed plant cells accurately expressing a variety of heterologous (mammalian and
non-mammalian) recombinant proteins has been reported using the bioreactors as
described by Shaaltiel (see US Patent No. 6,391,683, US Patent Application No.
10/784,295; International  Patent  Publications PCT Nos‘.W02004/091475,
WO02005/080544 and WO 2006/040761, all of which are hereby incorporated by
30 reference as if fully set forth herein). However, Shaaltiel et al., in 6,691,683, discloses a’
design suitable for smaller and medium size volumes, limiting the yields of the

recombinant proteins synthesized therein,
While reducing the present invention to practice, the present inventors have

designed a large scale, reusable disposable bioreactor constructed of transparent or



5 typically limted to a single or very fewgas inlets in order to
provi de sufficient gas bubbles, of the desired volune, for m xing and
aeration of the culture nediumin the bioreactor vessel. On the other
hand, | arge vol unme bioreactors, such as the devices of the present
invention, require a greater density df gas inlets in order to

over cone trmlmn@ssgx@enmnai@s Th¢ btoh@C@O Ihasypanerling oty eaabiieg jusenfornat
the devic achle et 0 essu d
to provi dEath Mo, GG bliled 3P IRRE RLine N ep AR MBS GRRT o8
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gas inlet(s i nt enance of b bbl e, si ze .0 m Xi d
Serat] on GRabRaTeR By HBTBRTITITR AN 3156 OB Do A b e
pl ural 5tycals igaslunbd gtSethen 4000iegled, positioned at a given density
on the disposable, non-.rigid container of the device. The denSIIi%{,P
er

gas inlets is 1opsepprosdingdo anengiperiy olothe; pesnt ipusatioy fhere ey
surface 0{:115 SGhIE QBdiad B?Eulﬁl@tn&%%ésﬁ%pl@ﬁqm%&i cdignges of density
of gas in s suitable for use in th I oreactor of the present

i nvention are Brodevioo of thetpsespetr ingepiigneinglvdes aapnrigid sentaingrehaying ge
cont ai ner t r I

donsi ty ofolfe ot ield I ik BRL o8 XoRBELE il ol BLAU: phEand o
i nl et $0 peharseptiag porrehahling oy deviveath dealséd/ caBinumistt for peleast Gws garseeutive
nmet er. Aeration rate at the inlet: Increased aeration generally
(i.e. - tﬁ@“ﬁp&@@w=§mgﬁ Y4%rore rapid gas exchange), and increased
oxygen s peci f i aithdugh tllimlbrhsehﬂ@dv&ﬁ&an bbl esd’dafbe(:uﬂfungg aiig typebf cdl drdisbue, it
cul ture. IIer voI i or acto ? $ %gh ceug Hlture have

t ypi cal | y acﬁ‘? “"SW B8P & eo‘?ftl"% &0 HAESPGm (vol une
air per vol U”EOH?@hUﬁhE&fonzéf HeNHE¢BUm 8tcridi® BASidéetgrowdht 6F cells and
i ncreasedaeration rate as vol une increased. However, the

ef f ect? verrsembigania proteimbespesssipm prbriparelaey caficalclor dig RFqpsh qperation of
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vol ure, us a nonproportional aeration rate is required

pronot i ngO‘ébnoremnomﬂoapiaohceélnwimm@wthds sver ats iportantasineer plant\eslls ate,
conpar ed f. s

conbi ned’ En%ré E\%Ee IBEatorﬁ’lgﬂx%ﬁor% in %éwgﬁtdé%%g? %@é@%lﬂ%orz) llrﬁgglﬁﬁ cells
i nvention(sko Smhhanﬁarmegat apVitinteclr. sBivanvge, $80545:415q3)y fodied, plaat celbst hwer

th t | 1 {
vor un0 T BbTEd M bERERERE R Bbed o b i ke T ety
aer ation dad & lapEaPidne deldSized, extehsivd ai@elistioh anbigpreadaionr mttefnXamiuss

ranges f aeration rates at _he as inlet(s) su for .
cuI t uri ngBtlg Aeratien pkthepuljuregp (h%'dﬁﬁo CB?%Qéﬁﬂ)“r f’%@gsd% © orgner
0.12 vvm aRH GriViddsahidiley sROPUbrcls BckriM¥ital f BRSO plntlcdlld husl B8 avoided.
advant age of such reduced aeration rates incl ude greater yield in

| ar ge vol Bagently.oplagicaeds dn culfe hays doun t@rb@rsglyce@ﬂbteép shblgthalyghegy foyces,
si gni fzsca &th ieh Ehder G uﬁﬂ'}t u&ésggnse@@%hm«nm éaﬂﬂ?hﬂaﬁtﬂﬂ&e

inlet: erOI' ance of suitable mxin appar atus 1n Tar ge sca
react or s cﬁ“mmty bﬁplama:egtba:tr@dtors (Nogwier avdBelop, paptBiochear ang Bietegh.,i Rag

to plant ge as,bubbl e is of great inportance for efficient
culture aﬁ‘a%&%ﬁ%rﬂn fOPEOCFTSg'gF @QB'bi oreactor. Small bubbl es may
actual | y damag®hiishenepdeaite of@hd presean thvantivramaintsdyl @xyyel sut@afidn it she@ss
than 20 cybic mllipeters. su antia oyerco t otentlal 0
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and aeration of t ulture nediumeffective for growh of plant
cel | s. Whisttaratippang sheardprcesia cBiiBl es del i vered by the gas inlet(s)

will vary aCCObq staerzftQﬁ aH& She tg_{]fotr&g SRRy ¢ lpﬁ%t ﬂisués'“gfg.g?g 8is

ranges of gas bu une at einlet is trom over
in the device are maintained by a combination of values or value ranges of: a) a height to

volume ratio; b) an inlet gas pressure; ¢) a density of gas inlets per cross sectional area; d)



Figure 1 illustrates an enbodi nent of the device of the present
invention which is referred to herein as device 10. As shown in
Figure 1, device 10 includes a container 12 which serves for
culturing and harvesting plant tissue and/or cells. Container 12 is
shown partially full with a liquid 3Q@6and thus in its inflated (and
rel ativel yh dekgliod rats hetheinler, dnd@)a gaslhubblewelugte, at ie islaoul d be not ed t hat
container 12 is preferably COQSI{/Ir cted as.a nogl-ri id cont '?er ge.g.
construct ed f rid@eky wxyaberae xeas, Yigghayicalpmixing mgihods aesypsuitahle fgquse n

- contents QbnCQAtKbREors ZesBidlewR&EB 1@k @blunRb lof nBaiud ateNbdife prdeRed. of
contai ner 12. Wen empty, or partially filled, container 12, by

nat ure of Amtiomamdr migieg gdsthgnculem mesiyse i &) lageeo pale hireacrycan be
col | apsed LSk LRer il d e

Franapor ¢ “SHARTERE By eGnlomen oS bR kgl 36 dhochith e OFARRARE
acconmodathe chuttctef theadas bubblO@ith itteemediumahe brsater B@EOEatialifer gas enelapge,
preferably between about. 500.liters i , y
betwoen abre 66 sRgedonom i ied BT ofF s inihg po8R: THBE RS
hei ght - t otowallutfie rdtiet dfsmallemtiduhe BiddGetbroman haveedlkmed tapedtért flaxibility, the
Container 12 is preferably. constructed troma polyner, K such as .

pol yet hy| Bagt ¥ l%ar%m%ﬁé?w%ﬁ%&wwgﬁw HFCdp‘BI?%/‘@%/g?y‘ioé Sk R
pol yVigy! ochlofd) i st (HR\MdintaBlel Whithih AYlange 6f absut (0o acwtiglehyd pereliter.
vinyl al cohol (EVOH). Varying grades, densities and t0 &gs of_poI%/rrers

can be usHeighistacielume latiwcereh%i:ﬁwlﬁéd {remthe bsight (enpth of thercpniaiigr of the
density 1 I : Si

(O DpE), R S Bl N Reonat i ST L MU RES (RO BN R of e
Cont ai ner devicedathetheighbimes the trogs $pgtional aepgForexampls) {prebiapasta Havipg aw
mol di ng f | i 6

manut act o eI CERRE 20 Pl i IVQIRRBE G S RGN, B BRkrhfc B4k RRE
cont aifer rallidisiof abouts2¥ wertiauktdre)p theahdighti toaveuroé ratev sr 200/409, loaey; ook

one or noye types of polyne The ] am,nat e contain 2 4 and
one o TSR g AT EF 00 qinind £ LoiR Bt SRAL P hERH, yotipe T
di f f er ent 360/80000be0. MEkenpiRS 6f radbesvdmpightol Vol ek esiss siifablerfai evei wikisthand
t hi ckness, sel ecte for exa accor di o the fluid vol une of

| e, t
cont aj ner bigrEaciq ggﬂ'ﬁyﬁ?%mc‘é‘ggﬁ'g“ ﬁ%ﬂ‘?ﬂf’é@%oclog’é‘f(‘mﬁffﬁ BFF. ltpts preferplly

can be degi@ned d Sdal 0¥) ﬂ@st%&@&&ﬁl%ﬁboﬁmmh@&ﬁﬁﬁet&é pérQigh texture to
the inner and outer surfaces of the 20 container, greater or |esser

tensi P& strengttithenlibgil] bf pppreaiged Haat dhe haightitpolume aga gam g salculated
dur abi I'i t¥siné)reﬁﬁé?st?@%%% tenf® ChillabRe illBhA { HmE T RE cl%ﬁﬂgﬁﬁf,e&d&@r\(g B9

| ow | evel s, or prefera devoi d of Inactivated ani mal derive
pr ocessi ndesiggetet port®ni thereefd wbichdn thetdpetsking gunetionglufdieblesingsimal yalugie of

di at omacegus_ear.t €.a.n i ' r§. 4,0 duyc
friction g’ﬁd?"é‘?“%&’e%ﬁ? l!Elts gef Gﬂé%ﬁsg’g?eo nFYEggl&%m@ﬁéﬁmeg%gf ﬁ?]ﬁeleg?gegle%t
i nvent i onbiessactbe made from materials designed to provide a
transparent angd/.or transl u_clgnt char actdgr l;fo.tge cg)nt ai n%, .n sone
enbodfirent s, t1enFat BEHire IR Ordgr &9 PYOdAS SHITICionh gs) URE SE R0 PR
will. be dﬁﬁ&ﬂkmg ah@heratiéh 6Ethé Sul@ire eEivRl SUME largd ScaldSR6ke RS p4Y, pressure
transparent is defined as clear, easily transmtting nost if not all

light, whit®eiplgis)ngedsip bessubfisiqnt &) oyarcome; the Aopmivagl Dgireo!t thecolypn of |

light. | n\l}\ﬁﬂ@ i@gie%ﬁ}gﬂitd}?ﬁd’ at UREsHRVRE adoid EiRbr RIr@Rtas@Blated vith creation
cul ture, ich do not have the ability of photosynthesis. In another

enbodi menof toshmamy bubbles, debubblesi o useithbleosize for tnlané coli colturer Largepsssleof

cellsgyne. g S |l s t 0Sy .G Rac j

oo 30 Bt L byl B 00 AR N Al

Pref er abl yyltré,gbduiter greuseri dat @eessure at theegas miletrthar invohallee volumistigoreactors.

container 8 o Ry e SagL S, S LSRP L Bl 1 B 196,000%asca Pa), or 1,000,000
dynes per cm?. Pressure gauges for monitoring and pressure regulators for control of gas

pressure at gas inlet(s) are well known in the art, and widely commercially available.



phot osynt heti c and ot her |ight-gathering pignents of the plant cells
cultured in the bioreactor. Light m ght also be needed for the
production of secondary netabolites, e.g. anthocyanin, by w ne
grapecells. Mre preferably, container 12 is designed frommterials
all owi ng visual or instrunented (e.g. l&pectophotonetry) observation
and/ or nifMainpidsngf mhigds dthimldt ndasrpredsuressuitable ifor e daoresatordef det present

changes i.n the cul.tyre and/l.o l.t,ur di ot ent i.al L ndi.cat.i
of ot e’ s tilyaotp St themit s Sast §'s o oAbt AP PRRE Tl el ebOR CEME T

resul ti ngapbhtons g@nt am nati on). Contai ner 12 can be fabricated
at any desirable configuration, preferred is a %rﬁ Eri s|.eeve-like
conf i gur at i on Resihangss 4iletopen 47osh deckionth #/shi 1 %i bof3i Ib‘PWa‘ff?r_@lPF‘é
1) 10 SCOWF@E&%duMh@d 1918 SHlle ool St okl &Y Grabd & pIARR oYt e
12 is enpty and provide a substantially cylindrical cross sectional
shape whemnibblsatafi the desiedjvolymg, [for mities apd aergtieek theraltuehmpdiymsigdhe as
rect angul , : I :

w1 ook 30K e otlefha R R GoluBpioR el R s R Tees gl ¥
cel | cul tpresenc aneatione requingr ©\grediten gdemsisyt of \gesm inlats mnprdpe de dveicomd the ow
t hroughout, for. m.xin ith 15 mnjmal_ turbul.ence.an e '

undesi r ecCERISEHVE %eégf%tcﬂ%‘?ﬂdt?r(? g natﬁ 8‘%"(3, grgﬁ p %&gisgquhg% L
Pr ef ergabl of inleogds prashfie ruired foalabyids hixiagl aidaemtivinrih 2enswel suitalble forane
For exanplg, bottom 16 can be substaati ally fruysta-conical ga}s Sa\%ﬁ%fm
n i gur evith plant gellgsliungs, ftheydsr o e psptiel KBS RO i RSN o

reduci ng hhvgtehhee BF bisbld SzdéAGdl G mihR dnd\ueRtion of@s chieus ehddfiat inf thé s
shape is superior over a conical shape for avoidi nq%uzo sedi mentati on

of cel | s,laghi witres hiosspighce phsaldy ofrfes delpls e Providedy positipnedetica BiyeR he
overal | Vae?.w buf e Asph8lB &H&Mgﬁ conBireEbNAE d¥aky Tﬁ@&én@ﬂ}fl 4BossaRleRSs
substanti a cy |ndslp| cal "or alternatively convex. The aforeénentioned
conf i fur apipoasssdofs inmtteo wf ilets rped| squaga sneterppit¢resiriage ob theaponsziner 2ffber
bottom 16, t 0 i rduce 1.XI L: . | per
o tectt valy st ragich st HAbR o PhRDof P B SRR Bkl pAE Bteoctorof
may be 25he phesém ivvieatidnyaré bladut 20 idtter sywbednetenifshofurfabe ofthe somniner,
i nvention, Cont ai ner 12 can be_f.abri cated by bendi ng/ wel di n
o panel © 38 79 TEiSG: B ShudtF onag; " rerdariya ectnaibe P2 el el i e
two sheet&ctidnabaRReliy BRIuk @0 MALGRrinRks ParYsqlidte Ghllter] rodd pRARaIIX i50Ehletsyper
el ongat ed rectangul ar shape and pl aced one over the other. The sheets
are t#kn JHECHP Bonded together in a manner well known in the art to
form seans al oNGafhie r3R RULHIR! Thii@astdRerhiRIRheRild @GS, —ansl pREGkE of e
periphery of one of the shorter ends, and again parallel and inwardly
di spl acedmeiseppitgas @mf@pm)am@ealﬁieaﬁedtqacﬁgqmsnsﬁlﬁtcﬁgn bgty rrsase the rate of
Bottom 16 t.aj.ner felsi O RSndy :
remai nin g&%%%}%gﬁﬁggg ltl%}ﬁ'esgﬁgeé#tvs%la oﬁglq?m%rsgﬁé?ﬁég Es)eam | nggpmauy
nmut ual | y prowvied girrag ahrasrativh eats edris 1 96.3than (whgns adarer vohymieomadiig, perhe
two slopin a i hes -pe | oi ned above thej pe t her
(st off vl PRIReR SRt SRR s o8 el R o B0 S8
seans. Préfeuctivenessus ambub®led it grontuging well shetitontio diffebeat in smajled epdlasstli c
bosses can be fysian | ded at | ocations_corresponding to attachment
poi nt s f oYoltiBes (8RR R REES rFatRe A Vol mphis gr FUIPAPOFLH el acseliogy BEdS
bel ow) . 5Siamtal R prbAickiAR o TRcllSidBAd GAVEG HiseBuBok ARt 4 NhGH SvctkReVe
of flexible polynmeric material, elimnating the need for welding
seans al otRiRARd PAhR 18 2 dwEbER of srrallen Melumee having, the Frwe camptied volume of
cont i §yious,.4ijpbr oken circul ar cross-section throughout nost of the
hei ght of the container. Using a sleeve of material for fabrication
i s desirabl e sWhierddbsenthe pofsentehEnsoatvpraviing, Mveatwors havb sirprigegla fiehnd
shear forge ur i aerat.ion and m.xin f the |.ture .10 i
a T shofiie Fiee Bt BORARARETie Atelin b6 (EMGULE 1ot ime
improved results were achieved by reducing the range of aeration rate, measured as vvm,

in large scale bioreactors. Examples of ranges of aeration rates at the gas inlet(s) suitable



15 Alternatively, harvesting can be effected via an additi onal
havesting port (1911) |located at the bottom of the bioreactor for
draining all of bioreactor contents, thus enabling harvest of the
entire culture within the bioreactor. A remaining second portion of
medi um contai ning cells and/or tissue Yerves as inoculant for a next
cul ture afer ¢idiuties plasy etlls invihlared wolump thigreactas Aredbaltd) O —reuryBgand
addi tives v, O, t

may al so Bz BAROGTSyna8 ERTU] DA, DPleiivatlc Bl YER relRi bexaiar®
t he cont airates inclade \gghter a&id o lagge atolunregbibtractbisy @E‘smomt@ﬂgw‘?fﬁ@eﬁcb’ow
t her et hr ou hﬂand g ¢ % q nt ai gr. Harvest port(s) 19

i ncl ude(s)g A h AP b‘?ﬁ‘gu TS ?%‘B“ﬁ fiarvest inlet 22 which is in
fluid gomuni c @k 0nbME Viluhlact mtman-arrhmhpuremoé otmmblenmmngzlppaﬂds in

harvest o Iet 4 25 vvhi cg3 S‘IFF[I ned outside co @ ﬁ |

Al t er nat i V&BS fragPTSp3PRQLshe ‘1‘? C?fFS’aPHEt?%& g l:(’ep ant
vel ded | mcéllst Q& 15BBlciREE of ZreatfiipoRafce ToosHisichth@ltuR @ﬁrgad)wmcdfum fnrzom
the internal side, and has an outlet to the external sid

cont ai ner bigeacipest Stpalp bubldes: ey meturt dampgrrihe plany FRlle; 6“4Tﬂt fé?qnai’“tl‘??e
alloy as ig I 0 ot

of tenti mes U}Q%d{)afr lé{)(} E'@S !tﬁgae fpbraé:ggel%cnémé?etgrg Sugét&&r?f‘lpig}?&%gc?’v}dggtg hil\g,émtcmal 20
i s prdPer pibjent. aﬂ"ﬂlﬂ&aﬂleﬂ]‘g Wthi gag meSB!aP gugdmxm@pnaf inletaneanirpl 9%8@3 bqbble

t he range e nd/ havi ng

evacuat i on %lfnecal%gbe lmﬂ B P 8%{“ Oroasc [ g%%ﬁggﬁégs é&{ Mgtlg% txlflmfé %ﬁ%
sel ect ed affeaivdifggioovtli be plaal cum O.Vhﬁmﬂtaizaecrf the buhh]emddiivaxtedtbbrdhe gas

portion of and cells and/or tj e.that r S.ls a :
P et or mHEL LA GRINE2 bRt BF SEvts SHBRies of pulagle Taness of gas
22 Haubise bolpktat #R i6RDistRorh 20 ad 6¢kraBOA chlfiS intilldikidie @61uinB epréfetdbhm
of container 12 whjch_enables harvesting of_ post of contg@ger 12

cont erdfs bRYt &0 rcubis; milligetars o abow 1089 chigiifinessere anAeRyeierplysabauty
tissues fQubib'SRilRRedR NPt LA Aubrr RAlINGRLY , m& ﬁéﬁéfablwa@ddt Y300@cubic
harvest port 1911 can be |ocated further down 5 bottom 16 of

cont ai ner millimesgig Inpasespelreay smal@o bu@lqsmdwﬁl 8 1§BArEsy rﬁfﬁrhlzraw«;/ alcthe gase
that a suifighheediol iHeQber ¢ R b3 BIRBP SlidsBle AP/ 1O takde SEHE plant
could remain In container 1 ter rvestlng a desired portion 6
medi um andeitbibfesctarsd/ or ti ssue HaV| ng port 1911 at a position | ower
down ttom 16 bl es £ d

be aplgraem at edTﬁ‘g%fSp gﬁa%) Iof?%%tgrl %s?%%egﬁﬁ%fl P{ﬂarl\l/eé%tgpengéég%rlj [%Jbéjqd 11%
and 1911 hfvaatagepoes q:mésenﬂ)a!sncazht devidas,i iveladiap dwe notbhmhed: an phﬁfxdmg large
|ncorporate |nt a singl.e de ce 10 roviding) iti))erator Wt I
al ternati \)’8 YR ¥ E-‘E‘f r?@“%BP‘Bss le “maipja SURSHPT (357atipg 41 pRsmechanica

i ncl udes aniking\of pREUEAL QlltuZbandiheium S4B to2fe PABmBRrs hedtioQXBReRIA,
a val ve for re ating the flow of material into_or out of container

12 via hafis 1%5‘6% e'é\aer@gwelﬂﬁawl BUHY SIf $b gdtured fislis eatiprofuctaseriise fore
connegkor gt is made 15 from a durable, sterilisable material such
as glass, stainless steel, rigid plastic, and the like. Harvest
port(s) 19 canFigueol ilhvstratercance nehdtragnt néthpdnvm ef/ b pessertriventiorowhich is
such as a r to prevent the unintentional

i nt roductléof%][lﬂéo?m%%erl a wl%[ﬁ?g container 12 foll ow ng harvesting.

Cont ai ner. 12 cas shoval indégwra 1 adkdicei10 madlucba mobmtangexpt?r whivh seriesi fer qiltaiih@r

ooy m oy abd itkeDBe PRl fig Bl @ZkhE art@ng P i¥ R Rt a8 Sin & Rauia

optional agdituk ﬁma&. Irmd&ut(mﬁerelaﬂbay rigid) sfa® ini Figuir® dUBSWeRr, @if showld ibe o
ot her additives. SO enmbodi nents, additive i nlet 51 is located in
the top ekt SPnt%‘B?ft]a?l ﬁéarefmbm Cﬁ“%ﬁf?ﬂﬁ? adongigidyremaingrde:ghengprieeirom

above t he el el ¥, 18 pRANIRE oRHDBSHIIRI ol 13 YPitb BoRbind i

| ocated nearer to the mddle portion or the bott
maintain the shape of contamer 12. When empty, or partlaﬂy filled, container 12, by

nature of its non-rigid design, can be partially or completely collapsed. This feature of



25 end of container 12. In other enbodinents, additive inlet 51 can
al so include a contam nation preventer (not shown), such as a fluid
trap, in order to prevent the unintentional introduction of materi al
into container 12 during or following addition of nedia, etc. Device
10 further includes gas exchange portsl¥or communicating gases into
and 30 outomghinerolit faciiigatesl Roraggandeitarispon avhen empty. nEbuldigerat2 hasaan ingameal

gas inlet _port 2 for percol.ati as u S s Y. ther

gases) t ht @Hﬂﬁ ‘?ﬁ%h eyt ﬁ]m'}og?t%e?gg% fl()arl?g%n m %ﬁsﬁ&gndoa%)&%&h%%g? g%etré?cné 't

cul ture, preferably|bessden absutdas lizerhand 800M Liters3 Gnost preferably bagveald aas 600
c

whi ch perco .hrough the contents of .contajner 12 (e..g. .cult

et un andnt A feschinivedS 55 Feven et Peehto b, i ot st i
with asfi biRimedIdsidascri bed in detail herein. In 23 one enbodi nent,
a plurality of gas inlets is provided in order to better distribute
the air pressufenigme] 42 ps gvelgrahly eostraged Jeom v polymeRnsYEr asgelysteylene,
fl ow of ai i a
gas. suppi [y O ﬁp‘s"!’sl.yg'eﬁgég%@_‘?ﬁgs% S o8 P SHERRERPYE s
port 28 caimybecetaielEYAband ¢thxled einlealgphod (EVObe)Vasying itjides, denséitds and

.g. stai.nl feel ). i t i
Gas i i et Dbes BFRdisies ban 683l M asibwdiAS el R LopEiS) VA RADHECHE
t 0 gad0i npelyetholehe FELDPE), alirafosi density Ipo)yetfylepas(ULDRR), iocdr (loyv dénsityg
desi dt id bubbl, es.,of I itable f ti d
ont oo neo PN i P B I L a7t TP oap RS i he Him
Wi thout geBlfat ishgtd) eS| melling fitRamelldd polyaRS, ofndesdri fMaard plastic-

her ei nabove. Gas inlet 34 can be wvaried In shape (narrow, wi de,
tapered, EBEmeRmanaciwgapthadikapwintheaslyi de a desired bubbl e shape and

size. Al ternat jvehrd-R8 cBRdurdiRdh, REdiRs NN EshsiritQNBoR ia @& RinWe loF several
different dianeters in inner and outer opening, as described for the

har ved#i népyporaf ongor waze restiipglymssy: t Bheplgminate 3o, copginde st 4 pod 1p &9 7.1
and the .OE?T% P RRte BAIR! Wit BR eSndR o's iia%priﬂfePéﬁt BEGBk niterBlL, OPGIN

r
in the surface o € container 12 and reinforcing the opening around
the port whitknessdthetrnasersals andghidkness sedectad; firdxamplerdcadrdimg t¢ thevibiid védnman

in the art . n-Qrder t [ Qv i 1 Xi . i a
ol ur a1 1 £y O gontaiger; 2 JHe iffers A B HAEPHY LB R A A0S ACEE I Dlheq
70 i nl et s tperoviiuspeafinsi@bthnéasori gt tquatcé 3o A& taer el dlermpasfatdsosfethe
around.the perinmeter of container 12 at a, pr.edeterm ne i.stance, from
Dot t on o ngomgngm g o et Ao tiendth, SBHGHS ShRs Hathill.o P
by the VOHuﬁBili@sﬂd?HG@ésﬁHMlitﬂf efche ThenhakeRdr cardBel dRleclelendvitigeiod levels, or

aeration desired for sgecn‘_i c plant culture uses. Gas inlet ports 28
can be | ofkfaably deyQid of inagtiyatsdetnipal deriypq pRcesing peeRst- SH 2pder antiblack

I'n one emjadiy @Rl afilddte difRAkbQ bartA bat BAFEWAALInGfe Faﬂl%aﬁ;alﬁyé{gio%duce

ports is al a |location bel ow the 25l evel of harvesting port

Addi t i onalftigjies apgfpepreyrst seif #Besierh be provi ded as needed, for exanple,
for .CQEt ai ner s 3awiag 1y eog%hé ?‘feg&lt ﬁﬁ{reglﬂbn L RRSh RS oM m t?r'iai& QR MR GhS
of higher volunes, 1n order {o provide greater volunes of gas,

wi t hout | porvadesd mgnspiventgad/or rhesjucpntedeucer or the kentgimer, buirhecemimldiments,

Addi tional, gas i.nlet ports 28 can be l.oc a | gcarign opn th
sur f ace ofhe%%atg%ﬂtcﬁ? ﬁé? rbi 2on 5&5@5@‘?‘3& mf%]ﬁ%g I“aﬂ g %‘P “Q/\f(ir ﬁ?encepf‘u ar the
bot t om ongrdiatf A udel Gedori, GhispabniGio dtMiddesk cledr, chsilyf¥rhitengStbs Bt iafl|
m Xi ng amfl, ﬁer t.ion of the, rrgdi um Such a configuration, having_ a

pl ural i ty "8RG gHule APRsfuchty 155 A5t e HaRssRittingr sy Ryhanof lelieior 12 o
posi t BENS embbdiflehd, lth@@eidd isl %g%%t cl@lgé/ i BulblRS WRLE WS xﬁﬁ}%v@ﬁ{é é{’bglity of

(I'1), respectively, positioned at a di stance from each other,
provi de ephdtesyathesigi i rgothercenekadimentnwhereinhibe device is used for culture of other

- types of cells, e.g., moss cells, or algae cells, photosynthetic bacteria having

photosynthetic capabilities, can be grown in the device. Preferably, light transmitted into

the internal volume of the container is of wavelengths suitable for use by the



24 plant cell culture. Gas inlet ports can further contain a

contam nation prevention nechanism such as a filter 49 or a trap
(not shown), which can prevent entry of contam nating gas, fluids or
solids (e.g. airborne mcrobes) into the inner volunme of container 12
and the cul ture nmedium 5Container 12 2hcl udes gas exhaust port 30
for venti photasaithcacnind| othér Yple-gadering | pgmeags ababe fdae ellb tautteredeidi thn

Gas exhaust port 30.is .located in,t er ,one half ef erabl y upper
one. ¢ il bissHAEIaGn Lot ipaioare acsdedfor 4R GhaieRem oF sisobdi Fishopiiah e
the |evel apholiatindby Qi gripebdlls! Riokepteferdblys @omsinérOl 236 dedigrlel Wicth materials
conmmuni cation, wth the "gheadspace" above the culture nmedium External
gas exhaudllowise tisig orgnarimealed ds Batpsetonlipiorastey) gbseryion sad{ox popifnsing of
envi r ogneid, ; tRfurhd, O BllerbNaMSh Bafeel Sn UK QU@ LEFoRuB@E medium
exhaust port 30. Optionally, and alternatively, gas exhaust port 30

can f urt heetentidlyuindicativgael thehdais tofrthe gilarer(e-g8cqler, grell roagweiton, wurhidity
or cl amp) i I fl ow of gas out of container 12, and

t hus can Bégﬁhgnggro&g%gfaé@?ae&ogfposi tive gas pressure within container

12 and thus naCohtainar ddndaai bee fabtRatadyt yany nddsattdel canfigurationh erefersddr esda

cylindrical shape. s 15. exhaust .part 30 n further incl.ude

it A nadegRne ey eTRs s tan e e avtom FE ol 14y Cou e Sy Pieygs, 2,
can preverbnRbikd YiaOkvotdt! WaTisNidt wiigh gasSflat fthdh dentsihe:SID i @mplyear@. provide a
ai rborne m crohes) into the inner volune of container. 12 and the

cul ture méhstagfially cylinddeal crososretonieshaps when sRaaiRcsskénts fully e ReE Fr9s8
desi gned kil ahaed Suckab 1aBghr GiipolyBedial, #H xaifle il disotRUBlable,

thousand liters of culture nedium "and since it is fl'exible in
nature, devi celt16ilf be ehpiecitiad |thatcbe £ybudsisal shape iy sogh auitedrfos gplpshkurag
cont ai ner 1.0 PAS Lt | ! ' :

can incl ugé’%%dhig:l‘g’n cg]%jin {}P 8%5&’?% a&iluléﬁnq% g%g@%dgja#%&grggt\’/?ge fs;alijﬁp%pg&g?
f or cdft anmeimal Rurbvlérve akrd grrarationpfiundesred sheao firedsnketrimiéhta rto theeplant cell
contents therein. pert 50, can be.fabricated from steel od,
orasti ¢ oriirsmecerhlY Sk 16 B s b e gl Sffeniail  por
cyl i ndri cakamysle, eidtiopit 1€ adn baibibsgniidiynirnga-aorgeal dasl shoensihritigireirie af least

ring shaped .52 and r |.i ke 54 su t nber s. ternatively, the
Cupport neRRs af dnwely ghifeSmCHRals WRRE GSbBine:the fpaien Sabtsrstutr o
and furt heives@nnest@dnd Qhdiohiz QRAR! is Ehpedios haped oRdAershapel e BV AEIAS
can be contjnuous, essentially creating a shell-Ijke suff)ugor_t for 30

the cdfit assramentgioncod gelife Watchran prhagee drcax i 6o dpath fuis drtluspeingithe aperal ¢
el ements WabilitpRAGR: cRBL¥EEIERRMIPUBRRN 18t daH Bl bubstaltifiG ey BB idat Or
standing, or attached to casters (not shown) for nmobility, or it can
be furt heprltesogpelnceaveyy Beriuemenionedeaniigingtionssf bodamd 6 eraldheagsupplied
wall, flo g c - nt al- -1 S, diysp

thus i s dosrgmante’t SERChoot 16 fo, ind (& %Q@Ee“]‘%%dr?emo{rh%n%?‘%mceg|Ctgﬂtrg’|’tﬁg
cycl es) wefitctivelyi meibinhiong aedimentpbat thereath eNeverthelessyre battonDe V6 c esy mbde
frompglLasti,c s the fl.exibl stics,.used in the present

devi cg,g fg?bsga%g%hﬂea? Y eerreérllbé’ F'\‘?eé'%/&]itﬁeegfﬁseeﬂ%'ﬁ%‘ '8hd can therefore be
di sposed of af Cefitainsel M¢dnlberfeighidagiditlyehoadiapovtidingdbtwlogmisels (forfing dRiS iviafld.
Di sposal %(tfesﬁ{lbi oreactor devi.ces does not Penefal I%. res%nt an
econoni ¢ APLARYEIIGTACHE] (108 TS, TP TR SR EPODIRETIC S ipfmex e ewdp an
of these apRBRimatlPéibagkedd@ahsliareigR M pPhR8d ofd NAUR ARG Ot Sheets are
practical considerations. D sposal i's advantageous in that it

el i mi nat ehenHasipr bended togefics i p\reanies Weth sowi irhthjasti taffemn seares adent the

ot her jgar gf, SHEH-G3L $ | gh..C t.am t | T .

pol ymeric g%es posggﬁe %rggllrsgagt %{ra aifg{é(}gﬂ)%@il&gl?? ﬁneg&;%ié%%gig ﬁéenrds’ BELH%%&HH
be easi | y pamlisiehéthwardly displadedcthergtopo férut 4 spaman hpdrhof thervortainet. | npact
of their use. Bottom 16 of the container can be formed by fusion bonding the remaining short
end of the sheets along two sloping seam lines, mutually cc;nverging from the seams of the

long sides. Optionally, the two sloping seam lines may be joined above their apex by



Al t hough contai ner 12 can be sterilized and reused, it is preferably
provided in a pre-sterilized form thereby elimnating the need for
costly and tinme consum ng sterilization procedures. Sterilization of
the non-rigid container can be perforned using 15 wet and/or dry
sterilization processes. Preferably, tHe sterilizationis a dry

st eri | i zatnalerfusimessdsisebmdink @approsimaraly drttdgendl i the lengrsidei sgards. firas t9 ¢

mat eri al s_.mentioned herein, such as ganmma .or. el ectron beamradiation,
gas (e.g. MBI VEHDEIP J2F ille‘étfitpgegléef’i BEITJB RIARHC PRESTS aé'lg OnkWS@/?u& iag
the art. RAREGEHEI ddgeiRnding ft6ratechn@ib @dinteftk Toftspohding igsne rind i CUYAD tpbAg,
the operation of the 20 previously described individual device and/or
battery i SfugtherdessribedbadgWh conputer (not shown). The conputer is
optionglly andcpggh&r Bl -8BIR HiiaRMELR a SHtERuMR RITBE 6f Sex@ile bf9meric
operation of the battery and/or of a device according to the present
i nvent i onmaterieh eliminating de oped forpeldinasecams alang e lepgsidas of Hy contaigas aggd
gas conbi i 0 -al | im

Bei ng.al | Bk £ BB, WitoR A ALAP Lros ! (ANERbLRE of et of
addi ti on dfe cahtainen ssinme sleatea mskeriabfoc Fabaisationtis idesitable sinek abseacemddieldn

1d forth), d/ t of Jight. The. t . Opt | LI
a0 be ot mRReE LPREYE 284 shéd e Sing R R ap iR or R bl

conputier ufdpkeferably connected to the various neasuring instrunments
present with regard to the, operation of .the present invention an
exanpl e of a S§€ e aosen o ikt apﬁtnraﬁgrd?@é‘ r. 1BGHgFmE i g et heoT _1315f0f
oper at i ONpRedilg alERS 8 PbriioR Ve e lnRiunk UntAXRAFBHR and/DLHHA Ry enfbling
preferably connécted to a gauge (not shown) or gauges for control|ing

the flow 8¢viee Yo by uspdscandipmoustit foprt lepptevgatngescnive pltuging 9F arvesting
connect ed t 9.2 yRiBft ﬁ%nﬁ)‘f't(ﬂ%ﬁlgs 9teﬁ1i?&l‘i'o§1 ahlkifr Qbsrﬁnéﬁpée)fweeﬁnﬁe cycles.
es) toth 26 The

controls the flow of air or othefr gas N e prpe.

conpuier Adtemngelyhefvestig opn borffedededa ro additienap bavastingepogaUgid), loodigdodt
s more pLefehahl of B E3RALL e i SN HPRIRRE 0P Lorf RS BhAShottg Mfvest
nore preferably not W thin contal ne g e conputer i1s also

opt i onal | yf sedemgire fcaltab| witldh! the thivrentutr oA @mamdiyasdcend fportioocoft mediimng
the tenperature, sych as heat er and/ or. | er for .exa . 5The
comput or PO SAF Ry Bespf arirng ot aft et ECu SRR fingpl Hete
control I'i R@etehecdiiusnmedivaedidior aoghired addifieds dabtheipesided, BOHesBribed below.
nutrient/ pedia contai neréﬁo contcfti ner 12. .. T@g conputer is

pr ef efab| FEEHRORRdY ry s beaised ©riprostyee theerigipal Yadppaphiapcula it fice
pref er abl ¥odtSinGORNREN 86l fdtenhBlAgthd Rariiedanited?Rd 1R thdBBrR@ARIM 8hit of
optionally may control an automated sanpler and/or harvester for
removi ng PEren@msr.of the contents of the container 10 from an
optional sanpl ; i : i :
The. comput or et 85ls) | Pinchipt) EbrABEHBE A RRIES htchsl Bt 22 WIS in
anal yzi ng fluldesanmanitation svitf the dntermat solume rof @ruipipke 12,randradbarvest optled\Zdde
feedbggk f.or ,operation of.the co e . As I.S Lone

ner ei AbovEetdorr R e oftsich dBrEREhtr dhhemively i eisbelt A RIS pedsi s
Cul t ur e madinglesuzifice,bhedddointol the gentaindr U Dpwitich tantetsothe pltanal voRinleSfrdn thehe

device of .the .15 present invention can be a | ant cel) cul tur

rech um KndAFFRR R AR angHEd PG el ol GECH SRR BApeHoR 20 can
sui tabl-e guhiaté fomBGobyridrR MAtéds bt RvaL wHPEGwBAR 4 gma Ltd, St
Loui s, M), Anderson nedium Schenk and Hi | debrandt nmedi um and the

like. Many pl afnce haesting s ofiertimasdiindesadebyc Biniresenes pfccllyelpmpg hervest
(see, 3hor Hexamnt grefég{%% %ﬁ%{lp@h%#%&%@%ﬁ{al &%:neépee‘!g! %ﬁﬂ@%%? 1-10

KY) . 20Thg phras t ce cul tur refers to any type o
t ype (nat emahhd/orderingridegiee pf elnsticty hllaving exgemdionoitlogs.nodi fi ed pl ant

genes) . pret or 0t poSidh sLiBRERY pafEPLEY briCR R % BRTRERE S

container 12, such that the portion of medium and cells and/or tissue that remains is a

predetermined fraction of the volume of container 12 (e.g. 5-35 %).



25cosnetics and the |ike. Preferably, the plant cell culture
conprises plant cells obtained froma plant tissue such as root or

| eaf meristem More preferably, the plant cells are selected fromthe
group consisting of Agrobacteriumrihzogenes transfornmed root cell,
celery cell, ginger cell, tobacco, alf3lfa, tomato, |ettuce,

hor ser adi sh ceHa\rvaﬂﬂmt&? rait becletdted B@Auditivn ocrathectitiompeficontaiser thehichan

be grown sen nve, al

phot osynt ef Sﬁ‘?f %’é‘gt t"foé;t 8¢S amef’lqgﬁ?“ Erg?’( W%ﬁﬁ ﬁt%"ruél aspl?ftgo M amedipm
use W th tdigisiay cdRandoeiseésTorseat ad Mociu@sent invention include,
but are not limted to, estahlished cell lin and .ce| | e

gener at ed f r o lsiraivelyp oF @d ‘%P%‘}f\iés a hapvest, port E rcéné%‘fdlofqﬁ‘éd E‘Fﬁ‘&‘ down
Non- | i g tb&g)n?l(@ﬂp&ﬁl%ugr 1@85:@%& f@ﬂor SOIE Rk optidiaBy flafudNyCabire At a
tabacum L. cv Bright Yell ow 2 and N cotlana tabacumL. cv.

Petit Havsigbleatortian efemedium contanmanils ad/og Siptus corldagmaiiain qopkiner 12
d
I ncrease aﬁ@%a}vgétgl? RSPt Pttion dA?‘?n ddfy ﬁtr?@geglls rqugox' s, Pﬁ‘?@g'p%% 19118 a

i ncreased gas aeration rate an to provi m xi ng and
5 aerati pmt:mn lowtl dowindrottbmrigengied remBia péalt oromest of the h@dpmes ent

i nventi on, ent a i bl f f I
col T e un it Pk BE RprBiGE Bh aBa i A S o ST nerth 1B B8 g
the nmegli usfe pybdehrd s kientivas etbbee dioth tar bé rddobporated imé af gt degvice 10

i ncl ude, but are not llmti{&ag t he use of antifoam agents such as
si | i conesPro¥ Pﬁq‘f%ﬁ‘ﬂ t Emétr"n"&héf"(?ﬁ%%o Swhich act to cause snal |

bubbl es to coaligs&se pbidsP19 ﬁ&sﬁ&rmcih@@,s&ﬂ&re@hratmst Flovpidpla®s 26 CaEe,
grade antifoam ag enFs comonl y used in industry and foo proce55| ng

incl ude, rexer;aalﬁm éalvaé@ryraglﬁ%ttqﬁy% |ﬂ|°b}’x%fn'§at§ﬂ%l info QI Yt @‘6 Rntaingrel 3,
of antifopmng P@ﬂ@j‘fw | dvi Barl-B5P6e g‘gﬁia?ed[%@ 99%13 c&'u%ﬁ?%% i9fmddae

pr esent invention 1s described in detail 1n th arrp es section
her ei hbel from érﬂerablp,es;emitsablnmwiab suchl asogless) ata@besa teel, petdhplasticoand the

cul tur! N9yRN LdIOLY BSHAND BhaRb idbhydeGohn u&np er%ﬁ@tlsﬁogl)sgﬁﬁ%plae

Bi or eact or |s op |on y an refe conflguré
accor di ngfloid ttdpemdnderde pciasﬂrth@eldnﬂaMmahaﬂuod@tmmﬁ tnamrlelf @toadingainer 12
accordi ng 210 th eVL ce described in Exanple 1 below. In this nethod,
plant cel [PUORIEYNEFUB by pl aced in a container of the device
according to tdentfHn&sent cdnniehide Odn aemnbﬁalahdn)plmgdpdmr\euar a$ ediralihry in

the plant cells, are cultured. in syspension., Accordin referred
e nbod%‘ﬁE nfQsyctiofdo haryey ,ﬁonflsp, \}g r"f‘le &gﬂ %F WBS‘B?%Fﬁtm @é‘?’ﬁ“%‘“g e 8?,‘81’5{ QP'éd%'
suspensi OQghiingr 11 @ihdr FRMALAN YitioRaloddditRAS addiiRve Sﬁl@tr 51, @mg@&oalrcus@%f
conbi nati on (plurallty of gases) added as require ti onal

pr ef er abl {pedingeorsathsradditiyes Rowpe; es@gdan%%asiditéveg%té iblogaied Hhﬂ\%?l?:h
more pref gral (%nﬁﬂxgpltia g@émﬁfh&hbitﬁn%ﬁl the Headidpile! hbodaRke aﬂaée%emﬁ In

conbination Is prefe | y added to the container through an air
i nl et, 25pthef enkimentsadditvetlat §1as braed neardrrg tife thiddle ;(omcef arthhbgitom

0.2 merop,{ ihiey it 1209 Rl CUib Sl DU ERHAA S 9 e o
pul ses] as previ ous| escribed. ef11'e cul ture “edi Um ands of
sterile ad@htzimmnap&vrmaf eroalmywp] asneld asna tfhidd eapf & eeder andprevent the

ranstort o4 Lheouph acllibvs LaLet i2h EBLGNS BLet sechoty, PLaker ool
media, etc.
Device 10 further includes gas exchange ports for communicating gases into and
30 out of container 12. Gas exchange ports include at least one gas inlet port 28, for
percolating gas (such as air, oxygen or other gases) through the medium, for aeration and
mixing of the plant cell culture, and at least one gas exhaust port 30, for venting of gas
which percolate through the contents of container 12 (e.g. culture medium and cells). Gas

inlet ports and outlet ports can be equipped with a filter 49, described in detail herein. In



30The plant cells (as an exanple of an axenic inoculant) are
optionally and preferably added through the harvester. Optionally and
preferably, the plant cells in the container (12) can be exposed to
light, for exanple through an external |ight (a source of
illumnation external to the contai ner? particularly if the

cont ai ner dng embadiment, arplwighy | &5reas ileis lisi prowided @)f’{déh&! bgjter ﬁ@tﬂbi“?n@m air
source is Sﬂr'és@ﬁ{‘e \»%)Lﬁ:_he ? el.l{l%/thg h&ce6Q ﬁﬂ@\%rfoﬂ Rsitdd MRbEDubBles 28 dark

condi tion s are al'lowed to growtoadeswed yi el d of
cells and/or tt@smdttqmrtas) 28 rcanl be eonriggted kea gad Jupply{eehpumep)avige easeiupplor
secondarytu 0¢I te for exanple. According to preferred enbodi nents,
excess air encf/% wast e gases are preferably 5allowed to | eave the

cont ai ser t hr ough iflegpst DRItdrebe mapé if:omaﬂd::g‘rbie lie. gusiticoae) or digid material (e.g.

50 opt | SHANEY e Desin apiqes E e A R reke Ao B nféh R AR =} acbiien
as the celfl afdudak irer 3xemh mépahdﬁ%agmr@at poit mhgcktqﬁsfuaﬁ 19 BEgARMnIBDFRL(S)

contani nants and/or the quality of the cells and/or cell product(s)
whi ch ar e 28ris demgngd it Propt e@%@l&bkép valgme Swwefoamryﬂqgranﬂommé thy; plant

Tore_cont ANk afnews}@vemng%em&@ﬁaﬂ&n | ithAIR bt un s shear

cells and/or ce product(s) which are produced afre of poor quality,
t he dei cdomasi astckasmd émesnaéwee dﬁs«p@rsletd%ﬁan be variedAin shape, SRAro: Ve

time, par té%“é? or e ’no %ﬂ%ﬁér&?}ie gt | r S e sﬂét?e: AndYsi el%lgcn%‘%l?r

cell produ eas A on o
mat eri al ithe pdstecamtmtihshmred b oespipreakitt dutﬁlegcnhdname!stsad inrevgivl @adermpeningn

cont ai ni ngﬂﬁﬁeﬁl?lﬂg?fﬁgif%ha%?tl%%éﬁqgm(S)-' More preferably, a remaining

second po 5 nmedi um contai ning cells and/or

cel I product (s)GdsexéHahgpshst 28 aiinF, harvBsttpoa(s) @9 tadd B optiohd rsemplidgpats
second port| an @é optionally serve as an inocul ant faqr a
oL Y&

cul t urle/ hars famed Py |ceeating ap obeyng iny the syifacq of thaseantaines 1d/age f%lflﬁ?ﬁ%the

addi tives gafinbardh@¥eqRe it addt@nhEsdid réph&mgﬂ hadtatR$ hs & YIEnbhh Qn e
20an addltlve Inlet 51, optionally connected to a filter 49 for

preventi orflef cont am nati on. The previ ousl y described cycle is

optionally perflﬂ%ﬁéﬁt&ﬂ?&xﬁd&ﬁ%ﬁblure ma&mn,a/ f%fag.eméakum 38\&n

met hod permts ce to be cu nd/ or harv ste naer obi cal y.
For the arlgarovided atnddetisitenf 20 itn P tinlgtsper squaremdicof Gaxyujetnpasts 28i san ties

provi dgd gn%sft Eﬁﬁ%ﬁcﬂlﬁ %%?mét[a‘ﬂ § Sufiinet 18 a@'%ﬁré‘d%tgnﬁ@éd HstanEPHbm Yofom
devi ce 't hereo 0 rocess 1s ornmed. An axenic
i nocul ant eInEl librthereafu dedation cd‘@as adet\toats 4.8 lmdazﬁaﬁ:imdg)ypthe volutderxbd height of
sterile cu medi d/ or terlle add e]g
devi ce.vi A BRI aH b 06 OPROBETBIT fRae st PoIe g/ EHLmg Sype Oop dnlt
i 11um nat qbri8 28P¢a8HeOldsdtad UL SE 65 Restimetbre fph bstdm 16hT tHe vbriiging! €ln one
allowed to gDrow in nediumto a desired yield of cells

odiment of the invention, at least one of the gas inlet ports is at a location below the

25 level of harvesting port 18.

Additional gas inlet ports 28 can be provided as needed, for example, for containers
having very large height dimensions, or for containers of higher volumes, in order to
provide greater volumes of gas, without increasing the gas inlet pressure or the gas bubble
volume. Additional gas inlet ports 28 can be located at any location on the surface of

30 container 12, and are preferably located within the bottom one half of the height of
container 12, to provide substantial mixing and aeration of the medium. Such a

~ configuration, having a plurality of gas inlet ports is indicated here by gas inlet ports at
positions I [28(I)] and II [28(II)], having gas inmlets 34(I) and 34 (II), respectively,

positioned at a distance from each other, fo provide efficient mixing and aeration of the



30 and/or product(s) of the cells. Optionally and preferably, excess
air and/ or waste gases are permitted to | eave the device, optionally
through a filter, nore preferably continuously, via gas exhaust port.
As for the previ-ous nmethod, the naterial in the container is

monitored for the presence of one or @dre contam nant(s) and/or poor
qual i ty cplahts cdhdburepoas guiat ipoyts cehl furtR@ perdeluca (coptamination i préveotere

the contai ner and it,s cont.ents,.are preferab is ed of (o) r
the oo ey st ok SR 30 iSa BaBL R Hghgtl, SRS Card preb et bE
har vest edcgiftandingtitigt @3] Guidsnar, sdlids (exanipboenerititrobesyl ésto rtkel immed wotunef of

cel |l product(s) _has, been pr odgced. Typically, a water purification
system suf)%ta.l‘%g 14 and e sulirs ms Stbstantially 5 endotoxin free water to
a tanks conpr i s¢aaifQN ¢£Theladeadpte Situst st d0! i SebntiRLiadd | @mbb@Nof gas
punped to the device 10 via an additive inlet. Filters, typically 0.2
ni cr onet eaccumplating shaye |theicylivre medinee §ap pwystaedt 30 isdogatpdtin ihaswpnsh AnGof -
the inlet eIy ' L RaEALR ; LGy GOS8 S
in each d}el%/llf)%lg}eg%.m %ﬁ)’? {eér)%g%l i?(\ﬁ/ ?@B%?P% g&?[%e?é%’%ft Fg&g%&s%}b\%ﬂ ms& be al so
be used tkveli of fiuikk (¢.8i sulfurs knedl@fDpiso tdsetof be gn Buif t epniopepicajion evigf the

each devige 10, inpculant.. typically |.Cl e
of el |t rsadippod 3658 P bty Bhedfiol Y ERtefdl bl BAMRA€r SBEhARE
wi th niedi poroB0 wad eper @ the Rheir@inent, |and ekt flowtdienkausagd i sinteghlaed e s

into the device 10, typically via the harvester port, but .

al ternat i 9’@1*‘9“(51"“0’{;9; i%&&nfa{{'f =\ﬂ“é_a§er§@tbvérygtg§3 SHRRtiRoE ﬁvOn?agtf"ﬁlbt?rt".‘Chﬂ?r?gar a
i's then i pidQHMGERIIR0P 48 (Lo PRMEEE vale ¥i dathPPwhiol Walats tROfldw oDgas\busl
the optional 15additive inlet port. For subsequent cycles,. only. nedia

and/ or adef eanianst A2.cand tyssan be dsede cFRaie PRSERGE8S BROSLIFG BHRin container 12

Typi cal | yandamuéh{ain@amgxgéﬁar 1 PLANIyARBSHRRE Athe abdiddd TYBAdrlchZ@EpAl GaPr

gasses to each device via a hunber of apparatuses: a coarse

fi | t ed5 f opxhaushpoit 3G cpafurthen igeludea eanjamination meHentnn pechapiamatugh afiger 49
renovi ng e [IREVA j ] 1.cgl 2. er:

20 1 et by Hhicf 2 ey CondntBi i daf, fois B SO TEGPLnbdfl
t he gas i miebbeslintothke inmenvalimaesf donminer $kangf the adtuanmedittnon of t he

cont ai ner contgnts. . Far, each device 10, all .connectio to th
Cont ai nr 19 ik confainer 12'cP thecenf Frkion 1o deiney FARF it Vool JFAF
pref er abl jeagt| 490 4nd uphe sgasalaktiamsd liear df{@ju@ndediant el diece\Vie it Raxibde én
steriljzed priqgr to_use, and sterility is maintained during. . .
connefé ” oReths, ﬁewpﬁﬁrérth%m@ ?sp?rew%’m? AP nt‘§f Swaﬂoﬂ&gaﬁ%wé?eraﬂ in
supply angysgxdyaust by perform ng the connections in the |anm nar

ai rfl ow hood. . Tenperature control for_ each device 10 is . .
preferably prodt deahayyn in SigureaB) sunpert Harn fnelpderd eonicabsiragupe which is

i ITum nat H&.EQDQII td %vﬂ@‘ﬂgﬁ%ﬂ%ﬁ’c&ﬁiﬁ&QW\ﬂ&gu@%eﬁhﬁ tegel 8n ChUBnESCeR the
l'i ghts sul tanl y arranged "around the device 10, en required for cell
growt h or cowentotherdind0 pr oduct i on. During each culturing cycle
of ea devi ce | OQnt-Ql

ore tobi cal |y Shbor sl Saf GO RBREAeC koA 3, 606 HRAPE a1 RE NitportEan

| onger, ubdanadeohtighvivtigitt dybingrinahomelBptaaiciubing fidinting € grid like sns:tur€af ting e
condi tions an urati of, cul tur re determ ned,accordjn 0

Codivi duarepan ot pihindtikeois SR ot Ay e LR SR Pimbts can be

plates, connected to vertical rod-like members and further connected to horizontal, ring-

shaped members. The plates can be continuous, essentially creating a shell-like support for

30 the container, or can be stave-like, providing rings of broad support elements with space
© between them. Support structure 50 can be free standing, or attached to casters (not

- shown) for mobility, or it can be further supported by attachment to a rigid structure such

as a wall, floor, column, etc.



30 cell cultured, reconbi nant product to be harvested, concentration
of inoculant, and the I|ike. At the end of the culturing cycle
for each device 10, the correspondi ng harvester port is typically
connected to a presterilized environnent with suitable connectors
which 5 are sterilized prior and duriZg connection, as hereinbefore
descri bed. HarCGestineryld is dispeseblefand thugds désigred togboodibdardd fellowdes usetiona
2.5% to ahout 45% .t hou typlLcal Ly between (o) % t 0
of “cel s nitps At WPl EtatoR SRR ROME efitiiihdn Mitlocshite
The har vesbadplastich Shth &8s thesflexitdé ptasial dsedd io divec present ayicd, fenexample, are
opti onall¥ be dried, or extra t?ﬁ(}, S ,[equi r?d 10Ano heri.0@ti onal .
adi ust menfelfttebtac RS 0 BF T5tRre B JiSBred ol Al FRIPAEIEbl eighamic
process, 1HaE & RH esifeab! Bisphsall 8F thds®biofeadiot Aevisdsaddel Mot bERral fredeft an
process. An exanple of a preferred cell type suitable for

cul t ur i ngeFaromiredisagvaagsda the Yl pHSRBICR ths IgFaapita cows of theseilisps it ¢15wt

is the tr ?%h?v\x}ss? EEdr G EiBiagl Ghd otgh diBALohfddrMonE B 8Sis §@ﬁ|§1ﬁia@ébus in

whi ch fol As described I n Exanpl es section, this ce IS an

- 15 Agr obatrtiii eliminates fthe inesds farr extensive rwashings it digiafactaptsi arid etherr basles
an exogen . | b i C
oot hor - o T SpRREALLAR IR LUERRRAE AR, f5Gend StRbpoie Moreactor
Ni cot lnad¢ddzacsch s cymhinandf han berzasilymeatycled, thve sedwemg ipotlytidnhend
Ni cotinia tabacumgcells are.BY-2 cells. Methods for transformation
and expr eglé‘fliﬂ’ﬁm(??ta@?ﬁﬁ%tﬁg&?“g‘gﬁes in carrot and other cell types,
suitabl e for uskhoghitohfabet 82 gn ke aibiliz20 2Bl saReqlit B ditferabBCirovidedin a
the present inyention, are well| kngwn in thg rt. Transformati on and
expr essi oRtegtterihized of@F‘EalﬂPeﬁebé’cte IW@aBR%g‘Bﬁo‘EF? [o]e] 95t - dHRG SPRYHHDE

ot her cel Lieghilatibh %foce&l?réé)gsﬁﬁﬁﬁ%ﬁ”a? ﬁlfgf}c% tcOfitdiner SanMeSHrREREH Iiding

detail in US Patent Applications No: , 295 and PCT publication

WO 2003/ 098Dzl orydily cerdizatiqnnpreeesess at Rseferabiy, yhenglerélizgtionfrea Hiyastprilizgtion
secti on VBloch Lt oS  AARATLE I Sor i Heshl R GRGRI AR fifeih MudD
cul turi n\g,]\,BtohesaSEove descri eg ‘Catrot e?{la,s 1antﬁl&l&ln t'obacco HNQ?%o’ﬁuanéas
t abaccum gahing or dsctie tehowadiativar gisrie.gcathleneeoxgie) stealzagieniand wrliket welhd
t obacco CEH%‘ 'nq e%\?jjl,arge Scal e Bi oreactor device 10, having a vol une
of greater an Ql liters, resulted in superior yield and purity of
t he reconbi nanAcqoedihgetonprefeatd embadiinkiEs ek the essemtdnlentian) the operation of the

G ucogerebrosi dasg and,tobacgc ells essi ng

Acet ogf ohBievRuaE derdibed i RRET <P padof hitie Mengallet by & sompuchgpater
30 scal e sghiowags ahé CodBhRéraachivnslly aiichréBRbBUbldibeoteslGutt pismetdts of @S
and product anal yzed and conpared (see Exanples 2 and 3). The results

( .

show t hat “PH&PegBe BetArg ap/anelsh Arecesicorid et '8 rtho Prepens ipiepdnds one or
i nvent i onpr Oy teiaBerhiifd, SASEH aRLtidfoWrEhd HbalbohBaifdl dnttirs WRMoHAineAt
a significantly lower inlet aeration rate, up to 30%for at |east 7
days of camewHand giming plegasdieingrallowed o gxibthe contaiger ampprfudndtimgng af the
hi ghepzyi . J t [Wa'Sel o) | Y Sl §.40 e
e Sont re St oS CORTNEA Ak S0 Sl B S O
SDS- PAGE amduitwifiligigtl ddpe cainpetaaings ogichallgalso Fe aneltoldetetihe aamdnt of waste
chr omat ng’alﬁhé 0gFi s. 6 and 9) showed that the glucocerebrosi dase and
acetyl cho FHe Bl 4%e enzyne preparations fromcells harvested from
the Large Scal Ehdicsppmanlie phiferaiacéodhectdde to digntvatials Wwiehdarihg dhst@ineatsd

standard preparation gbtained with_standard-scal e technol ogy, :

strongly Wa‘?“é éﬁ“ﬁ"rfﬁg"tfgéo ?E@FE‘P%E@&'&WSF%HY‘WV“@S aE‘rPéa‘@Hl%ﬁé system

prepangt i ﬂﬁ%u&ﬁi%ﬂ%%ﬂ sérhiOfiRdting (RBSPEBHoR df il OphedeindOtion4 Rk eBMthle,

800L bioreactors. Enzyne grepar ations fromthe Large Scale D sli)_osabl e
1

Bi or eact otheaoBpuich ipseferablyranegsicd to pRayast(nelisbewnorr gaeges dpqoniolling the

activity L f I | . it

oL, 7055 o 25h b RGO B Bl B i
to a suitable air supply, and controls the flow of air or other gas(es) to the pipe.



10 produced in Large Scal e Di sposabl e Bioreactors of the present

I nvention contain undetectable |evels of carrot host cell proteins,
no | ess pure than the 13-gl ucocerebrosi dase manufactured by the
standard vol unme production nethods (Fig. 11) Thus, the Large Scal.e
D sposabl e Bioreactor of the present ihgvention can provide accurate,
ef ficent and epen SHBRT isYiscRefkbiyoand Hd ©GabApMBuRS pdlb@Whidek more
cul tures expressing reconbl nant proteins 15 devel opedgl n smaller,
even nuchpsfredblie presens | inrthe enviseamghicef container H@f kit apere freferably pef duithin
the foll owing e | es i 0 Al ol R ol
1T ust  at PR A i comppts s Al ey ARG LR bt
nomencl at for eontxdithghtee einpeande, tsinh dsatheatat andjor podeddusemplet i | i zed in 20

t he present inyention include nolecul.ar, biochemn cal l.crohi ol ogi ca
and T etombi nan herSQMPHISE 5 APHORALY a8 preiralily ﬁ?'ﬁ‘ﬁ&g%raega{“ﬁﬁ%ﬁ%%@m ©
expl ai nedfibw of hedihiah@6AstHEwirRa8 fronDi neashalia colimee el dhtaltend.ng: A

| aborat ory Manual " Sanbrook et al ., (é989); "Current. Protocols |n
Mol ecul ar ~ Bi ol bipyeompateqifgseiprably coppestsg de ?t_l?i’.St ‘Rﬂe,poétd’.fﬂleﬁgt&)“fer’ b
et al., "CUELAN isRbRiceel ablehdd dMRI-REHPRS 18I TeQBMputed SitTondNy BYy @Adol an

Sons, Baltinore, Maryland 25 (1989); Perbal, "A Practical Guide to
Mol ecul ar agbmeled spmplroind/onhiumestd fgoiegovingworinnk of the geytenty\af he gopspiner

al ., ‘Recqnhi . i ; f ks Bi
ot " ol 16 RN ARl SsmpiRll 28 For st hb PR RS (nok KD e Ebabiter
1- 4, Col dmSpulsagpiiaralip be lcalrecat oo yn Pradwsr fddemalYong tHes®p@lions of contents,
nmet hodol o%ires as set

4,801, 5311078% ‘,’gﬁﬁde&ﬁ‘é%’%%f%@%ﬁk%@ew‘sﬁ?8?’5‘88:9‘“&%%0 ﬁéggfétz 8r2§/

Handbook", Vol agrs nentibedOrdrbinshovd, dévice ¢0l.is (dbSigrdd; for Quiltuting phdnt cell

el O b R g PP on) o IR e b 88

Vol umes | plekdnt SRkhtidNcad. beFany psht cbll 3ure nRUivnEEndin &l the art. Specific, but
non-limiting examples of suitable culture media are Murashige and Skoog media {Sigma
Ltd, St Louis,MO), Anderson medium, Schenk and Hildebrandt medium and the like.
Many plant tissue culture media are commercially available (see, for example,
Phytotechnology Laboratories, Shawnee Mission, KY).

20 The phrase “plant cell culture” refers to any type of wild type (naturally occurring)
plant cells or genetically modified plant cells (e.g., capable of stable or transient
expression of exogenous genes). Preferably, it refers to cultures of cells that produce an
active ingredient which is commercially desired for use in the pharmaceutical industry
{drug or drug APIs), food industry (e.g., flavor, aroma), agriculture (e.g., pesticide),

25  cosmetics and the like.

Preferably, the plant cell culture comprises plant cells obtained from a plant tissue

- such as root or leaf meristem. More preferably, the plant cells are selected from the

group consisting of Agrobacterium rihzogenes transformed root cell, celery cell, ginger
cell, tobacco, alfalfa, tomato, lettuce, horseradish cell and carrot cell.

30 Additional cell cultures that can be grown in the present invention include yeast,
moss, algae, photosynthesizing bacteria.

Plant cell cultures suitable for use with the devices and methods of the present
invention include, but are not limited to, established cell lines and cell lines generated

from plant roots, leaves, stem, flowers and the like. Non-limiting examples of established



(eds), "Basic and Cdinical Imunol ogy” (8th Edition), Appleton &
Lange, Norwal k, CT (1994); Mshell and Shiigi (eds), "Selected

Met hods in Cellular Inmnology", W H 32 Freeman and Co., New York
(1980); avail abl-e i mmunoassays are extensively described in the
patent and scientific literature, see,27for exanple, U S. Pat. Nos.

3, 791, 932 ¢elBiitk3 Arelihdoricha 3ahcih 1, c3BAEIR, Yell8w-(B353) £ Nicadialb fabadii L.
3,879, 262; 3,901, 654; 3,935,074; 3,984,533; 3, 996 345; 4,034, 074;

4. 098, 876¢v-FefftyBavmmacelblingg 771 and 5, 281, 521: "0 i gonucl eot i de
5Synt hesi s”  GajitywiliMe apprecigdd tﬁ&l%aregs%@gﬁseinfet Peeschrd Mk in@fe&s%ﬁ'g@@miet

Hames, B. D., and Hggins S. J ed ; "Transcription and
Transl at i dw‘SIYHaﬂ"ésiﬂchaSeﬂ) gas HEEtipR gefe n@dsvolgme reqpdred (tq ggmjlde "Fingeand

Enzymes- Pt SHBBECKy Ihec ScugBiorkatipht the, BERGH hfBof tenp it o,
Per bal , Bp¢ss(b1@&¢)>lemmf fbammg@d ¢hej plartErely mldmgy'wmniﬂ can beﬁﬁﬂ;mmammlb
,IZ\E: SZZ’m' cpg%eg? %ﬂ S[ﬂf tg% meé}&’? 18’&%%(1'\%&?‘3%3& mA?(Pr ! rogtoggqogls]ln]gor
Pr ot ei n PitfchfdbC&ﬁtl 28 nah dinfled rtacthe nisz aﬂ'mﬁfoampageabmuah @s ysﬂﬁonlerss erganic
s i1 £ ul POl eaeloe Rich obhat SySn Sal OHBRGY B feaescs Mo FEFT B
t hrougho uaeéxmeﬁtaﬂ%ue%ntl:oom%d@reﬂﬁ @gf&n{s hefidAlyhRd be liddies ahd fdea
wel |l known in the art and are provided for the convenience of the
reader. Pprocessing include, for example polydimethylsiloxane and Simethicone. The use of
antifoaming agent in the Large Scale Disposable Bioreactor of the present invention is
described in detail in the Examples section hereinbelow.

The present invention also relates to a method for culturing and harvesting plant

15 cells in a Large Scale Disposable Bioreactor. The device is optionally and preferably
configured according to the device described hereinabove, most preferably according to
the device described in Example 1 below. In this method, plant cells are preferably placed
in a container of the device according to the present invention. Optionally and more
preferably, the plant cells are cultured in suspension.

20 According to preferred embodiments of the present invention, the plant cells are
cultured in suspension in a liquid medium, with at least one sterile gas or gas combination
(plurality of gases) added as required. Optionally and preferably, the sterile gas comprises
a sterile gas combination which more preferably comprises sterile air. The sterile gas
and/or gas combination is preferably added to the confainer through an air inlet,

25. preferably connected to a sterilizing filter (preferably, a 0.2 micron filter) during each
cycle, either continuously or in pulses, as previously described.

Sterile culture medium and/or sterile additives are preferably placed in the
container and transferred through additive inlet 51 into the bioreactor, preferably through
sterilization filter or filters as previously described.

30 The plant cells (as an example of an axenic inoculant) are optionally and
preferably added through the harvester. Optionally and preferably, the plant celis in the
container (12) can be exposed to light, for example through an external light (a source of
illumination external to the container), particularly if the container is transparent and/or

translucent. Optionally, no light source is used, optionally the container is maintained in



15AIl the information contained therein is incorporated herein by
reference. EXAMPLE 1 Efficient culturing of plant cells in a Large
Scal e Di sposabl e Bi oreact or In order to test the growth
paraneters, yields and characteristics of the cultures and cell
products produced using the Large ScalZ8 D sposabl e Bi oreactor, carrot
cells 20 ebstk @aditiogs. Human GI ucocer ebr osi dase were cultured in the

I d bl
coni tions. i AnGEli e A BRGR (O Rary Dot SIS Carthet L s 1 g °

experi rrentp%édlﬂai ROMS cells, such as a protel &@Eéﬁaﬁ?&h@boﬁwo@waww ng of
carrot cells expressing & 25 transtormation and cul turing

were ef fected A€cHUBEE rtq areamieﬁ eebaﬁlmeets,zexcess air QpEAOE Yyagke @atep aﬁé’r@ﬁe@@x}ﬁh
in a bisor l@@ eg PRt criifdr Mh@{@%&r&m@i oPERENY BRbUgh SIS dfednally

carrot ce us containing the rh-GCD gene, was plated onto an
agar medi mndnwreprefembiymoatleuwdmaad/m intprgitlenigr./ | MSD nedi um ( Duchef a,

Haarl em The e 0

folic acid (Sl gna @%ﬂﬂ? a[tdgal%fé% {hg r%[&rﬂil[ Fgé?%%&%ﬁ g%ra%sb.xh Pl§]gl{%gcell
0.8 g/ 1 Caakwume nmdtmo Far eadreplé¢) s chatked forsaugar maee @hfanamwmﬁfm tlesquality D
Si gma) . | us,, was

Suspensi ot ey ayeteci Piodilsl st b itineBl i g confaingr, AP arsfebly if
cal | uggi n JNBor hog!EchtiE Sarndirie Fodral 10i faprébert iNThe ciltufe, Gir BheOteliaard/oLcell
acid), as is, well known in the art. The cell suspension culture was
then cul t wrci(s) vighsse WdﬁeﬁéW;PéPf qqaaektheeeupgm it coglsnizietaflispesss
m  wor ki nggvol unme and increasing the volume to 50 ml follow ng 7 days

of culture, at 25C wi th shaking speed of 60 rpm Subsequently, cel |
cul ture vol uneAlds 4paIopEas dilne PartisuBOly ificoptamppant(y) aed#%mﬁeyeva i gelfs

t he sane t
098/ 13463?@/?16#'[@%}%?% é@%&!ﬁhﬁgﬁ&@ mﬁ?s?j g?iltgt M? pE e t% g‘b%& ﬁé’ﬁgiger
m of i6el lis predqpahiy ih@wsstdb rsigieds medinmt eantaining Bellseandioyext nrmt(vlerldore

cul tured for s ven s Fol Io of cultivatj.on at 250 h
" Lom o r FRGTRENDS AR SaethbiReR o SPhet Sih VLGN, oty i

conti nued audfdecelt ptedlme(nplscmindfed ta)rmnauﬁintthe catlgihér, Oflhaﬂf:lrﬂﬂﬂst devaidi Iﬂ)ﬁlon

(five days the cells werge harvested and col ted b
bassi ng { ESCERPIHEPSe o PO ATET RRCY SHERar s Tt F e r
was squeezgsdianl hncﬂ:smdrilmeadaemee Garcie ;iroﬁaétefow&e n8ktWuBGredarvestQGcle through
Anti fgam To aé{lm d foamn \Medi ci nal %_I foam C Enul si on ..
( Pol ydme Ryl el meienalinsapnesion fhy il Ad ferrieyonyioneicogagnation.
containing 30 ¥,8i wélbas@pnfeswd k%wyl& CSﬂtioHl\lEs Ser[6Rhdd AL BaRNshee.
wat er. The antifoam was ‘added to bi oreactor nedia at a
concent r atGrstengly asl prefgrably, the method permits cells to be cultured and/or harvested
anaerobically.
For the anaerobic embodiment, inert gas, instead of oxygen or air, is provided
25  through the gas inlets of the device. For at least one device thereof the following process
is performed. An axenic inoculant is introduced to device via a harvesting port. Next,
sterile culture medium and/or sterile additives is added to the device via common additive
inlet piping. Optionally, the device is illuminated as previously described.
The cells in the device are allowed to grow in medium to a desired yield of cells
30 and/or product(s) of the cells. Optionally and preferably, excess air and/or waste gases
are permitted to leave the device, optionally through a filter, more preferably
continuously, via gas exhaust port.

As for the previous method, the material in the container is monitored for the

presence of one or more contaminant(s) and/or poor quality cells and/or poor quality cell



15Anti foant analysis: Antifoam C Enul sion (PDMS) is used as an
anti-flatulent and an ingredient in non-standardi zed foods. PDVS
presence was eval uated according to and in conpliance with all USP
requi renents for. Sinethicone emulsions. A 450 m solution of 0.075
PDMS was | oaded onto a 15 nl cation exghange chromat ography col um

( Macr o- Pr pp@dtisy in ShoURRSY the cBhtaiRethndHBrcotieas ,areCﬁ)aferale aﬁugﬁssd tHr ABOVS
anal ysis were 20 taken from the | oad rowthrP tnglu

mat er i al s35 A& pevPEhmegod the rdls aad/ap selhproguss(s Ng‘ﬁé@’ eraply hagyerizehat ang
12% Et hanglitabie tilne2fVeNaidle when a deshbd SHOnt SRLEY RS RE(s)HAS béﬁrﬁf@&ké‘cﬂ

culture during the different chromatography steps (I oad,
through, wash Bypicallyuei ates tppificatigar eystest | ppliag éﬁamawawyéewb#@rtlaﬂms

i ook oBHpdeENakELs PR 8Rpriithg Brlo RGN o8 Ol ilars died

SDS- PAGE: pSoptidutm e dievigt 18utid aneadﬁmlvyanlayl Hiltede tm‘tallEI Qa%t!mg:phmtee,sars

( SDSPAGE) ar at tei ns rily t hei.r e ar. wel

addi ti on, mf'fﬁﬁgd’ f’églﬁn?eﬁaeplg? Vf%ggal%srtg'@m ?ﬁf‘ﬂuﬁfsth%fm ﬁ?o%ﬁl 3‘560t
the puri t yontditingivNRdshd donimt ccﬁlﬁﬁitsﬁhﬂ:‘ich ddvécertol Auednauive\nemgdatﬁzmdﬁm aty
and the protein rrpurlty attern of . produced fromcells 30

har vest edVHYoRRY healiobeisesiofpinipize ‘é e Bioreactor were exani ned by

SDS- PAGE anal Wr&h&%&dﬂ&uf?&ﬂiﬁﬁé&lﬁoﬁé&h'de@ﬂé ib! uRcsh@l Wpi@lly ACKSficiéng
to standard g separation protocol s. Brlefly, the SD gel s consi st

of a stac pthe tpeqf calh ghahitivegrigdiy *@&est(mh%ewqqdﬁmsme@ﬁﬂ with
was Tris/ @Qlﬁa oPRafdr ha gﬁ%@gr edjwnia%er‘ﬁ‘ﬁt?ls mtroduced into the device 10, typicall

gl ycerol - Tri s- ner capt oet han Reverse Phase Hi g
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t he prote E)Pgl nterait The characteristic peak 5 and retention tine
of the pI sieinpefersdfi Rt GoD (prGOD) was det ernined using a col um of

stationary phapgidati, s{n%ﬁft@nﬁ’{ﬁé’@éﬂr proyitésesubSintiafly Rretiline ﬁlo&ﬁgaése@m?é&hmn
Phenonene Torance a nobile ph 5 %r adi ent of: \RQ %
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and 280 rim 10Preparation of gly ycl'onal antibodi es: Reconbi nant GCD
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m conpl eh‘l‘ﬁnﬁ‘iﬁﬁﬂgfﬁk@ﬂdﬁ‘(ﬁ@h&tmo;fgfé’coyﬁing{)eon Y ence, Kansas) and

injected to eac two rabbits, | owed ooster injection
after two weekidor e3thedevighii0t &l opmmnectioheth tabgmtalm@r Qays., wf gag inl¢tiport(s), to

booster i i ek i i
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(or ool Rt Taterials n ety aBeay by PRSI Pa cameaions

Di sposabl g tB m@@g@bﬁﬂowmo&prrparl son to previously rranuf act ured

bat ches and to_commercial human [3- gl ucocerebrosi dase (CerezyneO,

Genzyne, Canbr [HRREratWR)cOBYOL 8T Aef sf}fé@ﬁfhﬂclsm ferablyyprovides by i S@dable air
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thé g to nrtroce

descri bed herein iefly, transfer from ose
was per f olighigisuitably Gorangsidtagorind theo@vive 0t whererequid fof colirgrowid or cempdusd,

t he rei ncubated in blocking buffer [1 %dry mlk, 0.1 %
Tween gb F‘%aﬁ t}%ﬁfo P1379; Sigma Ltd, St Louis, MDJ in phosphate

buffer]. Prot eDmﬂ;ng/ml% ctihemgicpeieof eb&hdetqeﬁii(hyhé m&ﬂn&tdf@acm&hspondmg
anti-GCD anti.bo hed reacted w econdar,
ot body patiner IS e gpt R Sl Mt b Soohs P B 14 s espneepgier

controlled temperature and lighting conditions. Culture conditions and duratmn of culture

are determined according to individual requirements of each culiture cycle, such as type of



30 aeration regi mes: Reconbinant cells expressing prGCD were grown in
different volune bioreators (10L, 100L, 400L) for 4-7 days. Cells
were grown in three different 10 L bioreactors, subjected to
different aeration regines (with sparger; with an 8 nm bore openi ng;
with 100 % oxygen added fromday 4). SHhples of crude extracts
(51.1.1) vl eultadds nesinbiteant grodnctdabe haresteds atrschimtioaCinochlant aadl the
onto a nityrocellulose transfer 35 nenbrane, together with 25ng of
prGCD st arf@rd, and reacted with specific rabbit anti GCD pol ycl onal
anti body. Bandat weread \of shadultagap byclStpeadh givade MEshie ddmesponding harvester
Chem | um nescent , Substrate (Pierce_ Biqtechnol o ¥v Rockford, IL.)..
D ssol ved Posyamicaly suwere! B Besicrlied endromirsh W SHIAYF Fankec(Rts Pich

dC dT § SieasdESebplior MABinERonrRchdif a$ AUBEIOR dds@iRH. Afar@X¥eRd thdm
ng/l and Cis the actual oxygen concentration, in Aer ati on

/1
rate: Aer affecsed, leaving kehinsk baiwernaaborhd-Svpfabouw 454, gg%&ghl toapigdllyr bedwesne
per VOl UMBnl 104d hfbu S544EE RS al i sy Q- WER, IRl Flt e iRl cycle,
a he gas 1n

m nut e-) et’was cal cul ate y deviding the inlet air

fl ow by the woihé hgvastduets/tdsuesradivr el prodoet(s) 16y that eptionallyry drijsdi oml
aeration rate: In order to determ ne optiml aeration rates,

opti m zat F%ﬁa saserf’?%{?fled for every increase in volune (from 100L, to
t he Lapge Scal andther @ichdradjusine40R thensid3Rm df)purdyxygps dainigrthe tdilecudtiure
flow to achi eve aer atfjér%E rate of the | ower volu bi or eator, and

al tering REYEs BAreseteraplyanday & or & ¢lEgasing e iy e B8P ned

paraneters. Thapedleple of atirkkRELREN a@icAbliQBlel ff &R 1rf Gicelar@d Scale
physi cal parameters 15 including foam.ng level, liquid_turbulence

| evel , fi Disposabies iareaséss afdhaiipventien [ofeatitnsexmah repl odf durehedaty Be.
D1 01 001 CRlERAPRIBLAA LG HlfethsC iy ddbEbed Gh el bRUCL Lclish, ABis ¢8R 6 R

by daily recordation of cellular fresh weight (gr/L) for a growh
cycl e 167 daydpcraridnproefecianspiradioomed careiscellt whick gypresse® an xegepgishgene

cycl es et AAALEH bR AUL0AAAY) TABLBELANIAR. R e AORESHLS

Lar ge Scale osa i or eac turing requires |ower aeration
rat es: inventidn, it® call tyeiipNicofiarearbacuud. tloyet dnkther émbodemned df teriatention,

i ncreases the rate of growh o s Lpn.cul ture. Smaller | unme.
bi or eact of'¥ ’?‘5?“ ?Efﬁ’fw'g’éf“\?%s@fﬁ %H%gcet%p?\@eélﬂcﬂftf%rr%%ﬁggn aflon aé’%{%é[ﬁgé%mn of
aeration kRéRn@fls ndd0 cdrrotviiid StherpdellSiypes, suitathe forCuset witte tlef Lirgé Soaly

of bioreactors of_25 various vol unes was eval yated over a r.an of .
aer at ?8n itnesabls Bigagtorsl U RERTST YR &7 ?”EH %ﬁ?‘i‘”@)ﬁ‘ ﬁﬁn'oi’i?ﬁgﬁmatmn

di stribut ;g expdslof JTBidIb@tdNly @i Hopbdbk pedigias if @neLand dthevas!ifcalimeds,
that optimal aeration rates for Large Scale Bioreactors were
pr opor t i onéing ydisrssehle thiermadorbsis displossdain detaloiuMS Taket dinplicatigps N
bel ow T | 45i7kabS atd T Whbilcfridr WloPHioh 089 781l QRSACIDSted Hily 1l O
L) an increase in volune requires an increase in aeration rates to 30
mai nt ai n ef fi cifendixamples [sactipe @hiah dolBiver dermerstrates 460 of Uznpregpanb dedey in
Opti My, a%ﬁﬁ&r‘m%[}hé R ACHR N ec%fi,eﬁx%em%éééaé ﬂféo?iﬁr?& Rida c’uﬁ?:rc%ﬁg.t Al is
vol ume” Such a“decrease i S advantageous 1 n industrial scale culturing
for both thewmtietdit,cultoredefaransgeaicstzeat afidtabesio @iid it hd agechhaler Bionacigy
effici enc%'evice 10, having a volume of greater than 400 liters, resulted in superior yield and purity
of the recombinant protein. Carrot cells expressing human Glucocerebrosidase and tobacco
cells expressing Aceteylcholineesterase-R were cultured in the Large Scale and smaller
30 scale disposable Bioreactors, and the culture conditions, yields and product analyzed and
compared (see Examples 2 and 3). The results show that the Large Scale Disposable
Bioreactor of the present invention provides increased O, saturation of the culture medium,
at a significantly lower inlet aeration rate, up to 30% for at least 7 days of culture, and

greater efficiency of culture, resulting in higher yield of the recombinant protein product.



36 Table 1: Optim zed aeration rate in bioreactors of different
vol unes Bi oreactor nodel Working volume (L) Inlet air flow
(liter/mnute) Aeration rate (WM PX10 10 1.5 0.15 PX100 85 15 0. 18

10

15

20

.25

30

31
Analysis of the recombinant protein by peptide mapping (Fig. 8), IEF (Fig. 10), SDS-PAGE

and immunological analysis (Figs. 7 and 15-17), and chromatography (Figs. 6 and 9)
showed that the glucocerebrosidase and acetylcholinesterase enzyme preparations from
cells harvested from the Large Scale Disposable Bioreactor are identical with that of a
standard preparation obtained with standard-scale technology, strongly indicating the
consistency and identity of the enzyme preparations produced from cells harvested from the
80L, 400L and 800L bioreactors. Enzyme preparations from the Large Scale Disposable
Bioreactor also showed comparable, if not superior, catalytic activity and specific activity
(see Table S and Fig. 17). Further, it was shown that recombinant B-glucocerebrosidase
produced in Large Scale Disposable Bioreactors of the present invention contain
undetectable levels of carrot host cell proteins, no less pure than the B-glucocerebrosidase
manufactured by the standard volume production methods (Fig. 11). Thus, the Large Scale
Disposable Bioreactor of the present invention can provide accurate, efficent and even
superior conditions for scale-up of plant cell cultures expressing recombinant proteins
developed in smaller, even much smaller, volumes.

Examples

Reference is now made to the following examples, which together with the above
descriptions, illustrate the invention in a non limiting fashion.

Generally, the nomenclature used herein and the laboratory procedures utilized in
the present invention include molecular, biochemical, microbiological and recombinant
DNA techniques. Such techniques are thoroughly explained in the literature. See, for
example, "Molecular Cloning: A laboratory Manual" Sambrook et al., (1989); "Current
Protocols in Molecular Biology" Volumes I-IIT Ausubel, R. M., ed. (1994); Ausubel et al.,
"Current Protocols in Molecular Biology", John Wiley and Sons, Baltimore, Maryland
(1989); Perbal, "A Practical Guide to Molecular Cloning", John Wiley & Sons, New York
{1988); Watson et al., *Recombinant DNA", Scientific American Books, New York;
Birren et al. (eds) "Genome Analysis: A Laboratory Manual Series", Vols. 1-4, Cold
Spring Harbor Laboratory Press, New York (1998); methodologies as set forth in U.S. Pat.
Nos. 4,666,828; 4,683,202, 4,801,531; 5,192,659 and 5,272,057; "Cell Biology: A
Laboratory Handbook", Volumes I-III Cellis, J. E., ed. (1994); "Culture of Animal Cells -
A Manual of Basic Technique" by Freshney, Wiley-Liss, N. Y. {(1994), Third Edition;
"Current Protocols in Immunology" Volumes I-IIT Coligan J. E., ed. (1994); Stites et al.
{eds), "Basic and Clinical Immunology" (8th Edition), Appleton & Lange, Norwalk, CT
(1994); Mishell and Shiigi (eds), "Selected Methods in Cellular Immunology", W. H.
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Efficient culturing of plant cells in a Large Scale Disposable Bioreactor
In order to test the growth parameters, yields and characteristics of the cultures
and cell products produced using the Large Scale Disposable Bioreactor, carrot cells
20  expressing Human Glucocerebrosidase were cultured in the Large Scale and smaller scale
disposable Bioreactors, and the culture conditions, yields and product analyzed and
compared.
Materials and experimental methods:
Trausformation and culturing of carrot cells expressing GCD: Cell
25  transformation and culturing were effected as described in Example 2
Upscale culture growth in a bioreactor About 1 cm (in diameter) of genetically
modified carrot cell callus, containing the rh-GCD gene, was plated onto an agar medium
ina 9 cm plate containing 4.4 gr/t MSD medium (Duchefa, Haarlem, The Netherlands), 9.9
mg/l thiamin HCI (Duchefa), 0.5 mg folic acid (Sigma Ltd, St Louis, MO) 0.5 mg/1 biotin
30  (Duchefa), 0.8 g/l Casein hydrolisate (Duchefa), sugar 30 g/l and hormones 2-4 D (Sigma).
The callus was grown for 14 days at 25°C.
Cell suspension culture was prepared by sub-culturing the transformed callus in
MSD liquid medium containing 0.2 mg/l 2,4-dicloroacetic acid), as is well known in the

art, The cell suspension culture was then cultured in a 250 ml Erlenmeyer flask, beginning
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1 harvested and collected by passing the cell media through a 80 micron net. The extra

10 medium was squeezed out and the packed cell cake was stored at —70°C.

Antifoam: To avoid foaming, Medicinal Antifoam C Emulsion
(Polydimethylsiloxane-PDMS, Dow Coming, Midland MI) was used, containing 30 %
Simethicone USP, Methylcellulose, sorbic acid and water. The antifoam was added to the
400 L bioreactor media at a concentration of 10 ppm.

15 Antifoarn analysis: Antifoam C Emulsion (PDMS) is used as an anti-flatulent and
an ingredient in non-standardized foods. PDMS presence was evaluated according to and
in compliance with all USP requirements for Simethicone emulsions. A 450 ml solution
of 0.075 % PDMS was [oaded onto a 15 ml cation exchange chromatography column
(Macro-Prep® High S Support, BioRad, Hercules, CA). Aliquots for PDMS analysis were

20 taken from the load, flow through (unbound materials) and from three elution steps of 0.2
M NaCl, 1.2 M NaCl and 12 % Ethanol in 1.2 M NaCl.

Aliquot samples of the harvested culture during the different chromatography steps

I(load, flow through, wash and elution steps) were collected and analyzed for PDMS
presence using an RP-HPLC method, with a C4 column monitored at 262 nm, (peak

25  absorbance of the Antifoam C Emulsion).

SDS-PAGE: Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-
PAGE) separates proteins primarily by their molecular weight. In addition, this technique
provides large amounts of information about the purity and composition of proteins. The
molecular weight identity and the protein impurity pattern of prGCD produced from cells

30 harvested from the Large Scale Disposable Bioreactor were examined by SDS-PAGE
analysis using Coomassie Brilliant blue staining, according to standard gel separation
protocols. Briefly, the SDS gels consist of a stacking gel (3 %) and a resolving gel (12 %).
Running buffer was Tris/SDS, pH 8.3, loading buffer was glyccrol-Tris—niercaptoethanol,
pH 6.8.
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Western Blotting: Western blot was performed to identify the plant recombinant
GCD (prGCD) molecules purified from cells harvested from the Large Scale Disposable
Bioreactor in comparison to previously manufactured batches and to commercial human -
glucocerebrosidase (Cerezyme®, Genzyme, Cambridge, MA) by using specific affinity
20  purified anti-GCD antibodies. Protein transfer was performed substantially as described
herein. Briefly, transfer from the gel to nitrocellulose was performed at 100 volts for 90
minutes at 4°C. After the transfer, the membranes wereincubated in blocking buffer {1 %
dry milk, 0.1 % Tween 20 (Cat. No: P1379; Sigma Ltd, St Louis, MO) in phosphate
buffer]. Proteins were then immun detected by incubation with anti-GCD antibody,
25  washed, and reacted with a suitable secondary antibody (such as Goat anti rabbit (whole
molecule) HRP (Cat. No. A-4914). Blots were then developed with ECL developer
reagents (RPN 2209, Amersham, Pharmacia Biotech UK LTD), and autoradiography used

for visualization.
Comparison between prGCD production in different bioreactors and different
30  aeration regimes: Recombinant cells expressing prGCD were grown in different volume
bioreators (10L, 100L, 400L) for 4-7 days. Cells were grown in three different 10 L
bioreactors, subjected to different aeration regimes (with sparger; with an 8 mm bore
opening; with 100 % oxygen added from day 4). Samples of crude extracts (Sul} were
taken at day 4 or day 7, separated on PAGE, blotted onto a nitrocellulose transfer
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membrane, together with 25ng of prGCD standard, and reacted with specific rabbit anti-

GCD polyclonal antibody. Bands were visualized by SuperSignal West Pico
Chemiluminescent Substrate (Pierce Biotechnology, Rockford, IL.).

Dissolved oxygen: Dissoved oxygen rates are depicted in Kla units : dC/AT =
Kla,(Cs-C ), where Cs is the saturation level of oxygen, in mg/l and C is the actual oxygen
concentration, in mg/l

Aeration rate; Aeration rate is defined as the volume of air at 1 Atm pressure per
volume of liquid volume per minute (volume per volume per minute-) at the gas inlet was
calculated by deviding the inlet air flow by the working volume of the bioreactor.

Determining optimal aeration rate: In order to determine optimal aeration rates,
optimization was effected for every increase in volume (from 100L, to the Large Scale
bioreactors of 400 and 800 L), by upscaling the air flow to achieve aeration rate of the
lower volume bioreator, and altering aeration rate until achieving optimal predetermined
parameters. The effect of different aeration rates was tested on physical parameters
including foaming level, liquid turbulence level, filter resistance to air outflow and
expandment of bioreactor. Biological parameters included cultured cell growth curve as
depicted by daily recordation of cellular fresh weight (gr/L) for a growth cycle (7 days)
and protein product yields at 7 days. 10-15 growth cycles were compared for achieving
optimized acration rate.

Results

Large Scale Disposable Bioreactors culturing requires lower aeration rates:

It is an axiom of cell culture that increased aeration increases the rate of growth of
cells in culture. Smaller volume bioreactors for plant cell culture typically provide air at
an aeration rate of 0.15-0.3 vvm. Surprisingly, when culture efficiency of bioreactors of
various volumes was evaluated over a range of aeration ratessuitable for promoting air
circulation and oxygen distribution, while maintaining a minimal shear force, it was found
that optimal aeration rates for Large Scale Bioreactors were proportionally lower than
those for smaller volume reactors. Table I below illustrates that while in lower volume
bioreactors (up to 100 L) an increase in volume requires an increase in aeration rates to
maintain efficiency, in Large Scale Bioreactors (400 L and greater), optimal aeration rates
actually decrease with increasing bioreactor volume. Such a decrease is advantageous in
industrial scale culturing for both the ability to decrease shear forces, and the greater

energy efficiency.
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Bioreactor of the present invention. Bubble volume, aeration rate, gas pressure at inlet,

gas pressure in the bubbles and the path of the bubble through the culture medium must be
balanced to optimize aeration and mixing, yet minimize destructive shear forces and
turbulence within the suspension. In order to assess these parameters, oxygen saturation
10  levels were determined. ,
Figure 3 shows the percent O, saturation of the medium in a 400 liter Large Scale
Disposable Bioreactor, compared with O; saturation in the medium using smaller reactor
vessels (Erlenmeyer flask,, 10 liter bioreactor and 100 liter bioreactor), measured in
aliquots sampled at time of inoculation (day 0), and at 3, 4 and 7 days of culture. Air
15 pressure and flow was 35 L/min in the Large Scale Bioreactor, and 10 L/min in the
smaller 10 and 100 liter reactors. The reduction in saturation after inoculation, as the cell
content of the suspension increases in proportion, is a well known phenomenon. Yet,
despite the gradual reduction over 7 days, the Large Scale Disposable Bioreactor clearly
provides conditions for superior O; saturation of the medium, exceeding 30 % at any
20  given time up to 7 days post inoculum.
Table 2 below illustrates that the 800 liter bioreactor attains an even greater O;
saturation levels, expressed as Kla (mg/L) as compared with a bioreactor of smaller
volume. This superiority is maintained throughout a range of aeration rates.

Table 2: Concentration of dissolved oxygen (Kla in mg/L.), at different aeration rates

25 (vvm)-comparison between 400 and 800 L Large Scale disposable bhiareactors.
Bioreactor 0.07vwwm | 0.lvvm 0.11vvm
PX400 3.24 4.68 7.56

PX 800 . 4.68 792 10.08
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30  minutes. Figure 5b shows the antifoam in the flow through of the column (retention time
22.554 minutes), with size of peak and absorbance at 262 nm similar to the loaded
material. No PDMS was detected in samples from any of the three subsequent elution
steps (0.2M NaCl, 1.2M NaCl, and 12 % ethano! in 1.2M NaCl). Table 3 below clearly

indicates that the PDMS was not retained on the column:
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ATGAAGACTAATCTTTTTCTCTTTCTCATCTTITTCACTTCTCCTATCATTATCCTC
GGCCGAATTC (SEQ ID NO: 6), and vacuolar targeting signal from Tobacco chitinase
A: GATCTTTTAGTCGATACTATG (SEQ ID NO: 5) digested with Smal and Pst].

*pGREENII - obtained from Dr. P. Mullineaux [Roger P. Hellens et al., (2000)
Plant Mol. Bio. 42:819-832]. Expression from the pGREEN II vector is controlled by the

35S promoter from Cauliflower Mosaic Virus, the TMV (Tobacco Mosaic Virus) omega

translational enhancer element and the octopine synthase terminator sequence from

Agrobacterium tumefaciens.

Human glucocerebrosidase (hGCD) cDNA: human glucorebrosidase was obtained
from ATCC (Accession No. 65696), GC-2.2 [GCS-2kb; lambda-EZZ-gamma3 Homo
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of Different prGCD Produced fromdifferent Batches Bi oreactor Enzyne

Batch No. Mol eBupidishupgrioef carpsy cellenud sellsespension cultures: Establishment of

carrot callus and cell suspension cultures we preformed as described previously by Torres

20 K.C. (Tissue culture techniques for horticular crops, p.p. 111, 169).

Transformation of carrot cells and isolation of transformed cells: Transformation
of carrot cells was effected bydgrobacterium infiltration, using an adaptation of a method
described previously [Wurtele, E.S. and Bulka, K. Plant Sci. 61:253-262 (1989)]. Cells
growing in liquid media were used throughout the process instead of calli. Incubation and

25 growth times were adapted for transformation of cells in liquid culture. Briefly,
Agrobacteria were transformed with the pGREEN Il vector by electroporation {den Duli(-
Ra, A. and Hooykaas, P.J. Methods Mol. Biol. 55:63-72 (1995)] and then selected using
Kanamycin. Carrot cells were thereafter transformed with Agrobacteria and selected using
paromomycine antibiotics in liquid media.

30 Screening of transformed carrot cells for isolation of calli expressing high levels
of GCD: Cells were homogénized in SDS sample buffer and the resulting protein extracts
were separated on SDS-PAGE [Laemmli U., (1970) Nature 227:680-685] and transferred
to nitrocellulose membrane (hybond C nitrocellulose, 0.45 micron. Cat. No: RPN203C;
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Amersham, Pharmacia Biotech UK LTD ), Western blot for detection of GCD was

performed using polyclonal anti hGCD antibodies (described herein below).

Culturing and scale up of cells in the Large Scale bioreactors: culturing of cells
was effected as described in detail in Example 1 herinabove.

Protein analysis: Analysis of protein identity and purity was effected as described
in Example 1 hereinabove.

Mass Spectrometry: Mass-Spectrometry (MS) analysis was performed using a
matrix-assisted laser desorption ionization time-of-flight/time-of-flight (MALDI-TOF)
Mass spectrometer (4700, Applied Biosysterﬁs, Foster City CA) and an ion-trap mass
spectrometer (LCQ classic, Finnigan, San Jose, CA).

Peptide mapping or protein “Fingerprinting” using RP-HPLC: Peptide mapping
is a method for analyzing peptides resulting from proteolytic digestion of a protein
followed by RP-HPLC to provide high-resolution separating that is reproducible with a
distinct profile called “Fingerprinting”. As a highly specific identification method, this
analysis serves to confirm the identity of the enzyme preparation produced in the standard
production process and from cells harvested from the 400L bioreactor (PX-400-GC-2;
within the limits of the technique). prGCD was digested with Trypsin by incubating at
1:50 w/w with Trypsin in 50 mM (NH4),;CO; (pH 8.0) for 6 hours at 37 °C followed by
over-night incubation at room temperature.

For RP-HPLC analysis, 50 pg of digested peptide was loaded on the C-18 column,
{Column: Phenomenex Jupiter 4u protec 90A 4.6x250 mm, Phenomenex, Torance CA)
and the peptides were separated, and detected as described hereinabove.

IEF: Isoelectric Focusing (IEF) is a technique that separates proteins on the basis
of their charge in an electrical field. IEF is employed as an identification tocl, and to
ensure the homogeneity of a protein as demonstrated by a pattern with the correct pl range.
Isoelectric focusing of the prGCD, and Cerezyme® was carried out according to standard
protocol. Briefly, to identify the isoelectric point (pI) of prGCD the purified enzyme was
run on pre-cast polyacrylamide IEF gel with -pH range‘ 3-10 (Bio-Rad Laboratories,
Hercules CA) using designated anode and cathode buffers and pl standards (Amersham
Phammacia Biotech UK LTD). To each prGCD and Cerezyme® sample, 0.05%
taurocholic acid (slight anionic detergent) was added to improve the mobility in the gel.

The banding pattern of prGCD and Cerezyme® proteins were visualized by Bio-
Safe™ Coomassie Stain (Bio-Rad Laboratories, Hercules CA) as directed by the

manufacturer. The pl of each protein band was estimated by using the protein standards of
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conditions afforded by the Large Scale Disposable Bioreactor, and in order to test the
15  reliability and reproducibility of these conditions, the molecular and physico-chemical
characteristics of the recombinant product, produced in Large Scale Disposable Bioreactors,
was compared with preparations produced in smaller scale bioreactors.
Molecular weight of Glucocerebrosidase determined by mass spectromeiry: Mass
spectrometry analysis was effected to determine the mass of the protein without the need for
20 protein standards. Two mass spectrometry methods were used to determine the molecular
weight of the enzyme produced from cells harvested from the 400L bioreactor, and this was
compared to the Glucocerebrosidase produced in smaller scale reactors. All enzyme
preparations were isolated and purified in the same manner.
Table 4 below summarizes the molecular weight of several enzyme batches obtained

25 by both instruments, LCQ classic and MALDI-TOF. Batches of prGCD produced from
cells harvested from the 400L bioreactor are indicated by PX400-GC.
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RP- HPILE. enzyme preparation (PLX-GC-016-0505 DS), Cerezyme and glucocerebrosidase produced
from cells harvested from the 400 L Large Scale Disposable Bioreactor (PX-400-GC-2).
Figure 6 further substantiates that prGCD from cells cultured in the Large Scale

e

Bioreactor shows close to identical properties as GCD produced in other methods. The
migration of the protein in each batch was similar, with an estimated molecular weight of
20  60.9kD. Furthermore, the paﬁem of protein bands is identical between the batches from
the standard and 400L bioreactor, indicating no evidence of protein impurities in the .
enzyme produced from cells harvested from the 400L bioreactor. _
Immunodetection of the SDS-PAGE separated proteins (Western blot) with anti-
glucocerebrosidase antibody was performed to identify the P-glucocerebrosidase

25 molecules purified from cells harvested from the 400 L bioreactor in comparison to
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45 Table 5. Specific activity of reconbi nant glucocerebr05|dase
bat ches Bildguwa8b showsnihgFaparated peptides monitored at 280 nm (Tryptophan and Tyrosine).

Figures 8c and 8d represent the tryptic map of glucocerebrosidase prepared by from cells
harvested from the 4001 bioreactor (PX-400-GC-2) monitored at 214 nm (Figure 8c) and
25 280 nm (Figure 8d).

Thus, the peptide map of glucocerebrosidase enzyme preparations from cells
harvested from the Large Scale Disposable Bioreactor is identical with that of a standard
preparation obtained with standard-scale technology, strongly indicating the consistency
and identity of the enzyme preparations produced from cells harvested from the 80L and

30 400L bioreactor. | |

Reverse Phase High Performance (Pressure) Liquid Chromatography (RP-
HPLC): Further characterisation of the proteins produced by cells cultured in the 400 L
Large Scale bioreactor was effected with RP-HPLC.



Enzynme Batch No. Specific Activity (Units/ng) 41.53 80L
PLX- GC- 016- 0505- DS 80L PLX- GC-016- Phenyl 36.57 80L
PLX- GC-017-0705- DS 33. 04 80L PLX-GC-017-Phenyl 34.26 400L PX-400-GC 1
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Figures 9a and 9b represent chromatograms at 214 nm (9a) and 280 nm (9b) of

glucocerebrosidase purified from cells harvested from the 400L bioreactor (PX-400-GC-2).

In the chromatogram of enzyme protein produced in the Large Scale Disposable Bioreactor,

the enzyme appears as one intact peak with retention time of 64.12 minutes, similar to the

5  retention time of previously prepared glucocerebrosidase enzyme, 64.70 minutes.

Thus, under standard chromatographic conditions, recombinant glucocerebrosidase

produced by both the Large Scale and standard scale Disposable Bioreactor eluted at a

similar and consistent retention time. Appearance of one intact peak is consistent with the

results obtained from the analysis performed on previous batches of enzyme preparations.

10  The pattern and the size of the tiny impurity peaks are similar to a glucocerebrosidase
standard, and the impurity level is within the required specifications.

Isoelectric Focusing (IEF): In order to further identify , and to ensure the
homogeneity of the recombinant protein produced by cells cultured in Large Scale
bioreactor of the present invention, the pl rangeof Glucocerebrosidase banding profile from

15 cells harvested from the Large Scale 400L Bioreactor (PX-400-GC-2) and from cells
harvested from standard 80 L  reactor preparations (PLX- GC-016-0505DS) was
determined.

Figure 10 shows the pl banding pattern, visualized by Coomassie brilliant blue
staining, of enzyme samples from standard volume bioreactor preparations (PL.X- GC-016-

20 0505DS) and from cells harvested from the 400L bioreactor (PX-400-GC-2) at different
stages of purification (after 3" 4™ and 5% purification column, indicated by C-3, C-4 and C-
S respectively).

The profile of the enzyme produced by the standard volume bioreactor and from

cells harvested from the 400L bioreactor is identical in both the number of bands the pattern

25 and the intensity of each analog band. Thus, the IEF isoform patterns of the enzyme
produced in the Large Scale Disposable Bioreactor and previously produced preparations
are identical.

Enzymatic Activity Assay: To assess the catalytic activity of the recombinant
glucocerebrosidase, produced in the Large Scale bioreactor, an enzymatic assay using the

30  synthetic substrate-B-D-glucopyranoside (pNP-Gle) was employed.Table 5 summarizes the
specific activity of glucocerebrosidase produced from cells harvested from the 400L

bioreactor (indicated by PX-400-GC) and by standard volume reactors.



33.30 4001. PX400-GC-2 36.3 Thus, the specific activity of the
enzynme produced fromcells harvested fromthe 400L bioreactor is in
the range of that produced in standard scal e production. Moreover, 5
when conparing growh paraneters of three |ots of prGCD expressing
cell cultures grown in the 800 liter Il?)l oreactor with val ues of

| t 400 |
Cul LT 0 On bl e S S B AR P HAY © 1o

protein) vverqhweggtbp%nﬁnesang R NoC UT T{ur eSpdcifictAgiviego Lar ge
Scal e Di spogable Bioreactors abl e 6 Produgtion @mﬁ,ﬁg)par amet ers of
pr GCD expreqggpiig ceft—TuttT ﬁ)&-@t_ﬂwwsm 10809 55 DI oreactors
Paranet er Batch anal ysis 400L Batch analysig 800L 311061010720307
31106101072Q0307 pH 5.2 5.1 |PLX-GC-016-Phenyl 36.57

80L PLX-GC-017-0705-DS 33.04

80L PLX-GC-017-Phenyl 34.26

400L PX-400-GC-1 33.30

400L PX-400-GC-2 363

Thus, the specific activity of the enzyme produced from cells harvested from the

400L bioreactor is in the range of that produced in standard scale production.Moreover,

5  when comparing growth parameters of three lots of prGCD expressing cell cultures grown

in the 800 liter bioreactor with values of cultures grown in 400 liter bioreactors, as is shown

in Table 6 below, parameters of conductivity, osmolarity, and yield (cells and protein) were
within the same range for cultures in the two Large Scale Disposable Bioreactors.

Table 6 Production Growth parameters of prGCD expressing cell culture in 400 and

10 800 L bioreactors
Parameter Batch analysis 400L Batch analysis 800L

31106 10107 20307 31106 10107 20307

pH 52 5.1 51 5.0 49 49

Conductivity 5.7 5.6 5.3 5.5 5.7 52

(ms/cm)

Osmolality 279 282 294 270 282 275

(mOsm/kg H,0)

Fresh weight 55.0 48.0 56.3 54.4 50.3 55.0

| (g cells/liter) '

prGCD 3.3 5.4 7.8 1.8 4.9 7.4

concentration at

end point (mg

prGCD/Kg cells)

P-glucocerebrosidase from Large Scale Disposable Bioreactor is free of host cell

proteins: For detection of carrot host cell proteins (CHP), a sensitive immunoassay capable

of detecting a wide range of protein impurities has been developed. For this assay, a

15 polyclonal antibody was generated by immunization with a protein preparation produced
from non-transformed carrot cells (carrot cells not harboring the P-glucocerebrosidase

construct). These polyclonal antibodies were further separated to give specific binding to
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the polypeptide core of the proteins and not to the sugar moieties/residues, for preventing

cross-reaction with the sugars attached to the recombinant B-glucocerebrosidase.

Carrot host proteins (CHP) preparation is used as a reference standard for host
related protein impurities and as an antigen for preparation of the polyclonal antibodies used
for the immunoassay.

Figure 11 shows the reactivity of the specific anti-host protein antibody to host
protein samples and B-glucocerebrosidase batches analyzed by SDS-PAGE and Western -
Blot analysis with specific anti-carrot cell host protein antibodies. p-glucocerebrosidase
batches (PLX-GC-016-0505 DS) from standard volume bioreactors, and J-
glucocerebrosidase batches produced from cells harvested frqm the 400L bioreactor (PX-
400-GC-2) were analyzed as well as sampies from the carrot host protein extract. Four
major protein bands are identified in the carrot cell host protein samples (Fig. 11, lanes 7
and 8), however none of the corresponding CHP protein bands are detected in either of the
B-glucocerebrosidase samples, indicating that recombinant B-glucocerebrosidase produced
in Large Scale Disposable Bioreactors of the present invention contain undetectable levels
of carrot host cell proteins, no less pure than the -glucocerebrosidase manufactured by the
standard volume production methods.

EXAMPLE 3
Efficient Expression of Human Acetylcholinesterase in BY-2 Cell Suspension using
Large-Scale Disposable Bioreactor

This Example provides a description of experiments that were performed with
Nicotiana tabaccum BY-2 cells transformed with human acetylcholinesterase, cultured in a
Large Scale Disposable Bioreactor according to one embodimént of the present invention.

Materials and Experimental Methods

cDNA: The cDNA. encoding human acetylcholinesterase “read through” variant
(AChE-R) inserted was obtained from Dr. Hermona Soreq, The Hebrew University of
Jerusalem, Israel (Yissum Technology Transfer Company of the Hebrew University of
Jerusalem, number pTM240). The sequence of this gene was plant optimized and includes

the native leader sequence into the ER (33 amino acids at the N-terminal, SEQ ID NO: 7,

kdegradcd in the mature protein), and the ER retention sequence (SEKDEL; SEQ ID NO: 8)

fused to the C-terminus of the recombinant gene (SEQ ID NO: 9).
Construction of Acetylcholinesterase expression plasmid — The pBluescript SK+

plasmid (Cat. No 212205, Stratagene, La Jolla, CA) was used as the backbone for
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necessary elements required for high level expression was built into the pBluescript SK+
plasmid. This expressioﬁ cassette (CE) includes the CaMV358 promoter, Omega
translational enhancer, the transcription termination and polyadenylation signal of the
Agrobacterium tumefaciens Octopine synthase gene (CE cassette).

AChE-R sub-cloned into the Bluescript® expression vector containing the
expression cassette, by PCR amplification of AChE-R using primers containing Sal I and
Pstl restriction sites, depicted in bold underline (forward primer: 5'-
CGGCGTCGACACAAGAGGCCTCCACAAT-3' (SEQ ID NO: 10) Reverse primer: 5'-
CCCCCTGCAGCTAGAGTTCATCCTTCTC-3' (SEQ ID NO: 11) The expression
cassette with AChE-R coding sequence was then removed from the intermediate vector
and further subcloned using NotI and Acc651into the binary vector pGREENII nos-Kana
(Hellens et al., 2000), as described herein. Positive clones were selected using PCR and
restriction analysis.

Transformation, screening and culturing of Ache-R expressing BY-2 cells:
Transformation of Agrobacterium prior to infiltration of BY2 cells was performed as
previously described (den Dulk-Ras and Hooykaas, 1995). Kanamycin resistance,
conferred by the NPTII gene driven by the nos promoter obtained together with the
pGREEN vector, was used for screening and selection of transformants.

Infiltration with Agrobacterium of genetically modified Nicotiana tabaccum cells
(line BY2) and subsequent cuituring was effeclted essentially as described for
transformation of carrot cells in Example 2 hercinabove. Screening for calli expressing
high levels of Ache-R was effected with Elman's catalytic activity assay and Western blot,
described herein. Cell suspension cultures of selected cells were maintained as 50 ml
suspensions in 250 ml Erlenmeyers, in constant agitation and controlled temperature
conditions, 25+2°C on an orbital shaker (80rpm). The production process included a
growth phase in medium containing the antibiotics Paromomycin and Cefotaxime as
selective agents.

Scal-up of culture growth in a bioreactor: The scale-up of the culture to 10L was
done gradually. First an inoculum of 200-400mL cell suspensfon was introduced into a 12
L bio-reactor containing 3.6-9.8 L of Medium. Following 7 days of cultivation (25+2°C,
1.5 Lpm of sterile air), mediuim was added up to 10 L and cultivation continued under the

same conditions for another 7 days. The 400 L bioreactor was inoculated with 10 L of
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detected using the Molecular Imager Gel Doc XR System (Bio-Rad Laboratories).
25 Flamingo™ fluorescent gel stain: Flamingo™ fluorescent gel stain (Bio-Rad
Laboratories), is a highly sensitive, non-specific protein staining method. AChE-R (batch
9-11) were loaded at several concentrations (50, 100 and 200 ng/sample) in comparison to
commercial human recombinant AChE-S (Sigma). Samples were analyzed on 10% SDS-
PAGE under standard procedure as described herein, and stained with Flamingo™
30  fluorescent gel stain according to manufacturer’s instructions.
Ellman’s assay: Ellman's reagent is used for the modification of free thiols in
proteins (Ellman, et al. 1961). It rapidly forms a disulfide bond with the thiol and releases
a thiolate ion, which has a characteristic color, which can be measured at 405 nm.

Ellman's assay was effected for measuring AChE-R activity and concentration of active
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as sel ective agents. Scal 79 f culture gromh in a bioreactor: The
scal e-up of the cidgeursc was 30 done gradually. First an
i nocubgim @ AR 400 Qe ig?}gign%%gy@ﬁpwzfug%ced intoa 12 L

bi o-react or cont@éy X%,fSB L of "Medi'um Follow ng 7 days of
cultivation (252 Ji.’ﬁ[)&;ﬁ “Crerile air), nmediuimwas added up to

10 L and cultivation continued under the same conditions for another
7 days. The 40Byh, 0k QLERGE Okindod shdrffcllieh i didr-1BEPEPT DEPQ [7-(0,0-
diethyl-phosphinyloxy)-1-methylquinolinium methylsuifate] is a potent non-reversible
inhibitor of AChE and it is used for monitoring its activity. Active site titration of enzyme
25  solutions was performed in the presence of phosphate buffer (0.IM; pH=7.4; 0.025% BSA)
by adding various amounts of DEPQ (0.2-0.8nM). Activity was measured using the
Ellman’s assay as describe;d above. Percentage of inhibition was plotted against the
concentration of inhibitor. DEPQ reacts in a 1:1 ratio with AChE-R. These values were
used to determine AChE-R concentration, expressed in pM.
30 Cholinesterase activity using Karnovsky staining: Karnovsky and Roots
| cholinesterase activity staining (Karnovsky and Roots, 1964) is a specific method used to

visually detect cholinesterase (AChE and BChE) activity. This method utilizes thiocholine
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gr aph. The equation: Until- unit activity of each AChE
preparation is cal culated using the follow ng sl ope _AChEVD. D) nun )
1000 Gano/e)x F(Dilution) x 13 600 1 ) X0.5cm M Cern

expressed AChE-S monomers are not only iéelntical in size, but equally catalytically active
with the commercial human recombinant AChE-S.

Table 7 below shows a comparison of plani-expressed AChE-R activity and

concentration in batchs produced in small volume bioreactors and those produced in Large

5  Scale Disposable Bioreactor according to an embodiment of the present invention, as

tested by Ellman’s activity assay using DEPQ inhibition. Table 7 clearly shows

significantly increased yields of AChE protein (expressed as mg protein/Kg cells) in the

Large Scale culturing device, without reduction in range of enzymatic activity.

10
U=1nmole (Ellman) | yield (mg protein/Kg mg/ml
cells wet weight)
10 L bicreactor 429.6 038 22
(batch 6) ,
10 L, bioreactor 4893 0.48 1.8
(batch 67)
400 L (batch 8) 535 0.68 1.62
400 L (batch 9-11) 564 0.66 1.16

Thus, taken together these result further support the significant advantages of culturing
transgenic plant cells in the Large Scale Disposable Bioreactor according to some
embodiments of the present invention for accurate and highly efficient expression and
15  post-translational processing of recombinant proteins, while avoiding many of the

disadvantages of smaller volume and animal-based expression systems.
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di et hyl - phosphi nyl oxy) - 1- net hyl qui nol i ni um net hyl sul fate] is a potent
non-reversible inhibitor of AChE and it is used for nonitoring its
activity. Active site titration of enzyme 25 solutions was perforned
in the presence of phosphate buffer 6.1M pH=7.4; 0.025% BSA) by
addi ng Va@kﬁ#ﬁ%ﬁﬂgﬂgts of DEPQ (0.2-0.8nM. Activity was neasured
using the ssay as described above. Percentage of inhibition
was pl ot t eda,dgki OsDrakegl MOWC end Catiston, Fof{2008WinuteoevieRDERQOASEA6t s in a
1:1 ratio wth AChE:R.. Thes were used,to determ ne AChE-R
concent r at{bhAeE Bgﬁﬁﬂgﬁnﬁﬁ%ﬁbgg%ﬁéP?ﬁﬁéig?ﬁse activity using

Kar novsky s pitéic dgplieution Sloy 2603¢02R0D16S0 Claapd et@st erase activity

st ai ni ng (Karnovsky and Roots, 1964) is a specific method used to

)
visual |y dbbdRatent Nor §-AdkeWrtaSauglarsitl and BChE) activity. This net hod
utilizes tdy %&&hi ; .gyes, and is based on the
reductions)*(()l'?ta errfgééﬁﬁggﬁ?%ség%ﬁggﬁgﬁﬁg%g%y t hi ochol i ne rel eased by
chol i nest é¥aaxlsv aod Duiapy ApPhBiotkam eed/ Bivitesh, Past felrongers ap Binpsereiping.
copper tolgﬁgn1copper ferrocyanide, which is then visualized by the
naked eye. tive (non-denaturing) PAGE: Native pol yacryl am de gel
el ectrophoresis 5 (PACGE) is used for proteins ranging in size fromb5
to 2,000 IcDa due to the uniform pore size provided by the
pol yacryl am de gel. Unlike SDS-PAGE, native gel electrophoresis does
not use a charged denaturing agent. The nol ecul es bei ng separat ed,
therefore, differ in nolecular mass and intrinsic charge. Since the
proteins remain in the native state throughout separation, they may
be detected not only by general protein staining reagents 10 but al so
by reagents enpl oying specific catalytic properties of the enzyne.
Results Reconbi nant Ache-R profile: The reconbi nant AChEa
protein produced by the nmethods of the present invention is estinated
at nol ecul ar wei ght of 64kDa, as shown in Figure 15 (|l anes 1-3).
Control AChE-S (lanes 5-7), a tetramer under neutral conditions, 15
was reduced in the SDS-PACGE to its nononers, and thus m grated
simlarly to AChE-R, since the ACIffi-S nonomer is about 701cDa, 6
kDa heavi er than AChE-R Thus, ACIE-R expressed in BY2 tobacco cells
in the Large Scal e D sposabl e Bioreactor has simlar 3 dinensional
structure (as determ ned by el ectrophoretic nobility) to the
reconmbi nant human AChE-S expressed in HEK 293 cells (Sigm) in its
nmononeric form 20 Fl am ngoTM non-specific staining additionally
verifies the reconbi nant, plant expressed AChE-R m gration profile,
as the detected bands exhibit the sanme mgration pattern as was
detected by i munoassay using anti AChE anti bodies (Figure 16).
Furthernore, the single staining band observed on the gel as shown in
Figure 16 indicates significant efficiency of purification of the
pl ant - expressed enzyne protein. 25Reconbi nant ACItE-R activity:
Figure 17 shows the catalytic identity of the plant-expressed AChE-R
and mammal i an-cel | expressed AChE-S pol ypepti des, using Kanovsky
stain. 50ng (lanes 3 and 6), 100 ng (lanes 2 and 5) and 200 ng (Il anes
1 and 4)




AChE-R were | oaded on the gel. Activity was evident in all 3 |oading
concentrations, confirmng activity of the Ache-R purified from BY-2
cells harvested fromthe Large Scal e 30 bioreactor of the present

i nvention. Commercial human reconbi nant AChE-S appears in its
tetramer form (see upper arrow), thus mgrating slower than the
AChE- R nmononers (lower arrow) and remained its activity. The | ess
pronounced band detected in |anes 4-6%3migrating identically to that
of AChE-R nononers (lanes 1-3) indicates that the plant- 51

expr essedWHAESS lmdRdRBrIS: are not only identical in size, but equally

| ytical l [ pth.th i al : ' AChE- S
Tabie 7 ol ow enbil et B BB E e PR UEE BT S0y

and concefinpaikingna hoh-BEH Chimtadied hiwed b nvoburdd lof vl loxe 4D00KRACEAY Seiapd
t hose produged in_Large Scal e Eigp?%able Bi oreactor according to_an
enbodi merfERBEUEh Fith BASETAnSG\PEHE |98A 2 hagestingnogt 959blme srgifleyicg éq beseg

assay usi d%ﬁt_il%ﬁ@yif&% Bdaki QR coﬁgéab@vgcu%ﬁﬁé/géﬁééﬁﬁg@yﬁésg QinblefiPBld dbvice

increased yields of AChE protein (expressed as ng protein/Kg cells)
in the LdfdesiSedlaad constyciedJomaintraningvoxygsotsaienfiootand shéan foraergamritalile

enzymat i Cff)a%{lftly intgy:i}aic"ll‘ %lanltjz‘{isgtﬁzo lagd/SrElc:t!:lg?@he}giE lagragigg a%ﬁoﬁlgiﬁ’]g/ }ép ol IrleS
wet wei gh 5 m
medium is not effected by an impeller.

2. The disposable device of claim 1, wherein said oxygen saturation and said
shear forces suitable for culturing said plant tissue and/or cells are maintained by
combination of values or value ranges of the following parameters:

a) a height to volume ratio;

b) an inlet gas pressure;

c) adensity of gas inlets per cross sectional area;

d) an aeration rate at inlet; and

e} a gas bubble volume at inlet.

3. The device of claim 1, having parameters having values or value ranges
selected from at least one of the following values or value ranges:

a) the fillable internal volume of the container having a height to volume ratio
of about 0.06 to about 1 centimeter per liter;

b) a pressure gauge regulator providing an inlet gas pressure of about to 1 bar
to 5 bar;

¢}  the plurality of gas exchange ports provided at a density of gas inlets per
cross sectional area of about 20 inlets per square meter to about 70 inlets per square
meter;

d) a gauge for controlling an aeration rate at inlet of about 0.05 — 0.12 volumes

gas per volume medium per minute; and



10 L bioreactor (batch 6) 429.6 0.38 2.2 10 L bioreactor (batch 67)
489.3 0.48 1.8 400 L (batch 8) 535 0.68 1.62 400 L (batch 9-11) 564
0.66 1.16

54

e} the gas inlets designed to provide a gas bubble volume at inlet of about 20

cubic millimeters to about 1800 cubic millimeters.

4. The disposable device of claim 1, wherein said oxygen saturation is at least

15% volume per volume in a liquid contained within said container.
p q

5. The disposable device of claim 1, wherein said device is capable of

maintaining at least 15% oxygen saturation of the culture medium for at least 7 days.

6. The disposable device of claim 5, wherein said device is capable of
maintaining at least 15% oxygen saturation of the culture medium for at least 7 days at an

aeration rate of 0.09 to 0.10 volumes of gas per volume medium per minute.

7. The device of claim 2, wherein said combination is of a height to volume ratio
of about 0.06 to about 1 centimeter per liter and an inlet gas pressure of about to 1 bar to
5 bar.

8. The device of claim 2, wherein said combination is of a height to volume ratio
of about 0.06 to about 1 centimeter per liter and a density of gas inlets per cross sectional

area of about 20 inlets per square meter to about 70 inlets per square meter.

9. The device of claim 2, wherein said combination is of a height to volume ratio
of about 0.06 to about 1 centimeter per liter and an aeration rate at inlet of about 0.05 to

0.12 volumes gas to volume medium per minute..

10. The device of claim 2, wherein said combination is of a height to volume
ratio of about 0.06 to about 1 centimeter per liter and a gas bubble volume at inlet of

about 20 cubic millimeters to about 1800 cubic millimeters.



Thus, taken together these result further support the significant
advant ages of culturing transgenic plant cells in the Large Scal e

D sposabl e Bi oreactor according to sone enbodi nents of the present
invention for accurate and highly efficient expression and 15
post-transl ati onal processing of reconbi nant proteins, while avoiding
many of the di sadvantages of snaller volunme and ani nal - based
expression systems. 52 REFERENCES M¥ J. K C., Drake, P.MW, and
Christou, P. (2003) Nature reviews 4, 794-805 US Patent Application
No. 2005/ 0282289 ibe Hevint i ety alf. cléi®sPabemtd Adptcire atif orendiimation further

e T e

Dul op, Appoudizoohedit andinBtet.ech, Part A, Frontiers in Bi oprocessing,
1995 53 WHAT IS CLAIMED I S: 1. A disposable device for
culturing and harvesting plant tissue and/or cells conprising a

hon-rigid contai nghe RAMENGF any QF UIEMOR-RE 2h&awHerd® Qaildl dofitnA06 MEAAY

configured with gas exchange ports and a harvesting port enabling
sai d devicomprisesishe paeaaetcoriiand ao irgdbtyead pressatre dlodhont toobadmSdeut i ve

cul turing/ harvesting cycles, wherein the device is designed and
constructed for naintaining oxygen saturation and shear forces
suitabl e fOEi aol t Thé ﬂ];gvi&ﬁ:aﬂ afy @ﬂfclda!iﬂﬁgye aalﬁdf(l?][afn&e.{rﬁe‘idciré\/yﬂﬁr@j:nﬁbinz}tilon
aeration and mxing of culture nediumis not effected by an inpeller.
2. The di'dpbaspmanseshcrrgnete] %fiarﬁ@ﬁ%ltWe%aéi%etéa?l‘drwygéwngﬂﬁr%ﬁbﬁﬁ

and sai d SNRREs JePEfaR Mbtkf @RbEuDrinel! EHE{C#UQIQ m&éd plant tissue and/or
cells are nmaintained by conbination ofp val ues or val ue ranges of the

foll owi ng paraneters: a) a height to volune rati o;

14. The device of claims 7, 8 and 10, and wherein said combination further
comprises the parameter of an aeration rate at inlet of about 0.05 to 0.12 volumes gas per

volume medium per minute.

15. The device of claim 2, wherein said combination comprises a height to
volume ratio of about 0.06 to about 1 centimeter per liter, an inlet gas pressure of about
to 1 bar to 5 bar, a density of gas inlets per cross sectional area of about 20 inlets per
square meter to about 70 inlets per square meter and a gas bubble volume at inlet of about

20 cubic milliliters to about 1800 cubic milliliters.

16. The device of claim 2, wherein said combination is of a height to volume
ratio of about 0.06 to about 1 centimeter per liter, an inlet gas pressure of about to 1 bar
to 5 bar, a density of gas inlets per cross sectional area of about 20 inlets per square meter
to about 70 inlets per square meter, an aeration rate at inlet of about 0.05 to 0.12 volumes
gas per volume medium per minute; and a gas bubble volume at inlet of about 20 cubic

millimeters to about 1800 cubic millimeters,



b) an inlet gas pressure; c) a density of gas inlets per cross
sectional area; d) an aeration rate at inlet; and e) a gas bubble

vol une at inlet. 3. The device of claim1l1, having paraneters
havi ng val ues or val ue ranges selected fromat |east one of the
foll owi ng val ues or val ue ranges: a) the fillable internal

vol une of the container having a height to volunme ratio of about 0.06
to about 1 centineter per liter; 56b) a pressure gauge regul ator
providing an inlet gas pressure of about to 1 bar to 5 bar; c)

the plurality lgf Thaslewse pbglgie povheseipsaidhaight tatvolineroiatip tsyabeft Ghsm to

inlets p%%,&ﬁggﬁ %%ﬁﬁﬁgﬂﬂg,area of about 20 inlets per square neter
to about 707in e?s'per square neter; d) a gauge for controlling

an aeration rate at inlet of about 0.05 - 0.12 volunes gas per vol une

medi um per m nute; d 54 . the gas .inlets designed to
provi de a gasqgug%F2£V6F8 aﬁ?ziWﬁ%Fm6F1 tt%ﬁ°@ﬁﬁ?@“ﬁ¥ﬁ$?ﬂé¥%¥§nto

about 18QQnuewbic mllineters. 4. The di sposabl e device of claim
1, wherein said oxygen saturation is at |east 15% vol une per vol une
inaliquid contained wthin said container. 5. The di sposabl e

devi ce of clai - el |.d ice i . ' L ni '
| east 15% oxyg%]h lgl}f}t,\@%(‘f%i (gfna%}n %’ﬂ‘g}{%g tgl??de&?ﬁéé%%%efq‘%}rgg% Qr%ozlltagtsn%l %
days. about6t bathe di sposabl e device of claim5, wherein said device
is capable of mmintaining at |east 15% oxygen saturation of the

culture nediumfor at least 7 days at an aeration rate of 0.09 to

0.10 vol umes ob. gae @8fcevéll LB MBEh&EPRId MAUWLE pressure is dboul NS BigMbCe
of claim2, wherein said conbination is of a height to volunme ratio

of about 29@e-ibirabout 1 centineter per liter and an inlet gas
pressure of about to 1 bar to 5 bar.

21. The device of claim 2, wherein said density of gas inlets per cross-sectional

area is about 40 per square meter to about 60 per square meter.

22, The device of claim 2, wherein said density of gas inlets per cross-sectional

area is 55 per square meter.

23. The device of claim 2, wherein said aeration rate is about 0.07 to 0.10

volumes gas per volume medium per minute.

24, The device of claim 2, wherein said aeration rate is about 0.9 volumes gas to

volume medium per minute.

25. The device of claim 2, wherein said gas bubble volume at the inlet is about

300 cubic millimeters.

26. The device of claim 1, wherein said disposable container is transparent and/or

translucent.



8. The device of claim2, wherein said conbination is of a height to
volune ratio of about 0.06 to about 1 centineter per liter and a
density of gas inlets per cross sectional area of about 20 inlets per
square neter to about 70 inlets per square neter. 9. The device
of claim2, wherein said conbination is of a height to volune ratio
of about 0.06 to about 1 centineter per liter and an aeration rate at
inlet of about 0.05 to 0.12 vol unes gé% to vol ume nedi um per mnute.
10. The device of claim2, wherein said conbination is of a height to
vol ume ratio & Abodevice 0bclin a?lﬁowﬂﬂe@mcm p@ﬁé@lem Ipenadel fir@m aamdteaalglas

bubbl e vq nlet of a u

cubic m I%E% 21?%&1 11%5‘,1%% Q&gﬁfmﬁﬁg’niﬁg ce o %%?Ei el i % &?’mg
wher ei n gmilgttlotanbiandhilon, FWUC theEVaonpri ses the paraneter of a gas
bubbl e volume at inlet of about 20 cubic mllimeters to about 1800

cubic mllineters. 12. The device of any of clains 8-10, and
wherein sai d ogniph@atiieNof Bhihel, GRIBH SRBcdilffnd?as E{EEE %Vonpfi 1aRgaRE
inlet gas pressure of about to 1 bar to 5 bar. . The device

of any oﬂn@ﬁé@wﬁﬂﬂiﬂ@l@h@ﬁ@@mfaﬁa wher ein said conblnatlon further
conprises the parameter of a density of gas inlets per cross
sectional area of about 20 inlets per square neter to about 70 inlets
per square nmet2dr The device dfclaifhé, fletécengfristtigad sppdit sBuand faOsuppoding
wherein sajd conbination further conprises the paraneter of an
aeration FEt%VEE i nlet of about 0.05 to 0.12 vol unes gas per vol une
medi um per m nute. 15. The device of claim2, wherein said
conbi nati on conprises a height to volunme ratio of about 0.06 to about
1 cent i et er p@r The tdsvice g dlaime?9. gakerpin el papport seibeiute conirissae 1gds

bar, qaﬁh&xmpﬁmggﬁaﬁgggg &353 ross sectional area of about 20
e 0 a

|nIets p square neter out O inlets per square neter and a gas
bubbl e volunme at inlet of about 20 cubic mlliliters to about 1800
cubic mllilit

r devi ce, of ¢ m 2, wher ei ai d
Conbi nat i on | S orhedeisegEl Ty SRS Pk SH LB 1668 & BBl of
cent i met enidiRftohl dnglof Rchfalet. gas pressure of about to 1 bar to 5
bar, a density of gas inlets per cross sectional area of about 20
inlets per square neter to about 70 inlets per square neter,
aeration rate st Thil&leofr ARAUL olfh &t BudRiObUTRI00AS) RS th\é%a
medi um per m nut e; and a 5as B@me Vol une. at ?hﬁ o out 20 c&ﬁ|c
nllI|neteﬁ§h¢bmabmundBSGGdcnbmumnwhﬂiﬂeter@sen5®fewﬁ1mnm%ﬁnghﬁddemdce
of claim2 er tio is_abo 0.1.cmto
about 11 tEpePST S Rty dhinh % YEFoT RS b uBREHh P F s8a
wher ei n saitdmh@d @litaidl Gontsihed® to atlével bdoabigllevd) oftnid hartestdrl t er .
19. The device of claim2, wherein said inlet gas pressure is about
1.5 bar to about 4 bar. 20. The device of claim2, wherein said
inlet gas presgulge §&i@RPYIaint 15WQ§{%111 sgld%@chn Ad B ﬁﬁgtantlally coniéd; The
device of claim2, wherein said density of gas inlets pef
cross-sectional area is about 40 per square neter to about 60 per

square nMeter. s34 e device of claim 1, wherein said bottom end is substantially frusta-conical.

35. The device of claim 1, wherein said container comprises an internal fillable
volume of between about 400 liters and about 30000 liters, preferably between about 500
liters and 8000 liters, and preferably about 1000 liters.



22. The device of claim2, wherein said density of gas inlets per
cross-sectional area is 55 per square neter. 23. The devi ce of
claim2, wherein said aeration rate is about 0.07 to 0.10 vol unes gas
per vol ume medi um per m nute. 24. The device of claim 2,
wherein said aeration rate is about 0.9 volumes gas to vol ume nedi um
per m nute. 25. The device of claim?2, wherein said gas bubble
volune at the inlet is about 300 cubieSnillineters. 26. The
device of claim1l, wherein said disposable container is transparent
and/ or trans| (ert metiy for culturing7and Haevediend ¢ elaot tisaiand/@6planhestleiim a
sai d cont I | ected fromthe group
conpri si n‘g)lhgﬁ{ §le§tﬁp@g§%&d’€ S&@%ﬁ%&t%e %m?:lgpol ynmer of pol yethyl ene
and nyl on, PVQapp@vidit a disposabledfdn-ridi co@yineehofing b ajohini/ of whiesi400
sai d contai ner made_from a. | am n%eg of m)r t han one Iayer of sgl d

mat er i al Sl and'bemggonﬁ%e Wb as srchengs RATS an g st RYF Feabligs g3

SUPPOr t el e tdibe ubQf coHRRALE Y a8 Raél 148 Vdoh&cutive cultunﬁgfhaJ&%ng RYtIES
of claim 29, wherein said support structure conprises a rigid

cylindri cwher¢in athe deaice nydesigngnispalcopsieted for maint@aing Phegedeaiugadiopfand

claim1, ywhergl dp%ogé‘]‘ttﬁlé‘ﬁﬁ %%hgg 88" tlant%sg%?é‘npﬁog %Eelst\gﬁerggtaefatmgfaj}d

sai d bottomen cont ar ne Vice o
wherein Sﬂmcdugha"rcums’emm@umorstnot sffdceeddiyen imgalieri dved bott om of the bottom
end of said caontainer, .such that ?éﬁt he. end of each harvesting cycle

sai d remai nder®Hiro¥ i“@lﬁ‘ﬁ‘é} HhY'2 SHE RPEHEPEI s and/ or ti ssue

automatical ly (Eﬁff@hﬂﬁlg%{en%%ﬁ’tu%é&ﬁm%ﬁ@opéteﬁélaﬂ'dlﬁ%t ainer up to a
| evel below the | evel of said harvester. 33. The devi ce of

claim 1, wher dironsisnalndemineiagsrid sonsainertvarlt exaerngl lighhiendl | 34.
he devi f ' |
The device of ¢f 3 Wiy sagg&ﬁ@hﬁd/%sg%é;t% Ogﬁ&g}rf"%qu iﬁd mﬁ%%@i@édeﬁ ﬁdé{d.

frusta-conical. erein sai
cont ai ner conprises an |nternal fillable volunme of between about 400

and 8000 11 {erd:  ando Fruter R0 SCRODE PrEES satvigon and shent Fices
are maintained by combination of values or value ranges of the following parameters:
a) a height to volume ratio;
b) aninlet gas pressure;
c) adensity of gas inlets per cross sectional area;
d) an aeration rate at inlet; and

e) a gas bubble volume at inlet.

38. The method of claim 37, wherein said wherein said device has parameters
having values or value ranges selected from at least one of the following values or value
ranges:

a) the fillable internal volume of the container having a height to volume ratio
of about 0.06 to about 1 centimeter per liter;

b) a pressure gauge regulator providing an inlet gas pressure of about to 1 bar

to 5 bar;



36. A nethod for culturing and harvesting a plant tissue and/or plant
cells in a volune greater than 400 liters, the nmethod conpri sing:

(a) providing a disposable non-rigid container having a vol une of at
| east 400 liters and being configured with gas exchange ports and a
harvesting port enabling said device to be used continuously for at

| east two consecutive culturing/harvegéing cycles, wherein the device
i s designed and constructed for maintal ni ng oxygen saturation and
shear forces suitable for culturing said plant tissue and/or cells,
wher ei n aer at icdn Janthemlurrliy cbBacenchunge peegpinvided ahadensity o€ sedinisis rean

i npel | er; V.

porc: . oriRYpetional srch B sBEGIFIAs pAPGHAA el B B AR Wuare
addi t i vesneter; (d) optionally illumnating said container with

external |igh and | owi ng sai d. cel l.s an r to
Grow n sai d b bmenio coutibuden fie 35 il o thbh 008 e palie
wherei n sak ferphaeIms@hmr Rt hkt@ndd shear forces are maintained by
conblnatlon of val ues or value ranges of the follow ng paraneters:

a height to v@)undezas indets Bysignedito Petvidpas S35 Ebblereluray atinke a§ phapt 3P ?
gas '”'e&ﬁbﬁ?@&&%ﬁéﬁté?ﬁh&ﬂﬁ@hmﬂ{?@ﬂnﬂ%e@” aeration rate at inlet;

and e) a gas e volune a 38. The net hod of clalm
37, wherein said wherein said device has paraneters having val ues or

val ue ranges | ect ed st .one of ,the follow ng val ues or
val ue ranges: 35 e ’;h g al‘rP%Zblwéle’ieH‘t %W%éﬁea@yoftﬁtﬁeoxé’gg’[ PASMIRRM Ki Her
havi ng a 1b&t gtk vbﬁlﬂéq:leuflﬁufn@ﬁﬁ 91ighid ab@biheDwitfints@idadatined centi neter

per liter; b) a pressure gauge regul ator providing an inlet
gas pressure of about to 1 bar to 5 bar; 59
40.  The method of claim 36, wherein said device is capable of maintaining at

least 15% oxygen saturation of the culture medium for at least 7 days.

41.  The method of claim 36, wherein said device is capable of maintaining at
least 15% oxygen saturation of the culture medium for at least 7 days at an aeration rate

of 0.09 to 0.10 volumes of gas per volume medium per minute.

42. The method of claim 37, wherein said height to volume ratio is about 0.1 cm

to about liter to 0.5 cm fo liter.

43. The method of claim 37, wherein said height to volame ratio is about 0.44 ¢cm

to liter.

44, The method of claim 37, wherein said inlet gas pressure is about 1.5 bar to

about 4 bar.

45. The method of claim 37, wherein said inlet gas pressure is about 1.5 bar to

about 2.5 bar.



c) ) the plurality of gas exchange ports provided at a density of gas
inlets per cross sectional area of about 20 inlets per square neter

to about 70 inlets per square neter; d) a gauge for controlling
an aeration rate at inlet of about 0.05 to 0.12 vol unes gas per

vol unme nedi um per mnute; and e) the gas inlets designed to
provi de a gas bubble volune at inlet of about 20 cubic mllineters to
about 1800 cubic mllineters. 39! The nethod of clai m 36,

wherein said steady state oxygen saturation is at |east 15% vol une
per vol une in4a Mhewethod hckimad wharein said deebliy onead inksts per cross-segPonafhe
met hod of_.cl.ai I i i i e of maintaining at
| east 15&5%)(1%@#%%%{3 %ﬁ{liﬁ%nﬂwgeglt‘?ﬁ%%gﬁ edrszua(r%ggﬁ%kﬁfor at least 7
days. 41. The nethod of claim 36, wherein said device is

capabl e of mai ntajlning at .| east _15% ax saturation of the culture
modi um for at Teabt mepdyg o 45 W SOF SPRY W EATNGY 1o S trions]

vol unes Qfeadass PafsqiAt W¥ermedi um per m nute. 42. The net hod of
claim 37, wherein said height to volunme ratio is about 0.1 cmto
about liter to 0.5 cmto liter. 43. The nethod of claim 37,

wherein said i I . I Q 1l.S.: t cm-. It
44. The net hogg'o?ﬁ %:el %llgt%ggqu%éﬁa?: (r?fﬂsegeluglg%glag%légs}" prI%agg%JLlrte(ﬁ??stoa%'cl)gt
1.5 bar twhabsghs gerbatume medium4dr mituee. net hod of claim 37, wherein
said inlet gas pressure is about 1.5 bar to about 2.5 bar. 60

46. The nethod of claim 37, wherein said density of gas inlets per

Cross-sectionab, anheetiodalieliim40, WRkreihGHial=8raliBh eite {sQbaRaLto QRGN gas
square neter. 47. The nethod of claim 35, wherein said density

of gas i meeYYupemedpgsRed@BEiEonal area is 55 per square neter.

48. The nethod of claim 37, wherein said aeration rate is about 0.07
to 0.10 volunes gas per vol une nedi um per m nute. 49. The

met hod of cl aisth 3he nwitedeaiflagmild, aberainisord gasbeblils velbmatat e G@letvio bbomt s
gas per gbums_rredlh.uq ger m nut e. 50. The nethod of claim 37,
wher ei n sar d1YES"HUBBIE vol ume at the inlet is about 300 square
mllinmeters. 51. The nethod of claim 36, further conprising:

51. The method of claim 36, further comprising:

checking for contaminants and/or the quality of the cells/tissues which are
produced in said container: if contaminants are found or the cells/tissues which are
produced are of poor quality, the device and its contents are disposed of;

if contaminants are not found, harvesting a portion of said medium containing

cells and/or tissue.

52. The method of claim 51, wherein while harvesting said portion, leaving a
remainder of medium containing cells and/or tissue in said container, wherein said

remainder of medium serves as inoculant for a next culture/harvest cycle.

53. The method of claim 51, further comprising:
providing sterile culture medium and/or sterile additives for the next

culture/harvest cycle; and



checking for contam nants and/or the quality of the cells/tissues
whi ch are produced in said container: if contam nants are found or
the cells/tissues which are produced are of poor quality, the device

and its contents are disposed of if contam nants are not found,
harvesting a portion of said nmediumcontaining cells and/or tissue.
52. The nethod of claimb51, wherein il e harvesting said portion,

| eaving a renai nder of medi um contain %g cells and/or tissue in said
contai ner, wherein said renmai nder of medium serves as inoculant for a
next cul tur e/ Fieredng theysgwth cycle untib gaid pRetapinapis e fovar o saclisftissueher
conpri si i c el

addi tives g}a¥%gﬂ§%%¥ %Epgdﬁgfﬁgr s&m%§%'% g&h%gQ&Phs§%§%M§§u?ng
t he gr owdispoyeeliod. unti|l sai d contam nants are found or the

cell s/tissues which are produced are of poor quality, whereupon the
device and its contents are disposed of. 54. The net hod of
claim 36, whergl nTisd @kihb@ ofidlaiinS3 & Upitkéig Gididld Q1A se@ildd ARSuEX GRlange
ports continuously throughout at 'east one cul ture/ arvest cycle.

55. The mathisae pirisogiipgonsly tieghonhatdegstons aptpredagiest gyslesuppl i ed

t hrough said plurality of gas inlets in pulses during at |east one
cul turing/ harvest cycle. 56. A plant cell culturing system
conpri si ng t hé>déhe oetlold of cdhim B6anderel $aid etenedaiuns suppliad ltieofgr said

I turi i. d | ant |
cul tur e S oBp R hic iR BHRe o R 98 Puppe bR iEel ° ©°
suspension or tissue culture growing in said nmedium 58. The

pl ant cell culture systemaof claimb57, wherein said plant cells
express a recdfbihakit prlbediusing system coguprismg dhefeige ‘éfe‘liiﬁnhhlatl‘iljﬁ‘élmre

Syst em ofruohah Bi5iie (WOSICR Sak fIahl Athe RIy e ture comprises pl ant
cells obtained fi-oma pl an% r oot . The plant cell culture

system of claim57, mhereln sai d plant ceIIs are selected fromthe

gr oup conS|st| g f rob rhun |hz estransfonned.root  cel |
celery cell g?ng@} Afg fee horténeer i eérh ggﬁ sjg %” r SYPREY e @ pIAHY el
61. The ph@ahs@ebﬂtmw ctulmn& Sy &g odid eledium.57, wher ein said plant

cells are tobacco cells. 62
58.  The plant cell culture system of claim 57, wherein said plant cells express

a recombinant protein.

59. The plant cell culture system of claim 56, wherein said plant cell culture

comprises plant cells obtained from a plant root.

60.  The plant cell culture system of claim 57, wherein said plant cells are
selected from the group consisting of Agrobacterium rihzogenes transformed root cell,

celery cell, ginger cell, horseradish cell and carrot cell.

61.  The plant cell culture system of claim 57, wherein said plant cells are

tobacco cells.



62. The plant cell culture systemof claim61l, wherein said tobacco

cells are Nicotiana tabaccum cells. 63. The plant cell culture
system of claim®6l, wherein said cells express hunman reconbi nant
acetyl chol i nest er ase. 64. The plant cell culture system of

cl aim 63, wherein said human reconbi nant acetyl cholinesterase is
acetyl chol i nesterase-R 6

62.  The plant cell culture system of claim 61, wherein said tobacco cells are

Nicotiana tabaccum cells.

63.  The plant cell culture system of claim 61, wherein said cells express

human recombinant acetylcholinesterase.

64.  The plant cell culture system of claim 63, wherein said human

recombinant acetylcholinesterase is acetylcholinesterase-R.



