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i nvent i off®) Ratepf rulicptign of ghe jpistratipsial fegyich vetpes: man facture an pur| i cation of
reconbi nant trypsi nogen and tryps‘f’?‘f""“l)i02 E. coli and yeast. using high yield
expression vectors wth and wi thout secretion | eader sequences. The
invention further relates to an inproved nethod and apparatus for carrying
out protein refolding specifically useful for processing trypsinogen that
has accumul ated intracellularly in the formof inclusion bodies. 1 2 JUL
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METHOD FOR THE MANUFACTURE OF RECOMBI NANT TRYPSI N TECHNI CAL FI ELD 5 The
present invention is in the field of nolecul ar biology and bi ot echnol ogy
and relates to nethods for the nmanufacture of reconbi nant trypsi nogen and
trypsin,




respectively. BACKGROUND OF THE | NVENTI ON 10 The protease trypsin is used
i n biotechnol ogy for different purposes, e.g. to detach agg n@ ceI | s
fromsurfaces, to enhance viral infection during virus L‘f@{' 91 or to
process fu%®i@i/5p28t ei ns. Today, trypsin prepared from anlmmPollm’mt icularly
bovi ne and porcine tissue is still in w despread use. As it is a general 15
desire and tendency to replace naterial,.je.g., proteins, extracted from

ani mal sources by equival ents nmade by r écombi nant technology it is an
obj ective ofMEFRODFGBEHE NAMURACIVRECOD FEGIOMBINANTATRYEPSBY to efficiently
produce reconbi nant trypsin of high purity and in high anpunts. 20 As is

known in th%‘E%HNIC%Eq:l@fg)t eolytic activity of trypsin poses two najor

obstacl es f production thereof: Trypsin activity seriously
damages the host cell. Therefore the direct production of active trypsin
yi el ds veisy Thewresgnt éeintion lieinethe fieitbef molethr Bicdomphalkd Biotechd3gy and

Bi ot echnol . §LRENE-méthodd frthe ManutSetbld &Pfé\é@ﬁﬁmrfgm ?ry?ﬁlﬂggﬁt an elﬂ'?'PélHaCt Ive

25 precursor tex si,nogen may be expressed inste ypSsi n.
Trypsi nogen ver, susceptible to digestion by trypsin and ot her
pr ot eases (Ab| ta J.P. et al. 1969, European J. Biochem 8, 314-324)

resul ting | BAGKGROGHDADE THEQNFENTYENt rypsin. It is further known in the
art that ,iyrypsin may act on itself and autocatalyze its own cleavage to

finally becg_ge i nactivated. 30 In this context, W97/0031 6 reports that
the reconbi NHRP'EPAREYPYR iHEsed insicienbrelRapiorittprentBHIRSES faBgles even
when secr et detachtagihetemt gelld frombsurfdees, tvosthaoed Viraliinfecyibelddriag vireast sone

mature t ryp%i'ddu@tiﬁnt& @l ;srheéssau&@msrw.sms) %dw w&wb;%tpb% #a/mpérmﬁs es

d db
Bonst fﬁct.ﬁﬁ AEuRY o' ancPerbnedEiE s (PRI IREAT NS R ' PGB 0 or

trypsi nodén Fﬂred?PCEt%’éF’fm\é%'fe@é@Pdﬁaféflé't erfl-s P"Pﬁ%!psraﬁ@@qf@affﬁ"%mma
conver si on efurcey pgieqaiyelentomiady hyi racorabiaasotgehhalbay ity anedbjetivpeptthdase.

40 EP 59768arés§n§;nbsmom B‘o‘bﬁﬂa\‘ﬁagatrﬁe‘cﬁ%%H%Tﬁ@eﬁt%r%ﬁﬁ&@?ﬁm&ﬁ/ant

transf or ned COl | el on an sol 1 d ‘agar I'um and thus do
not i ndi cat 8“’5?1'9 °(“:('3k§?¢51 %L 2004 WD 01/ 55429 PCT/ EPOI / 00770
_2_ advantages or di sadvant ages of t h| S procaryotic expression system On
the otheeo Aarsiknddae imeidhadstidi rotaadgit ddtivit)De/Bpskopadesagedhyjoyi el d a
several fol gystacles for recombinant production thereof:
Trypsin activity seriously damages the host cell. Therefore the direct production of
active trypsin yields very low expression levels (Yee L. and Blanch H.W., 1892,
Biotechnol. Biceng. 41, 781-790). To circumvent this problem, the inactive
25 precursor trypsinogen may be expressed instead of the mature trypsin.
Trypsinogen is, however, susceptible to digestion by trypsin and other proteases
(Abita J.P. et al. 1969, European J. Biochem. 8, 314-324) resulting in its cleavage
to active trypsin. It is further known in the art that trypsin may act on itse!f and
autocatalyze its own cleavage to finally become inactivated.
30
in this context, WO97/00316 reports that the recombinant production of
trypsinogen by a filamentous fungus even when secreted into the medium by the
host cell will vield at least some mature trypsin due to either automaturation or
maturation by proteases produced by the host cell.
36 EP 597681 reports methods for the construction of suitable vectors for
recombinant production of trypsin or trypsinogen in an E.coli expression system.
They also teach that conversion of trypsinogen to trypsin is accomplished by
enteropeptidase.

40 EP 597681 is silent with regard to culturing the successfully transformed E.coii
cells on another than a solid agar medium and thus do not indicate any
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I ncreased trypsin |l evel as conpared to those apparent from other m crobial
systens, without providing any basis for such a conparisdnZ Jdbovédler. 5
W97/ 00316 al so teaches that the expression of trypsins, especially

manmal i an WMG8458428s, is acconplished to only extrenely | RETIEPOENSTH n t he
art. The presence of two protein species (e.g., trypsinogen and trypsin) in
a bacterial or eukaryotic cell cul ture2broth wll likely lead to

conplications during oduct 10 r cover .purificatio ot h
pr ot ei ns ne@%"qfﬁa ‘I‘fg"i FBEFQSﬁd’ t ﬁrpir‘}/‘f “ﬁ%’fpéﬁ?ﬁé‘?” SYﬁgé@ag)é'atg‘P %F%’r obi al
t r ypsi nogenhamstribeingsthotie discivasd Hnmloﬁaé@@ﬂw%\f vlﬁld,/@§ﬁ‘1fﬁrai iold accel erate

the maturat ln@FbééfadtthBﬁql 1BP§IeR doPnpdryd S thozads pa@nbsre»ﬁueﬂtdrmcmwl ead to at
| east a par (i JlpkMfitol? .wgmggaaﬁy ge36d hqp&hP%%qusabwebérygS' n. Bven

worse, it hos [ting. 1n

reduct i on5oWVQRH&O %ﬁﬁ%" é'f'e gressian gt tryPaINGY WP’ai"éé'EPWa"a"
undesi red trgpsiasy |labcm’npﬂaheuastorm,eé*trmelsrtlowumtsm 8 £6/ 17332 reports a
nmet hod for the production of trypsinogen using a nodified trypsinogen

anl og that nnot be a %ocat tlcally cI e ved durin t2 a,% Qn

ot had 1 aqul BEBrasrBon GHPES BRI SEaHeT e o BYE RS A1E CNRTUR Batea

t r ypsi nogenot eukarygtis eelbdulowe bwhrvatﬂlhlsﬁlvdm trecemplinstiana dutiog pfodsiet t he cel |
cul ture Aedidedveladdsurfidation Nesthusy EoROpbeSRAS ne@Pas bs harvdetduashd or t he
production ﬁf ﬁegj gsh '88{/%0919?%"\’5}%%&%:3 tﬁ%’ﬂ} rlb‘abh%ﬁ@#ért gﬁ%h@'sumﬁi+a%e8b§a"age

site is int psi nogen

natural |y aP@SGRFeA’ Frepiin v F‘PFéeraFFa’Efl‘ﬁ"HPT‘VEWbﬁrWPFQ"%ﬂﬁ'b méngﬂ te. It
i s explicitéybsggeemthd nodnelead rio tah dgast Bepartia) inpgdination ef thet desired \fimsl poglent i s
aut gcat al yttr@% hYERSH Wéhse, i’\:tmla %Sﬁitlbﬁalﬁy danagteicafost EBRs hse&ttm@ah las 20 of
pr oduci n a r o

t he zym)gg Hgﬁ?i" gﬁ%ehé g@ﬁ pqguducg&ﬁeﬁ@gggégta%%%gée qagﬁ; ualdyeérédt he form
of inacti veegRBINRgLeN 'F‘%‘ééle gongtitgentsac| usj on bodies. Al of the

af orenenti oned net hods have in common that they require either a step of

gg?: I/ Iylt 3932 m§3 oby mm&?gﬁﬁg et fob 14 Hﬁ{duﬁﬁoﬂl epwaﬁﬁogérﬁuﬁ% @cat al ytic
o oduci ng cwﬁz'egﬁrvasw&epén?ﬁwi58@?0%}&0%%@ BESRHER HERET S vat i ng
t he zynogenincebgfion.tihggaethedaaquitasythsiaddijion af@ dinmingpeptidasenfoy getivatian |

trypsin, whothrypdiesgef toCoyssie after sdiRiratioresfuiheasy gsiiavdlog flohethy edliei nase

fromthe fi r unl ess the added proteinase is trypsin. 40 1 2 JUL
2004 WO 011@@5}58 I.'%s(é,&ih?rEIDO1100770 -3- Therefore it is an objective of the

.present invention to provide a sinple yet highly
On the other hand, WO 99/10503 reports a method for the production of

25 trypsinogen, wherein a synthetic autocatalytic cleavage site is introduced to the
trypsinogen molecule that does not occur naturally and which replaces the
naturally occurring autocleavage site. It is explicitly desired therein that the
zymagen, i.e., the trypsinogen, is autocatalytically active, at least to a low degree.
The host cells producing the zymogen are not harmed by the proteolytic activitiy

30 of the zymogen, because the zymogen is accumulated intracellulary in the form of
inactive protein aggregates, i.e. inclusion bodies.

All of the aforementioned methaods have in common that they require either a step
of modifying the trypsinogen molecule in order to increase its autocatalytic activity

35 or, on the contrary, to prevent undesired impact on the producing cells, or require
a step of adding a proteinase for activating the zymogen, e.g., trypsinogen
trypsinogen to the active enzyme, e.g., trypsin, which then of course further
requires removing the proteinase from the final product unless the added
proteinase is trypsin.

40



efficient nethod suitable for the production of trypsin by reconbi nant
technol ogy w thout the drawbacks known fromthe prior art processes. - -
BRI EF DESCRI PTI ON OF THE | NVENTI ON The obj ective is reachdd? attong ng to

t he present wavmssaison by a nmet hod of rmanufacturing reconpcrgpbidorepsi N or
trypsi nogen, respectively, during which no unintended trypsin activity nor
activation of trypsinogen to trypsin occays. In an aspect of the present
invention, there is provided a method for the manufacture of recombi nant
trypsi nogen dherafppssitis aoebicctivegf thecpresentrigventmndberonde hsirtple afet bighly
expressi ng a effisipei metwid YeRAeld for ahesiywdabti@n eftyp&H bl YeSormbihantaBEnABICHHMM at
condi tions %ﬁl?cyﬂtQﬁefd?éwﬁgéﬂs QR%WA RLLGC ti on_ a d si rgul t aneous or subsequent
expression of the rypsi nogen gene, AR fﬁ@ RTRYTS38%1 1 ul ar | y or
extracellularly accumul ated trypsi nogen fromthe cell suspension, and
optional |y TuBRIEEDESCHIREIONQFITHE BR/ENTAORd trypsi nogen, characterized in
that the nethod conprises incubating the transformed host cells at an

aci dic pH at .a}r ﬂ:tjzove pH 2, tege transforned host cells being yeast cells
transformed W% PPIEHIVEIS reacdiegropatding tq e presntdnyentign byrmathod ofccurring
trypsi nogen geaeufaghwiingatcembinacutrgpdioor tigpsinagenihesiectively,r JkignoBien no

activation of ulifitshabd tdbin'ddiit) holab@idiiedl diftrydstoglR M UObON oblRs. -

pol yacryl am de gel el ectropharesis, separating 't rom-t
and obt ai ni ng‘ a solid-free supernatant containing correctly folded
t rypsi nogen. AN @heed pbbginiesent ingentioppthiersoig erovipiedea fethod forltramantfagiusé nogen
1) may be i nsérahbinanbtrypsiragien ex pyesis camprist] iBEwating Garelmsddcibst fak a
sequence encasbresing sAApEbOh b BN 61 bt AHARTd R at BEIHEB for
the yeast Pi Qﬂé@inﬁﬁé&m&ﬂltyi@%&éﬁ% slirﬁﬁfa%@bé‘&”%ub‘éﬁéeﬁf Braréesion ahie uced
i nto appropr "6(3’3 ost cells “lhe cel E are el v FXPYELE on and
the reconbin PPYPLITS SPPAAN R TehUamG o RXirRRelUaRl aseiyBylAlgd dmpsiapoame
cul ture, froMoRhBESS] susrRension) anderptiopallyi ferther paeressiog theasepdrated trypsjmogien,
This pr oc_eduﬁ@am?fﬁ@@iﬁtihafdhbmeﬁtqniezdnmrisemir\mbatmghm traneforaRdiHost Gs beaR
for trypsi nogeilid gisaeor abiovis PEVE) thedtratsfcimelidiost @fis bbing G¥ERIER fHAtRdrRloliow ng
| rrp;)rf[ant ad\'(fﬂfﬂltéiﬂéébreésﬁﬁl VetRr ﬁ%@%&ﬂai SUSlataR &:'cglpingl't E{]ﬁ?g&w e%gno n Ld
protein Secr%}f{éﬂin‘cﬁt&aﬁio r{ﬁ iGNl fedt Um vvast.glc a1 ec ' oti iei n O"lil
be directly a%ﬁ }Tt\éa e hORTCHER ABYEUAR PF PASINACIYI 18 Agtested
occurred duringMEALMpPYERGHOYRCHARida ge! alectrapbemrss, semBttingéie cells from the
trypsi nogen desiummag obtaininga solisdfremsupeamatant goetssirg conectiofoldedittypsindgen.
secretion | eader sequence; so that the product is accunul ated inside the
host cell, such as a bacterial cell. The trypsinogen forns insoluble
_aggregat es  t Habnd emodinidnt, 20f@sindgercgenee. § ety pinolée akinBg b hskhed ipto
cell s, and hyjeugesaslediior Gadtbhd iHQALY duct tdt/PldRBnedboddullil « BEBRGT 10
solubilize tr]g de£conpi nant pr oé in, %uhta | e procedure i
ader peptide is included {e.g. pPICZuB for the yeast Pichia pastoris), and the
recombinant vectors are introduced into appropriate host celis. The cells are
cultivated for expression and the recombinant trypsinogen can then be found in
the supernatant of the culture, from where it is isolated, purified and activated to
trypsin. This procedure was found to be superior to all other expression systems

for trypsinogen tested or known to us so far, as it revealed the following
important advantages:

-. the expression level was high;

- the trypsinogen protein secreted into the nutrient medium was correctly folded
and couid be directly activated to trypsin;

- ho unintended activation to trypsin occurred during the production process.

In another embodiment, a trypsinogen gene, may be inserted into an expression vector

without a secretion leader sequence; so that the product is accumulated inside the
host cell, such as a bacterial cell, The trypsinogen forms insoluble aggregates that



denaturing and refolding is applied, preferably by a continuous nethod as
descri bed herei nbel ow. Further enbodi nents of the present invention are
described in the dependent clains. BRIEF DESCRI PTION OF THE FIGURES Fig. 1
shows a schematic setup of the refolding device or arrangenent 1ag sn 2084
described herein. 1 2 JUL 2004 WO 01/55429 PCTI EPO1/ 00770 -4 DETAI LE
DESCRI PTI ON OF THE | NVENTI ON: The present invention relates to production
systens for reconbinant trypsin or try@isfogen. 5 In one enbodi ment a gene
for trypsinogen is introduced into yeast so that the gene product is
secreted int r rnatant. The ast can be a _nethyl otrophic
yeast (e.g. g?rf:ﬁ;ég&é'éa%e;d obsli %'%Q nd ﬁBﬁﬁﬁﬁSﬂ%’@é‘\é "Ffasﬁ%ghﬂ egntrifugafiopy Bﬁﬁ‘)ﬁg“or
Sacchar onyce® CEreethons. TR splukdizsipe secamidvend mpteimat $idtablecrotedurd iar

expr essi on sYeagwingamt refoldlirg iprapplidd: préferadly By aawakingxisd@sthodadcohol 10
dehydr agenasgescgiby@ aeligliyge- 3- phosphat e dehydr ogenase or others), a
secretion |eader (e.g. yeast a-factor, yeast phosphatase, from mamrali an
or plant source, fromtrypsinogen, or others), a transcription term nator
(e.g. al coho#“'ﬂ}ﬁrd’&t&d'ma'ﬂfédﬁdhe Qedvpdt inyenticrearsr desttiegdsin, thanidpendeeitect i ve
mar ker (e.g.clamsanmi no acid synthesis gene or an antibiotic resistance
gene). The reconbi nant gene and one or 15 nore of the additional elenents
described a ik od i yeast cell by e.qg.
electroporaﬁgﬁﬁ?%#gggﬁﬁ H é&gﬂﬂikggidgé acetate or lithiumchloride,
preparation of spheroplasts and treatnment with calciumsalts, or other

suitable nefipotisholisen yetmmidticasetur betheCietdIiingRUic A &FrangadELd NS

appropriate for tdagcritd¥assi on of trypsinogen, and the product is
harvested with the culture 20 supernatant. The product can be further

purified fromthe culture supernatant with a strong cation exchange resin.
I n nost procedures known in the art, the culture supernatant is being
exchanged and turned into a buffer having a | ow. conductivity 25 by, e.qg.,
cross flow filtration, dialysis, etc. prior to being | oaded onto a gel

chr omat ogr aphy col utm. However, when the culture supernatant is converted
to a sodiumacetate/acetic acid buffer, only small anobunts of trypsi nogen
contained therein adhere and bind to the cation exchange resin. Therefore
a new nethod is proposed herein, which conprises adding Ca2+ ions to the
solution that contains 30 the desired product (e.g., trypsinogen, nodified
trypsi nogen, or trypsinogen-




honol ogue) before it is supplied to the gel chromatography colum. This can
be acconplished by the addition of a soluble calciumsalt such as, for

exanple, CaCl2 to said solution at an effective concentrati i 0% about 0.5
- 400, preM@@EﬂS%‘l - 300, nost preferably about 5 - 20 meIVEROE00TI |iter (1
mV). Using this procedure, 35 the trypsinogen-binding capacity of the resin
can be augnented by a factor of at |ea%t 3, typically by a factor of 3 to

6. The | OWEEEJfAmEb gﬁ@ﬁ#@@@ﬁ-ﬁg%g@hﬁp,ﬂt he feed solution is primrily
det erm ned et activated to trypsin,

which ability fades away if the feed solution falls short of Ca2+. Under

t he pref err €oe preseetimvantigoredates dm grafuctibe spstes®nfor revoeitinan thygpem dr 2 JUL
200it WO Og MnPCT/ EPOL/ 00770 -5 Exarrpl e 5) the mni mum Ca2+

concentra ol ut.i and preferab so in the washing and
el uting b%f eorns? Eo%eéaﬁgﬂfﬁ 8f?r prﬁ%s'% NoR Y cﬁdi"tr%\xeaﬁ%c’ﬁﬁﬁ f‘el inmt is
basi cal | y deanerproduet i5secteded e e enlture Supematanty Theyedss chade & sol uti on.
I't was foundethyddtrophic geasttibg. umdpsdtuiii, \P. onemensioa wHimbhubevel (due to

the additi %ﬁ%oﬁ%ﬁ'%éﬁh%éﬁm%&fé% ﬁﬁﬂ%f&é lﬁzryvé%&%ﬁgsegc% {q'll gHotMer - veast.

Ca2+) -1 oa I no
g(graduZiI ly f é%&’o @2%@?" Cqrpen PF@J‘” et &lrnhel OE‘Sﬁ%ﬁ tallc‘@r[i'é’ of t he

present 1Qvedghvidorgefsss Mﬂehﬂe $-Ipbosnmxea dﬂinf;rdia@elnasemeﬂtara)t lacsecedtionl d
ggt maxsmeleld :BQ&rrng %ést;@—%ctapWeb%ﬂd%ﬂﬁata%gam??rg@%r%nﬁ‘ﬁ&?%F‘b{agtc E'.QU”fCQf 5 to
overal | eco‘?@m ?"?s& BAH gﬁepsétg%ra%sg# m]" tﬁﬁg\/\/ﬁposrgg‘@e %Phgﬁ%?("i

purificati oq{c?h%eleg\g%rggm@etq; odherst, andasgeleqtivedeailer (9. acereaming @pl%l ndi ng
capaci ty ofsyntizesisogernenor avh astibiota residtivede gdne) .€Fsd retbmiblian€ gehd andisualor
amount ofg trh?z‘%ﬂ‘?n@%’&!ditﬁ:nlapé'f@ﬁweﬁ?é dééﬁhlflé@aﬂ%ver &R !mm d infifilelyakly, due

to a significant

act i vat si nogén. The
best resul t% %@CSE&&RBO@gOFh e?)%eé‘grw’){” W/‘ |38?1ta\'5%% B‘c”él hé’\éBF'n a
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Whil e Ca ®N?&Teed sol ution inproves binding to the cation exchange
resin, Ca2+ in the washing and eluting a 25 buffers facilitates subsequent

activati on THe grodi&t cHIOEN fuirthdr PSR fromhehe BIHPE SupRhaRRO AR BRoRy tTypsin
or trypsi n%g%g? eggé r{?flevl%spleﬁpn} %?@FOGQS«S‘reE% rw)?x fnqué a?totffleiaru!@l gher yield
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25 by, e.g., cross flow filtration, dialysis, etc. prior to being loaded onto a gel
chromatography column. However, when tl;e culture supernatant is converted to a
sodium acetate/acetic acid buffer, only small amounts of trypsinogen contained
therein adhere and bind to the cation exchange resin. Therefore a new method is
proposed herein, which comprises adding Ca2+ jons to the solution that contains

30 the desired product (e.g., trypsinogen, modified trypsinogen, or trypsinogen-
homologue) before it is supplied to the gel chromatography column. This can be
accomplished by the addition of a soluble calcium salt such as, for example, CaCl,
to said solution at an effective concentration of about 0.5 - 400, preferably 1 -
300, most preferably about 5 - 20 mmol per 1 liter {1 mM). Using this procedure,

35 the trypsinogen-binding capacity of the resin can be augmented by a factor of at
least 3, typically by a factor of 3 to 8. The lower limit of Ca®* conceniration in
the feed solution is primarily determined by the ability of trypsinogen to get
activated to trypsin, which ability fades away if the feed solution falls short of
Ca?*. Under the preferred procedural conditions of the present invention (see



30 the yeast nethod described herein, which nmakes this nmethod superior to
the hitherto known processes of trypsin production. In anoéggg &ﬂPodinent

of the present invention a gene for trypsinogen is introld o cells

in a way s¥hewi®® t he gene product remains in the 35 cytRg/EROmM07Tthe cell s
can be bacteria (e.g. Escherichia Coll), yeasts (e.g. P. pastoris, S,

cerevi siae or others), or any ot her reconbi nant host cell. The expressi on
system conpri ses promqt er | ac, tag, ge T7 $10, pha e P1
of PR al cORGMRRBAae MM gaag éma?ra}g@%'s@ tﬁsﬁ%@%%%%ya%pseﬁ hate

dehydr ogenaals¢ irotheotvhehisy and elutangduuffars hes been heuval rbg apgroximan@y Tamdbhol
oxi dase, 41 1 2 JUL 2004 WD 01/55429 PCT/EP01100770 -6- al cohol
dehydr ogen i h S

S v rker cid
ayni oy e obie ulherdiE s asiaRy st o R0dISE of RoludlislTh B Al
toget her §u sHutign.|lbwes fowndbthat in Reserthei aqreativitl exeseds a Briggsteveblédedpove
i’ir ?h' ntrod Uﬁfé?eddmd?ll &healSiah saﬁ’ﬁl Bebensfiest i’n@f&%@é& laffihityt 6ﬁ@aﬁﬁﬂzoa\ﬂb8 h
| Ium acC ate o U N S asl S
treat man U esnddan o BrE S s omBloRaBLisaR dho TR0k ARRY, Bhder .
then cul ti vﬁ@éﬁefﬂﬁ'@érpr%%{ﬂ?*tqcﬁﬁgméﬁﬁfG‘Eﬁ PEasent Gveptien (sepFxgaipknbbihe .
t rypsi nogenmaxiéiin U&@“'C&Hcénﬂél%n bl @ b eekdbed . 300/ e EdTi thd AppRdatithe,
di si nt egq?zltgelaﬁezde ra ﬁH]é’n SFE% B £3F Wi be Ja%s{“ trasound) or chem cal [ y

(e.g. cel enzymes, detergents or others). The aggregated
t rypsi nogen accurrul at ed | nsi de the cells in the formof inactive inclusion

bodi es can Peuspeetgrasdrit mﬁfibéﬂ'cﬁﬂmﬁmd&ﬁﬁmr@@m SrhfesidRbblyyaridgstcted to
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r enoved. 1§ hihsice dime beual acsmp lof Sﬂyea’lnogergls bdwnddiedswphineg otirdsint) iand, or
diafiltrat Iéuam&muy S@Etdh @lgRifitant 8Ggméntatibf of 38covay br hétkRsAHI@TeEN, the
process of | di.ng is greatly enhanced if the free cystein residues of

t he denaturte Sno *8n are bl ocked by the formation of m xed disulfides

wi th gl utathi one or by S-sulfonation. This is acconplished by the 20
treat ment Ofhd bestdendtsuacedrdingtetie srekert invervidnhwerd chitaimdd dgh atpaddedune or
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agent, as dosbangieg stdpVeadedDrthehe edlatro, pgd pricareituraeh fveashing/asd alogeg i s
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I nventi on. I's not ted to't di ng of trypsinogen but
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26 buffers facilitates subsequent activation of trypsmogen to trypsin.

The methods for production of trypsin or trypsinogen that have been described in
the art so far either yield very low amounts of the product or cause at least partial
cleévage of trypsinogen during the cultivation. This is not the case, however, with

30 the yeast method described herein, which makes this method superior to the
hitherto known processes of trypsin production.

In another embodiment of the present invention a gene for trypsinogen is
introduced into cells in a way such that the gene product remains in the

36 cytoplasm. The cells can be bacteria (e.g. £scherichia coll), yeasts (e.g. P.
pastoris, S. cerevisiae or others), or any other recombinant host cell. The
expression system comprises a promoter (e.g. lac, tac, trc, phage T7 $10, phage A
P, or PR, alcohol oxidase, alcoho!l dehydrogenase, glyceraldehyde-3-phosphate

dehydrogenase, or others), a transcription terminator (e.g. rrnB, alcohol oxidase,



It is a sem -continuous or continuous nmethod and requires a reactor unit
with the followng mninal features (Fig.1l): a device for m Xxi n@ a
connection to a 30 diafiltration (or another equival ent f1 2t ¢t iZ®h)

circuit, amwaewsst29for feeding the sanple (i.e., the den®COrEPAI/@DE ein), an
inlet for feedi ng renaturation buffer, and an outlet for draining off
product (i.e., renaturing and/or renatuged protein). The operation of this

apparatus co i S the steps of f ed| nat ur ed tein tp the, reactor,
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or 0 (zeko)trezimsot of the/denatyredf prpinsolptonmdth axifizad glitathigneRgwish | F4 1.
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desired, foll ng_condi ti ons nust be aRPt + F4 = Oand(1) F2 + F3
= 0(2) concentratlon of the chaotropic agent ar removai of the blocking solution,

refolding is performed by removing the chaotropic agent, as described above.

25 The refolding procedure for trypsinogen is preferably performed by a new method
which is also a part of the present Invention. This method is not limited o the
refolding of trypsinogen but is also applicable for refolding any denatured protein.
It is a semi-continuous or continuous method and-requires a reactor unit with the
following minimal features (Fig.1}: a device for mixing, a connection to a

30 diafiltration (or another equivalent filtration) circuit, an inlet for feeding the sample
(i.e., the denatured protein), an inlét for feeding renaturation buffer, and an outlet
for draining off product {i.e., renaturing and/or renatured protein).

The operation of this apparatus comprises the steps of feeding denatured protein
to the reactor, removing denaturing agents via the diafiltration circuit and

35 removing processed protein solution from the reactor. The reactor can be operated
in a continuous or semi-continuous way. In the semij-continuos mode, feed into
and volume removal from the reactor unit is done intermittently, e.g. in
predetermined intervals depending upon the refolding properties of the treated
protein. In continuous mode operation, the influxes and effluxes are adjusted to

40 the refolding velocity of the concerned protein in order to maintain a desired



For constant volume and increasing protein concentration: (3) F1 + F2 = J
F3 + F41, with F1 > 1 F41 and | F31 > F2 30 For increasingvalurigsand

i ncreasing protein concentration: F1 > 1| F41 and (F1 +F2)> 1F3 + F4 ] ,
e.g. F2 = wWHBsBE®Y Cenerally, the concentration of denat WCTHEFILEEOE W | |
not be reduced to zero, but to an equilibriumlevel depending mainly on
the flux levels. A certain | ow 35 conceltrati on of chaotropi-c agent Is in

nost cases henef. ci al ass n of a
const ant vo1ti g Feasly %‘2‘3{ e‘?ﬁq'lg’ﬁ'“m W{'IW%H’ ﬁ‘@nrg?fﬁof S‘g’;"‘%ﬁéﬂtp re(;{%rr? dt R

di afi | trati Bewrretdsrara@diusted suahhes traaliowniferrsufiicignt reﬁadeacegmseﬂéhar i ng
agent), thedérﬁdthuew pretei® fut dubetaniialhd sompletarefeiding lely.i Q8% pinaide thd Oeddtdr x F1

CF2 F2 f
Genmturi ng OGP nhy'bh dediied i sbie] a@%ga‘%onﬁ diugs ghe o rai%”ggg%' on ©
PCT/ EPO1/ 80'7‘?03358 f‘i’%"%[ﬁ“%'&ft}{thfﬁh?ﬂ?ﬁf% ig) vehilegiequeingthe meap reg! iPefon in
t he react or)he profein imsidesthenmit srthto frbin-off PtoteindwbEof aGubstantial, loptienallyat : 5
F3 | pleChiling, SoRich .@&u(ﬁbm&%ﬁ@brzﬂ r@ﬂﬂtﬂﬁg Oﬂﬁué @)l@wﬁﬁecdn%léﬁérpaf of F3

to Fl can be ¢S lcul the desired
L2 b Can erdBng il pBEeR orohilies B ARHS 8L ety IR o ot L0
the protein. Therefore, depending on the respective refolding rate of a
prot ei n, 1gahpes fAdm rdfolidtgveemtOredZorotaints, 4hd apparatusapra4y bausedifdl other

preferred. %EWEF&Eﬁ!SSOIJt Kab, tei%?'é'c%?x#hhfou@@éﬁér mmgéw%negat've
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advant ages of the refolding method according to the present invention
conpri se t hghd apbavibn Gondiions ERaefildifg 26 6RATabRrifREbs Sdllaser than with

bat ch progcesses; r n a batch system the concentration of
denatureggpfﬁt Fh&% ff38 ehggna{ih{&?ng agent fed together with the denatured

protein) nug %gwfeegdf’ffollqw%m‘ﬁ?rlow (e.g., at a level of maxi mum 10-50
g protein pE8 =iFlux &nattlatatafdmateuf fer) to avoid protein aggregation, which
requires preyifipAs £ olticdReididpragiyol ume of renaturing buffer in the
batch system 25 - t'he protein concentration can be substantially increased
when the feedi n]g rate_ of denatured protein is equal or _lower_than the

ref ol di ng0r BY deTinifipneFt ped Fechrygnosiivedeiuesar hizesjenrd 68 and 4 n%QT\E'é{Ps its
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If constant volume and constant protein concentration in the reactor are desired,
following conditions must be applied:
25 F1 + F4 =0 : and (1)

i
F2 + F3 = O N (2)

For constant volume and increasing protein concentration:

F1 + F2 = |F3 + F4],  with F1>|F4| and |F3|> F2 (3)
30 For increasing volume and increasing protein concentration:
F1 > |F4] and (F1 + F2) > |F3 + F4], e.g.F2 = |F3] (4)

Generally, the concentration of denaturing agent will not be reduced to zero, but
to an equilibrium level depending mainly on the flux levels. A certain low

35 concentration of chaotropic agent is in most cases beneficial to the refolding rate.
Based on the assumption of a constant volume and no retention of the denaturing
agent at the diafiltration membrane (as is the case with, e.g., urea as denaturing
agent), the following condition holds for an equilibrium state:

40 CF1XF1+CF2XF2+CF3XF3+CF4XF4=O (D)
Chi cvevennens concentration of denaturing agent at flux i {i = 1 to 4}



protein feed; - higher protein concentrations nmeans snaller vol unes for
storage and reaction 30 vessels and | ess consunption of 2 Ulcﬁhs (e.q.
denaturing agents, buffer, cystein residue blocking age At f |gher
product yi #Q0158428chi evabl e than with batch processes; -PCIEPOIHTOpeEr ati on
can easily be acconplished; considerable reduction of processing hence
product costs. 35 In order that the inv8ntion described herein may be nore
fully understood, the follomﬁng exanples are set forth. The exanples are

for illustrative ose canst rue s limting this
i nvention i " &h q&ﬁé’g Satﬁ’a £3 cu%ﬁl V, Gopgenoc %?Er'eq*‘%aﬂ%“g’? t he
procedur es ffortchasspmeseahtt Fhwert4d ang C;:Qw@hrtrfallmﬂvy tHa: exenplified in the
subsequent Exanples for reconbi nant human trypsinogen 1 and its

correspondi t ygsi ar al so applicable w thout inventi i nput to other
1 2 111E §0gg/ 017 8F”CllJé'EPOﬂOO??O -9- human trypsi X@ ens and the

correspondi ng trypsins as well as to tr £SI nogens and correspondl ng
trypsi ns of Follawihgreawatien (fn the vetatioa ¢fgé/ tvFheanhe gslnulateed based pr it gens

and trypsi ngivehlvalue dUCENaHd thadRisFe@ediubhAtCL he present invention shall
al so conpri se varlatlons of the expressly disclosed enbodi nents to an

extent as 5 would cont per of ordinary ski in the art.
Exanpl e 10 Egperaly, hsﬁ?”'ﬁﬁﬁéﬁﬁisﬁflgé ﬂt?g’@ﬁ"sla'"PﬁaPh%hb %/te -llmeéf Hstoris
The gene f odeprnting on yips respgetivelrefdiding rats o3 Br@4i0, valgesof Bwbst\pem Ot us
10 TRY1_HUMBN 4 %Cgﬁébﬁﬂoﬂtg te%qaﬂgfenfegr L&REr ﬁ@ﬂ%fb@etlﬁﬁ@hﬁégﬁﬁcé}y was

inserted into t

t
di gest ed wi PRSS! ?"Y’%C’Fﬁtﬂe atjve %ﬁ%&e@t*ﬁgg@gﬁ%ﬁ:ﬂﬁéu%} a{%go %r?%lcfg%ghe%gen
1 gene begi slndown thaeversd rpiaiiep prakess and éheseredaerythepiqeegy economy.
CCCCCTTTGATGATGATGACAAGAT CGT TGGEEECTACAACTGTGAGGAG

ATTUGFCCCCTW@IMMTWW ASAEhCREJSHIHRG to the present invention
CTCCCTCATCAA T CAGCAGGCCACTGCTACAAGT

CCGCATCCA CATCGAAGT CCTGGAGEEG
ATGAGCAGT TCATCAATGCAGCCAAGAT CATCCGCCACCCCCAATACGAC
GGAAGACT CT GAAChA TreAGHAT ERE GEM AETIEAACETETEARaARGIIGTM ch processes;

GTAAT CAAGECOCGE s Fortie: G EeHCh S A E e (e d6t denatured protein (and of

T g% otein) must be kept
GCCGACTACCCAGA ' G
sufficiently low (e.g., at a level of maximum 10-50 pg protein per ml

renaturation buffer) to avoid protein aggregation, which requires providing a
‘high starting volume of renaturing buffer in the batch system;

25 - the protein concentration can be substantially increased when the feeding rate
of denatured protein is equal or lower than the refolding rate, while the
removal of denaturing agent at least equals its introduction via the denatured
protein feed;

- higher protein concentrations means smaller volumes for storage and reaction

30 vessels and less consumption of chemicals (e.g. denaturing agents, buffer,
cystein residue blocking agents);

- higher product vield is achievable than with batch processes;
- aseptic operation can easily he accomplished;
- considerable reduction of processing hence product costs.

35
in order that the invention described herein may be more fully understood, the

following examples are set forth. The examples are for illustrative purposes and
are not to be construed as limiting this invention in any respect. Particularly, it is
understood that the procedures of the present invention, though mainly

40 exemplified in the subsequent Examples for recombinant human trypsinogen 1 and
its corresponding trypsin, are also applicable without inventive input to other




CTAAGT GT GAAGCCTCCTACCCTGGAAAGATTACCAGCAACATGI TCTGT
TGGGCTTCCTTGAGGGAGGECAAGG, TTCATGTCAGGGTGATTCTGGTGEC 2 L 200h
CTGTGGT CTGCAATGGACAGCT CCAAGGAGT TGTCTCCTGEGGTGATGEC T2,
GTGCCCAGAAMANBAABECT GGAGT CTACACCAAGGTCTACAACTACGT G PCT/EP01/00770
AATGGATTAAGAACACCATAGCTGCCAATAGCTAA Table 2: PCR priners for cloning into
pPl CZaB Forward prinmer (SEQID NO 2): -9~ :

5'--CAT JG -3 Backward priner EQ
D NG 3) - 6L PO S T FOeSP PN T RIS 27 ML AGES RY eSS a5 T
cor r espondi RYTEsFACrdEE EPsis & ranhenar ofiging jneludingbpvingend pereingy PCR
(primer seqtrgpsivegasanbatryesidy). [t BHarthecondurstadt thdvmal fley@s ventish ahard

into P.  pagkebmptist ¥aRaonslor Pk e?bF&lsﬂ c?géoserdeesrﬂt&gcﬁ)i'n\é@{é’ 1o BY extent a

el ectropogratio QS tiV ast cl one re selec resi stance-to

Jeoci n. | SevEPH[Y ks BRuemplated B4 pERR AT Ry SKUS the iy L 240

PCTI EPOL/ 00770 -10- in 250 ml baffled shake flasks. As cultivation nedia,

ei t her buf f Examplgili fxbressiedi afrhupi0trmdinagens s iruthepyeasp Waités paddobis 0; 1.34 %
YNB; 4x10-5 % biotin; 1 glycerol or 0.5 % methanol) or buffered conpl ex

T (i THEB8l BB rfosiRSReon R0 134991 02548 BIASRA 11 6.0
: 0 ; - / : :
For induwi Bﬁ%&%@&ﬁtﬁcﬁﬁﬁ'o" B%‘neo/%%g%ggrs SequeRce 874 dablerld Wast ri f uged
and resuspeiheerged inte itess Hectod PRIGZago tinwitioigag), vehiblamals pravibesiyl difestéd/ethol .
Then the cegfiis were removed fromthe supernatant by centrifugation, and
the reconbi nant trypsinogen was detected in the supernat alntdb%/hSDS ecti
b Strong. ove 1S MEIREHeRBRRE o nd R B5UHBe: T BogaEn G Bbscr ved
in these?%ul turesPrwecpgirdﬁéﬁﬁ\%@?‘iﬂ(sﬁﬁemgﬁﬁe”for human trypsi nogen 1
(sequence see GRBCECTY TERATGATGATGAGAABATCHETEGGEEC THEARETGTBAGERGEN) |

whi ch was pr evA Qpptycebaeshabong Té%ﬁ@‘?*@ﬁ@@ﬁ@f@?ﬁh@%@ﬁdﬁ@&z I
R s

P
pastoris strai

OABGTHRABASTERGAGAGCALAACATECANG TRETBBAGRGG T | ve
yeast clones WeXFGAGCAG B ATCAATBLAGTTAAGATEATREECACHCOTQUA TACE I n.
Qul L] vation ajs@RAGKY fefGAAART A PERTBYTART CEREETEPECTER NG | TaP! @

30 PCR primer o Ol rEA ML QB R b caTeTeTCTGCCCACCGCECETCCAGCE
ACTGGCACGAAGTGCCTCATCTCTGGCTGGGGCAACACTGCGAGCTCTGGE
GCCGACTACCCAGACGAGCTGCAGTGCCTGGATGCTCCTGTGCTGAGCCAG
GCTAAGTGTGAAGCCTCCTACCCTGGAAAGATTACCAGCAACATGTTCTGT
GTGGGCTTCCTTGAGGGAGGCAAGGATTCATGTCAGGGTGATTCTGGTGGC
CCTGTGGTCTGCAATGGACAGCTCCAAGGAGTTGTCTCCTGGGGTGATGGE
TGTGCCCAGAAGAACAAGCCTGGAGTCTACACCAAGGTCTACAACTACGTG

AAATGGATTAAGAACACCATAGCTGCCAATAGCTAA

Table 2: PCR primers for cloning into pPICZaB

Forward primer (SEQ ID NO 2):

b’ - CATGCCATGACTCGCGGCCCAGCCGGCCCCCTTTGATGATGATG - 37
Backward primer (SEQ ID NO 3):

b' - CATGCCATGACTCGCGGCCGGCTGGGCCTTAGCTATTGGCAGCTATGG - 37

20 The corresponding Sfil sites were attached to the trypsinogen gene by PCR
(primer sequences see Table 2). The recombinant plasmid was transformed into £.
pastoris strain GS115 or strain X33, respectively, by electroporation. Positive
yeast clones were selected by resistance to zeocin. Several clones were cultivated



Forward prinmer (SEQ ID NO 4): 5 - CCGCTCGAGCCCCCTTTGATGATGATG - 3
Backward priner (SEQ ID NO 5): 15'- G CGGATCCTTAGCTATTGGCAGCTA'[I i 3 25
Bot h nmet hods yi el ded secretion of correctly fol ded trypsi n‘o@eﬂl i t) t he
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and wel | suitable for industrial scale!®roduction, though optimnization of

the cul turl 3, 66MAdeARS S0 PRKUSEE kAol e ohEPE S o haduct
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Forward primer (SEQ ID NO 4):

5" - CCGCTCGAGCCCCCTTTGATGATGATG -~ 3’
Backward primer (SEQ ID NO B):

B’ ~ GCGGATCCTTAGCTATTGGCAGCTATGG - 3

25 Both methods vielded secretion of correctly folded trypsinogen into the culture
medium. Refolding was not necessary which rendered this yeast-based process for
the manufacture of trypsinogen relatively simple and well suitable for industrial
scale production, though optimization of the culturing conditions may be useful to
further improve the product yield. The vield of secreted trypsinogen in the present

30 experiments was lower than in the E.coli system {e.g., as a maximum only about
10% of the vield achieved with E.coli), and typically amounted to at least 10 mg/!
in the shake flask culture at a biomass concentration of approximately 10 g/l
{calculated as dry mass per liter of culture broth) and at least 30 mg/l in an
agitated lab-scale fermenter vessel at a biomass concentration {calculated as dry

35 rnass) of approximately 30 g/l. As the present process still leaves room for
optimization it is expected that a biomass concentration of up to 100 g/l (as
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20 uncontrolled trypsin formation, inhibition of cell growth, acceleration of cell lysis,
trypsin autodigestion, supernatant pollution by cell components of lysed cells,
additional purification steps, product contamination, product loss, etc. is believed
to confer a considerable advantage of the present invention over the state-of-the-
art technology. -

2 |
Example 2: Expression of human trypsinogen 1 in Escherichia coli

The expression vector pET3a (Studier et al, 1990) was digested either with Ndel
and BamHI or with BamHI alone, and the human trypsinogen 1 gene was inserted.
30 The corresponding restriction sites were attached by PCR (primer sequences see
Table 4). The recombinant plasmid was transferred into £. coff K12 HMS174(DE3)
by electroporation. Positive clones were selected by growth on ampicillin plates.

Unexpectedly, insertion of the gene for human trypsinogen 1 into the expression
35 vector right after the start codon did not result in a measurable expression of the
desired protein, Only after insertion of an oligonucleotide between the start codon
and the trypsinogen gene high expression of trypsinogen was successfully
achieved. Best results were obtained when using an oligonucleotide coding for
several, preferably at least 10, amino acids, of a protein that is known to be highly
40 expressed in a bacterial host, and particularly, when using a nucleotide sequence
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could be achieved in agitated fermenter vessels, resulting in a product vield
{trypsinogen) of 4 g/l. In spite of this remarkably high intraceilular (i.e.,

20

cytoplasmic) accumulation of trypsinogen no negativeé impact thereof on the

producing host cells was observed, which presumably is due to the biosynthesis
and intraceliular storage of the trypsinogen in the form of inactive aggregated
proteins (inclusion bodies).

25

Example 3: Refolding of human trypsinogen 1

After cell lysis {as described in Example 2), the insoluble fraction was centrifuged
and washed two times in 3 — 4 M urea. Then the pellet was resuspended in
denaturing solution (8 M urea; 100 mM TrisCl pH 8.6; 1 mM EDTA, 10 mM DTE)

30

and incubated for 2.5 hours at 37°C. To remove DTE, the buffer of the

supernatant was changed by ultrafiltration under nitrogen with washing buffer (8
M urea; 100 mM TrisCl pH 8.6; 1 mM EDTA). Then an equal volume of 200 mM
oxidized glutathione in 8 M urea was added and the mixture incubated for 3 hours.
Then the buffer was changed again with washing buffer.
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for autocatalytic conversion of trypsinogen to trypsin may be derived from, e.g.,

25 Kay, J. et al., J Biol Chem 248/ 21, 6661:6665, 1971).

Example 4: Refolding of the single chain antibody s¢3D6

The feasibility of the refolding procedure was proven with another recombinant
30 protein, a single-chain antibody (s¢3D8). An £. coli clone expressing sc3D6 was
cultivated as described in Example 2.
After cell lysis (according to Example 2), the insoluble fraction was centrifuged
and washed two times in 3 - 4 M urea. Then the pellet was resuspended in
denaturing solution (8 M urea; 100 mM TrisCl pH 8.6; 1 mM EDTA, 10 mM DTE)
36 and incubated for 2.5 hours at 37°C. To remove DTE, the buffer of the
supernatant was ch'anged by ultrafiltration under nitrogen with washing buffer {8
M urea; 100 mM TrisCi pH 8.6; 1 mM EDTA). Then an equal volume of 200 mM
oxidized glutathione in 8 M urea was added and the mixture incubated for 3 hours.
Then the buffer was changed again with washing buffer.
40
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produced human trypsin 1 Reconbi nant human trypsin 1 prepared both fromE
coil and fromP. pastoris as describedidbove was used for the treatnent of

i nfluenza virus to induce the infectjvit th irus in.cell. culture.
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processi ng the separdated trypsinogen,. characterized in that the, nethod

h
conpri ses i néU/BM Faglz HBereeavenpyichohiskpsinegans dgtermipedvgthe antvify o,
above pH 2, thh8int ipasdarg®es host cells being yeast cells transformed with
an expression vector that contains a naturally occurring trypsinogen gene,
and after incubation, duri ntg whi ch no trypsi nogen a tivation_or1 trypsin

activity 40s Bxampla 8q Yifus trRatmaitiRykesgmBingnHy PjRaucet aned gersin
el ectrophoresis, separating the cells from the nmedium and obtaining a
sol i d-free $4REMBRARhuRRAIAIPAIND cFalidres bbth frohde o teh R R ¥Istoris as
described above was used for the treatment of influenza virus to induce the
infectivity of the virus in cell culture. Different strains of influenza virus were
26 compared in Vero/SF cells. The effect of récombinant human trypsin was
compared to porcine trypsin, bovine trypsin and bovine chymotrypsin.

Procedure: after removal of the culture supernatant the cells were infected with
50 pl/well of virus dilution {1:1000; MOI appr. 0.01). After 20 min. incubation at

30 room temperature, 500 ul/well of medium containing two-fold dilutions of different
proteases were added. The trypsins of different origins were standardized to the
same volumetric activity, measured with TAME (p-toluene-suffonyl-L-arginine
methyl ester) as the substrate. Typical trypsin concentrations were: 0.03 - 1
TAME units per ml of the final solution. One TAME unit is defined as the amount

35 of trypsin hydrolyzing 1 gmol p-toluene-suifonyi-L-arginine methyi ester per
minute.

Recombinant human trypsin and porcine trypsin gave identical results and both
were superior to bovine trypsin and chymotrypsin.
40



2. A method according to claim1, wherein the expression vector is selected
fromthe group consisting of pPlCZaB and pHI LS1. 3. A nethod according to
claim 2, wherein the expression vector contains a secretion] a@ r
sequence for secretion of expressed tryp§5nogen. 4. A nethod1aza idgﬂb to
claim2 or 3, wherein a trypsinogen gene containing a forward priner
sequence according to SEQ ID NO 2 and a EacMh® d priner sequence according
to SEQID NO 3 is inserted into the vector pPlCZaB, or a trypsinogen gene
containing a forward priner sequence according to SEQID NO 4 and a
backward prinmer sequence according to SEQID NOS5 is inserted into the
vector pHILS1. 5. A nethod according to any one of clains 1 to 4, wherein

the transfored Mosietieal for oanbAsmbalebrirdodiBBhPAYSRoRn MFLARNY! - ©

met hod accor d} ] X cl ai ms to
medi um i s usggﬁg’ékﬁﬁgﬂﬁﬂ%ﬁﬁ& e hest glie PReResaEeGr HyBneger benarinca
wherein the fEdRRImcEY caltyrenmtienteaediom atorprdisomgalimainy for CERGRMIBIRS 0N
(YNB) as theandlstmuoitife@8noSaiyse - iaqIethod accordi ng
to any one OfntfzJS%i rli!' &Q ¥r.: mﬁﬁrat%?%tlif@(r%egsﬁwgf ? &%gf‘/%gl&llgg% SFNRy SSPAMFUNG, ng
the correctly Tol AQ\% ARGl ¥a8Fﬁ"é‘Ef"‘1t9€' tiypsinogep eam the celkusplinsipror
a buffer exchahgrHgnalhepirtharrecessing thepsepdratsat irppsifyger 'WhaPRLOTcalRhat
preferably cetd matiext Bampeiseds cording.to any one
e E S TR RHD e renS o APh IR 38 ol i T Bt

of clainms 1 rein a 2+ urce js .a e su re
it is subj ec%@%‘get B%r@ﬁgf{ %’Zf?gﬂﬂ%? ?‘PB‘: %der%?\?g YeRShRellsdaenatoine with an a

chr omat ogr apf§PTPEYPRH . veetor thateohtainse catutiallg obouding 1y SsindhaT gér, Hhe e+
source i s adiiedbation, d@IRCAMdRHS 9 i S .
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12. A nmethod according to any one of clainms 1 to 1.1, further conprising a
step of autgcat alytically activating the trypsinogen to trypsin w thout an
addi tion of 4trypRimetheddccangingtthalaipy bt wiheeaie th 2xpressRinhasttacie Weli dtgdt 0
any one of ctraimthelgicupldonyBahgidt ﬁFh@Z&BFHrﬁisﬁlj{TP_% vect or encodes bovi ne,
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trypsinogen 1. 14. A nethod according to any one of clains 9 to 13, wherein
Ca2+ i s added A method according to claim 2, wherein the expression vector contains a

secretion leader sequence for secretion of expressed trypsinogen.

4. A method according to claim 2 or 3, wherein a trypsinogen gene containing
a forward primer sequence according to SEQ ID NO 2 and a backward primer
sequence according to SEQ. ID NO 3 is inserted into the vector pPICZaB, or a
trypsinogen gene containing a forward primer sequence according to SEQ ID NQO 4

and a backward primer sequence according to SEQ ID NO 5 is inserted into the
vector pHILS1.

5, A method according to any one of claims 1 to 4, wherein the transformed
host cells are incubated in the presence of methanol.

6. A method according to any one of claims 1 to 5, wherein a protein-free
medium is used as the nutrient medium.

7. A method according to claim 6, wherein the medium is a minimal medium
comprising yeast nitrogen base (YNB) as the sole nitrogen source.



at a concentration ranging from0.5 to 500, preferably 1 - 300, nore
preferably 5 - 20 mmol per liter. 15. A method according to any one of
claims 8 to 14, wherein the chromat ogrgﬁ@y_ conprises the use of wa *ng
and/ or eluting buffers and Ca2+ is added to each washing an_d!/%rJUéI ng
buffer, for unrestricted activation of trypsinogen to trypsin. 16. A f
nmet hod accorgli ng wherein Ca2+ i,s. added at a concentration o
at | east 0.5@'mv1 '&;5?% erggbf}%géc*'"%ﬁ|38¥s‘%“91°fn‘ﬁ’/ﬁ“"is ?.to. 1 hersioiasitires 429
PCT/ EP011007HpeMataptcpnieming 8¢ nareety solNed ttewmsinoghn iDdeetidy,d.e. Kaithowgges |
Her mann  Hohefditling orhubefferisxchiRen St lsubReed Py pliatioRaber t Pol ymun
Scientific IJAHRR | SC chun H<12>|\£hodfor t he manuf acture
of reconbi nant ﬁ‘%‘g@’?‘ﬁ@@%ﬁ%ﬁ%%&%w kR rgm%grga%> US 60/ 177348
<151> 2000-01-24 <160> 8 <170> Patentln Ver. 2.1 <210> 1 <211> 699 <212>

DNA <213> Hgman pRigstead act8Riingd tdSReUel d9:18H%a4 %@%ﬁé\%ﬂf‘% Ceéi”“ sgurce is
gggggct aca ag tgtagl%;fae aatt ct t§f60 ,c_c%ggcagcg tgfcéctgaa ttctggcet
cacttctgtg dt é%gt ec %ﬁe&ﬁiﬁ 87059 It g RYPIRGIRG &P Ehkomajeatphye ie eyoment
aagt cccgca tEyRaRpIsgbiadingggeg abrdaBstogramaacaircg aagt cct gga ggggaat gag
cagttcatca atgcagccaa gatcatccgc 240 cacccccaat acgacaggaa gact ctgaac
aat gacat ca t tag‘%caa gctctcctca 300 cgtgcagtaa tcaacgcccg cgtgtccacc

atctctctge ctaccdedeihpd aggerding taghni whgtsam theyEet & souree tsqaphtegiaigr
aacact gcga guircegyation effectiae o augaibnt trypsinogen-binding to the resin by a factor of
at least 3, preferably by a factor of 3 to 6. '

11. A method according to any one of claims 1 to 10, wherein the yeast is
selected from the group consisting of Pichia, Saccharomyces, Hansenula and
Kiuyveromyces, and preferably is P. pastoris.

12. A method according to any one of claims 1 to 11, further comprising a step

of autocatalytically activating the trypsinogen to trypsin without an addition of
trypsin or of any other proteinase.

13. A method according to any one of claims 1 to 12, wherein the expression
vector encodes bovine, porcine or human trypsinogen, preferably naturally
occurring human trypsinogen 1.

14. A method according to any one of claims 9 to 13, wherein Ca?* is added

at a concentration ranging from 0.5 to 500, preferably 1 - 300, more preferably 5
- 20 mmol per liter.

16. A method according to any one of claims 8 to 14, .wherein the

chromatography comprises the use of washing and/or eluting buffers and Ca?* is
added to each washing and/or eluting buffer, for unrestricted activation of
trypsinogen to trypsin.

16. A method according to claim 15, wherein Ca2* is added at a concentration
of at least 0.5 mM, preferably of at least 1 mM.



gacgagct gc agtgcctgga tgctcctgtg ctgagccagg ctaagtgtga agcctcctac 480

cctggaaaga ttaccagcaa catgttctgt gtgggcttcc ttgagggagg caaggaydCagp4o
t gt cagggtg attctggtgg ccctgtggtc tgcaatggac agctccaagg agttgtctcc

00

t ggggt gat gwscI§s4p8cca gaagaacaag cctggagtct acaccaaggt clPEFEREYVNETIS660

gt gaaat gga ttaagaacac catagctgcc aatadctaa 699 <210> 2

<213> Artificial
PCR prinmer <400> 2 catgccatga ctcgcggccc agccggcecccc ctttgatgat gatg 44
<223>

PCR prinmer <400> 3 1 2 JUL 2004 WO

<210> 3

Descri pt kéH>oHathare¥icki dleSwgdence:
01/ 55429 PCT§
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<211> 48

agctatgg 48 <
<223> Descri pdixp
cccctttgat gabgatign 3Fiezific SrmuoRidieog28&he<RbBonidAcmt@13> Artifi ci al

SeqUENCe SR 0etnod 1oz e

<130> BEP-4

<140>
<141>

<150> Us 60
<151> 2000~

<160> 8

<170> PatentIn Ver.

<210> 1
<211> 69¢
<212> DNA

Sequence <220>

<212> DNA <213> Artificial

e tificial

697-PC

/177348
01-24

<213> Human pancreas

<400> 1

gcecoetttg
ccectaccagg
cagtgggtgg
cacaacatcg
cacccccaat
cgtgecagtaa
ggcacgaagt
gacgagctgc
cctggaaaga
tgtcagggtyg
tggggtgatg
gtgaaatgga

<210> 2
<211> 44
<212> DNA
<213>

<220>
<223>

<400> 2

atgatgatga
tgtcectgaa
tatcagcagg
aagtcctgga
acgacaggaa
tcaacgecey
gccteatetce
agtgcctgga
ttaccagcaa
attctggtgg
gectgtgecca
ttaagaacac

n

SCri
manu

Sequence <220>

<211> 44

<212> DNA

§§@U%§cp%§§1rﬁet ion of Artificial Sequence:

cat gccat ga ctcgcggccg gctgggectt agctattgge

2.1

caagategtt
ttetggcetac
ccactgctac
ggggaatgag
gactctgaac
cgtgteccace
tggetgggge
tgctectgty
catgttetgt
ccctgtggte
gaagaacaagqg
catagctgee

Artificial Sequence

Sequence:

[%tion of Artifjcial
acture of recombinant tryp

gggggctaca
cacttctgty

aagtccecegea
cagttcatca
aatgacatca
atctctectge
aacactgcga
ctgagccagg
gtgggettee
tgcaatggaq
cctggagtcet
aatagctaa

actgtgagga
gtggcteccet
tccaggtgag
atgcagccaa
tgttaatcaa
ccaccgcccec
gctetggege
ctaagtgtga
ttgagggagyg
agctccaagg
acaccaaggt

Description of Artificial Sequence: PCR primer

catgccatga ctecgoggecce ageceggecce ctttgatgat gatg

<210> 3
€£211> 48
<212> DNA

<213> Artificial Sequence

<220>
<223>

<400> 3

Description of Artificial Sequence: PCR primer

gaattctgte
catcaacgaa
actgggagag
gatcatccge
gctctectea
tecagecact
cgactaccca
agectectac
caaggattca
agttgtctcce
ctacaactac

60

120
180
240
300
360
420
480
540
600
660
699

44

00
éiﬁ“‘;f;f%, T5:27 <212> DNA <213> Artificial Sequence <220>
Kﬂg I Cl PCR priner <400> 4 ccgctcgagc

Segﬂfnce: PCR pri nmer



<400> 5 gcggatcctt agctattggc agctatgg 28 <210> 6 <211> 32 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
PCR primer <400> 6 ggaattccat atggccccct ttgatgatga tg 32 2<Mo00k <211>
27 <212> DOs3423> Artificial Sequence <220> <223> Des®UIEPOLO 7T
Artificial Sequence: PCR prinmer <400>27 gcggatccgc cccctttgat gatgatg 27
<210> 8 <211> 28 <212> DNA <213> Artificial Sequence <220> <223>

Descr i pt PHHACHHT9Ar FiCFPIIaP ISEeASAt 29PEREBTT ABFL2LD0> 8 geggat €t t

agct att ggggaoct at gg 28
<211> 27
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: PCR primer

<400> 4
ccgetegage ccectttgat gatgatg 27

<210> 5

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: PCR primer

<400> 5
geggatcett agectattgge agetatgg 28

<210> 6

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: PCR primer

<400> §
ggaattccat atggcecccct ttgatgatga tg 32

<210> 7

<211> 27

<212> DNA

<213> Artificial Sequence

<2205
<223> Description of Artificial Sequence: PCR primer

<400> 7
gcggatcege cccctttgat gatgatg 27

<210> 8

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: PCR primer

<400> 8
gcggatcett agectattgge agetatgg 28



