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16 desire and tendency to replace material, e.g., proteins, extracted from animal
sources by equivalents made by recombinant technology it is an objective of the
present invention to provide for a method to efficiently produce recombinant
trypsin of high purity and in high amounts. .

20 As is known in the art, the proteolytic activity of trypsin poses two major
obstacles 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.

356 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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WO 00/17332 reports a method for the production of trypsinogen using a
modified trypsinogen anlog that cannot be autocatalytically cleaved during

20 incubation. The method requires the addition of a diaminopeptidase for activation
of frypsinogen to trypsin after separation of the trypsin analog from the cell
culture medium,

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



sources by equival ents nade by reconbi nant technology it is an objective of
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the art, theveeuisesl ytic activity of trypsin poses two majr@fepoiatac! es for
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der peptide is included {e.g. pPICZaB 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



contam nation by host cell constituents. WO 00/17332 reports a nethod for
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t he zynogen, ddeeiBas Betdiihedigngen i s accunmul ated intracellulary in the form
of inactive protein aggregates, i.e. inclusion bodies. Al of the

af orenenti oned nmet hogds_have in common that they require either a step of
modi fyi ng t hEUTEhe) sEkasiiaentsaf dbe peesent ivestion erei descabekini the deptodaital vt i c
activity 35 deimson the contrary, to prevent undesired inpact on the
producing cells, or require a step of adding a proteinase for activating
the zynogen, jnogen to the active enzyne, e.g.,
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.present inventi gRstihdefbile a sinple yet highly efficient nethod
SU|tabIe for the production of trypsin by reconbinant technol ogy without

t he drawbacks known fromthe prior art processes. - BRI EF DESCRI PTI ON OF
THE | NVENTI ON The objective is reached according to the present invention
by a nethod of nanufacturing reconbinant trypsin or trypsinogen,
respectively, during which no unintended trypsin activity nor activation
of trypsinogen to trypsin occurs. In an aspect of the present invention,
there is provided a nethod for the manufacture of reconbinant trypsi nogen
or trypsin conprising incubating transforned host cells expressing a
trypsi nogen gene in a suitable cell culture nutrient nmediumat conditions
allowing for cell nultiplication and sinultaneous or subsequent expression
of the trypsinogen gene, separating intracellularly or extracellularly
accurul ated trypsinogen fromthe cell suspension, and optionally further
processi ng the separated trypsinogen, characterized in that the nethod
conprises incubating the transformed host cells at an acidic pH at or
above pH 2, the transfornmed host cells being yeast cells transforned wth
an expression vector that contains a naturally occurring trypsi nogen gene,
and after incubation, during which no trypsinogen activation or trypsin
activity is detected in
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Saccharo Tei sl ae, K uyveronyces lactis or another yeast. The
expressi on system conprises a pronoter (e.g. alcohol oxidase, -al cohol 10
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or plant source, . X
P supernatant is being exchanged and turned into a buffer having a low conductivity

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
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that at |eagdavage 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,
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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 inlet 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
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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 (b)

Chi cvevennens concentration of denaturing agent at flux i {i = 1 to 4}
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t he concent r at thenreattod eizatcandet puch emali¢rathdn ofith batichtpnodasgesigent fed
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‘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
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Exanpl e 1: $#pression of human trypsinogen | in the yeast Pichia pastoris
The gene for human trypsinogen 1 (Gene 41, 305-310, 1986; Swi ssprot | ocus

10 TRY1_HU c r the sequence see, Tabl e S
i nserted | M mﬁ%&ﬁer}%ﬁ@ \?I]}% HYPSIREeR,l ggue B?@U?'Bﬁsa?tﬁg
di gested™ith _Sf |W°peF’5!S’Péeﬂue‘NL?c( 5& Osk guence of the human trypsi nogen
1 gene begi nnlﬁ@CGCCEmeGAﬁEM@@E@ACA@mﬂ'C@GG@T&A@CTBTGAGGAG
COOCCT T T AT A K AT R GACRTET ' CTGGCTACCACTTCTGTGGTG

ATTCTGICCCCTACCAGGI @] ;
AGGCCACTGCTACAAGT

CTCCCTCATCAACEE wAE
CCGCATCCAGGTGWG&@&‘@A@AWWTCGAAGTCCTGGAGGGG
AT@%&%GMMWWATWGCCACCCCCAATACGAC
GTAATCAACGCCORIF GIC AT RCAGAA GCTCTCCTCACGTGCA
CTGGCACGAAGTG A ACRAFEAIAAGTEHECCACCGCCCCTCCAGCC

- @cmrmmmmcmmmmcmcemcmmec
CTAAGT GT GAAGCIEI S8 ACTAE G A 6 A e A A A T BB TG CTCC TG TGCTGAGCCAG
TOEECT T CCT T A A G AR P N R A R P A A P cCAGCAACATG TTCTGT
TGGGCTTCCTTGAGGGAGGCAAGGATTCATGTCAGGGTGATTCTGGTGGE
CTGTGGTCTGCAATGGACAGCTCCAAGGAGTTGTCTCCTGGGGTGATGGE
GTGCCCAGAAGAACAAGCCTGGAGTCTACACCAAGGTCTACAACTACGTG
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



CTGTGGT CTGCAATGGACAGCT CCAAGGAGT TGTCTCCTGEGGTGATGEC
GTGCCCAGAAGAACAAGCCTGGAGT CTACACCAAGGTCTACAACTACGT G
AATGGATTAAGAACACCATAGCTGCCAATAGCTAA Table 2: PCR priners fbR ‘HLO?IqUhg into
pPl CZaB Fometiés4Pi mer (SEQ I D NO 2): PCT/EP01/00770

5' - - CATGCCATGACT CGCGGECCCA TTGATGATGATG - 3' Backward primer (SEQ
ID NO 3): 5'- CATGCCATGACT GEECTTAGCTATTGGCAGCTATGG - 3' 20 The

correspond! Roaghint Sarhed s f)négk%gﬁp%ﬁn &nﬂqe{dﬁy%ﬁhepg&ﬂemnﬁmm

(prlner seqgue S see e reco or med
into P. pastegiun (300 anM regasshuromhosphate, 3 E.Oxr b@ﬁe"étYNBa $x1Q55 % biotin; 1
el ectropor aty gn,zceRﬂ%rto 5 nyé&BsiolL bob§Feret confphbeskdidmbyl pegesstareact; @

zeocin. Sev cul tivat ed

Ty Erou) o0 S epte: TROSEN i iR ePr 0L L 3t YUPT S0P ok e a,
ei t her buff bioia; i ¥i giw;erohw@@n%(m@thalmm)m%%ﬂduﬁppwsypm ef reganbimant1. 34 %
YNB; 4x10- 5g8nderbression, memﬁQ\lrererceﬂtrﬁugédmdwsok;)erﬂrsdbmfﬁfeeheﬁbcnmﬁpl ex

medlum(lcy HalaTol-Yep=1s pH 6. 0;
1.34 % YNB: ey ftiing Fifilal "%teé?’e% g/'(?g?mgg'?’e%?g%ﬁ%wmt hanol B ed.
For inducti GHP%Pa?a@EBMﬁeﬁHﬁPQa%h@“ é%“sqnbm"aritﬁgpéé'IQ%“\Mé?% tefted fuged
and r esuspethiegupemndtast by B polvacgglanddea gelgelentdphoatsis. Tdisprbcediurgl ycer ol .

Then the 1@ebh§blé@&ﬁe 5&5@:}{&%% uqdb@erpﬁidiﬂ@'rnﬁetﬂ&i% Mwmrfbmggém@gbn and
tected in the supernatant by SDS

t he reconbi nant r YRS ?q was, det ¢

pol yacryl am FE rbogl erec ore5| ST%5rhi s procedure 10 enabl ed the sel ection
of strong over producing cl ones Activation of trypsinogen was not observed
in these culMiterresively, ties pané felhumdrhiaygsmegehot (dequemce segpSablodénvak

(sequence sgge Qllﬁolﬁle‘%étor&ﬁ-ﬁ@g‘f ﬁqw'tr% Qn)t h\ﬁ'ﬂéﬂa%@.rpr%&sc{;} dideavdd wagen) .
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pastoris st pristidhlasittarityoinitl IREOPOphaBEs straiarGs ISRy ilen prazbplast Positive
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CCCCTCGARCCaBBRF TGATGATGATG - 3' Backward prinmer (SEQ ID NO 5): 15'-
CGGATCCTTAGCTATTGECAGCTATGG - 3" 25 Both nethods yi el ded secretion of

correctly fclxl g|§d3 t ry%lﬁ]gﬁﬁ{éré 151}',%%?%%5%5%&981 medi um Refol di ng was not
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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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pH 7.5, whibmi gH Pato $i G behich iopdri freh by entinesl FbakytocgtabaisVednyeion of

{ rypS! Nogenys fobsiAiler H8RY RebdtRApAB: 6 Lbil ViaBly. frts, tavoiddiReato! dance
of various_ undesirge L Y Gg]nenﬁu%ncbu I n not lrmted to
20 uncont roYefrgjd'stWﬁ'f%; P'E?Fﬁg fevelqRmesits f 79 pYy TO%FBth © accel eration
of cell EQSm@Ontﬂl?%ﬁﬁYﬁS'atfpﬁdﬂimt"ill’@)hltloe whsehgrewth, poteletation of welt bisis,
conponent s ®{pdiy a@tbdigdskion, swRahdthRNEdILBLR bl eRtdoBibonbRESef I?éé't%&lfs

cont ani nat i ga%ata@guﬁtctmsmﬁ% Sorabifee RBhLAY Aol PrigRibsd oFENS bERT p' e

advant age o i‘'on over

25 Exanpl e CCBTF)P %ggt‘%ﬂerat’ erﬁﬁfefaﬂtaﬁﬁfw%ag‘@ﬁntlmvantmrbﬂw.teﬁ |553t8t5’|f1thel‘he
expressi on aréteahnopidy3a (Studier at al. 1990) was digested either with Ndel
and BanHggsor with BanH al one, and the hurran trypsi nogen 1 gene was

roerted, S8 Hian o0 ERBRRON Y (LR BReR L RORITRER AT, DL TR g
into E. coil K12 HVB174(DE3)
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



by el ectroporation. Positive clones were selected by growth on anpicillin
pl ates. Unexpectedly, insertion of the gene for human trypsinﬁg 1linto
the expression 36 vector right after the start codon di d*rio? #§@UIt in a
measur abl e VExp¥s$$28i on of the desired protein. Only after HOTERO/OOM of an

ol i gonucl eoti de between the start codon and the trypsinogen gene high
expression of trypsinogen was successfut2y achieved. Best results were
obt ai ned when usi_ng_ an_oligon eot i de .cod] for seyeral, preferably at
onot 10, "agprboder HE st 155 ERina s b o S Sockiel ek oY 3F Bideeos e
i n a bact eriTdl envefipe rratkipar ti cul arly, when using a nucl eoti de sequence WO
01/55429 -12 1 2JuL2o4 PCTI EP01/ 00770 coding for the first 10 to 15

am no acids t éﬁr} ' he phage T7 envel ope protein.
Tabl e 4: PMS g&egﬁctogic?@%[ﬁgggg‘%é 5 Forward prinmer (for cloning
in the N8l site): SEQID NO 6 5 -. GGAATTCCATATGGCCCCCTTTGATGATGATG - -
3" Forward priRarwafdpridepfonglohingtinehBdail sisd)fe): SBRAMNO G b --

CCCGAT CCCOCCO el T FARRICA FA TS GCBRCC PG R GARBATEEQEY D NO 8 b -

GCGGATCCTTAGCTIAFF FAT 3—Several—e-ones—were—cHl-tvated{ in baffl ed
shake f|asks i fto0y2E REAPLIPY ongsin thabeat phebne; S5 10 Y0adt pxtract: 5
g/l Nad; 1 gl|5"NHGCGGATGLGCRAZRITTCATRATGNAGHPGA; 4 gll gl ucose; 0.25
gll MySHA- 7TH2QJaiefd bhgerUT TUT €s reached an 10 OD6@Eqpinols 4 fro/ nl | PTG
was added for jndugti i i nti,hued for 4 hours. After
cell lysis wit @m@?ﬁ%@ﬁﬁ#ﬁéﬁ?%ﬁﬁﬁz& hT8 10 oM Trisch pH 8. 2:
15 MM Mgd, .), reconbinant trypsinogen was identified in the insoluble
12 lr3 afct i ondof Seberal M&aésé&!eb?’cr;ﬁﬁﬁ?ﬁn lbla\mdd“ﬂﬁake ¥asls ymiszegﬁédignhO(d@c%% g//i gl ds
ef ore dengbiiotiridd o o1 OLalk BlabttH G NI ATBNREER Do) Rbi.b62Y 940 bY
wei ght of bact f 'oés Ec t ss) ‘of “the“cell “cul ture.
B O O DRaTAbT ool e 25 AULBOSE T hes e Gunies eseens el oo
coul d be 1ackhiDgged: il nOaymomePTiewae rrided Jerspdiiction; @pdictitivgtipm weaspr oduct
yield (t ryeaﬂ;gm%nr)or Ul Attod duiSpbib Gl 1ykBhind SHBTHAM X DD 4 9% in

intracel | ul ar en..no
negative ingg

ce.,..20 cyifopla ccunul atl on trypsing .
M FGI g B2t  RGORBINANE SYPSingeet WeSdTTBISA R ch
presunabl y ihe dgeluble frénsidni ofsthatyeadesby avestérntbliettiog] ul ar st orage of the
trypsinogen in the formof inactive aggregated proteins (inclusion

(a5 SZ)S;:r".%ﬁgﬁfﬁﬁn’%ﬁaﬁg@&éﬁ’:e‘*@%%e?%ﬁs(ﬁé_ﬁ%@ﬁ"%?%?{f?ﬁ%&ﬁa’?@i&ﬁ?ﬁ o B 3
washed two f lpast 2Q%sby weidht gf bacterisb Riompss fealpdategps grudirsse RE&RP Fof!
culture. Biomass yields of 20 g dry cell mass per 1L of cell culture suspension
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 negative 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 fimes 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.



denaturing solution (9 Murea; 100 MM Trisd pH 8.6; 1 nM EDTA, 10 nM DTE)
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of 200 mM oxidized glutathione in 8 Murea was added and the m xture

i ncubated for 3 hours. Then the buffer ®as changed again with washi ng
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ot her prot ei rona for altocatalytic
conver si 0?0 oAF sever hABEE & 02114 PRirE, deRpNEId RN} FRAcRIRFINGAMRURS of 25 Kay, J.
et al., J Bi wpﬁwan?_%ddbl‘dmﬁﬁﬁmﬁﬁaﬁacécﬂﬁg)ixarﬁxbaﬁl and)? fiRef thrdlemgomoft he

single Ch'?lh th nb Wag cfaﬁ'?e?i' éutl H»I yut@&aﬂam;srcﬁwhca N@iAbAE AT € vas
roven w ano er 1.Nn
(sc3D6) . An 46di ?fc?'i% BVesip P ethat prBiedissehagde Rt Grndfon R Bekdfters, | |

Exanpl e 2 Afbreutq;»@ta!vmcygwye(a@@@f @Vﬁgtnpaemwpﬁnmav 'P?\ée”‘f%"of"ﬂflﬁlr@ g,
fraction yaskgent, et alige®Giolaknnadbed 1} 806110685, 11973).- 4 Murea. Then the
pell et was resuspended in denaturing solution (9 Murea; 100 nM TrisC pH

8.6; 1 M EQLA 10 IVEBKRY 35, R0 BRI A Unifia scBOiPUT S at 37 C. To

renove DTE,

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



supernat ant was changed by ultrafiltration under nitrogen with washing
buffer (8 Murea; 100 MM TrisC pH 8.6; 1 nM EDTA). Then an e vol une
of 200 mM oxidized glutathione in 8 Murea was added and 1 REL mu

i ncubat ed W§Y018542Burs. Then the buffer was changed agai POWEPRI/AEWHI ng
buffer. 40 1 2 JUL 2004 WO 01/55429 PCT/EPO1/ 00770 -14 For renaturation,
a reactor unit (as described hereinbefot4) was filled with refolding

buffer (50 Trisd H86 50 Cl 2 and a redox paict.
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Vi rus weris 2&speotipelye@ihé nolemowss weshkd wilth B0 efifldédaAciHac el @00 mdhNaBUrran

trypsin was 1@&@@69% t‘fﬁel%%t%td”'i% émﬂéasmaa 5bqe4mrwaAémaél-n ARCmBP VB +
chynmotrypsin. Procedure; after renpval of the culture supernatant the cells

vere i nfect d@ WM FaChg The reqeyery M\elq,?frtggpsdpqxgﬁn, gRterminegdYy: thesctiviyef 0. 01).
After 20 m prgmc%bgﬂjd@rgﬁ% 30 room tenperature, 500 /il /vveI | of rredl um
containing two-fold dilutions of different proteases were added. 'The
trypsins of different OI‘I%I ns were standard| zed to the sane volunetric

activi ty,20mExample0iy YiusrRRategntity ieepmbigntly myeduced hymandeyPsied hyl  est er)

as the substrate. Typical trypsin concentrations were: 0.03 -- 1 TAME

units per mneeambnﬁn{ hﬂﬁn'anstﬁ}piéfri @%repﬁ?@d E&&ﬁr&wa doﬁ aelaffmﬁqb astdmg sanmount

35 of trypS| n drol,yzin L i t hyl ester
por ' b o dpRHEH AR R ar et tor B R aihbs oG W MG TRE DY O
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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



- 15 CLAIMS 1 2 JUL 2004 1. A nethod for the manufacture of reconbi nant
trypsi nogen or trypsin conprising incubating transfornmed host cells
expressing a trypsinogen gene in a suitable cell culture nutrie L ﬂﬁpium
at conditions allowng for cell nultiplf&%tion and si mul t ando sm r
subsequent expression of the trypsinogen gene, separating intracellularly
or extracellularly accunul ated trypsi nog€iAlii@n t he cell suspension, and
optionally further processing the separated trypsinogen, characterized in
that the method conprises incubating the transfornmed host cells at an
acidic pH at or above pH 2, the transforned host cells being yeast cells
transforned with an expression vector that contains a naturally occurring

trypsi nogen dene, Aametiedd for theBaa¥abalite ﬁqgé&q?ﬁ%h%ﬁgﬁgéé'?gbno &

activation o nsj Y i s, detegted |

pol yacryl ani 38}{ %‘Fmgﬁggﬁr)%%%%@ﬁ?m?g étcreﬁﬁ SXPESEIBY| s trypgiRrgehgemeth am

and’ obt ai ni n§Y438 |GeH-ouftgee supiam avediumcaintanidiiioss skowiegtfoy cE®hil@gblication

t rypsi nogen. ad s%ﬁﬁﬂ‘é)jﬂ:sw'bﬂ%ﬁtoeﬁr@éd%ﬁof%@Eﬁt}%nhgg eXpLession.

vector is se om t he up consi st1ng of pPICZAB Ahd PR TEEraUNg A

met hod accor drﬁ f\até:%ﬂ %la@fléjlrrﬁg‘ﬁr,a(’%h@?&’ ﬁQFH@“E&E%‘gé@’ﬁmgﬁéd‘f%ﬁ tbeselhisnspension,

secretion | e2féPrEenaibhbwthesrprosessing the séprapdesgpsinbger YHARESErzed inAhat

met hod accor thengetitod bampyide ®incibatiig Al ' enygdepe containing a

forward pri ngéo\%egH%Qt%E%ﬁ?%rfdi n%d %oféﬁé@%ﬁf\%ﬁ%ﬁaﬁ%&a&g@&\%r%' F iPheft or

sequence accordi ng td RG'% ngst aelsrheing ivaest edlle wanafermesbidtie®; or a

}\lgygsi nogen %ﬁfgsﬁ‘@gt"ﬂm"ﬁ@aé chotaims d natinatly osequiRCey BIeeddH Q@wé,féngl-:é@{érg

and a imeaksddss QUrMEWhEIHER i i Sic! JI3 el

i/\ﬂt 0 the Veglohe anﬁﬁg?%% A Tet r@@’?ﬁ’g&fﬁC‘EEG%@";E&\)&@@'\%_&/&{V&IHSrgge%ictpa 2,
erein the transf.orne SOEHY 8IS 0Pl R BERPRRPTRHISt RRPaFRURE theecelis from

met hanol . 6. 1h& Mgt apd @btaining @ solitjreersipefnathai oentiiring Borraby flifed

pr ot ei n-freetrypsEidogen.i s used as the nutrient medium 7. A nmethod according

to claim®6, wherein the nediumis a mniml nedium conprising yeast

ni trogen basg (YNB) as the sole nitrogen source. -16 1 2 JUL 2004 8. A

met hod accor#i ng 4 dnelipdassosdingtaickiml 1t whereinibe eixprdsionsaldter kIBcted

super nat ant ftont ehe\gidid Bensigting Uil ppiEghdemhd sMRgnogen is directly, i.e.
wi thout a refolding or a buffer exchanging step, subjected to purification

by chromat ography, preferably cation exchange chromatography. 9. A nethod
accordi ng to*any dreethpddcgionding to eldm Hheherain ah€CaRpreseivhn0Ordtsr cafigpg 4 0

the super natsserethgf Radel bedSertior sb&dtibA Y r augment
trypsi nogen-binding to a chromat ogr aphy! resi r&p%OS%A t%oo(i?%éccor ding to

claim9, wherein the Ca2+ source is added at a
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.



concentration effective to augnent trypsinogen-binding to the resin by a
factor of at least 3, preferably by a factor of 3 to 6. 11. A nethod
according to any one of clains 1 to 10,_W@ere|n the yeast is selec&ﬁp from
the group consisting of Pichia, Saccharonmyces, Hansenula and 2 0

Kl uyver onmyces, and preferably is P. pastoris. 12. A nmethod according to any

one of clai 11t f r risin ste ut ocatal ytjcally
activating the t ryﬁi‘?tﬁoge# ?9 3%%5?‘ W %oﬁ? ?(}'Hg; t"s%?femt ec%/‘g}tﬁjsﬁrﬁe or of-
any ot her pratPermaiaat CQ’BTa‘W@ré't‘%éﬁrra@ﬁmfddﬁg teypsinogeonne doéciy, diarpvithowt 42,
wher ei n t he rexgdiegsoron buffer bREhRRENS efe ) QVbRR te PRS Ehr“WcanonW

trypsi nogen,, J{?Bﬂa%@%hﬂy,nﬁlle‘f'&%u CatorPg‘Cg’E(Erlk?n%ﬁhlﬁ\mﬁégﬁ | nogen 1. 14. A

met hod according to ahy ‘one © + is added at a
concentration ranging fromO0.5 to 500, preferably 1 - 300, nore preferably

5 - 20 nmolgper Alnﬁ&hod%'écofau@@w% 06101054 9 1B ﬂﬁ(ﬁrema g ﬁ’fsoﬁ[{ﬁﬂsn ;

14, wherein t chr onat ogr ses t use of

buffers and @%ﬂﬁ the SRR Eatan éaefﬁv”%&'ﬁ.w%m & chramatagraniv; &p augaent

unr est ri ct edrgrginagen-binding ta a ghymawanaphy tasipsi . 16. A net hod accor di ng
to claiml1l5, wherei n Ca2+ is added at a concentration of at least 0.5 nmM
preferably o east 1 mM 1 2. .111L 2004 WO 01/55429 PCT/ EP01100770 1
SEQUENCE LI S NG Myhofcearting & claimed hahareinshe fgt sodesarisnatidedodtembl um

Huber ll:) usI Nacs:rigbatrgﬂom efteetian to \dtakneriRabgy; sﬁr:jd@%éhykfmﬂing@qbqnfglrgé,ﬁ by a ffactor of

| mrunbi ol o9l §qbgsF§r %@E or the manufacture o

r econbi nant tryps:::gn) é%g%ggll%‘%pggg (ng%iﬂ)g <141> <150> US 60/ 177348 :

<151> 2000-01-24 <160> 8 <170> Patentln Ver. 2.1 <210> 1 <211> 699 <212>
DNA <213> Huhn pameethad 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.



<400> 1 gccccctttg atgatgatga caagatcgtt gggggctaca actgtgagga gaattctgtc
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cagt gggt gg t at cagcagg
cacaacat cgwaxyiss42fgga
cacccccaat acgacaggaa
cgt gcagtaa tcaacgcccg
ggcacgaagt gcctcatctc tggctggggce
gacgagct gc agtgcctgga tgctcctgtg
cct ggaaagal®t Mridaperdal c M gthastgt
{51 cagogt g ol EELEgGoREReiE got
tggggt gat g gciiH-MLsAer JERAGCaag
gt gaaat gga ttaagaamsder€at agct gcc

ccact gct ac
ggggaat gag
gact ct gaac
cgt gt ccacc

aagtcccgca tccaggtgag
cagttcatca atgcagccaa
aat gdcatca tgttaatcaa
bl L96rfEaACCIccee
aacactgcga gctctggcge
ct gagccagg ctaagtgtga
gtgggcttcc ttgagggagg
t gcaat ggac agct ccaagg
cct ggagt ct acaccaaggt
aat agctaa 699 <210> 2

ccctaccagg tgtccctgaa ttctggetac cacttctgtg gtggetcect, caygagggaa 120

act gggagag 180
g XCTEPCLWE70240

gctctcctca
t ccagccact
cgact accca
agcct cctac
caaggattca
agttgtctcc
ct acaact ac

<211> 44

<213> Artifi cPellym8e§aeende £ 2 20munbi@R§es Deshrhspungnéngft Arti fi ci al

2100 5 Cgh et 53195 fgitedi Sl WrrereRar 04y

Sequence:

Descri pt ko3p>08rpAa 9 7-bEi al

agct at gg<¥¥><210> 4

<211> 27

<212> DNA <213> Artificial

dBerfce <220>

300

360

420

480

540

600

660

<212> DNA
Sequence:

Cc, ctttgatgat gatg 44

<223>
PCR prinmer <400> 3 1 2 JUL 2004 WO
01/55429 PCTI EPOL100770 2 catgccatga ctcgcggccg gctgggectt agctattggce

Sequence <220>

<223> De§%??ption of Artificial Sequence: PCR primer <400> 4 ccgctcgagc

cccctttgaisgaydabmm4445210> 5 <211> 28
<151> 2000-~01-24
<160> 8
<170> PatentIn Ver. 2.1
<210> 1
<211> 699
<212> DNA
<213> Human pancreas
<400> 1
geccoetttg atgatgatga caagategtt gggggctaca actgtgagga gaattctgte 60
ccctaccagg tgtccctgaa ttetggetac cacttctgtg gtggctecet catcaacgaa 120
cagtgggtgg tatcagcagg ccactgctac aagtcccgea tccaggtgag zctgagagag 180
cacaacatcg aagtcctgga ggggaatgag cagttecateca atgecagecaa gatcatcege 240
caccocccaat acgacaggaa gactotgaac aatgacatca tgttaatcaa getctectea 300
cgtgcagtaa tcaacgcceg cgtgtccacc atctctctge cecaccgeccce tecagecact 360
ggcacgaagt gccteatctc tggetgggge aacactgcga gectctggege cgactacceca 420
gacgagctgc agtgcctgga tgctectgtyg ctgageccagg ctaagtgtga agceccteoctac 480
cctggaaaga ttaccagcaa catgttetgt gtgggettee ttgagggagg caaggattea 540
tgtcagggtg attctggtgy ccctgtggte tgcaatggac agctccaagg agttgtctcc 600
tggggtgatg gectgtgccca gaagaacaag cctggagtet acaccaaggt ctacaactac 660
gtgaaatgga ttaagaacac catagctgec aatagctaa 695
<210> 2
<211> 44
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: PCR primer
<400> 2
catgccatga ctcgeggecce ageceggccece ctttgatgat gatg 44
<210> 3
<211> 48
<212> DNA

<213> Artificial Sequence

<220>
<223>

<400> 3

Description of Artificial Sequence: PCR primer



<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: PCR prinmer <400> 5 gcggatcctt agctattggc agctatgg 28 <210> 6
<211> 32 <212> DNA <213> Artificial Sequence <220> <223% 2Dddlcrflbti on of
Artificial weepisasp@e: PCR priner <400> 6 ggaattccat at ggc®Exapot/edg#t gat ga
tg 32 <210> 7 <211> 27 <212> DNA <223> Artificial Sequence <220> <223>
Description of Artificial Sequence: PCR prinmer <400> 7 gcggatccgc

cccct t t gFIGERGAt YCITILsY (FSteuacety pactartuwg pgstapR\ <213> Arti 44 ci al
Sequence.s54820> <223> Description of Artificial Sequence: PCR prinmer <400>

8 gcggatennt mgctattggc agctatgg 28
<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





