; PQe3e@x""6: T.31 4 June 2004 Production of peptides by fedbatch
cultivation of a mcroorganism 5 The invention relates to a nethod for the
production of reconbi nant peptides by fed-batch cultivation of a
m-€roorgani smin a bioreactor containing a medi um conprising organic carbon
source, nitrogen source and nmineral salts. The cultivation is carried out
by the addition of the organic carbon source by oscillation feeq @ndhgss by
oscillation variation of 0 stirring speed, e.g. in a square or sihus“wave
pattern. Preferably the organic carbon source is glucose and the

reconbi nant peptide is growh hornmone. BACKGROUND Reconbi nant human
protei ns have becone inportant pharmaceuticals. The conbination of 15
reconbi nant DNA technology and | arge-scal e processes has enabl ed, production
of proteins PrAgCHPEMT EREIRISSRY ngﬁéabﬁbﬁ“?ﬁ'ﬁééé‘?’bl‘gé DM ERPTERPEWSI ve to
~obtain fromnatural sources. For instance human growth hornone ‘(hGH)
“immune interferon, tissue plasm nogen activator (tPA) and human insulin are
now commerci al avail abl e by reconbi nant DNA technol ogy. 20 However, the
orgﬁnisn1in | ar ge- scal e bi oprocesses is exposed to a changi ng environnent

T L
Ri esen@ﬁﬁ@a&&bfaé mlefa.oégwﬁsnl}ﬂlﬁraomoeéacﬁsrofs&ﬁamg §ﬁ13 dmﬁ 3#?1%91%5 A Of

t hat the anpunt of human interferon al pha | was 25
t wo whearbomesoorde} mniwoge sompcovamndi minerals saltsf Toun duI&vﬁtng&OcalmeWmt\ tCilei NQ

up bio cess differences in the m VI ron such_as
concenﬁ‘ﬁfe%ﬁ T, (regrizsathon soues by Qeiipios 1ol ae b ascHlatiorariationeef 2
Conc Rstit h e ed of
i m t| ng f%ggeaff; g%b??? %g?r)?mm a%‘%ag,ré Pd.'l[t%l F%z?r%gﬁ' tgﬁg xyc;%#\ll?&lasfoe %ogbe
expectgdcase anﬂehemknantqiegn@mggrgmnhbmwmnd process paramneters as wel |
as the choice of feed position. Mst organisns 5 respond to rapid

envi ronment al changes and can al so change their netabolismin a tinme scale
of seqpRegx RO Pul se addition of glucose and the oscillating glucose

concentration within the fermentor have earlier been studied with regard to
yi el d Recdmdbinant huingm, p atewticalzdThé¢ combimhition bf 0se

hin a few s ds n the 10 had rea%n‘;‘g teady state, was
oS R SR fec ggwﬂﬁig‘smﬁst o4 Progirioh Of REseiBbl o
Anne; gelt o, tgﬂﬂ{'ﬁﬁs@lﬁ%b&ﬁ’ﬁﬁ ssfbﬂlg%ﬁllor?;[éﬂ%ﬁ%we%lgbtz&% m ikl dtfdesOf

oscillating gI ucose concentration wt ermentor on biomass yield ana
acet atfor fiostancé dwnwes grewth dtommonel. (HG1E), cionnines iinterferon, tissad pliseminoger

bi omass.vyi el dt hi gher acetate formati wer e, caused by . the cell
resp oﬁgté ?qﬁ’gr}gquggg@agﬂ%ﬁeo pow commerc?;] avallableaby recon%/bmant DNA
technology.

20
However, the organism in large-scale bioprocesses is exposed to a changing environment
and also respond to this. Differences in the production of recombinant proteins have been
observed when increasing the reactor size. E.g. Riesenberg D et al. in Appl Microbiol
Biotechnol 34:77-82, 1990, showed that the amount of human interferon alpha .1 was
25  reduced by a factor of two when the culture volume was increased from 15 to0 250 L.

When scaling up bioprocesses, differences in the micro-environment, such as concentration,

and gradients, are likely to be expected.



- 15 within the fernmentor when conparing |arge and snmall scale cultivations.
(Bylund, F et al, Bioprocess Eng. (1999), 20(5), 377-389). Pulse addition
of the growth substrate (glucose) at appropriate tinme intervals allow ng
for significant starvation period between two consecutive pul ses during
fed-=batch cultivation have positive effects on stabilizing plasnmd and
enhanci ng protein production. (Cheng, 20 Chi nyuan et aI.BiotechQthﬁgbggng.
(1997), 56(1), 23-31). The pulse additign was repeated for 4-5 tines a
about 6 hours intervals. The result shows that the periodic glucose
starvation feeding strategy can maintain a stable plasm d-carrying cel
fraction and a stable specific productivity of the reconbinant protein. On
t he cont i&mntenttitiditgtadi@hticofsmbsiraes] atitings the kerbbn aetco adddd #tl1aaiting-feed (frdng
cells and the specific producpivitg continue to 25 drop during the )

f ed- bat clatch),t smmonisnfor g sitratiew laad grueen. wre tdbe expestedmsdiaaesult ef changing

limt the duratiog that the cultivatign can Be ef f.ectjvel.y o afed. . 4
June 20085806k GR0ABRGs G eisrs Appeflasrit choisf SLTEed pauiay” Mps| Siganisss o
have §h0mgbﬂaﬂto %a HUEQBSnRitheS cRhnded n@NGn s Mdnpe Ghiit WelabdlistPR & tirk &)
conpl'ex medi um cllitated the transport of residual cytoplasmc

i nvert asecaldJof &2068488r Bsscl oses a fed-batch cultivation, wherein the carbon
source concentration_is at 5 a gonst nt low | evel under Sg/L _and wherein

t he car bBAiss Additon of glirege apd dhe jogcidpting glucaisy Ferpentration Mithip the dermegtor
shoul d b 2 ' ] fore the second feeding.
It is al so&i%gﬁ]fegnéé%ﬁé&@r{%éﬁg%%%?‘lfi%:x&??@?%s%gt h periodic variations
and pr odpglse stdditionnef ghvese hle. addition @i lghwioké withity @ fe@] secOIP WA e cilageeby
introduced materjal is effectively I Odistributed with no | ocal_ and

pot difk i ahad reaahadoths Fteady Stater Hes BIRVINGHBAE §9RE BASSHPesaior StegalyandeYsEnt ed
oscul ati gn. B C : ' : I | : pattern,

whi ch cd%ggg;gﬁ%%%§§%%ize ’%§Eg#%ﬁ§?g@%qg§§&$£g%%éﬁ%gaﬂ?%Eﬁﬁﬁnbontrary it
can be cDRe bffdachff dseillagingaglueost dohedntiatien avittin whel fdimentos ioprbibhes yield and

starvation 15 period between two consecutive feed] ngﬁ Cheng et al,) or
t hat t heacetpteyformadionhas heen whidied. oiheycopslugionevay, that %ﬁﬁmrblsmaéw and e

(Wang et al. T, i . ! i i b : is
the g1 uch8 digher SEcR? St Gl ERRRL By ink ReR T8uShSe ' I oSl SRRILLEE | 2
ar e 1suppkitkid the fecneasor when Romphrihg barpe anéd small 20ale xultpiations. @dagd, F s,
carbon source. A feed wth a substrate solution, often glucose, is fed to
the bi orRigprasessing (8999 é06Pai’ /¥ lres that this substrate conponent is

growt h | piti g . > . ‘ _
Pate and et 8F T RSk Ml RAELR) o OBl M el URY D
react i onjgrifi€ant stgivathar pegod baivezhi torescorsemitiva pulses elusingefeldmtchevaltiviaticnn
and oxygen limtatign can be avoi ded. J ucose uptake can be divided in 25

three T ¢ inpakivegrifecss ong ﬂﬁ?ﬂi@guB'ééP‘%‘bﬁn‘éﬁﬁ%ﬂWr@P%B@%??rﬁﬁheﬂén
of vRToe CERRRES AR GReh e Bl ROSTRZR, A5 TR adtaditn Bk el |

appr oxi fet @y timés’ agabogt -BhoursCimndrvalls. Thetigeulgrshotvh that ¢he peribliier gluooe be

used to control the oxygen consunption and heat generation associ ated 4
June 20@Rrvatgn feeding MRty fanfRtiARIR2 shlishlasmid-qamngeslbfaghigmanda stable

nmet abol i t Wi t 4.S I 4.8. te,: 1 in
case of e8] ERUNBNANT W Feooro R, BALHC O 48 oBRET,) SR RhBlke,
yeast pregesions dgafrattion bfplamid-catgiag delis and et spdcific protedsity eomtifiedto
over-flow netabolismthat results in _excessjve ethanol production (George

et 2F. drep dueng thy derh-batehcultivatioy; whash wapld) grepiiy reducsrthe suedygt oield and

pr oduct i,.on . | b ] i i e e.g. Lee, S Y.
(1996).h??éﬁ%?ﬁﬁ?%ﬁ?@ﬁ%%F%¥§bg§gyF%%%E%ﬁﬁﬁgﬁgM%%géggtion of reconbi nant
proteins the oxygen transfer and the di ssol ved oxygen tension is
particularly inportant for the yield and quality of the product (See e.g.
Bhatt acharya and Dubey (1997) Enzynme M crob Technol 20: 355-360).A
fed-batch 10 process is therefore often the first choi ce when designi ng
hi gh-cel | -density processes in E. coli.




FI GURES Figure 1 shows node of operation 15 Figure 2 shows % anount of rhGH
cal cul ated on standard. Figure 3 shows % of rhGH variants. THE | NVENTI ON 20
W have to our great surprise found that when the glucose feed was varied
in-oscillation feed and/or the stirring speed was performed in oscillation
variation in a fed-batch cultivation, inproved rhGH quality and yield i.e.

| ess anmpbunt of not wanted products, was obtained. The word OSC|hhghég@Uysed
here can al so be described as pul ses or3by up-and down-shifts. 25 The
invention relates to a method for the production of recombinant peptides by
fed- bat clvapiel Zheagiine et A BiotBHHoP T8RS, 5('1'993) 1), C;Tseﬁﬁztﬁve%ﬂ%ﬁ'tﬁﬁt%%l&cos
nedlun1conpr|3|ng organi ¢ carbon source, t rogén source and mi ner Pt s

Thi s i ncpulskest the sndafdathl @rtucaint YPEY (rih a‘m@hlax meGivin ) fabRita 0 theByarspért of
expression cultivation of a mcroorganismis meant cultivation of a

bi ol ogi dEpidpakgyt KSIKeRaserj a, yeast or animal cell. The cul'tivation is
Foed androooB L isBlekd 4 R Shol BRRRERE inchin 1 o3 gf%%c%%%#ﬁtﬁqﬁ 'gﬁ“

f eedsand/ esnsidift 166CidveRuh@t $u/L adridaivherei® thes Earbbh ROwTP§E Ad8a uP
during the entire cul tivation process or during the production p ase a ter

t he i nddeedings. oFha karboscevitensimuldrbst exhaustet eaftes dhe Ifasti fedingeahd: hefobatiee a
square wave nus wave pattern. No starvation should occur during the
oscil | atsf’%(ﬁ‘dg%? &: The gl ucose added is consumed by the cells, but not
unti |t ¢f @lal) BioARh | BMise ERRrEA R cﬁ@%ﬁﬁwﬁﬂgﬂhgdﬂ%\éﬁﬁtl&% eﬁ?&r}ﬁU &Y}
the process and there is no need measdring its concentration du %
cul ti vamavemenihen deeli anjtuof vaskel. (8DRF18FHDUTHeroly hitaducat ﬁfaﬁdiﬁbllyefﬁm\oelylo

o/ L I. ref r ab boyve 20. and.even nore preferably above 50 g/L
durpﬁg ég‘?‘i’ ﬁ‘ M@dpo&g ( ARG FRELEHIOISd be i nt ai ned. The
bi omass concentratl on in the experinents was in of the order of 40 g/L.

Preferably the organic carbon source is glucose and the reconbi nant peptide
i s pref bioablof thér@wwtdisdlwermr@eaféﬂmspﬂlaﬁod of ionganicocarbtee seRee i atshQarewir ve

can easi.ly be determ ne r ea rotein, e of, cultivation, nmediumetc
by a pe?‘gﬁﬁ gy pate le Wg‘ﬂb‘@ aﬂi’é“"!fkecﬂ“ﬁ dreayaney. fen s be
€.g. a ttﬁﬁ‘n% SBHeldded SRbdtf { .:%# €,
10, 30 mnu els or Ionge% pe%ﬁ%gﬁé‘% al sot %S%hl nt le’Qslélcf’)lgﬁ'{ﬂo t?ﬁtg't"a{lbM

i ndént i pariodBetWieen dwp|consstativa feedings(i((heog £t alh athatt thata pluepsd pulséd Hlenfdd
e.g. 20 30 S al s easilyisto be determ ned by a
per son %‘HVIbFé{?nFﬁgﬁ‘Fe Dﬁrq%rbaﬁgﬁ&%?@hﬁn ds can be interrupted by

peri ods of constant glucose addition or constant stirring speed. The

addition of glucose is here illustrated as a square wave function. The )
Si nus WHhenRst dppledi t@nbm'qee tsadidad high oalltdebsided Brthe lghucosé-titdired fagpdatth. Al so

variati t n Si nus uare can be use
A Pe% 1‘,"%& process, a?l e%g components are supp qxed in excess as in a batch process,
20  except for example the carbon source. A feed with a substrate solution, often glucose, is fed

to the bioreactor with a rate that ensures that this substrate component is growth limiting.

This substrate limitation allows control of the growth rate and the sugar uptake. By limiting
the sugar uptake and thereby the reaction rate, engineering limitations, such as excessive
heat evolution and oxygen limitation can be avoided. Glucose uptake can be divided in
25  three reactions, glucose that is used for anabolism, glucose consumption for maintenance,
which is-lthe housekeeping requirement of the cell and glucose consumption to fuel growth.
The yield in the last two reactions is approximately 1.07 gq, g, Control of the growth

rate can therefore be used to control the oxygen consumption and heat generation associated



According to our invention, the concentration of the carbon source and
oxygen changes proportionally with the oscillation of the feed and
agitation, respectively. 6 4 June 2004 The influence of substrate feed on
the quality of a reconbinant protein produced by Escherichia coli has
specifically been studied in the production of reconbi nant human grow h
hornmone (rhGH)in an aerobic fed-batch process as a nodel systemy jQ4E 2004
invention and the findings are further ¢onfirnmed in Bylund, Castan,

M kkol a, Veide 5 and Larsson; Biotechnol ogy and Bi oengi neering 69 (2),

|19-128 &&ﬁﬁ@;owgg“?%n&é\@ NGBS [Bhaaie:s eamtts MadtabaliES ehRrdIC bl a wiedh
(WB110) wit p derived plasmd coding for reconbi nant human 10 gr owt h
hor none 6vér8dw arthbahisingfi et acetate Siratation én vas: afsk dolipand eatpaslite regrdssion can
cultivations. This rhGH formis a 22 kDa protein consisting of 191 am no
aci ds wi bt aveistednln theobaker s yeastipsegass sugar fimidgiton ispsed Hreughaytithe pracess by

per for mot i Sveytiingene PR hract i cRERSHE el Tlayity [Bpede ™ ©
m nors "Dgiigfdsg.amoafb%esé Eﬁ%%ﬂjﬂﬁm.ﬁmﬁ@hﬁﬁﬁé&m& iodabtion By £ 8 & avdiiaiin
272 (1997) 12430 12438 Medi a conponents together with distilled water were
sterili sthe sametay (Bezreadias; Say. (1296 Tradsddiotachnol| ds 881164). sterili sed

magnesi um sul phate, trace elenents and gntibiotics re ded s rately.
Br cox el B HEOR (Bt B SrRTF e B SO ATd R e Fos

gl ucose ARG S géfn%maer;y AAfoitnt - fdrUink! Yield QR PoREeH WrethieNdpRIdRce 3860 Sy
Exponentially growng célls"fromthe seed fernentor  were transferred to the

pr oduct i BRatbichasac had . Dibsy (197 uEnzymhel Micvats Teobndl 20 3554360).4alfed-dbatah
vol une. After the transfer 25 progcedure the gl ucose, feed was i medi at el
st al0ed. Professris daerptase often G%QFS%F B VR T e g é‘&@?ﬁ’t"ﬁﬁ’ﬁ%‘& PrRGepEe |15 =
t here wags,zan exponenti al feed phase; secondly, the feed was turned to
constant rate when the estinmated nmaxi num oxygen transfer capacity of the
bi or eact or

FIGURES
Figure 1 shows mode of operation

15 Figure 2 shows % amount of thGH calculated on standard.
Figure 3 shows % of thGH variants.

THE INVENTION

20 We have to our great surprise found that when the glucose feed was varied in oscillation
feed and/or the stirring speed was performed in oscillation varation in a fed-batch
cultivation, improved rhGH quality and yield i.e. less amount of not wanted products, was
obtained. The word oscillation used here can also be described as pulses or by up and
down-shifts.

25 The im{cntion relates to a method for the production of recombinant peptides by fed-batch
cultivation of a microorganism in a bioreactor containing a medium comprising organic

carbon source, nitrogen source and mineral salts. This includes also a complex cultivation

media.




-4 June 2004 7 was approached and finally the feed rate was decreased to 80
% of its maxi numvalue at the tine for induction. The addition of glucose
was nade as a square wave function that was superinposed to the standard
feed as illustrated in Figure 1. 5 Tenperature and pH were controll ed near
the optimal value for E.coli growh. Al cultivations were perforned in a
S 1 CF 3000 Chemap-Fernmenter (Switzerland) stirred tank reactor 4Ggi&om th
a start volune of 7 1. The volune increased during the feed phase up to 91
10 Anal ytical Procedures. Sanples for product anal yses were achi eved from

the extrActhOf RbssidifeGbdtin dffAGidr8eRhish i%&ﬁﬂéﬂiﬁéﬁﬁ%ﬁiblﬁg‘%@%&i on.

This extraction nmethod rel eases the periplasmc fraction of pro ns.

Cent ri f ugehiag bavefiapabtormaimaliceB000 rpmfor | S min at +4C. Extraction
buffer 15 consisted of (per litre): Tris-HC) 0.9837 g; Tris-base, 0.4551
g; EDTAxPhzenltivatimis garredrqut py dhgiadgdiden pf heorganicrarhen sowree én osdillasiprofeed

- hyd hobi.c i | hr. h Q) . Hl. f A ISK
pheny - SR RIS RERE OraRR e Che RGP el b Beifaton

sepakat agriadod o ipRed $ah be PeABHRA] daAfg AR &Rire dutiviiod Yrétes 30 4T
(des-Phel)-rhGH (L , rhGH, (trisulfide Cysl82-Cysl189)-rh and cli ppe%l 20

1421 143-thtrredictiop pbabeadier thetihdudiesSdf T Teembasmt protein sHosnsdiliationgfeed sar?
and 3. I.n the Figures 1-3, rhGHis %g\ﬁjuced 256;1)1%25 a standard method (b)
by a gl J@¥Sa SABYE WaYSOTSHIMS Wev4 RafE uRtgatip SRR tBe oscillpugry ¢

(e Lo, Y0808 ks soscinal uf e, s o Wil o o
that f olchrbanasamernshonldvieevet the athaastpd i durihg thie pd0&ésaad thefre de un ayed ffod
m mljtge' measuring its concentration during cultivation. The density of the cells should be high,
preferably above 10 g/L. and more preferably above 20 g/L and even more preferably above
50 g/L during cuitivation. However, acrobic conditions should be maintained.
The biomass concentration in the experiments was in of the order of 40 g/L.
Preferably the organic carbon source is glucose and the recombinant peptide is preferably
15 growth hormone.
The period time for the oscillation curve can easily be determined for each protein, type of
cultivation, medium etc by a person skilled in the art. The period for the oscillation time
can be e.g. a short time of one minute as exemplified here, but periods of five, 10 , 30 |
minutes or longer periods are also within the scope of the invention.
20  The amplitude can be varied from about £ 5 % up to + 100 %, e.g. + 20, + 30, + 40, + 50 or
*+ 60%, which also easily is to be determined by a person skilled in the art.
Oscillation periods can be interrupted by periods of constant glucose addition or constant
stirring speed. |
The addition of glucose is here illustrated as a square wave function. The sinus wave
25 function is especially suitable for the stirring speed. Also variation between sinus and
square can be used.

According to our invention, the concentration of the carbon source and oxygen changes

proportionally with the oscillation of the feed and agitation, respectively.




Figure 2 shows the anount of rhGH when rhGH is prepared by the different
nmethods. 5 It is clear fromthe experinent that the amount of rhGH was much
hi gher when gl ucose was added in an oscillation feed and by oscillation
variation of stirring speed. Figure 3 shows the amount in %of total of
rhGH 22kDa, i.e. the proper formof rhGH (black) and the anount of clipped
variants (white) when the nethods (a), (b) and (c) are 10 used. 4, gg@%ﬁe ,
seen that the yield of the proper formgf rhGH i.e. 22 kDa is higﬁe en
gl ucose was added in an oscillation feed and by oscillation variation of

sti rri ng TP anfinet of Jiketate Bbd T e WafRy 463 SeMBREn] BRSO R LY
gi ves thgsayaniae8s AladpebifRally BednOftudiBe iR"BE YPrfduckio! S RombiiBht human

proteolysis could be avoi'ded at” a higher level and that the purification
t her eby growthdioemond ehGifn at herobiagfedi-mtchqurocsss ias a frediehéystvanit oscil | ati on

f eed. 4 June 2004 CLAI . Method for the productiqn of recaonbi nant.
peptide By F%‘Gﬂﬁ%&?dcﬁ‘lel\gb‘é{‘%ﬁwo eﬁicewgw@%m §>ffmﬁ, Gagian, Mikkalp, Veide
cont @i ni I LS : ol { hdhogen source and
i noral L Par S, HbEHRILR) R BBl BT 140 4% DR Radi t1 on of
the organic carbon source in oscillation feed and/or by oscillation
variation of stirring speed, w thout exhaustion of the organo carbon source
during tM@T&%&iALMTS SHQRS wherein the oscillation has a wave period of
from ab 1.to _about..30 m nutes, wherein the mcroorganismis a biol ogical
host sel 8™ 7y q‘?émgroup consi sting of bacteria, yeast and aninmal cell,
and whermicheriaCent (WaL10N wagN i pBRNGerivdbplas@il ebdifig or rdiditatCrahsh Ng
to claim1, wherein the organic carbon is glucose. 3. Method according to
cl ailéh 1, growty Bommenee (rhiadhomdgantibieti¢ sesistance|was wsed Np tthe gefosuediFwltjvationsl ai m

1, wherein t ci l.] at, feed .has a squa wave patter 5. .Met had

accor i s BRaHIRn 15 42700 R RRoRoRi bl fol e R e vt P epar
Met hod AERMpHIHA BritifesC ThAE Prdteinih Qb&etedith thd REDEMN) AhéreRRP Hisdphide BB Are
hornmone. 7. Method according to claim1l1, wherein the reconbinant peptide is
human gfemed. hor none. 8. Met hod according to claimi1, wherein the

oscill atjon feed has_a uare wayve functian of .- 30% of standard.and a
vave. porBivans with peSHBl A RliGone BinerR et medipely (b e B wii3ontt
0sci | akiifdy BaHidalisns) iNA¥RrBER by listshedt G &1Qil) MO BiolFChedd 292 119959 Y243 0-

standard. 10. Method according to claim1l, wherein the oscillation
vari ati 82#3% stirring speed +/ 20% of standard with a square wave period of

1 m nut 11. Met hod accgardin slaiml, wherei.n fhe m croorgani iS E
coli angle\ﬂﬁae?%lflﬁoﬁ?gs %@%ﬁl i“ﬁglné‘gtﬁgﬁ?iw%%ai%er ﬁt:?g?llsegér ](!?V\'}E'l i b_f\%rF ?‘%ﬁre{& @] o
Met hod Agepsdtifigatich, Gleiliged maghediemnsulpite, @aesiblements BERLLIBRLEOWRFd SRfed
reconbi nant human growt h hornone, inmune interferon, tissue plasn nogen

act i vat paraelyh Jireex iwasupdded yhennegaded far dorri ¢ngitiod Theifped soltiondiasd ehe

osqd | ati on feed and/ or illation variation in stirring speed is from
about +$ip§9/%et°(§’ e g‘b%%oqﬁ?t%lﬁiiar d.

Cultivation Procedure and Bioreactors

Exponentially growing cells from the seed fermentor were transferred to the production

bioreactor. The inoculum volume was about 10 % of final total volume. After the transfer
25  procedure the glucose feed was immediately started. The feed profile consisted of three

different phases: firstly, there was an exponential feed phaée; secondly, the feed was turned

to constant rate when the estimated maximum oxygen transfer capacity of the bioreactor



14. Method according to claim2, wherein the reconbi nant peptide is human

grow h hornone. 15. Method according to claim2, wherein the reconbi nant

peptide is growth hornmone. 16. Method according to claim2, wherein the

m croorganismis E. Coli. 17. Method according to claim2, wherein the

oscillation feed has a square wave pattern. 10 4 June 2004 18. Method

according to claim2, wherein the oscillation feed has a square4w%¥§200

pattern. 19. Method according to claim®, wherein the oscillation teed %as

a square wave pattern. 20. Method according to claim3, wherein the

osci | | at @ ap@edchbarii Shalls thpfed Rae!Wid\decidasel/Rb 800, AFGRNHLBE D vgﬂué'a@“ 3,

wherein the reconbi nant peptide is growh hornone. 22. Method according to

cl ai m 3, theMierefor isdretioaconbi nant peptide is human growt h hornone. 23.

Met hod cordi.ng t | aim4, wherein the reconbi nant peptide iis growth

hor nmone. ?‘94%8% Bg ggRFé‘é? a8 gnads a5 LfqHaRe Wine fwnation ghat veas syperapeseddptthele

" is hunma f - according to claim5, wherein the
reconbi%E%FB%%%?PS%q?§§%$%€?% orﬁgne. 26. Method according to claimb5,

whergin the reconbi nant peptide is human growt h hornone. 27. Method

according to claim8, wherein the oscillation variation in stirring speed

is + 20%nferafuemansd pH warh canselird eeapshecopianalolust fon Erdofigrewth.

/| N@ N-/ i_al.N| /. Na/ NC/ Na/ / NI, | p . 3

w ) ) S BT el et it el ECE B0 nebaptReapeniee S vitgelapbtient o)
a] ca] cajgd ﬁﬁltféﬁkS’FRf AigPd sRHCAIGAELGF 7). "I volume increased during the feed e
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5555 6PARANRRANFrOESREes.
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(HIC). HIC was performed on a TSK phenyl SPW column, Tosoh Haas. Four different

variants of thGH are separated by a decreasing salt gradient and detected with UV at 230
nm: (des-Phel)-rhGH (LMW), rhGH, (trisulfide CyslSZ-C?sISQ)-rhGH and clipped
20  142/143-rhGH (clipped variant). '

RESULTS
The resuit is shown in Figures 2 and 3.
In the Figures 1-3, rhGH 1s produced
25(a) by a standard method
(b) bya élucose feed that follow a square wave with an amplitude of + 30% of the standard

value and a frequency of 1 minute and
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It is clear from the éxperiment that the amount of thGH was muc er when glucose was

added in an oscillation feed and by oscillation variation of stirring speed.

Figure 3 shows the amount in % of total of thGH 22kDa, i.e. the proper form of rhGH
(black) and the amount of clipped variants (white) when the methods (a), (b) and (c) are
10 used. It can be seen that the yield of the proper form of thGH, i.e. 22 kDa is higher when

glucose was added in an oscillation feed and by oscillation variation of stirring speed.

CONCLUSIONS

Optimisation of the glucose feeding strategy or stirring profile by using oscillation in square
15 or sinus wave pattemn gives the advantages that the yield of the protein is higher, that

proteolysis could be avoided at a higher level and that the purification thereby is easier than

when the organic source is fed without oscillation feed.
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the microorganism is a biological host selected from the group consisting of bacteria,
veast and animal cell, and wherein the cultivation conditions remain aerobic.
Method according to claim 1, wherein the organic carbon is glucose.
Method according to claim 1, wherein the microorganism is E. Coli.
Method according to claim 1, wherein the oscillation feed has a square wave pattern.
Method according to claim 1, wherein the oscillation feed has a sinus pattern.

Method according to claim 1, wherein the recombinant peptide is growth hormone.

- i

Method according to claim 1, wherein the recombinant peptide is human growth
hormone.

8. Method according to claim 1, wherein the oscillation feed bas a square wave function
of +/-30% of standard and a wave period of 1 minute.

9. Method according to claim 1, wherein the oscillation feed has a wave amplitude of
from about +/-5% to +/-60% of standard.

10. Method according to claim 1, wherein the oscillation variation in stirring speed +/-
20% of standard with a square wave period of 1 minute.

11. Method according to claim 1, wherein the microorganism is £. coli and wherein the
recombinant peptide is human growth hormone.

12. Method according to claim 1, wherein the recombinant peptide comprises
recotmbinant human growth hormone, immune interferon, tissue plasminogen activator, or
human insulin.

13. Method according to claim 1, wherein the oscillation feed and/or oscillation variation
in stirring speed is from about +/-5% to +/-60% of standard.

14. Method according to claim 2, wherein the recombinant peptide is human growth
hormone.

15. Method according to claim 2, wherein the recombinant peptide is growth hormone.

16. Method according to ¢laim 2, wherein the microorganism is E. Coli.

17. Method according to claim 2, wherein the oscillation feed has a square wave pattern.
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21. Method according to claim 3, wherein the recombinant peptide is growth hormone.

22. Method according to claim 3, wherein the recombinant peptide is human growth
hormone.

23. Method according to claim 4, wherein the recombinant peptide is growth hormone.

24, Method according to claim 4, wherein the recombinant peptide is human growth
hormone.

25. Method according to claim 5, wherein the recombinant peptide is growth hormone.

26. Method according to claim 5, wherein the recombinant peptide 1s human growth
hormone.

27. Method according to claim 8, wherein the oscillation variation in stirring speed is +/-

20% of standard with a square wave period of 1 minute.




