; Z[ e3e%.9% <" . 6dT16" PATENT 00362- P CREASI NG THE YI ELD OF
-RECOMBI NANT PROTEI NS | N M CROBI AL FER%MWWE SSES Industrial-scale ¢
production of reconbinant proteins in s place in fernenters.

An increase in yield conpared to | aboratory®é%l e experiments done with
“fllask shakers is achi eved by increasing cell mass per volune. The batch-fed
techni que can achieve a high cell density. This is based on t he PATENT
growth-limting addition of a 5 nutrient source, whereby the c80¥enP€der gy
source is generally limted (e.g. Riesenberg D. and Guthke, R, 1999, App.

M crobi ol . BMEFTHODFOR INCRRASHIG: THEYIELD OF RECOMBINANT PIROTEINS
normal |y glucose or gl yIpeMICROABIAL FERMENTATEONRROCESSES e m cr oor gani sm
used and the process, however, other substrates are use such as nol asses,
starch, peptone, 1@%Et?i§ﬁscaﬁ@9{nt&ﬂ&ion @mc@ﬁ&hﬁtepmiésmhybae&%qmés6515& jneed
10 solution can be added continuously, wth the possibility to use various
functi ons t ofedméintars. Ameinmahetlnomeldfcommredll@éahoeﬁt@ymehe experamentd dofie wiithe, or
linearly inc ) and decreasing. Variqus functions f.t conbi ned

w thin o si g S Bach bEBR iftheniy cofsh HAF) bt i ofehon i SRR
added in pul e@sadhievata highecdllndéisitl This Ws bhsed oS thePirb@th-Binifidie addition @fta or
reduction of the anpbunt of nutrient beneath a given 15 concent.rat ion
serving as tWHErientysaurce.owheebyndhe qtbanéenergyy souse aisaggnerelly limitedofe.g.EP 0
397 097 Al). R S t ted
usi ng ot her %}?%rpg?% aﬂ%@gh# f/gd %geﬁbq@@h?ﬁ% %0&?@10? ifstatzgﬁgglﬁ&t he
concentr at i ofiscodf proegsbemthis xrotkaaliynglucosgde glycordl heltarndtinedy, ddpérelﬁng dretheon

line (e.g. Kerns et al., Act Ellot echnog 8, 2?3 289) can be us ﬁ
control dat AMIGrRrgRREm; Bedan d CHRISFSTy BIWEYsE 2ben alehsrrém arp s owc 13 so
doi ng, the cRREEALS &hicAN %toﬁ@%@téﬁ@ trﬁét‘ﬁa%ol San\daa[cb%% hﬁ%ﬁ@e&rﬁeﬁﬁdﬁ& félﬁ and

a nonliniting concent ratron. Chen et al (1997, Biotec Bi oen

23-31 ) Ifavesohutionueandbe n@deémﬂnwébmvmlsﬂ@mqsslbghty\musmwg‘mlgs @uﬁmttpat ed
di h-f

e 5 Dk B9 B AR L b B R e ==

product f or nddcieasing. V&:&tsarfdﬂdtibnyeateorcfftehorcomenedemﬂﬁssa oBinglee préEess.
pl asm ds, which, in addition to tpe replication origin, normally contain

the DNA sequakeraaiiyely, the auigisionslselution can b addedingiulses of aridas dnteryalsevithas
wel | as a selfchhfffodBf KR nithalt crefedEiohGrAHaLAMREof H@m%ﬁtapérﬁaﬂwgﬁfexat i on

of the plasmd during culture gromh. The expression of the product gene
i s norneldl y eontntoitiosdenvirg asahe bignaripr thequahpiss (e Terasavart al., 11890 BibhDe

397 097 A1l). The addition of the substrate solution can also be regulated using other

parameters. Dissolved oxygen (DO-stat), pH (pH-stat), or the concentrations of
carbon dioxide and oxygen in the exhaust determined on line (e.g. Kerns et al., Acta
Biotechnol. 8, 285-289) can be used as control data, leading to cyclic dosing of the

20  nutrient solution. In so doing, the concentration of the substrate is varied between a
limiting and a nonlimiting concentration. Chen et al. (1997, Biotechnol. Bioeng. 56,
23-31) have measured increased plasmid stability when highly concentrated medium
is periodically added to the batch-fed culture. In these procedures, one cycle can last
several minutes or hours, which adversely effects product formation. |

25
Standard vectors for gene expression are the plasmids, which, in addition to the
replication origin, normally contain the DNA sequence that encodes for the desired
protein (product gene), as well as a selection marker that serves to guarantee the
stable preservation of the plasmid during culture growth. The expression of the

30  product gene is normally controlled via regulatory sequences, particularly regulable
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‘pronoters. Expression of the product gene is activated, for exanple, by
.chem cal inductors (substrates, substrate anal ogues), changes in
cultivation tenmperature or other culturing conditions (pH value, salt
.concentration, ‘degrée of substrate concentration). In particular, induction

-can al so occur by changing the |limtjng substrate, .or by 5 inductjon of the
t ac- pronot er gmqﬁyers-a&%@@?@h af §106; PEQﬁIuﬁ’g g?r%%o‘rﬁ @tﬂetﬁg’e%ofre%‘&f"ﬁ%s’d@ Flléﬁf?l(?gle
feedi ng (Neubayghd %@sltrates %%%F?té‘gﬂélogdgsf CREHgRS in &ll@%ﬁi%hﬁ%ger&ﬁ_re d3sthdd4) .

Genes that provide the host cell wth resistance to an antibiotic serve as
sel ecti on naekermgfondsivab(H pakes esaltatonoentation hiegpieafraubigraty coneentiaian).

I1's. Then,_in the, cult for t duct i f ' i,
The cor 1 oepolPRGISHIeE: BbrRen £ AP BrRS Hiot St fs’ GRRMHY RSl BER,
the growtd Ogadabﬁ&{%#tﬁé BR-i6hofer LWk 18l%0s804ndCawitchitid) Grore ghrbssn éediene

Commonl y used resi stance gene/antibiotic pairs are ~i|actanmase/a 'ﬂ I.1in,
chl or anpheni botosadetding (Meithaveneical/, 9o ARRLAicTeRiel. Bigteehno).c36,n59-744).

resi stance (tet)- ron/.tetra | Lpe, . . kal i n [.St

kanamyci n. 1?63‘%}%@%@?@%‘@% Lbcr 5%5? §t n“é%}?gé}é FE rrg qﬁ?&em{tﬁzdtﬁi iﬂﬁ%gﬁs g’g‘éﬁ(ﬁat
the anti bi ot ifarleds @aedbly ptesskvitiort b@the gasatidaninethgdost, cells. Thenh irathei ailtubd n
and chl oranpheni col (e.g. Kemp G W and Briﬂlf%i ML., 1987 % otechnol . 1
Techni ques 1 forithg praiptionaba cesesbuna PEOten. the; Orgioofingantipoticds npupally, o o
is no obstacle:to f LR L catt f I IsehiflfrRe ¢e8k!tBati do hbec tthe €.

I n addi t;f(é)n, a&%eél t|O°Plcéiitue|Hrsllrsért a%bqprrg i%llt%g’ﬂ?ggisﬁﬁsg%ce can be rel ea.sed&?*\to ‘the
medi um i n t heespstaiear alefsy Cuiimondy asakl msitanng tghee/ntihadtiionnaiet aiee B-
antibiotic. In these cases, thﬁ proporti ?n of]gpl a}sm d-free gﬁ:l | s Ln .t(ne
total cul tur éactamaspampigiiass e shlovppBRapiol-apEYARTIRISE i c{ ar RIQFaRRIFHCY

| arge number teq;acgcrlgmlés }ersicfga{ncp r(‘g&fﬁﬁ&ﬁnﬁtéﬁa&&ﬁk, a8 SimYtind kistahck Ngene /

addi tional expense i ncident t he subsequent 25 cl eaning, in which the
remai ni ng tr &aesnydint he antibiotic or its deactivated form nust be renoved.
A certain_proportion of plasm d-free cells appears in such processes, as
wel . witde plasm d-free cells often only have a snmall growth advantage in

the growth 3@.pRAase théd FEAMYankdSS8&tendf have pho diwidvimagenthadnthhasntthiafim is
reduction in the growh rate of plasm d-containi nﬁ, %cgdg‘%l%g cel | ? occurs,
thus causi ng deassiveiett by dhe seshansgef@icodh PPN s ARG SO _Eléq“fco C:2

popul ation. fhe aceupul gahi gy Oi\vR! 2SR89~ BiREna6l. | Sedhaipukdel dispdeant #ge of

reduci ng the Telative proportion of the product in the 2 10806- 193PCT
total cell nessseqante ofefiendeagivetion hie thsctbersolsi 1 ehstagle te| BaKinNgatian REds

chosen, naking these postfernmentation st.eps [ .f .

const rucgfng 4?8“5%@?(??1?3 it ﬂﬁescuéﬂiges?%f“i&lﬁ n’ltliﬁrt!?m’p fOtahéegﬂggggbg}és{Ye@%Fafnggtc 2 e
g. -through 5 13gbRgdedqntothe hitQivne & tlegigRrgayaultuieg acsteratingsthe dreadowe of
anti biotic-independent stabilization systens ( i

| i, d des,
W84/ 01172) , the anfjbiotis. 1n thesaicrsesathsRPpRTHER €F PF%@WB%%&%‘%ME dofrbowiusg, &
but the problGiatl felofehiS MHIESRr e aitiliblios € dsed BT 8 04@e nuRHee oPfinduirial
Inrtely e; bilit

alternative systens 1S I n sta , stabi y can_only be mmintained
for a certai mprodessesIpacost thsdiveor duedn thoadditienab expensPimcident © the subseuembased

on the prablem of suppressing the.overgrow,h of., pl.asm.d- I r
i nduct i oR>of Cr@é‘&}}ﬁa?‘ﬁg'mé‘pt:t“c’)gﬂe?mg@gntfaﬁg% f’t\@ ena“%g O(tzlg-ogétg ({eé(?tﬁrr%?ﬁ%aiio?%%é‘?&
particul arly gevelfddest A icettaintibpditibh 0f plasitid-free teliweqppbars dn afifleposesses, as

product formation.
well.

While plasmid-free cells often only have a small growth advantage in the growth
30 phase, in many cases, after product formation has begun, reduction in the growth rate
of plasmid-containing, producing cells occurs, thus causing the culture to be
overgrown by the plasmid-free cell population. The accumulation of plasmid-free

cells has the disadvantage of reducing the relative proportion of the product in the
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15 The characteristics listed in Patent Claim1l solve this problem by
-i'ncreasing / decreasing the concentration of the carbon/energy source in a
cyclically oscillating pattern. This is achieved by changing the rate of
-addition of the feed solution that contains the carbon/energy source, e.g.

“by correspondi.ng ogramm, ng of the punp 20 that doses the feed sol ution.
This | eads t Otgle%ﬁ@];ﬁ‘g?salanfrh%é’é’éqmg nviAe dRcamROsHION andegledning methwde chosenyi t ed

anmount of subsldiml BeRVRistaileAdidn's Qhﬁ)'repﬂﬁ&p?t all: Contrary to the view
hel d heretofore that oscillations adversely affect product formation in
reconmbi nant processes, targeted oscillations, with maxi nrumcycle 25
duration of ur mnutes, and individual phases of the cycle lasting a
maxi num of tmf\%her?icr?&ft c?mgdﬁ‘bwcé(?rnﬁI‘@Poﬁg\y‘gtogl"ﬁﬁé]i‘qsfi@é"qrﬁﬁfFffF@Fﬁeé-goﬂlrpmgiduct
yield. Oyl eséledtivni 08Sthel rRRMNOXI JEALE!Ne ARE BT UibHali tibEEMdana3; SeC
pause) are particularly favorabl eé.%'l’he fi’idvant age %#a&?%i gﬁgrrbel{)ﬁ%g{degﬁd%ﬂt IS
principal |y sapilizetian systemal (Molisr ondi Gardes,30VQR40L 172), Wi tlgd usingC argiéfied n
whi ch t he foélﬂﬁﬁ. omhi nant. product i s i nduced under carbon
linmitation, Is t tgétg tﬁ%t H|:r%ff(n({§)t%] nrg?écssil%‘?d}’ g [’thﬁaamé’ UG TEHPANCES BLe stiklcsed; o
the fernment aMaveoverdian oft thataltetnatite sysiane iRpFnitely dthe,CHMIRRSERANoRYHEM
used, and that,it. Qfﬁ no adverse effects on product formation. This
procedur e i sTBHHAINEY 1052 coTtINtiRESPABY  bat ch-fed processes, in which a sugar;
such as gj ucose, |actose, 3 10806-193PCT  arabi nose, or gal actose, or

ot her organi c carbon sources, such as nethanol, glycerol, nolasses, or
starch as a Therinvengomutatddeint Paere Gldited ischaséte ofi Uhd problent BE s QMY fhel S

i ndependent of the cultivation i .and can be used for cultivation on
mineral sal tOYREERONH 8tp Wd'g‘ge g%fﬁ#@il tign of raggmbinast RERAvCE synghesis ini t ed

to Escheri chbAcitfd féehR¥ibnd’ SaRbAMLly Mgt hﬁl’hstri'af] ) gﬂcalﬁ%néfswh%tt gegaltlve
m croorgani sns, such as Bacillus subtilis, Saccharonmyces cerevisiaeg, oOr

Pi chi a past offfests ighpragugl fermaatian vat ed using carbon-1inmited batch feed. It

i s al so jisndependent of the induction system However, it is particularly
advant ageous when 10 using the tac-pronoter. The procedure is particularly
advant ageousTheheharbéteristiosr ksad dm Rfterit DElagaNE sahvedtifd prébléth By Ghoteasisliged
and growt h of the grﬁduci na{rcel | s.is adversely influenced conpared to a

noni nduced cHTEE: the, capEnirpgep o_f H}esc%li’%%‘_%f&glé seueey iy arryaliesdiysoscillating
processes i rpalernMTHEdisl m_ie%@dif&%ﬂaﬁgigghﬁé ‘?aﬂe%fpﬂlﬁ}tloﬁuéfafhlayfeééjgﬂutign gléﬁﬁ' 4
of reco e prodtict

the periplasmatic expression i nant proteins or when
formation piastinssthe sarhenfeaerawi sohrce, egi by comrespeniag atrogramnivhglef die @papat i on

20 Straihbp a P: ] richiacoli, K-12 RB791 (F- N )
(oo v Dy e R R R A Thih 1603 0 SpafertinLobiasts, b whisthe galls eithen o
t he host. THiase sflinsited ansaint 6Bsubktoaterachilabletotien pt acH¥ # a5 PKK177glucC

(Kopet zki et al., 1989a); in which the a-glucosi dase gene from
Saccharonyces cerevisiae is under the control of the tac-pronoter. The

| asmi d contyj - bt Gt | y
pl asm d contGintary e the- VidGt AsAS ﬁelﬁ?o'?greafhai oxciigti e'a%{béﬁ ?ﬁ%gg@c‘c

Additionally, a second systemwas used, in which t
(Bri nkmann dermpgtion i gegombipgrd hproeesses, rigrgeted dsclNatipase with mexinh@hAcpdlgU,

AGN ACGYs WatrdrloRH 00 TStuled, AA%hdil &af Shaki8r3Re Bl ST PIKLT Ol ucC. 4

minutes, surprisingly, have a positive influence on product yield. Cycle durations of

approximately one minute (30 sec feeding, 30 sec pause) are particularly favorable.

The advantage of this method, which is principally applicable to all recombinant
30  growth-limited processes in which the formation of the recombinant product is
induced under carbon limitation, is that it is not necessary to add any further
substances to the fermentation medium, that it is independent of the expression
system used, and that it has no adverse effects on product formation. This procedure is

particularly suited for batch-fed processes, in which a sugar, such as glucose, lactose,

3
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10806- 193PCT  Cul tivation Medium and Fernentation Conditions

.d ucose-amonium m neral salt nmedium (Teich et al., 1998, J. Biotechnol.
64, 197210) was used for all cultivations. The initial concentration of
glucose was 5 g 1'1' The S feed solution contained 200 g glucose kg 1 and

al'l conponents of the cultivation mediumin the COLT @SN0,

concent r at | BARINPEE, OF BRIAGISS OIS SEpAny Barbmt iy Ve Cgl & ljﬁ%{h%gol eREOby ace
el ement sol MBlaQQ:s( Bpktgﬁzheés a'i‘hrmtl dihientdré aﬂ@cd\/ﬁﬂhé cu]tbtes TWaq:rmiadett during
cul tivation at of M MySO4 sol ution wth |c|II|n(100

ng 1-1) andmkla;mdymcrf t]@qollmtmnmedmgnea@d@é@eb@%%quGuttli’{étl?)‘? %H\“‘%\‘F

cultures 10 and the f rent g di um Pol ypropyl ene gl ycol 2000 (50 %
was used asmgﬂlugms]w?ggsfﬁoglgpe %&%@%:ke cultures on fernentation nmineral salt
medi um ggrown at 37C, were used as the fernmentation inocul um A11
fermentations were carried out in 1 Biostat ED 15 .Bior act

th .an
initial vol Uhis fmthwﬁmhﬂate@é‘?rﬁé?@flﬁk’é’ cgfi agiest OoFRANIY; § eé’sl ‘\é\ﬁgﬁegrted
as a batch i t r deR epdviididid, Nt Wer e
regul at ed |‘ﬁ" %1&3%15} réf%&?nﬁogag}rgéerﬁf%mﬁa%l{tg{}n@g&%}gy at el e:’l;ISzt 20% At
the end of Pheidgusbriphahich tieeciNatebnising| canben-imited i basehe decglndt i dlso

aeration rate and stifrring s eed were at . 2. vV val ue
was regul at bgepgnd ‘?n‘{)"{J@F H@d‘& 198 6% Séﬁnaﬁfsm'ﬁv%{ 4dp @@H‘gﬁtfar&t adtv eoﬁgq?'}mah
bat ch pf@seu&ﬂ% tﬁ@gfonﬁj&%' ty of app. 2 g DCWf1l (ODSOO=9), the feeding

t

punp was star constant rate of 53.2 g h-1 (2.6 g glucose 1-1 h-1).
The total anpbunt of glucose added was the sarre inall cultivations,

i ndependent _of the feed &

tost od: (o) TEoRIRUES PRBGT LY FhEReRkhs SR B Ronrif SN
feeding wi t byrdholy tldtic@f add gﬂéwﬂt pfithe ﬁr&@cﬁfgcmmdss adversSly sluioncts Q@tﬁp)ared( C)
intermttent feedlng wth cycl e, of gamntﬁg&%d m nut e

of f). The eraél@mr’dHCQﬁ C‘tlmie dn@ddﬁwr % Broge & qugqggglas %Prgpesgeasdl ng 1
mv | PT & ' SpTR 260 e¥pesdied bowed
over aGH?) glbglnthgp%%ﬂcp&%ﬁa% I%htl cglg’ngqH%Aﬁnalpytlcal ml\/%?hods Cel |
growth was febinbivestt bt;otesmsamwhe]ghe Ipmdupt formntietephsise is cenneied witheabdb) . The
m croscopic cell count was further determ ned in a counting chamber (0.02
nm dept h), HRPEMEdry cell weight (DCW was deternined (see Teich et al.

1 998; J. 5 10806-193PCT Biotechnol. 64, 197-210). The nunber of col ony
formng units (cfu) was determ ned by outcropping diluted sanples on
nutrient agMopleofOperatir e i ncubated for at least 3 days. Plasmid
stability was then determ ned by overstanping these plates on selective
agar w2 the repl ica plating technique. The rel ationship between DCW 5
ODsoo; and %V\Bﬁ characterized as follows: | g/1 DCWcorresponds to
an ODsoo of "5'6‘"1 Me%ell count of 1.8x109 m -1. The gl ucose
concentration was determ ned using a conmercial enzyne kit. The

a- gl ucosi dase concentration was determn e n
sa?rpres :n ﬂscm@hgeroleééfd%m%t% g’ﬂ?&ég’ﬁa qﬁ@ratilﬁqq EPc’l‘::'gpclzé"g%rfon

was carried N Hb¥en, USA) was used as the host. This strain was transformed with the plasmid

25 pKK177glucC (Kopetzki et al., 1989a), in which the o-glucosidase gene from
Saccharomyces cerevisiae is under the control of the tac-promoter. The plasmid
contains the B-lactamase gene as its selection marker. Additionally, a second system
was used, in which the plasmid pUBS520 (Brinkmann et al., 1989), which contains
the dnaY gene (Minor-tRNA argU, AGA/AGG), was transformed in addition to the

30  plasmid pKK177glucC.
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'scanning the product strip and quantification conpared with a product
.standard placed in the gel in various concentrations. Results 15 E. coli
RB791 pKK177glucC and E coli RB791 pKK177gl ucC pUBS520 were cultivated in
.an agitation réactof using glucose-limted batch feed. After the first

" batch phase, constant feeding was started and, three hours after the start
of feeding, t%ttwtm%@dw@ndfh@nentgmmsgmaw gene was i nduced by addi ng
1 mMMIPTG After 20 induction, there is an increase in the a-glucosidase
concentration, whereby the speci fic concentration of the enzyne per cell

reaches its rGhstoBdranARPARIDNI- ﬁi&ie@élysaﬁ nhbd&irhﬂ“elbﬂ@ﬂﬁlt 11098, ANSicRRALAS 64 01g72duce
in | onger cul t| vation (see c). The reduction of the specifi c,

concent r at i orf 18] Was yascles ald &E’g‘VP%OfHuEhQ iyitigh éOWB?f@FWfFEIBﬁOSP Weas Sug FuTdewi ¢ h

pl asm d-fgee 19 e
i nduct i on5 asf&giSE?lﬁg&g?%gﬁ?té }ﬂgzn@; e.é]ﬁ)&g@c Si gaseu agglé)?’géelﬁg%gﬁ : lt1v§F181\}w h

and al so causesliem in rhhn mrreqund)lhg gd)m:emszmqnpl(Ej«&ptmn t (N SO U Igg 'sehd $0

This leads to lcu | at i on  of the c di u | s .present
in the cul t uf¥ r?ﬁ?tel%ﬁ‘?‘ ﬁ“ IBatfétaP iﬁ@%a 594 Ut 8@s py

the inductor aa&’&ﬁiuﬂmg culBV 4R £ Q0 Bfl@ 1tM M@Q@n whi"&%lth'@ibgos% %ﬁfdﬁgg

the high avallablllty of glucose. 30 the gl ucose solution is no
cont i nuous! y (18imer BY kad lqanamrmm(l(tmg le)rwdrseéd@tbqthtt@rthﬂapmpmfatoajwuttumne

Gi i 901 o gt Blbe Rifon BRdRE Pa Tl e oBREG ) ol BRI Bt ne

6 10806- 193P¢dam ageiitt ure by the plasm d-free cell popul ation can be
prevent ed dependi ng on pul se duration (see Fig. 1 d). This positive effect
on the suppression of plasmd-free cells was not only obvious in the

strongly exp ]_Efé\n% Si on
of a-gl ucosi §§§%é {Slgtut?%sgé co%@i@r%ﬁ%%ﬁggﬁ%a%% apy?t‘(?%shﬁe%)(# ﬁ

). Moreover, feprmestatrbaedlonglutradAH Sringhitatipross ivteirey ecatrifd wehde 6nl tBlestatyrE[hem s
rate in bpth cases aft |r1d inthe first case, Al on the
stabil i 11 of BHEaGe R anj tVﬂif;‘H‘eg@)'g/‘&f %Péﬁmﬁ&ﬂémﬁ? oL aeCi The gultyrss m of
i ncl usi on bodjegs staked la@latua@dh aﬂtuw%w@ |pRade, MR Actatfh FabPRHd 81t stfrAfS Were | N
bot h exanpl es shown, prolonging cycle time to 4 m n causes a reduction in

the amount ofegulfiediicascadednedelig ardardo sraintaia aOT of @t leestiA036. At the eaddf
Table 1) WHd Gl Sraeua @wrh%o%mi U&s GAdiERa PhdRhA 3ok 118 58| sl
eads 0O reduce

reduced in this cas as’ wel e longer cyc t1ne
product synt besilsyerorset @ 2 vian eas86d rﬂnne”ﬁ]kdijWaluEabdﬁegulaEdmi aat usihg ¥ 2506

01 o Lo £ b SR bl o S SR T
Sg g fdzgu[] i B 8 g(?mdam)f et feedife pludb vl dtadtlell 605 tlRERt VitebAs1. 09/ 1 @ @PRRRbss h -
h'). The total amount of glucose added was the same in all cultivations,

independent of the feed mode. Three different feeding strategies were tested: (A)
continuous feeding (controlled cultivation), (B) intermittent feeding with a cycle of 1

25  minute (30 seconds on, 30 seconds off), (C) intermittent feeding with a cycle of 4
minutes (2 minutes on, 2 minutes off). The expression of the a-glucosidase gene was
induced after adding 1 mM IPTG 3 h after feeding was started, and product formation

was followed over a time span of app. 20 h after induction.

30  Analytical Methods

Cell growth was followed by measuring the optical density at 500 nm (ODsq). The
microscopic cell count was further determined in a counting chamber (0.02 mm
depth), and the dry cell weight (DCW) was determined (see Teich et al. 1998, J.

5
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i nduction inductionPlasmd-free cells [%of total population] 3 h post 20 h
_post ‘induction inductionRB791 pKK177gl ucC pUBS520Const ant

feedi ng3730272Cycl e 1 m n3 824116Cycl e 4 m n3762. 560RB791 pKK177gl ucClycl e
-1 m nl1091010Cycl e 4m n64.6156.7 7 10806-193PCT  The figures show hFI g. 1:
"Batch-fed fe nt at t coli RB791 pKK177gl ucC pUBS520 wit
i'nduction by OH%S 1@6&38} ﬂ%h?rfl%?beéSBf?lﬁﬁbé%ma@Ewmt%@f@fwgq d_m@mned

substrate 5 %9|ouidr@;5b1ﬁ§dﬁute@@§rﬁpl%¥BP‘ﬂ%ﬁtePg"ﬁéaPB es RV Ilfelrll tslg'%s pol's:

with induction) with cyclic addition e sane so cle
of 1 min; O éyéasé dHasmidi siybilityapay then Idetmsme(l[]@/\)ovel(sm@mglth@ses?[ates on

f t f t QcC ase [/ cel
e ght) ol Relie esf s She. R e BehBises i xemivashin beaweasr DEW,

experi mens s p)ejsg@raﬁeobeiloéo&@wsmk&t@%a tak RIS flo/ErR8K EH%I%%%% egchy for
cyclic addltlon Starting time for the addition of substrate s tion
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10806- 193PCT  Patent Clains 1. Method for increasing the yiel d of

recombi nant proteins in mcrobial fernentation processes, characterized by
the fact thaResults concentrati on of the carbon / energy source in the
culture js oscillatingly reduced or increased in 5 short cycles. 2. Method
accordi nlésto Claim1, characterized by the fact that the oscillations are

generat ed byEChanRBIT BRIAGTBRRCT M FOTcoli"RBYSGE hKIO] Ml R HOMSILG! Mgt he

cultivated in an agitation reactor using glucose-limited batch feed. After the first batch
phase, constant feeding was started and, three hours after the start of feeding, the
expression of the a-glucosidase gene was induced by adding 1 mM IPTG. After

20  induction, there is an increase in the o-glucosidase concentration, whereby the
specific concentration of the enzyme per cell reaches its maximum approximately 5 h
after induction, and begins to reduce in longer cultivation (see Fig. 1¢). The reduction
of the specific concentration of a-glucosidase is due to the overgrowth of the culture
with plasmid-free cells. These have an enormous growth advantage after induction, as

25  the production of a-glucosidase adversely affects growth and also causes an inhibition
of glucose uptake in the producing cells. This leads to accumulation of glucose in the
culture medium. Cells present in the culture that do not contain the product gene are
not influenced by the inductor IPTG, but rather continue to grow without limitation
due to the high availability of glucose.

30
If the glucose solution is not added continuously, but rather in short-cycle pulses at
intervals of about one minute (see Materials and Methods), the a-glucosidase will

accumulate similarly to the constant feed after induction. However, overgrowth of the
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carbon/energy source. 10 3. Method according to Clains | and 2,
.characterized by the fact that the nmaxi num duration of one cycle is 4

m nutes, and the duration of a single phase of the cycle is a maxi mum of
two minutes. 15 4. Method according to any of Clains 1 through 3,

" characterized Px tgﬁ éac th(iilirthe dura&i,on of one cycle is one mnute, and
the duration B9 Phde P iareg el lepqnitlationy FnPEFVenisd, dspendiag tasx anlseycl e
time. 5. Met eht ' ) ; | ct-erd zed by

t he fact tha[a“a 20@)%;l ﬁgééggr éﬁfe%g%égﬁf Sgggfécﬁ;é%fén?%g%g%gé?ﬂg?%%m&g}%n&ggch a
manner as t o wasagptlontyadbwionsaimythe srongly @xpfessioiglsystemn shéwi e Fiulds buakleo in

| uti |y, duri t.ai t, f. t [ . 6. _Method di
2o Ut onton'y 700, cerkal o SeqlEnta, 2 e progeias, 0, P HRd Socerc o
rate is cent qpigl ed thye (;M.C M&@&ve@,cbhl‘é@tfbéﬂ?ng"@%;‘/ztegftféﬂévﬁ;sit% Qbutie ﬁrqghé' on

of the feed solution. 7. Method pursuant to an alnms 1 throug
char act er i zedymhesiheaté scboth lsases gifter oslactiqy, yodyriolthe fiest tamealsgahahé sability

met hanol , ac te l,asses, or.starch. |s 30 used. he carbon/ energy
substrate. 8%% %gt R & AR A’aﬁ?&wglf’h agipyeset Wﬁﬁ%%‘b’ﬂ“ 9?“‘8&5’%‘&?‘15&?32 ed
by the fact Definitiodepenté gl tikee i AN SSrtans GHotod. TRCbO eRaRbILS ﬁ]‘awl' i

acid (1AA), or lactose, arabinose, galactose, or nethanol (if hot a ready
used as the erdergingcydsbige1nzpoin causes paeduction imthteamaeunt oh thecpriotiuete and

Qaine 170 nr bighe Y (EERTE! LA PTAIT) Whys, NE' ReePUliEar G sl
occurs at thelasinidbfieé cehe wasdedicedrin ahistdase ho el ilenloagert Hrld aaRMRhaA N

duct. 10 10806: 193PCT . AH .. A@ A, ALUy. Al r. AU. AL. An. Ay. Ang \ dY|
produc reduced proﬁuct synthesis, o@to 1ncreg>s/ed rEeakdown. n-Ay-Ang [

Table 1: Productivity and Overgrowth by Plasmid-Free Cells in Glucose-Limited
15  Batch-fed Cultures of E. coli RB791 pKK177glucC with and without PUBS520

Type of substrate added | a-glucosidase yield | Plasmid-free cells

during batch-fed fermentation | [mg/g biomass] [% of total population]
3 h post| 20 hpost|3 h post|20 h post
induction | induction | induction | induction

RB791 pKK177glucC

pUBS520

Constant feeding 37 30 2 72

Cycle 1 min 38 24 1 16

Cycle 4 min 37 6 2.5 60

RB791 pKK177glucC

Cycle 1 min 10 9 10 10

Cycle 4min 6 4.6 15 6.7
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10 15°" c; open symbol: without induction; filled symbol: with induction) with cyclic addition

(d-f) of the same solution (A: cycle of 1 min; V: cycle of 4 min). (a,d) cell mass

(DCW), (b,e) glucose concentration, (c,d) product formation (mg a-glucosidase / g

cell dry weight). For further explanations, see Fig. 1.

Fig. 3: shows the pump bowl scheme in a fermentation with a cycle of 1 min. A small

20  section of the fermentation is shown, with the reaction of the dissolved oxygen (DOT,

%, ----0----), as well as pump switching (0 =off, 1 = on, ---).
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cycle is a maximum of 75% of the total cycle time.

5. Method according to any of Claims 1 through 3, characterized by the fact that
20 the carbon/energy source is added to the culture in such a manner as to
“cyclically vary the rate of addition of the substrate solution only during certain =~ -

segments of the process.

6. Method according to any of Claims 1 through 5, characterized by the fact that

25 the dosage rate is controlled by cyclical activation and deactivation of the

addition of the feed solution.

7. Method pursuant to any of Claims 1 through 5, characterized by the fact that
glucose, glycerol, lactose, galactose, methanol, acetate, molasses, or starch is

30 used as the carbon/energy substrate.

8. Method pursuant to any of Claims 1 through 7, characterized by the fact that,
depending on the promoter used, IPTG or indolyl acrylic acid (IAA), or

lactose, arabinose, galactose, or methanol (if not already used as the energy

9
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