Mul ti pl e bio-reactor device Technical field The
present invention relates to a nultiple bio-reactor
device according 5 to the preanble of claiml. Prior
art The devel opnment and opti m zati on of bio-processes
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eration and cost saving can be achieved as compared to the conventional
approach, and this is also known by the term "high throughput bioproc-
essing". Appropriate devices are known in chemical analytics and com-
prise, in particular, carousel systems with rotatable sample carriers and
various operating arms and measuring devices. Examples are described
in US 3,788,816, FR 2,258,625, US 4,170,625 and US 5,358,691.

However, the above mentioned analysis devices are not suitable for par-
allel examination and optimization of bio-reactions under monoseptic
conditions. The devices described in US 3,788,816, FR 2,258,625, US
4,170,625 and US 5,358,691 each comprise a plurality of sample con-
tainers resting with their lower base portion on a lower platform and/or

hanging with their upper collar portion on an upper support, with the up-



are easily accessible for various operating el enments
such as transfer pi- pettes and the |like. Although a
foil-like cover for a group of containers is
described in FR 2,258,625 with reference to Fig. 20,
it is only a protec 5 tion for transport and storage.
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20 processing steps.

Moreover, an important disadvantage of microreactors of the kind de-
scribed above is that certain aspects that are important for large scale
bioreactions do not have any effect in a microreactor and, therefore,

25 cannot be simulated. In particular, this relates to the effects of stirring
reaction solutions, which encompasses a transformation of mechanical
energy into heat and is not an issue in a microreactor. The small dimen-
sions of a microreactor also imply that important key variables such as
the ratio of surface to volume and various rheologic variables have com-

30 pletely different values to those in a laboratory reactor and even more so

to those in a production reactor.



It is an object of the present invention to provide an
inmproved nmultiple bio-reactor device that overcones

t he di sadvantages of prior art. 5 This object is

achi eved by the device defined i.gclaim1. The device
according to the present invention conprises a

plurality of reaction vessels and further conprises a
plurality of reactor segnents. A reaction vessel and

at ! f can be secured to each 10

re t I 39%@,%3&1

thzﬁa <‘S"r"z§§ tog_tﬂea;% her gb?néﬁgbgstp action aﬁﬁﬁﬁfoved multiple
Mor gievesactbh el edboe tlsabbvelhmrpesﬁbatd1sadeantag&mof prior art.
conprises a plurality of processing stations for
carrying out prede- termned processing steps wthin
£aCPhisEG6{d Rt htlevéd% tHe Betie® A6AREHARA clapsSE!

and/ or the supp y vessels of each reactor segment.
Furthernore, 15 actuator means are present for

or ob e dreyice aaseariril g Fig epedt Ml SEER Fuag auplpraiity of

CoMeddtiotEfedsélseand ifdahlke c‘dﬂﬁ'ﬁ@eé IéﬁlplLf?éﬂt5m3151$636’tc>’rltse—‘:gments A
| east the reaction ves- sel and part of the reaction

segreantiaroraseel ahdraédaasteonsosmyo\@ﬁ&% it Bediefy/red to each

10% gfrrgga:éé?gfggg{‘%rfﬂl a???%bio i Lpsﬁz{eégr{sde% nﬁrﬁener the aforesaid to-

eac§iefreacoirming & teadt&dveanithewléwmmronh@fdeannce of the present inven-
i ndi vi dual bio-reactor device that co

[ ealion GOTIBYSES HRIIEIIS60bREOCFS IR °§'§p"fsarysaffymg out prede-

ves
| helfinediifactbfiig 8idhs WAl ibn Headtfen Lk, 3o, Witk the reaction
aci dsssel mndil@rr the s1q:ipla \mms«bfm-aamr&mcton seigment. Furthermore,
reactjon m x- the fact that
19 costbiAtOEIIRARS cih FESERb IR Prng Y epElJeatior S86Ment to a re-
pr 0§§§§l‘é\'f§ g?&ééb&ﬂg%ta‘ﬂo‘heoﬂ QlcxaveSH . YEQER reBttord Segment com-

requi r each™one of the various types of
pr opeises rystariizaine . dawabvthat encempasgesaat least the reaction ves-

vt 400t i e 1BREEAD, < ARSRE IOERERG rkBboys: i ng

possi bl e mal functi ons, because a dam aged reactor
segnent can be repl aced Wi th an identical replacenen

2uni The-devigy agaardindto the prasent Hentim ajleds wr parallel per~
SoO i B DR, pEoRBiREids, Mprasareic géton uni

takes the function of an individual bio-reactor device that comprises a
reaction vessel and also one or several supply vessels. The latter are
intended, in particular, for the storage of culture media and also for

25 bases and acids in order to set a desired pH value in the reaction mix-
ture. By virtue of the fact that each reactor segment can be brought to a
respective processing station or vice-versa, only one unit is required for
each one of the various types of processing stations. Moreover, the
modular construction with various reactor segments is advantageous with

30 regard to searching and repairing possible malfunctions, because a dam-

aged reactor segment can be replaced with an identical replacement unit.



the reaction segnent | ocated thereabove, a bioreaction
can be carried out in each reaction vessel under

i ndi vi dual nonoseptic conditions. In 5 particular, a
cross-contani nati on between the .vari ous reaction
vessel s can be avoi ded. Advant ageous enbodi nents of
the invention are defined in the depend- ent clains.
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0 provide a reactor table that is rotatable about the central axis rather than
providing rotatable processing stations. Depending on the function of the
individual processing stations, these are arranged to be moved in a radial
direction in order to reach various positions of a reactor segment. As a
result of the rotatable embodiment of the multiple bio-reactor device, a

25 substantially more space-saving construction can be achieved as com-
pared to the known devices, and this allows a parallel processing on a

laboratory scale with a reactor volume of e.g. about 0.5 L.

Claim 4 defines preferred embodiments of the processing stations, which,
30 in particular, can be realized as cleaning station, as calibration station,
as sterilization station, as filling station, as inoculation station and as



reaction vessels that need to be cleaned. Such

cl eaning processes are well known from | aboratory
technol ogy and are also termed as CIP pro s cedures
(engl. "Cleaning In Place"). The galibration station
is intended for calibration of pH probes and
optional ly of other probes The steriliza- tion
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reactor segnments. Advantageously, the ring line is
| so sterilizable. According to claim8, each reactor

SegfiRdlind 5 tBr Y idesthe'bidTePRRIBRodiftents of the reactor segments.
According to claim 5, each reactor segment is formed of several segment
layers stacked on top of each other, wherein the individual segment lay-
ers are provided with milled grooves and/or boreholes and/or isolation

25 devices that form a channel system for liquids and/or gases. Advanta-
geously, in accordance with claim 6, a number of lower segment layers
are made of stainless steel, wherein these layers form part of the ster-
ilizable domain. According to claim 7, the channel system comprises a
ring line for supplying gases from a central injection point to the individ-

30 ual reactor segments. Advantageously, the ring line is also sterilizable.
According to claim 8, each reactor segment is provided with pneumati-



cally operated val ves, each valve cooperating with at
| east one corre- sponding contact portion of a segnent
| ayer acting as valve seat. In this way a very
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handllng of the nmultiple bio-reactor devic 30
applying and releasmg a pneumatic pressure, respectively wherein the
rocking member is connected to at least one plunger element in such a
way that the plunger element in one of the two rocking positions forms a
medium-tight closure with the corresponding contact portion and that the
plunger element releases the medium-tight closure when it is in the other

25 one of the two rocking positions. In this way, it is possible to realize in

particular so-called 3/2-way and 2/2-way valve couplings, respectively,
which results in a substantial flexibility concerning the specific design of
the channel system but also for the handling of the multiple bio-reactor
device.

30



Advant ageously, in accordance with claim 11, the

bi o-reactor device is provided wth tube-Ilike | oad
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connecti on between the reactor segnent and a reaction
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lowered into the vessels.

tn the embodiment of claim 14 it is envisioned that the bio-reactor device
25 comprises a respective stirring device for each reaction vessel. Particu-
larly advantageous is the embodiment defined in claim 15, according to
which the stirring device comprises a hangingly supported rotor member
provided with a stirring appendage arranged inside of the reaction vessel
and also a toroidal stator member arranged outside of the reaction ves-
30 sel, the rotor member and the stirring appendage having a central axial
opening. In particular, together with the embodiment of claim 13, this al-



| ows unhi ndered access to the central part of a
reaction mxture. A fur- ther advantage is that the

| oner portion of the reaction vessel is not hin- dered
by externally arranged nmagnet stigrers or the |ike and
thus is sub- stantially nore accessible. 5 Brief
description of the draw ngs Exanples of the invention
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g esesipd 5 | oad cell, in

L

o, R B oV, R e I SR rteronc to
F| Othe3dfaw hiehvéthew; 1 n [ ongitudinal section
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Fig. 2 a simplified representation of the device of Fig. 1, in top
view;
15 Fig. 3 a reactor segment of a further multiple bio-reactor device,
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Fig. 4 the reactor segment of Fig. 3, in a vertical central section
view;
20
Fig. 5 a section of Fig. 4, in magnified representation;
Fig. 6 a supply vessel attached to a load cell, in fongitudinal section
view;
25
Fig. 7 a driving group of a stirring device, in longitudinal section
view;
Fig. 8 a pneumatic valve, in longitudinal section view;
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Fig. 12 a coupling synbol for the 3/2-way val ve; 10
Fig. 13 a coupling synbol for a 2/2-way valve; Fig. 14
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out the invention The multiple bio-reactor devi ce
shown in Figs. 1 and 2 is arranged on a frame 2 nmade

and @ 1 Lpper® searteros HESBE BN P o PRty

that is substantially horizon 5 taI ly arranged is

| ocat ed between the two pl atforns and 6. The reactor
tabf@.83 s f od eewpdingssymiehferctie 3é%r&€w vahsied

4J eactor segnents 10, 10a, 10b, etc., and each reactor
segnent is intended to have a reaction vessel 12 and

t WOFRUPIB Y ves seluplindasymtol dr at2/2elag vaieepto in a

me- diumtight suspended manner. As shown, in

particular, in Fig. 2 the seg 10 nents 10, 10a, 10b,

etcp eqtoﬂ?t her fs‘& %ﬁ 'h?@étli‘?festé‘ﬁ#¢n§tr\04ﬁéhtét|b'nn6RI)wew of the
shaped secti on t as an intern di aneter D; and

ext ernal di anines anlﬂavah?ae arcanged inabsecrowithbeterfaces to ex-
rotated about, the central vertical axis A by actuator

8reans not sholffn ﬁbfe preferably by nmeans of a stepper

not or,

Fig. 15 a filling station without lateral cover, in side view;

Fig. 16 the filling station of Fig. 15, in perspective view:

? Fig. 17 a schematic Rt view of the filling station of Fig. 15;
Fig. 18 a schematic RI view of a cleaning station;

25 Fig. 19 a schematic Rl view of a calibration station;
Fig. 20 a schematic Rl view of a sterilization station;
Fig. 21 a schematic Rl view of an inoculation station;

30

Fig. 22 a schematic Rl view of a sampling station.



and it can be positioned in any rotational position.

In the exanpl e shown 15 here the approxi mate ring size

is Db =95 cmand Da = 175 cm the frame 2 has a

| ength and a wi dth of about 200.gg.and a hei ght of

about 240 cm Moreover, the bio-reactor device

conprises eight processing stations 20 16a, 16b, 16c,

16d, 16e 16f 169 and 16h that are arranged star-1Ii ke
Rdess : £0tiQn | pe described in

fhgerﬁﬁ‘iti IQ%S'Hég%torlg@ﬂncteh b\ﬂﬂ'ﬁ‘l' I‘%%' 1%98923251 HFranged on a

DN A ranged per “platform6. |n

gerfeaa1e 2emaldemfoloeam poofiest wmcrwmprplosmadohmqulatform 4 and an

ﬁggé?g‘%ctﬁhtg? %t éﬁ @éégrc’lgetjahé%?%@% ?Eagls Subspantlally horizon-
5°°rt'é‘Fl§pé’rrl‘§thdUi€HSTiaFéHJBb't\KJGeFIOth% tw pla¥orrRSREERUVE. The reactor

reac- "tor segnent , etc, arranged under
t hetapr @ Gelssforgest af |3<2n|deFPd|calt$1estoptarrpafml reacteraegroents 10,

t netteT Phaels opdeorag dpaciasedaant 1S§Tehde R ngle a reaction
rotypddgu) 1of ahlaetwd sapboy vesber B4akmd 14bsatesthiéd/thereto in a me-
axis Ain order to carry out predeter 30 m ned

pr @l@gyt@tﬁwr&ed mannec tAoshowes én pertigklaredn frig- 2 the seg-
4 f
Sggrﬁlg%tél %111%%7 (ib Sertg:gggéé&é}sftog{hetﬂee?@g&to'r\fgbfeeﬁ%ﬂh a ring

cl estvaped sleatiopnthkhasandhtdmal iddamesé D @nmdlﬁb exdernal diameter
sterl Ilzatlon station 16c¢c, two filling stati

6d . .
and DagEhe rgactentahlatd saAndaroiaied @b %{ﬁ%yﬁﬁtgca' axis A by
T
scrahedt €antdepobiicriethal any rohaticoakpositicirorin the example shown

princi pl.e of the individual reactor, segnmen of )
19 L RS e, BPPT BRI oL PR 1S B D5 68 Sh s Felf e the frame
ref 2IeRCs Iéﬁ%ﬁi gfd a°>vJ|8tr50f bbout PUY 88t ah@ 4 heigietvbLabout 240

of Figs. 2, the reactor segnents are in 1

tenetdd to be equi pped with up to four supply vessels.

At the reactor segnent 10 shown here, a reaction

vessel 12 - for exanple, a glass ves- sel with a

feaMb@éoV@i e i9ilo- ﬁ&ﬂ:tﬁi’— deVfcer coBiprises wiynBrodesa®iy stations
- and four pg)fly vessel s 14a, 14b 1l4c and

2014d163f ‘(I)Bbe)‘lﬁﬁpﬂ@d g|6@531 169 and 16h that are arranged star-like
around the central axis A. As will be described in more detail hereinbe-

low, the individual processing stations are arranged above the upper
platform 6. In general, each processing station comprises a lower con-
nection that projects through a recess of the upper platform 6 and coop-

25 erates with a corresponding upper coupling point of the respective reac-
tor segment 10, 10a, 10b, etc, arranged under the processing station. For
this purpose, each one of said reactor segments can be brought to each
one of the desired processing stations 16a, 16b, etc. by a rotation of the
reactor table 8 about its centrai axis A in order to carry out predeter-

30 mined processing steps on the reaction vessel 12 and/or the supply ves-

sels 14a and 14b of the respective reactor segment.



vessels with a volune of 120 nL each - are attached in
a suspended 15 manner. The reactor segnent is forned
of seven sector-shaped plate elenents stacked on top
of each other, nanely, of three.-liewer plates 18a, 18b
and 18c made of stainless steel and four upper plates
18d, 18e, 18f and 18g nmade of alum num As descri bed
[ ej nbel ow, .the Ia er st

det tu
oS PIORPERIIG BALATS, GPUIRIISSO8 FIRY B IS B Ban 4 calibration
20 ét'a'é.oh ?GBhSrst@ﬁleEﬁoﬁ siéﬁbﬂrwé WA ERidPEtANSES mrafﬂand 16e,

i qui n particu steel’ structufre forned
t heath mmemlaltlmetaqmicm ¢6f aad tmaamtdn@statmmr‘lﬁgeandx 16h. The

t | i,zabl. t
St SLOh R & S e T P o B0 e B B g ave -
5 0 $&BYE farhes hardidbglgivds from the individual
vessel s, respectively. The al um num structure forned

25 of the uppernDst four plates 18d, 18e, 18f and 18g

fi r.m% o‘%gsrtﬁ%ﬁt Fl?l: golg &ethvain‘ﬁ‘?\%d%lgl ?Qgcﬁﬁgg%%nts of a further

con hannel " system

di st el 19id- Eéa(ﬂbefd%wl‘ctéweaptalﬁed witkreferemdento Figs. 3 to 5. In
pneumatics val ves 20 The access to the Eressurlze

ai reayEashia &g devicraf filgs f b @nd 3niee reastorggenipeny are in-
10f Nafle ey %B%”@&@lg@%ﬁ\?ﬁ gﬂg% fﬁgggﬁp iy ';IB-%Sé%acAt'% reactor

segnent. PesSur 26d al t
i s gEgmiettd Ovshotvablesrd|, rmreadﬁon velssnhﬁ 2| efati expmipden a glass ves-

voc b Sed s ey oFboRPLLAR o WG g FBRURE of 200 to 400

Mo 8@VEeRndt 1PveS88IEALalA4bS RIOHhdCH gL 8 le, glass
ver??’ca?nda@ggﬁ@?gvem ngs 22 that are provided gtexampe g

t hevemB vewhld a Mehxrne ofi 120 alc eachct Ao attachegeincg suspended

e 538, R SRR 31 BERH L B apoc plae

Ope@llemeﬂt% M&@k@dl &nitBp dfesd it othé, MRarBelp o?f&hree lower plates
preferaﬂBé made of stalnless steel, whose up

col 18a il 38crmade @fns&armle@ﬁpﬂle@b@mdsmrdﬂpm%@lates 18d, 18e,
189, %ﬂgﬁd“@h&% o}%luﬁ@%ﬁ?‘gﬂsgg%g?ﬁ%ﬁsinam%mglﬁlf%ttau hereinbelow,

for i on device eret

I tStkmrdyefrCHtr[Sct&he llmescatmh'rmgymfi\{]ﬁlvésrﬂha?dmiwrhmls 22 that
ere er

zot he.al,l Eéﬁémq‘}fp@@?@ S@tesa{gslzt%ﬂg%gt @?&r]s\?,o(geg)asg; gndellqmgsI i particular,
St oiild st dirblibe Y84 'Stthel Bwdst thPEE f1aRdd 188, 18b and 18c

comprises a sterilizable channel system in order to supply gases and lig-
uids to the individual vessels or to drain or to remove gases and liquids
from the individual vessels, respectively. The aluminum structure formed

25 of the uppermost four plates 18d, 18e, 18f and 18g firstly serves to hold
the valves 20 and secondly contains a non-sterile channel system for the
distribution of pressurized air for operating the pneumatics valves 20.
The access to the pressurized air system is provided via four connection
groups 21 that are arranged at the upper edges of the reaction segment.

30 The associated supply of pressurized air is provided via tubes (not



stantially vertical passing channel 34. A further
vertical passage opening 15 24a serves for the
insertion of a tenperature probe 35, for exanple a Pt
100 sensor, into the reaction veggsel 12. The way of
attaching the supply vessels is shown in detail in
Fig. 6. Be- tween the connection flange 26 and the

e T atiomn e 2 rdiest SRkt reactor
vel AN mBRRSHEEd af frdinteeNe el Sader . The

acts as asti c nenber whose | ongitudi na
exten3|on depends on the weight of the |oad hanglng

70 MREeorSt hé g9 sedtment 10 s, BoRg Wi Y R8at phssage

500%;%“.%95@4 $ha0ges pPSvided agtheldwesend tlh%réeﬁWﬂﬁd connection
the wei ght measuring can 40, which pro- duces

neafbangm@fisicxjrmweaaelr&ﬁsrﬁﬁmgedotf@&ebp i @s%um@%@d manner. As

T HBRkGRE, A F S 0 Da5P08 oféni oo cpere '

corﬁrw@ta ipelsidls 2Bayefaralgahaderafgtainies8Gteetitwhose upper
However , e | oad ceII 38 of the reaction, vess [

1
notc%laraf&m@e &4 easlsyon the w@p@émsarses%aﬁmerlﬁég b%h'esuppef col-
107 atlE?"flaZ@et EG f@Fmy! é‘%u%p@:‘r‘?fcﬂzal‘?fls@Ia’tlo%:gdétl'cbr32‘9Ianged thereto,

evl ce Inturnis attached to t om of
t hevhimhesh |teeparttﬁmrrmsaaarupl|:m' cmaplﬂtg)mlmmfdﬁ@sonme@h@r of a proc-
the stir

25 enking selipn el Shitn diere  Fress s, Hie fsdldtipriieyBe 32 is pro-
gr %Eeﬂ%@%dstel?ﬂl%b!’éj'b%g VAV thBE ih SRCEPER pHRIESH cl@ars a sub-

he stirring appendage 46 substantially has the
shaqienbfalla ysirpicak pgssing cmapnet Bdr Anfuripeenadigal gpmssage opening

1514 ST el et Bk Jenl kil L bLe 4B FEl skample a P

portd®Renkor, iitothBSigattionovesdelt f& driving group 42
is shown in F|g 7 and com prises, in particular, a

stator nenber 50 arranged outside of the reactor

etV ARt h I osB81S R08ReR Pcptai in Fig. 6. Be-
t hitsverur pos €onhleetion ﬁa@g@@@edd&heﬁwmylmseﬂ 14a there is incor-
20 porated a load cell 36 that is made of an upper bellows tube 38 and a
weight measuring can 40 hanging thereunder. The bellows 38 acts as
elastic member whose longitudinal extension depends on the weight of
the load hanging on it — namely the weight of the weight measuring can
40 and of the supply vessel 14 including its possible contents. This longi-
25 tudinal extension is recorded by the weight measuring can 40, which pro-

duces a measuring signal corresponding to said gross weight.

The attachment type of the reaction vessel 12 is analogous to that of the

supply vessels, although the construction units have a greater nominal
30 width. However, the load cell 38 of the reaction vessel 12 is not attached

directly to the reactor segment 10, but rather to the driving group 42 of a



15 shaped casing portion 54 that is surrounded by a
stator coil 56 at its ex- ternal side. Inside of the
casing portion 54, the rotor nenber 52 is ro- tatably
supported about the |ongitudinal {§otor axis by neans
of an upper Dball-bearing 58 and a | ower ball-bearing
60. In particular, the rotor nem ber 52 conprises a
hol di ng el enent 62 with cyljnder tube sEape, at tF 2?
outsHiThg dewcedd shat i1 Bihdenaiiach s tadhierrotamnet th lowest sec-
th [ ed by an outer shell 66. Moreover, the
hoﬁg{ﬁéyéfgﬁéht 62 is provided at the |ower end
thereof with a plurality of radial boreholes 68 that

64 Lo gt 4 S, LIRS a6 e 4 s arving

5l nggq'biu‘;?M?farfd“S_éttr@i‘h@eaH?éﬁﬁﬁ?e%@ﬁ?i!v%ncﬁﬁ th8&irkeRY group 42 and
e h
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lumtightly isolated fromthe environnent by using
comretrudingrinta e reactigealessehiliZh with thgstirfisgcappendage 46

prer isi.tes for, keepin ri.l e sajd int . [

b SN aRtinfig nas i FBaPe ' € bk p¥tehf 54 MirGRY' dibendage 46
corgiaehad alirfost tbl thet beRahi b thié RgacfianWiddsel N2 and is provided
measuring can 40 which 30 is connected via a second

seavithgtirring Hadesi 48 atiis leayeopartialbe 36 which in

turn is connected via a third sealing ring 70c with

t he connection -14- flange 26. Mbreover, the

corTtes copstiuctingeofthe drivimmecdap 42 & ahbweur irhFig. 7 and com-

sealing ring 70d with the | owest sector plate 18a.

T TS G dn PRy HGURY . A stalok aPmRar B arlaRts OLkb decRline reactor
en : ' t i | v insi
oo} g 8 R 1B 52 BF U bk BRRinged nsice

codherr@asiob cavitir. Bor dhisr pitposss theré as pragided amylindrically
react

SR cREE Boon SR SRS Bl 59 o 15 o
al kerhaksidict 1ASRIe SPM 4 RasINd' BorE6 R 5¥, AMedtor hdMber 52 is ro-
region of the stirring device 44. As shown, in

partatzhly=sypported aboyt theelomgituidinalgiadap axis by means of an upper

ot/ Eeafingsh AR adbdipal BeRRin G o0, 1 65rARRIAE g rotor mem-
t hebera52 RDMPFELO™ hAIdingEleARMtaB2 wWitlecyneer ause shape, at the
t hereof two I nner grooves arranged on top to ea

ot Hater waik ofipdrichdaatitachid amﬁmgegnbm@wﬁ Qhat is covered by
seal | pgjtél! Qﬂel?}%?i. tlﬁgfeé&a}‘?ftheq{&a}r@ em}‘.?t%ge&%hﬁh&éd at the

a ninth'Fing sefves to pretension
lower end thereof with a plurality of radial boreholes 68 that are intended

for the attachment of the stirring appendage 46.

As shown in Figs. 4 to 7, the interior of the flange-mounted vessels can
be kept medium-tightly isolated from the environment by using connec-
tions that are sealed with o-rings. Hence, the prerequisites for keepin
sterile said internal cavity are given. For example, the supply vessel 14a
is connected via a first sealing ring 70a with the measuring can 40 which
is connected via a second sealing ring 70b with the bellows tube 36
which in turn is connected via a third sealing ring 70¢ with the connection
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15 bal |l -bearing 58 arranged thereunder. The

construction and the function of the reactor segnents

are described in nore detail hereinbel ow. Each

reactor segment conprises at theqfront side thereof

directed towards the central axis A six lateral

connections 76 20 in order to supply the channel

system arranged in the reactor, segnent W th three .

verdtangg 26n l@@we(r; the gennegfign fg&@@@n’-ﬁ 16 epBpenteyia a fourth
car, : OXi r I i : :

o 1oRlingEHRE 100 HOF e Tt BoBldR plaf NERR s EHECealing ring 706
gasedemally gurrdsindsnthe oveemendagfnithensipieesfubo@8tthat is provided at

Chats hpeg! o fesas 30 Wif & siktn SerRatRe S BtaRoperates
| . Gyith rél o rgflgfngﬁ_s\.ﬁ?ace%&@ Shthel RorafiBAdicet®t nl ess

st eel . m num pl ates 18d, 18e and 18f ar-
ranged thereabove there are inserted pneumatically

PR Bl a Ao AAE vERREF 738 T BRORTORRE ke supnl

UpRRYsseil$leal®leit HedHRIRI Beslingt fAYs Rirat Srol@ded Thehe region of the
m ddl e 30 st eel ){Ol ate 18b is provided with nilled

cha@tifenggdeveest4 has shawetmparticylah ipelig. dalthe driving group 42
bor. ' e -.for . .

g PO at BB 50d 7 BP LA PBHIBR 54 witn
herszvelreh ®ealivay rings7 @gr Movesvef, thizecasingnpetticry Sdegomprises at
can be connected to f;aach other and isolated from ea

, h
ot HBE URRRHeRd;thergo woﬂ%@eﬁsf%\ﬁe%ﬁ“iarrw%we@pz@:eech other,
Th I i j i
%hé}rqfﬁeﬂenéw%hyﬁbggegm %ﬁ@?tﬁh%ﬂ?rdg@gﬁ'{ogb The lower

cylin cal val ve I'ston
ar rgrogee, hioevesrer, iconitaimg a mdnthatihg Tisthlahserveslte pretension the

fashipn. A pressure spri 82 arranged inside of the
vaISQPéEBS@\P'”QSggk?ér%ﬁ\g%’léﬂgfes‘{rb(ﬁerel ement 80 pretensions
the piston el ement 80 agai nst an upper roof segnent

84 of the valve body 78. An operational opening 10 86 _
ar rizhyeanistruction aedtbatfusstios gf the trartpn segmeentscare described

o3 hfee B hor B BBl Sadl LEuBOP UIHEPERR Y ifes, pt the from

of dibe thepssldirestid tw8Rls fite eehtrd aGs W &1 Rtérilnednnections 76
teflon ring 89 and a quide tape 90 nade of teflon is

ar iaryderita saplyibe chamelgysdersagrnged i tiepeactor segment
el GURR thA% JBALRSH GRs88in 34iBGardS¥y d¥H, Yfitrogen and carbon

dioxide) and also with sterile pressurized air, superheated water steam
and optionally other gases or liquids, and to drain condensate from the
channel system. The said channel system is formed in the three lower-
most layers of the reactor segment, i.e. in the plates 18a, 18b and 18c
made of stainless steel. In the aluminum plates 18d, 18e and 18f ar-
ranged thereabove there are inserted pneumatically operable valves 20
whose valve members cooperate with corresponding valve seats that are
formed at the upper side of the uppermost steel plate 18¢. The middle
steel plate 18b is provided with milled channel grooves that - together
with vertical boreholes in the steel plates 18a to 18c - form the channel



15 along the inner wall of the casing of the valve
body 78. Moreover, at the | ower portion of the piston
el enent 80 there is arranged a plug-1like protrusion
91 that conprises a radially projgsuding follower pin
92 that engages in a tracking groove 94 of a rocking
menber 96. The 20 rocking nmenber 96 is tlltably

of %ggi%ﬁg@éggﬁﬁleﬁt"é?ga% Bt hPER D08 P g BoRRaRS of the
10
Q:haﬂ%ala btﬂ]er‘i’ln@ar‘? bel 8&1@%@ angﬁ%g%‘ge&ﬂ%r%{n& %Iﬁfélfﬁom each

beam nenber respectively,

i s adher,cnéspeadivelihebpdhe avtiomeobthiwralvesd20102b are
shaped at the | ower ends thereof as valve plunger 104a
and 25 104b, respectively. As shown in Fig. 8, valve

520 TTHE VARe 20M8HAWESH arlbgwsraﬁ&gl covapeisedeateylib@fical Malve body
latter 1s forned of a rUbber elastic materi al

apﬁrﬁomﬁhaa pistan element 8§ puapesdshandincivniangigiaally displace-

X584 A i b SR A gD ooy 7

IOI lﬂmow]th%api%mdn @éhérﬂcsmgrelwwdﬁs tleaq.hsrdn Mérnbnt 80 against
bei ng provided with an up 16 per opening f

re@é! yPRg" ao%sega’rﬁmo%@f\taew@w thgﬂéfﬂ&o&\&' fanaraltmrbal opening
10" CHEGHaek in Fk??ﬁégﬂe)ﬂn%lt @49&‘98&&8% iR ddFae? t81 %53 @2 piston

bet'ween "a“ster -
nolstramt! 80 witrepndaneatic pfeséweramu therebg t«mmge ib downwards

When Valv 20 S p i ded mnth neu ssur
2 gainat (e achRna isnBresRul BRI B2 b sen b Ghaith external
OP§8f15M 8@“§n8'a3§;9méﬂ§r5@@‘o e' éf fidN 3¢ aPrd Ag¥A in external
an upper ston tioninto a pl ston position
agaungsgrmm~ee$)oéﬂbes;xlsmmgletmeoé86famﬂl we‘.snte sgaliagaisst and guide
Ther eb in 92.is also displaced

15 o dinay doe Tnar syelt 86 s sasing o R8RSR B 78
groove 94, rocking nmenber 96 is tilted about its
swivel axis defined by rotating pin 98. In this way,
t héﬂc@rqves'l, @ te lowes pastion abthe pisipampiasant 80 there is arranged

be st Hsh k& EroRtuBioh M dorhBRisk i radlaSr 8ot MG follower pin
Valgzetlﬁtuélmgé@m:i tadkisw gasslal9uref a rocking member 96. The
20 rocking member 96 is tiltably supported in relation to the valve body 78
by means of a rotating pin 98 and comprises a lower cross beam 100. At
each one of the two lateral ends of the cross beam 100 a bolt member
102a and 102b, respectively, is articulated. The bolt members 102a and
102b are shaped at the lower ends thereof as valve plunger 104a and

25 104b, respectively.

As shown in Fig. 8, valve 20 further comprises a lower sealing element
106. The latter is formed of a rubber elastic material appropriate for seal-
ing purposes and comprises an external ring bulge 108 that surrounds a
30 membrane 110. The membrane 110 is provided with two holding plugs
112a and 112b facing upwards, each of which being provided with an up-



15 wards and the right val ve plunger 104b is displ aced
upwards. If the pneumatic pressure is now rel eased via
the pneunmatic connection |ine, then the piston

el ement 80 is displaced into theqgipper piston posi-
tion thereof due to the pretensioning force of the
spring 82, as shown in 20 Fig. 8. Thereby the rocking

menber 96 is displaced again due to the co- Rera
of REHO PRNINGNAT rg.cmw%%rmm@gngrv(%\o% Pdur dghd 0dReand 104b,

ggkgeﬁﬂk(‘éﬁﬁ gf'ftfé‘ Ilﬁa4égph§eﬁ}°¥q%585ﬁ§da E!ﬂ)’?@‘gﬁf gétvﬁsen a ster-

where unger als ralse
al nlemiwlmlmmronemaamaml avedn-stetilengpper idohaaiancf ttslbeactor seg-
are con- nected nediumtightly with the | ower sealing
el dABAt- 106 via the holding plugs 112a and 112b,
sfespectively, so that the portion of the nenbrane 110
in the vicinity of the valve plunger is raised and
pr é¥bed valwe, 20 és pspeldtadeityl prmlemwmr@reaﬂmeﬁwm arpneumatic

1S Bp dbPaTaR NS AN TR bedniha R e Biffon etement

as gy |§Uﬁ§;ﬂdcéé|ﬂv’&n5§ﬁhpp@rﬂcblswrﬂ9o§ﬁrcﬁ*ﬁmta aeivempiston position
passage that was previously _17 cl osed can be

r elagaingt Hye paetansdoningofarceroiopressere &airing 8e: éFrPeafﬁby. follower

e [ AT O SVRRER R 3 SoSHEPR i, o ackin

of groeveodk| rackirgtmembis, o6 |§tllttaheab!@1htv&s wveyaxtbadefined by
not cone intg contact with t controll ed

L s e BY is displaced
t herolaling Pin Sfhdnahis wanh ithe I8ft siRe Albernssdesam hed is displace

I -
verSfarfs At MR RRHSLLEN M hiant YUt erebanann 100 s s
shqplacedwgpwadd, asracttmmtlnerleﬂgjalva@lmg\er MB4a isodisplaced down-

| ayers, of 10.re r seqgnent thrqugh th
15, pigerds, aefl teaol vale ARHTeTIthis dfsniatg dwards.
| ower nost al um num pl ate 18d. At the upper side of the

up- pernost steel plate 18c there is provided a
C| rlit theupneiumatic pressura isinow releagktctadhe peeumatic connection

Snalie-gien e §5Fe BTN & ni e d Tol i pp8algton posi-

ar rtasie eifle ldtfrdu &l bo 4O\ etag1b WP fdrceesethe Bpribgr 82,146 shown in
W th an upper shoul der 118 t hat
20 Fig. 8. Thereby the rocking member 96 is displaced again due to the co-
operation of the follower pin 92 and tracking groove 94, and the right
valve plunger 104b is now pressed downwards, whereas the left valve

plunger 104a is raised.

25 As already mentioned above, valve plungers 104a and 104b are con-
nected medium-tightly with the lower sealing element 106 via the holding
plugs 112a and 112b, respectively, so that the portion of the membrane
110 in the vicinity of the valve plunger is raised and pressed down, re-
spectively. Therefore, the portion of the sealing element 106 presently

30 pressed down allows to provide a medium-tight closure against an asso-
ciated valve seat; and, vice versa, a medium passage that was previously



overlaps the |l ower portion of the valve 20. The
di nensi ons are chosen in such a way that by joining
the | owernost al umi num plate 18d with the uppernost
steel plate 18c the ring bulge 1¢8.of the sealing
elenent 106 of the valve 20 is pressed against a
peripheral flange surface 120 of the 20 milled recess
114. Thus, the ring 108 forns nedi um ti ght
cl sdesed Gan Pﬁereb%awﬁbgdlawg.%.906%'09@ b1 seafiig alement 106.
11 r uPi-tight cl f the
t hépftetofet F%metlwﬁgﬁesﬁ%mﬁﬁﬁeeﬁ ngrfgf@ﬁ ae%%l\kl/ar oﬁsg closure o .
t hrvalgd 20hin ahyirpositioplafttheli@akimgl neetndyeds 96tios .t the valve cavity

25 al um | a 18 d. 18f |yi t h ich
oo hat Fhute T sotiath it the et Contitlish pyithe vaive.
sthe operation of the valve. The wall of the receiving

bore 116 can further conprise a guiding groove 122 in
vvthd‘re eaplicatiageof fher abeuensiescritiad vatve fafga $/2-way eoupling will
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respectively, can be achieved in respect of the
assgoci ated _18 val ve seats 124a and 124b
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a second vertical passage bore 126b of
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mi || ed 128b Lde of the mid
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20St erﬁllled ?écess 114. Thus, the ring bulge 108 forms a medium-tight closure

in the peripheral region of the milled recess 114.

With the valve inserted, the upper portion thereof that is not shown here
protrudes upwards through the aluminum plate 18d and extends into the

25 aluminum layers 18e and 18f lying thereabove, which house the pneu-
matics connection line required for the operation of the valve.

The wall of the receiving bore 116 can further comprise a guiding groove

122 in which can engage, for example, the rotating pin 98 of the rocking
30 member 96. In this way, an accurate alignment of the valve plungers

104a and 104b respectively, can be achieved in respect of the associated



18a, 18b and 18c are sol dered together, but the
circular mlled recess 114 and also the
channel - shaped longitudinal mlled grooves 128a, 128b
and 128c are kept free, i.e. areigot covered by

sol der. Therefore, the 20 m |l ed grooves arranged

bet ween the | ayers soldered together forma

medi um ti ght channel tem Th ti,on e
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he upper aperture of the second vertical pas- sage
bone0926b1h4e rel eased. Therefore, in the pressure
| oaded position of the valve, there is a connection
Shet ween the channel defined by the second hori zont al

m |A§Qv1ﬂfﬁ19‘é§t{3ﬂaaﬁbdaﬁdnbh€ dehanneiretisfeloeg the ﬂhineelcﬂeel plates
third horizon mlled groove 128c. Therefore
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anahaoRuH.HghPENGARSE Eystemn of a 2/2-way coupling.
or this

The operation of the 3/2-way coupling will now be explained hereinbelow
with additional reference to Fig. 8. In the resting position of the pneumat-
25 ics valve 20, i.e. with no pneumatic pressure applied, the right valve
plunger 104b is pressed down, so that the right valve seat 124b and the
upper aperture of the second vertical passage bore 126b are closed in
medium-tight fashion. At the same time, the left valve plunger 104a is
raised and, thus, the left valve seat 124a and the upper aperture of the
30 first vertical passage bore 126a respectively, are released. Thus, in the
resting position of the valve there is a connection between the channel



pur pose one | eaves out, for exanple, the first line
128a so that the left wvalve seat 124a has no effect
or can be replaced by an upper section of the upper
steel plate 108c. Therefore, theqygonnection between
the third 20 line 124c and the second line 124b is
closed in the resting position of the pneunatic valve
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steri zab annel e steel layers are
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of a thin solderin oil, because otherw se

no
dur%UP@SQrW@‘ré%la‘éﬁﬁ puug,h forcoramaple. ithenfitst linge 128a1 %9 that the left
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hat haye to be kept free of solder is in-

2obetlW@eﬂ@ﬂﬁ@%m%ﬁepwgrlg‘lq d24b is5lgsedgn theeFets%an position of the
AdU ARSAES)afve 2 8hd can be cleared by pneumatic load of the valve

20. The corresponding coupling symbol is shown in Fig. 13.

If required, the 2/2-way coupling can also be modified in such a way that
25 the switched connection is released in the resting position of the pneu-
matics valve 20 and is closed upon pneumatic load of the valve. For this
purpose, the valve has to be installed in a position rotated by 180° in re-
spect of the longitudinal axis, so that now the valve portion formerly
termed as the left valve plunger 104a is arranged above the single valve

30 seat 124b of the 2/2-way coupling.



dering foil made of nickel or gold with a thickness of
about 0.05 mmis wused. In a third processing step,
the sector layers joined together in such 20 a way are
heated in a vacuum furnace to a jgnperature of about
1050C so that the sector |ayers becone sol dered

t oget her. Advant ageously, bel ow the sol dered st eel

| ayers there is attached a heat- ing foil Lshovvn
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ower nost al um ayer 18d e val ve seat's and
th@rabhneabdane sides of the valves adjacent to the
val ve seats belong to the sterilizable sector
division. -21- As shown in Fig. 4 and the
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Scheme) of Fig. 14, the reaction vessel 12 is provide
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onducted via a way valve to an upper extraction
poisertadbetweensthewse tior fayersifo brasoldered: Adyantageously, a sol-

icular, f ti t ai .
ot i medh o TEERLANTRk whirld ikNERs 51 Bbgut 0,95 mm is
143 dedl . YAy itRird roeseBM ¢ sfd 10 VWh eas sctoptiapsisiplihgd together in such
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Advantageously, below the soldered steel layers there is attached a heat-
ing foil, not shown here, that assists the sterilization of the channel sys-

25 tem. For this purpose, the heating foil is heated to at least 121°C in order
to sterilize the channels, boreholes and valve seats arranged in the reac-
tor segment. Accordingly, the separation between sterile and non sterile
sector divisions runs along the border between the uppermost steel layer
18c and the lowermost aluminum layer 18d; the valve seats and the

30 membrane sides of the valves adjacent to the valve seats belong to the

sterilizable sector division.



channel system of the reaction segnent. Moreover, the
supply vessels 14a to 14d each are provided with a
riser tube 138 by neans of which the 20 |iquid present
in the vessel can be extracted..fpr this purpose, the
riser tubes 138 substantially extend to the bottom of
the correspondi ng supply vessel. For the extractlon
of liquid, the interior of the vessel is |oad
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riser t also
upper isol ation devices 32 already nentloned 10 are

houn in Fig. 14. T f Fi
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grooves and vertical borehol es.” Moreover,
chamma psysa@mttmﬁpnu theslone g/ steahplatel 18 cmne@edgmth the

in t
S GRS PR SeBhiP RIS, (6 Rty vessos
coqmla W 148yedch areprovided With alrl’séi'ntdlbh'ﬂms)/oy means of which the
appropriate setting of said switc
20  liguid present in the vessel can be extracted For this purpose, the riser
tubes 138 substantially extend to the bottom of the corresponding supply
vessel. For the extraction of liquid, the interior of the vessel is loaded
with pressurized air via the upper supply point, so that the liquid being in
the vessel is pressed into the riser tube 138 and thus is transported out

25 of the vessel.

The schematic construction of the sterilizable channel system arranged
in each reactor segment is shown in Fig. 14. The hatched rectangle
represents the layer system formed of plates of the respective reactor

30 segment, i.e. the components drawn within the rectangle are integrated
by construction in the respective layer system.
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poi nt and isolation nenbers, a plurality of operations
required for the handling of the bio-reactor device
can be carried out. 20 For the sterilization of a
reactor segnent, the connectionsyo/6b to 76f are
supplied with superheated steam while connection 76a
is used to dis- charge condensate. For the subsequent
operatlon steps the connections ,76a, 76c¢c, 76d,
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a group of dripping pipes 220 that
20

25

30

For the sterilization of a reactor segment, the connections 76b to 76f are
supplied with superheated steam while connection 76a is used to dis-
charge condensate. For the subsequent operation steps, the connections
76a, 76¢c, 76d, 76e and 76f are used for the supply of gases (e.g. carbon
dioxide (CO,), nitrogen gas (N3z), airfoxygen, sterile pressurized air),
whereas connection 76b serves for discharging exhaust air. The supply
of the individual connections occurs via a sterilizable ring line arranged
in the portion of the bio-reactor device close to the axis. The ring line
comprises a plurality of flexible line tubes that are provided with
branchings for the individual reactor segments. The line tubes are ar-



are conbined to a bundle 222. An opening 224 at the
bott om of the hous 20 ing fornms a passage for the tube
bundl e 222 when the latter is |lowered by neans of the
slide 216. Wien the filling statspn 16d is ready for
use, it is (provided) with connection tubes |eading
fromthe lateral feedthrough 204 to the dosing valves

210 and fromthere to a group of co ectln orti
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region directly bel owt | ower openi ng 224. Final
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filling station 16d is sunmmarized in the schematic
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in FI% 17. The arklng station 230 isS arranged )
20 adnalfPyMs A presagrdopdhpdubedrundle €23 when daa Igtter is lowered

regGhed 06 8 (s stlie® f0 WP He Allidd'StdtidA 1B is ready for use, it
is (provided) with connection tubes leading from the lateral feedthrough
204 to the dosing valves 210 and from there to a group of connecting
portions 226 that lead into the individual dripping pipes 220. Because of
25 the raising and lowering movement to be carried out by the slide 216, the
connection tubes have to be flexible and to have sufficient length. One
such connection tube is shown in Fig. 15 as a dotted line.

If required, a heating apparatus 228 provided with pressurized air sup-
30 plies hot air to the region directly below the lower opening 224. Finally,



station 16d. The parking station 230 is used when
initially the filling sta- tion 16d is treated with
super heated steam via the |ongitudinal pipe 212, and
it serves for the collection of. 3512 condensate running
out of the |lower opening 224. 25 The functioning
principle of the various processing stations i s now
ex gl ajned with referfnce
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ri Bhiowh MFighe7vTFaeeparking statieaRB80 redraingeitPadiatly outside the
20OIr orlggc%)r ttarb?gs glr'lgl (leinqgiedrsea%llj'ltedo{)y tahreaa/igfcsi?slpsia\ég%eant of the filling
station 16d. The parking station 230 is used when initially the filling sta-
tion 16d is treated with superheated steam via the longitudinal pipe 212,
and it serves for the collection of the condensate running out of the lower
opening 224.
25
The functioning principle of the various processing stations is now ex-
plained with reference to Fig. 17 to 22. The constructive embodiment of
these processing stations is analogous to that of the filling station, i.e.
corresponding functions (e.g. raising and lowering of an handling finger)
30 are solved with the same or equivalent means (e.g. with a slide powered

by a stepper motor or a pneumatic linear unit).



20 draining line 244). The calibration station 16b
operates in a non-sterile node. The sterilization
station 16¢c shown in Fig. 20 serves to sterilize the
i ndi - vidual reactor segnents hyggreans of superheated
steam The steriliza- 25 tion station 16¢c conprises
five sterilization fingers 254 that can be rai sed and

cothesplating StatppI (o ARPRALIN Bib-v i Sarves Toar the individual
re?@&&fdrvsee#rﬁéﬁwb ¥ eﬁﬁheaﬂ%\ﬁﬁrbﬁfﬁrééé‘bﬁﬁé W&é cleaning sta-

respect to e out I ronnent Eac sterilization
fi higer 168 cqm'lpmsdadww cleammrrn@cfmgms 35 thatpeande eajsed and low-
st eam 256 for the

ot 87PHoaBrceeth 2B TR BhSAN T v P ATBIY Ph-Apsyyated supply or

scorﬁéﬁatuoﬁaieﬁss%mtofqhetrlé%pbeﬁvélr@@cv@lsgegnwm amitannb@@emed with
line 244 The sterilization -26- station 16¢c operate

i nraspeet ta the p@lt%aawrﬁnm%{m ﬁaq&uﬁlaaﬂsangtfageremrﬁf@éﬂded with

ft I t

o SBhpetis 4Rl BRER AR 8 Lol B impuriies),

fl Matbh@msfwlrmsingmadeWE§seI¢a@Uoprmwmd @irt 24 2gin order to
9 different madlafromcorres [ [

néil n%, co talﬁe S. | .
Thérananqrﬁgqyf%% PHﬁoiéBed{ﬁﬁﬁq ¥4 3 ARSI The cleaning
1011 B840 B pREfafls i1g fihsrdiBdhBag22 whi ch can be

rai sed In order to service each one of
the vessel s of the reactlon segnent, the filling

10 J]IE-?E@ S%{?ﬁ? sfét agﬁgwﬁggrﬁ%ﬁ: td g%lg\quf;, ragb%te the pH
t h rbbk! 'sﬁ%vﬁ‘f  FRy. 3 Switd ?éfelrenbé%erPé‘l SYePIMARieed into the

am 2 whi | e cohdensate fornmed flows away via
pawaangoat\eﬁasm fBerefsmeSﬁmmactyon aessebigrisssenviced by a cali-

15;" o fioh inodr.238 tRat kAR R kplad IfSRUble 3efera"a known two-

durpiongt baﬁbfatldn agtrofw@ diffe et bdters Ry takted WoesThe calibration
the filli 15 station are sterilized with steam from

t héingesi 210 imarevid esuviihdeomeg @iens t@etwqutﬁés%@uﬁlons 250, 252
o (ot M i BralBH) e BREPLAG ik ARSIROBIPFEIeb8el) and

means a co aval
t upeepslzed a"ra24Qh¢|ne)rd§heoftréthswtstwqammsarmulﬁﬁ the vessels via a

operates in a_sterile de. 2 Theln ul ati on stati
201 66r3ifog 1Me PAG). $hé <Al lnratio stabion, 160 aRsratesm a non-sterile

mode.

The sterilization station 16¢c shown in Fig. 20 serves to sterilize the indi-
vidual reactor segments by means of superheated steam. The steriliza-
25 tion station 16c comprises five sterilization fingers 254 that can be raised
and lowered, and each one thereof can be inserted into a corresponding
supply or reaction vessel of the respective reactor segment and can be
sealed with respect to the outer environment. Each sterilization finger is
provided with connections for superheated steam 256 (for the actual ster-
30 ilization) and for sterile pressurized air 258 (in order to transport conden-
sate out of the reaction vessel via a draining line 244). The sterilization



260 into the reaction vessel 12. The inocul ation

station 16f conprises a single inoculation finger 262

that can be raised and I owered and is pro- vided with

a linear unit operating in radiasgdirection |like the

one of filling station 16d, so as to be positioned

above the reaction vessel. Like with 25 the filling

station, the inocul ation sta nis . init.i

st é.tatloaewcaeeeéat@s 9o mmgSéqrﬁ?. raﬁd%@'tb@llwr%ft in,g sterile mode

&ﬁ% Ni-bRopuper heated steam 256, sterile water
{erl ['e air 258. The preculture container is

con- nected in a sterile node by neans of a tube

wel_di ng, machi ne 266. The, sanpl.i n,1

L Asracyfiesgyben ing SSBaR et i faef Sumafult Figy 17 serves
51 h‘%o rfﬂfitﬂé QBSHSQSQILraiH%edT@ﬁ 5 PeBdtoR G egindé h OWithGdp to 9 different
conprises -P7- a single extraction fi nger 268 that can

be ma iefroan ¢orapasdingcansapess. Tihgetllino: stagian pégrcomprises a

0o s S AL T S0 225 o b i
r eafrid wyesEah. olddtaoveénvicd kachi dhé rd théaleszrelstdiethe reaction

sanpling station is initially sterilized abov 43{91
5 isegraeatithe HHpgmstatiegal 6%@8&1 be|digglacgd and positioned in radial

2?%?5%@%@9%@?%%2&% Iﬁ‘nte%r W fit. Wg#aﬁgﬂgﬁgéﬂa@on is steril-

an syringe no
extizad tveith fsupmrhbate&atﬁamrﬁ&ﬁesﬁale te@ndensateformed flows away

C i g BBRtEn 236 Snsetiien. git eRthierlge ngnaintained by
dr tQpt | e
4 1 AR 0 S e A st
pI stetile qlss duolmgoMm]tllsllrgeoﬁ/angﬁsaaﬁ phetvayious tubes of the filling

ontrol an f th rj.ou [ 0
151 n sgafiph dressEriizaok Bithoapl iR bR s e phf HeChBfiice before
hergsd. sTHe Yeisdefs WRthctid ImdividirRl Pheédrr 8b mponknterdte connected in
execution of the bio-reactor experinments. Mreover,

ap[ﬁ sitilgtmodeupyinyeans iof & eemmeraiglly Evgilable fube ‘wélding ma-

o ka7 BB oCRaTon. Pod Rl e Mrbe Prdds, ..

descri bed above allows a subst antially 20 aut omat ed

20226:tgéb?qrx]@ﬂg?lotnhsta%%nc%# gl'?ow?ll lrr]\gll=|% CZ' 1oggrves 90 supply a preculture
260 into the reaction vessel 12. The inoculation station 16f comprises a
single inoculation finger 262 that can be raised and lowered and is pro-
vided with a linear unit operating in radial direction like the one of filling
station 16d, so as to be positioned above the reaction vessel. Like with

25 the filling station, the inoculation station is initially sterilized above a
parking station 230 by treating all lines with superheated steam 256,
sterile water 264 and sterile air 258. The preculture container is con-

nected in a sterile mode by means of a tube welding machine 266.

30 The sampling station 16g (or 16h) shown in Fig. 22 serves to extract a

sample from the reaction vessel 12. The sampling station 16g comprises



vessel s are inoculated with the same clone. This
allows, in particular, to study the effect of
different reaction conditions. In contrast, in the so-
called "multi clone" node, the iggividual reaction
vessel s are inoculated wth different clones, in

whi ch case all reaction vessels are set up e.g. 25
wth the sane reactlon condi ti ons.

ope aindin SStARtw (1560 AR atian bR Gpay And:fEvered and is pro-
glt Sl %%@%slﬁlé'ﬁé?%g hﬂa%é’i’a\tﬁ@gI’Fffﬁélﬁgagﬁtggl%nvﬁlfﬁggé one of filling

i ndtatlbnol Bdesd iasgta beEposmahedr&tmvegthmee@etleenmsgi Like with
with non sterile buffer sgl uti st.eri i

(sitbg filliagrstatien, e %e%@%.%ﬁpg? iFaietarSiiast ffove a park-
ent.h?%{(ﬁﬁoﬂfzaéﬂﬂ eﬁﬁ%ﬂhﬁa&i Ahe8 QUK Huperhehesd |sltéarlﬂ1g256 sterile

(Sl I'n sequen e”i ndividual reactor segnents
andlvaf&r 264 end s’nremdecmd 268 By 1S mgianl sysingr Meawls 370, a sample

att.ached ther mean

st dPi ractgslnrﬁ RERFEOT &P&\?g}ré?eY Ear'’ yé%@%{:hBﬂlfl%ger into a
by dRadtee of7 2! Qﬁd'tﬁéﬁ%é‘ﬁ@;ﬁ’oﬂtéddo &elinglyzerd2T 4 dri optionally to the
the vessels; calibrating the oxygen sensors (if

pr edranim 248y exposing to nitrogen gas and to air and
10oxygen respectively; 10 inocul ation; running the
bi oreacti ons. Each reaction vessel is enabled under

?pelhaédd'ﬂld?pftﬂ'tﬁé eompdvesree§ desdribed mbdvel, Itbei myltiiei kio-reactor
unctions: 15 stirrin t ering; .ven . .

(S IS pDPTIREAIPHAAtY ClAOMBRTEBtSISarYingy iy particular, for the
?ﬁ:gf%téygéﬁ'i@gﬁng%fdcﬂ%' Vrid sH@%r&é‘?F@ﬁbsSMﬁme@UIar a computer

nt occurs y select- ing one or nore
S upipa ye ¢ zomsrgd rerviatesh owh Hh eief fsepmwdeﬁ dw control the preparation

15233%([3%){90@%%%9F m%gé&%aggg: | %{é’i% .nwggggr,bﬁn appropriate
meango Ay WitAUWIeeimanp aidney! fid @Bses is needed so as to operate the

multiple bio-reactor device.

The multiple bio-reactor device described above allows a substantially

20 automated operation. In the so-called "single clone" mode, all 32 reaction
vessels are inoculated with the same clone. This allows, in particular, to
study the effect of different reaction conditions. In contrast, in the so-
called "multi clone" mode, the individual reaction vessels are inoculated
with different clones, in which case all reaction vessels are set up e.g.

25 with the same reaction conditions.
Normally, the operation sequence comprises the following steps:
. cleaning (CIP) the reactor segments and the vessels attached thereto and

30 also all the supply lines including the ring line;
. calibrating the pH sensors with non sterile buffer solutions;
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suppl yi ng i ndi vidual nedia conponents by neans of a
pul se/ pause nodul a- tion. 25 Each supply vessel is

enabl ed under operating conditions thereof with the
follow ng functions: periodic gggvinetric recording

of all

dosed conponents (acids, bases, nedia

components, nedia, starting material); 30 refilling of
used acid, base, nedia co%nents '

starti ﬁéefﬂﬁtflg(sllz’&thq fitey

p@gggﬂpg\ﬁgﬁsﬁéﬁd gigo the entrances of

Li st ofy tﬁ%$é§&6ﬁ88¢l P@ s 2 upper frame 4 | ower

platform

upper orm 5 8 reactor table 10, 10a,

.. secstenhzu‘fg &IE’R (mquenne)ftémsndlvndmbreamm segments and the lines
supply ves [ n stati 1 cal i rat| on
Stat| oProuged theieh fd Bl iReriBeeR bttisd 1n6fto By Hhgahs of the ster-
sst ati onizlebnidiasaH-ation station 16g, 16h sanpli ng
station 15 18a, 18b, ... sector |ayer 20 val ve

colnnegto:umcmmw mefdia (grgwmﬁtrlcglgf caralleditnemeans qféhie/ tlfgegrated load
i slan a passage opening in
26 conr?g@§ % (?Hmhéﬁév gse% 5

calibrating the oxygen sensors (if present) by exposing to nitrogen gas and
to air and oxygen respectively;
inoculation;

running the bioreactions.

Each reaction vessel is enabled under operating conditions thereof with

the following basic functions:

stirring;

tempering;

venting (submersed or "headspace") with up to 3 different gases, wherein
the dosing in the channel system of the reaction segment occurs by select-
ing one or more supply paths provided with different flow restrictions, and
optionally a pulse/pause modulation;

additionally dosing acids and bases by means of a pulse/pause modulation;
supplying individual media components by means of a pulse/pause modula-

tion.

Each supply vessel is enabled under operating conditions thereof with the

following functions:

periodic gravimetric recording of all dosed components (acids, bases, media
components, media, starting material};
refilling of used acid, base, media components, used media, starting mate-

rial into the supply vessels.
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28 pi pe stub 30 upper collar flange of 28 32

i sol ati on device 25 34 passage channel of 32 35
tenperature probe 36 | oad cell 38 bell ows tube 40

wei ght nmeasuring can 30 42 drivegg group of 44 44
stirring device -30- 46 stirring appendage of 44 48
stirring blades of 44 50 stator nenber of 42 52 rotor
menber of 42 5 54 casing portion of 42 56 stator
coiyls n Isng of 52 60 | ower

bald - bearing of 52 62 hol di nt of 52 10 64
peﬁ%anent magnet of 52 66939%é?ha shell of 52 68
radi al boreholes in 62 70&pw&0platformsealing ring 72
Io%gr fl ange surface of 32 15 13 homer col lar flange
of %4 76 connections for ¥PPEE RIAHOEhody 80 piston

el ggrent 82 pressure springeactor table

10, 104, ... sector of 8

12 reaction vessel

14a, 14b, ... supply vessel

16a cleaning station

16b calibration station

16¢ sterilization station

16d, 16e filling station

16f inoculation station

16g, 16h sampling station

18a, 18b, ... sector layer

20 valve

21 connection group for pneumatics
22 channel

23 valve island for pneumatics
24, 24a passage opening in 10
26 connection flange

28 pipe stub

30 upper collar flange of 28
32 isolation device

34 passage channel of 32
35 temperature probe

36 load cell

38 bellows tube

40 weight measuring can
42 driving group of 44

44 stirring device
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20 84 roof segnent of 78 86 operational opening 88
o-ring of 80 89 teflon ring of 80 90 guide tape of 80
25 91 plug-like protrusion 92 follower pin 94
tracking groove 96 rocking nmenbgg. 98 rotating pin 30
100 cross beam 102a, 102b bolt nenber -31 - 104a,
104b val ve plunger 106 sealing elenent 108 ring

bul ge of 106 110 nenbrane of ;106 5 1%fa, 1}éb hol di ng
pl &8 of 106 114 nilled re8HEING APPANAaGS; Of ddi vi ng
borsg of 18d 118 upper shouk; peri phera
fléﬁbe surface of 114 10 %ygﬁgﬁﬁﬂ?%éééﬁggte 124a,
1240 val ve seats 126a, 126statb?énendreari afad2passage

bore 128a, 128b, 128c horizontal nilled oove = line
13®%uppl y pipe for 12 15 {@Q)r\,r@ﬁmtgﬁrpgf? r 12 134

extggaction opening 136 eXE“a@Hd Qﬂrﬂi’@h s gf 132
56 stator coil
58 upper ball-bearing of 52
60 lower ball-bearing of 52
62 holding element of 52
64 permanent magnet of 52
66 external shell of 52
68 radial boreholes in 62
70a, 70b, ... sealing ring
72 lower flange surface of 32
74 lower collar flange of 54
76 connections for 22
78 valve body
80 piston element
82 pressure spring
84 roof segment of 78
86 operational opening
88 o-ring of 80
89 teflon ring of 80
90 guide tape of 80
91 plug-like protrusion
92 follower pin
94 tracking groove
96 rocking member
98 rotating pin
100 cross beam

102a, 102b bolt member
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138 riser tube for 14a, 14b 202 housing of 16d 20 204
mul tiple feedthrough 206 single feedthrough 208
singl e feedthrough 210 dosing valve 212 | ongitudi na
pi pe for superheated steam 25 244.shaft 216 slide

218 stepper notor 220 dripping pipe 222 tube bundle
30 224 | ower opening of 202 226 connecting portions

for 220 -32- 228 heating a ratys 230 parKking
st 04h 1P recei ving caneg /£ B9 ™g |ine 5 236

cl ing finger 238 pHp Wl 242
prggsqéari zed air 244 drai ng%gﬁg%&SH probe 248
calli0®& ation finger 250 bufingrbualgesaf BO6fer 2 254

st QII‘1I0| i zation finger 15 25n$er?1 ?Srﬁg%tﬁ% st eam

112a, 112b holding plug of 106

114 milled recess for 20

116 receiving bore of 18d

118 upper shoulder of 116

120 peripheral flange surface of 114
122 guiding groove

124a, 124b valve seats

126a, 126b, 126¢C vertical passage bore

128a, 128b, 128¢ horizontal milled groove = line
130 supply pipe for 12

132 vent pipe for 12

134 extraction opening

136 extraction point of 132

138 riser tube for 14a, 14b

202 housing of 16d

204 multiple feedthrough

206 single feedthrough

208 single feedthrough

210 dosing valve

212 iongitudinal pipe for superheated steam
214 shaft

216 slide

218 stepper motor

220 dripping pipe

222 tube bundle

224 lower opening of 202

226 connecting portions for 220
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258 sterile pressurized air 260 preculture 262

i nocul ation finger 264 sterile water 20 266 tube
wel di ng device 268 extraction finger 270 injection
nodul e 272 cuvette 274 anal yzerza 25 - 33 - Patent
claims 1. A nultiple bio-reactor device conprising a
plurality of reaction ves- sels, characterized in
con%rising a plurality of Fea%tor se nts (10, 5
1082810b), wherein a react PBAUDERARRARIYS and at | east
on upply vessel (1l4a, 14 AG, el can be secured
to%g?ch reactor segnent iﬁag%ﬂgéﬁéﬁgright suspended
ma@B3&r, and further conprisécgjvingtan rality of

pr %%ssing stations (16a, 16h '16f 16d, 16e, 16f,
163, 16h)  for carrying ouf"PYRIBENY ned processi ng
stepg Wi th respect to the drRAsgifmyaressel and/ or
the supply vessels of each reactor segnment, wherein
ac@38 or nmeans are provi de@H¥ BFolR i ngi ng each reactor
seg,rENt tO a respective ssing station or

Vi épversa, each reactor gégﬁgnt conprising a

steyid i zabl e domai n which pressgrisstaiat | east the
reaction vessel (12) and part, of the reaction segnent
| 0244 cated thereabove (188raigp, 18c). 2. The device

10of 2(4I6ai m 1, characterized bmlb@et he i ndi vi dual

15

20

25

reactor segnents (10, 10a, are sector-shaped
an@48oget her form a subst eatibedtign fioigeirdal react or

tahl e (8). 20 3. The devic claim?2, characterized
i n%t5ﬁ)at the processing st aEHgfrﬁ’é 1
252

buffer 2
254 sterilization finger
256 superheated steam
258 sterile pressurized air
260 preculture
262 inocculation finger
264 sterile water
266 tube welding device
268 extraction finger
270 injection module
272 cuvette
274 analyzer



(16a, 16b, 16c, 16d, 16e, 16f, 16g, 16h) are arranged
star-like around a central axis (A) of the reactor
table (8), wherein reactor segnents (10, 10a, 10b)
and processing stations (16a, 16k3.16c, 25 16d, 16e,
16f, 16g, 16h) can be brought to each other by a
rotation about the central axis. 4. The device of
claim1, characterized in that the processing stations
ar £atené&laims r om t he group consisting of: cleaning
station (16a), 30 calibration station (16b),

sterilization station (16c¢), filling station (16d,

16€)., iAooultiple d»rinséat:tm*ndéﬂ:ﬁé)cmndnsmg)hl pigralibt obreaction ves-
(16g, 16h - vi ce, 0

char act%’%sz%'aaTQPt?Ff&Pdéﬁc‘FPrFBHﬂQﬁ as@gﬁ%'h&v of igpctop segments (10,

51 Cb) F50 (ﬁo’f(ﬂ?)dvﬂﬁ %H% a&%&%sbﬁ{{opﬁghéeﬁ leb8P one supply

18¢ st acke each
ot her \Aﬂstsledal(m4ahé4bnd|4c viiddl) atars bgrnssnuregdytor eagh geactor segment

ded with.ml| 128
Bl or 0t BiRYOE 1 B3 3BEER e Sahne ARy, it somprising a plu-
el em?ntr%lit)(aﬂbrbbéésmgféﬂa@lo@l@a(ﬂfw oist 6e,(P8d, fiee, 16f, 16g, 16h)
l'iqui ds and/or gases. 6. The device of claims5,

char actfer casying qutanresie&@rmmecbprwﬁmmgeegepﬁéﬁﬁh respect to the

o 2o AR s SR B ) A 8ot soamon.

devi ce \@lﬁelﬁélﬁldﬁtﬁat@hmrewiseaidﬁdowdeﬁhmr Hrhﬁglngaemelh reactor seg-
system COI‘I‘E%I ses aring line for SU{)SI yi ‘8
dr ai ni fgeghied ?QW%‘V&REQ%SS‘“%%Q BiPrp PﬁtVEtréat g@ch reactor

| ndi vi ‘&‘é{%j CFﬁ?EEgprﬁﬁgﬁ%ﬁﬁI%dblé% %%Mhl%ﬁ é%coTrH?asses at

device 0 alrm acterized in that each reacto
segnentleagtlthe t@actidOhesisel 1 Dy adddpanit tdi theeneemtiorasegment lo-

operated v 0 ac al ,ye.cooperating wth at
15 east S 8&%@@%%63%@@@@03(8 ct1\é§3r- tion (124a, 124b)
acting as a valve seat of a segnment |ayer (18c). 20

9. The device of claim8, characterized in that the
valZies T@Yexice af claighdesharasienizaskin tatt theninskyighiad reactor

(10, 1O%grﬂigms (W?e’i&é%ab%% sector-shaped and together form a

substantially toroidal reactor table (8).

20

3. The device of claim 2, characterized in that the processing stations

(16a, 16b, 16¢, 16d, 16e, 16f, 16g, 16h) are arranged star-like
around a central axis {A) of the reactor table (8), wherein reactor
segments (10, 10a, 10b) and processing stations (16a, 16b, 16c,

25 16d, 16e, 16f, 16g, 16h) can be brought to each other by a rotation
about the central axis.

4. The device of claim 1, characterized in that the processing stations
are selected from the group consisting of: cleaning station (16a),
30 calibration station (16b), sterilization station (16¢), filling station
(16d, 16e), inoculation station (16f) and sampling station (16g, 16h).



ber of upper segnent |ayers (18d, 18e, 18f, 18Q)
houses a pneumat- ics distribution systemfor
controlling the valves. 25 10. The device of claim 8,
characterized in that each val vezg{20) com prises a
rocki ng menber (96) that can be brought into a first
and a second rocking position, respectively, by

appl ying and rel easing a neumat j c pressure,
r espect] ﬁyyl%e?e!mﬁl neCBemtﬁ@'wrﬂ@e atedgh reactor segment

connec at t I

connec ey, 1pgatdiAS BB RbLBGRe dt RRbR{ KT (BB, 160,

i n one 1&d,t et 18F, rdgk staBkedmn pasiof icach othvers wherein the indi-
medi um-t i ght cl osur, ith the corre di cont act

por t 1 o ifdalseamens Jayetsare pepvided Wb gdfed BEfiakes (1282, 128b,
sthe  otfpyc)041ed /@t HdtBhbYEs [ P& 926851 DERand?bERsREtion elements
the nmediumtight <closure. 5 11. The device of claim

1, char(@0) éhattarm m channek sysiepr 622 itar imuidst amalor gases.
like load cells (36), wherein each |oad cell forns a
medi umti ght connection between a reactor segnent

(1®. 10mhe Helicerdflchaifre8ctharacteeizee in( it @ husnipet yf lower seg-
vessel (1l4a, 14b, 14c, 14d) secured theretq., K 10

) 12.
The dewnest Eyessdil®ar,1&nhat80ane padq af staiplesgpteel and form
107 €actor, segeent stéﬂiﬂ%alﬁly%ado 91 is provided with at

| east one sterrl1tzable coupling unit (32) in order to
forma connection between a reaction vessel (12) or

suppl y vessel . (14qa,  14b._ 1l4c, 14d) arra at_said
r edet or! & gRYIRE ?gCLEHH‘ & ﬁh@@é@irkﬁ%%ﬂﬁﬁhﬁ@&?n'l%lb§y3tem
16c, 1 i 1 iRfFRcks. f entral
wher ei %s%ﬁﬁgggﬁgggﬁg% (f)&rﬂé‘%%gll"yllr;/gﬁ ?Eﬂje reélmaigri9 tai né?:lm 4 ¢
st eri | énjetBionTheinddoithe iodividaahraactosagoests (@, 10a, 10b).
that the coupling unit com 20 prises a ball valve

15(32) that in its open position clears a substantially

verg.i cathdaavidiof REHIREE, cBAtacterized in that each reactor segment
(10, 10a, 10b) is provided with pneumatically operated valves (20),
each valve cooperating with at least one corresponding contact por-
tion (124a, 124b) acting as a valve seat of a segment layer (18c).
20
9. The device of claim 8, characterized in that the valves (20) are ar-
ranged within the reaction segment (10, 10a, 10b), wherein a num-
ber of upper segment layers (18d, 18e, 18f, 18g) houses a pneumat-
ics distribution system for controlling the valves.
25
10. The device of claim 8, characterized in that each valve (20) com-
prises a rocking member (96) that can be brought into a first and a
second rocking position, respectively, by applying and releasing a
pneumatic pressure, respectively, wherein the rocking member is
30 connected to at least one plunger element (104a, 104b) in such a
way that the plunger element (104a or 104b) in one of the two rock-
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14. The device of claim 1, characterized in conprising
a respective stir- ring device (44) for each reaction
vessel (12). 25 15. The device of claim 16,
characterized in that the stirrj#4g.device (44)
conprises a hangingly supported rotor nenber (52)
provided with a stirring appendage (46) arranged

i nsi de, of the reaction vesse
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appendage axi al” openin
other one of the two rocklng positions releases the medium-tight

closure.

11. The device of claim 1, characterized in that it is provided with tube-
like load cells (36), wherein each load cell forms a medium-tight
connection between a reactor segment (10, 10a, 10b} and a reaction
vessel (12) or supply vessel (14a, 14b, 14¢, 14d) secured thereto.

12. The device of claim 1, characterized in that each reactor segment
(10, 10a, 10b) is provided with at least one sterilizable coupling unit
(32) in order to form a connection between a reaction vessel (12) or
supply vessel (14a, 14b, 14c, 14d) arranged at said reactor segment
and a processing station (16a, 16b, 16c, 16d, 16e, 16f, 16g, 16h) ar-
ranged thereabove, wherein said connection optionally can be main-

tained sterile.

13. The device of claim 12, characterized in that the coupling unit com-
prises a ball valve (32) that in its open position clears a substantially
vertical passing channel (34).

14. The device of claim 1, characterized in comprising a respective stir-
ring device (44) for each reaction vessel (12).

15. The device of claim 16, characterized in that the stirring device (44)
comprises a hangingly supported rotor member (52) provided with a
stirring appendage (46) arranged inside of the reaction vessel (12)
and also a toroidal stator member (50) arranged outside of the reac-
tion vessel, wherein rotor member and stirring appendage have a

central axial opening.



