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1 Cleavage of precursors of insulins by a variant of trypsin Description
The present disclosure relates to the production of a variant of
recombinant trypsin with increased substrate specificity for arginine
versus lysine in non-animal host 5 organisms. Moreover, the present
disclosure relates to a variant of recombinant trypsin and their production.
Also provided are use of recombinant porcine pancreatic trypsin variants

c;eanég'S%m%&f&swﬁemé B dinsranddeis paaining the variant of

sin.” Trypsin is a serine protease which cafalyzes the hydrolytic
cleavage of peptides at the carboxyl group of the basic amino acids
Descepditihe and lysine (Kell B., (1971). The 10 Enzyme Vol. II, 3rd Edition,
Editor Boyer, Acad. Press NY Pp. 249-275). Recomblnant porcine
The pﬁé@éfﬁ&iigdrmé F@StamoléwIprodeiglﬁmbébmﬁr%ﬂﬁﬂréathmm aypsin

.. .enz matlca tlmu t pH 8.0. Trypsin is used in the industrial
Wit R ERE b B TRELIH Are AL TRB N B r oSt
orgarbipmoiRtess: desspbeskint this ditesaterectatd severabapptazicieesnBinant trypsin
and tgﬁﬁtﬁé@%’ﬁ hoi%‘ﬁfﬁé?\ﬁ%%ﬁ conomlec %I Fr)o};rgr% Yﬂ'%w t%‘? (%ng?é%aér atic frypsin

st Shs 0gs IS not feasible” There ore
variaftaiay dwewrgeassesturste prfodection, afridsitm can‘dansummamgsm of trypsin.
currently exist, namely the semi-synthetic approach using porcine insulin
as a starting material, and the use of genetically modified mlcroorganlsms

Trypsfior ithe éﬁﬁ%@@%@mﬁﬁfﬁimﬁﬁhw Qi damigpedidecotiges at the
carb B '%?o%f:ﬂ@ldﬁf ¥Bih qre.divided dpfe 2. aming a6l iEABIKEe @@w ). The

Ino acids and the B chain having 30 amino acids. The chains

Enzyare ‘d@hdé&edﬁd"@@ﬁé &ibipePayeneAns by ansulite BRidgts: 4AsuiRecombinant
porcifE eﬁ%@?@é‘ﬁcrﬁ VRiPastsemplaxed il diagstes Hsdapy dBo0AB¥A8ENd an

only naturally occurrln%blnsullns are used here, but recently also
eﬂZWﬁ@Uﬂrﬁé@Yi%@%@W ahiafd§s925 Insulin analogs are analogs of naturally
occurring insulins, namely human insulin or animal insulins, which differ

oyl Sl SR RS S0 AR SRS e The
prod ZEHHH B 1A 8ZNSTHR2AN60RESEEribed in the literature and several approaches
have been chosen. From an economical point of view, the chemical synthesis of
human insulin and insulin analogs is not feasible, Therefore, mainly two processes for
the production of insulin and insulin analogs currently exist, namely the semi-synthetic
approach using porcine insulin as a starting material, and the use of genetically

modified microorganisms for the expression of recombinant insulin.

insulin is a polypeptide of 51 amino acids, which are divided into 2 amino acid chains:
the A chain having 21 amino acids and the B chain having 30 amino acids. The chains
are connected to one another by means of 2 disulfide bridges. insulin preparations
have been employed for diabetes therapy for many years. Not only naturally occurring

insuiins are used here, but recently also insulin derivatives and analogs.

Insulin analogs are analogs of naturally occurring insuling, namely human insulin or
animal insulins, which differ by substitution of at least one naturally occurring amino

acid residue with other amino acid residues and/or addition/removal of at least one
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2 amino acid residue from the corresponding, otherwise identical, naturally
occurring insulin. The added and/or replaced amino acid residues can
also be those which do not occur naturally. Insulin derivatives are
derivatives of naturally occurring insulin or an insulin analog 5 which are
BBEINEY Y 'chemical modification. The chemical modificatiSfh HARARMHEEIs0
for example, in the addition of one of more specific chemical groups to

one or more amino acids. Examples for insulin derivatives are
B29-N-myristoyl-des(B30) human insulin, B29-N- palmitoyl-des(B30)

human insulin, B29-N-myristoyl human insulin, B29-N-palmitoy!| JrO i
Urally occurring

amipgrAgld iesifive BoMNYREESRAUBSEBIERSSHIHRRH RIS R

ins BR8N aliEadiyeB 28 RielParhinmaniinsdidues can also be those which do
B30-N-myristoyl-ThrB29LysB30 human insulin, B30-N- palmitoyl-

not PEEHEBEJEER human insulin, B29-N-(N-palmitoyl-Y-glutamyl)-des(B30)
human insulin, B29-N-(N-lithocholyl-Y-glutamyl)-des(B30) human insulin,

InsBRUBHwH Gy bexyheptadesasayihaden (B nimgandosulbr andnsulin analog

.B29-N-(w-carbaoxyheptadecano 5 human insulin. Insulin analogs are .
Wi SRS SR Hos, B SR ThaEe BT R B e fonsist
for 826mplatés thateddimnoubsitutors ep8diTcaitBRa BR OGS 5pg or more
ami%sgéiggs insulin analogs which have various amino acids, preferably

proline, in position B29, but not glutamic acid. 20 Other insulin analogs

are LysB28ProB29 human insulin, B28 Asp human insulin, human insulin,
Exdamplibictoprosingidoivaitices B28 BaS-bemyristbgtitite(BBY apnapspbelin \BRS-N-

oo TR R O S oo
hurgies (BS0)h EASNimeYist aYPLYS 7548 7 inuisss vt BR&OGRANMEYSine

Lysoreprgime, i B2 & hich sarn 2oy ABtinathyediieralyhemeslifin IB3 R RI-
and/or A21,In EP,0 419 504, insulin adr#?k&gs allre_ dlicglpsed WhlE hdar?
Palmittdebiraghyist chemtansHERif2tRENmAmERYadsahigme g s&RY)
hurdhdeRsLoneERehe antinechoigl-W-tietii@ i 2A6E(830]) 87iman insulin, B29-N-(w-
cart?o%r %Eé%%%’aonoo%?ges(me) human insulin and B29-N-{w-carboxyheptadecanoyl)

human insulin.

Insulin analogs are described in EP 0 214 826, EP 0 375437 and EP 0 678 522. EP O
214 826 relates, inter alia, to substitutions of B27 and B28. EP 0 678 522 describes
insulin analogs which have various amino acids, preferably proline, in position B29, but

not glutamic acid.

Other insulin analogs are Lys®?®Pro®? human insulin, B28 Asp human insufin, human
insulin, in which proline in position B28 has been substituted by Asp, Lys, Leu, Val or
Ala and where in position B29 Lys can be substituted by Pro; AlaB26 human insulin;
des(B28-B30) human insulin; des(B27) human insulin or des(B30} human insulin

EP 0 375 437 includes insulin analogs with lysine or arginine in B28, which can
optionally additionally be modified in B3 and/or A21.

In EP 0 419 504, insulin analogs are disclosed which are protected against chemical

modifications, in which asparagine in B3 and at least one further amino acid in the
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3 positions A5, A15, A18 or A21 are modified. In WO 92/00321, insulin

analogs are described in which at least one amino acid of the positions

B1-B6 is replaced by lysine or arginine. Important insulin analogs

discussed herein further are "insulin glargine" (Gly A(21), Arg 5 B (31),

PF B8P Human insulin) and "insulin glulisine” (Lys B(3), GftF §E0)6/008380

human insulin). Recombinant DNA :f)rocesses allow precursors of insulin

or insulin analogs, in particular human proinsulin or proinsulin which has

an amino acid sequence and/or amino acid chain length differing from

human insulin to be prepared in 1Q microqrganisms. The projnsulin
poseinfi O GIARHATY AIBITEUESIRE LD F T o RARER Ay
deseaHeg iy hantest yséinebridgies Acirotdss fosiitadriigBt maepiasediby lysine
u51 E. coli (EP 0 055 945) is based on the following process steps:

Ehtation of the microorganism, cell separation, cell disruption,

isolation of the insulin or insulin analogue precursor, re-folding to the
lm;féeﬁmdwmﬂvwéhf@@dl&dmw@h sa;mnwr@rbyff@maw@ﬁwe(sty A(21), Arg

e A A A I DL e

|nsd|3a]fboxypept|dase B), basic purification, first chromatographlc step,

eventual enzymatic cleavage to yield human insulin or the respective

insulin anal ue, seconda[womato h|c nd final urlflca}tlon b’y
ReqAREEAC S ABBRAR G SCoTSgPNE I LR Al =aiods.
partm:ekmrhunmﬂu pedmsulie mrypEticwdinddoohdiax maemnomecps@qg@quem/or

am@ndi c%é’ﬁ'? &q§ cﬁlf_%re ﬂ{fﬂn IR HERiIN QA ‘i%yé‘%%tl?ie

respec Iive pro e, In the case of human insulin

mlcm@mi@mswwmvmwmfmgv(ssmtmjbemdiﬁgd|%S&hanch!a coli

celI@"Eﬂf'ﬁ%@%%‘&ﬂ%@ﬁﬂ&%@%@e@@ﬁ%@%ﬂd@% dlesvraedeadsiatigg human
formation of man roducts a}ﬁiﬁgult of 25 occurrin undesged

insipesigtFoleli p B8 94505 G R

peptide bonds at C-terminal arginine (Arg) or lysine (Lys) residues. Tryptic

FerfiBAYANS OrRRe- Rkt einBrRleiies sanrscwat diffapni-cleayatm sieke

simultaneously. Because of the many cleava%e sides within a pt%c|f|c
uns%%q{rwﬁqgmﬁpalogue precursor, re-folding to the desired (native) three-

dimensional structure by formation of the respective disulfide bonds io yield the pre-

or

pro-insulin(s) (“PP1"), tryptic cleavage of the respective pre-pro-insulin (possibly in
presence of Carboxypeptidase B), basic purification, first chromatographic step,
eventual enzymatic cleavage to yield human insulin or the respective insulin analogue,

second chromatographic step and final purification by HPLC, crystallization and drying.

Tryptic cleavage of the pre-pro-insulins is an enzymatic and complex reaction: the pre-
sequence and the C-peptide are cleaved off in this step in order to yield the respective
products. For example, in the case of human insulin production, the desired valuables

are Arg(B31),Arg(B32)-insulin and Arg(B31)-insulin (DE19821866).

However, tryptic cleavage leads to the formation of many by-products as a result of
occurring undesired side-reactions. Trypsin is an endoprotease (serine type) that
cleaves peptide bonds at C-terminal arginine (Arg) or lysine (Lys) residues. Tryptic
cleavage of pre-pro-insulin molecules can occur at different cleavage sites

simultaneously, Because of the many cleavage sides within a specific pre-pro-insulin
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WO 2007/031187 PCT/EP2006/008380 4 molecule, many undesired
side-products can be formed during tryptic cleavage reaction. As can be
seen in Figure 1, many of the by-products generated during cleavage
reactions are a consequence of peptide bond cleavage on the C-terminal
WO PBysSihstead of Arg residues. 5 For all pre-pro-insulinBCfHePetegisgdy
site between the pre-sequence and the insulin B chain is monobasic. At
this junction, only one cleavage reaction can occur. At the two other
junctions - B-chain/C-peptide and C-peptide/A-chain - different cleavage
sites exist. In the case of human insulin and msulm{g* rgone cleav?ge sites

molpeidife STPRYHRARFETSR SilfaninaUe 6T e R EREH THENSLIFY R fLRevage
readfisl-AL cRdbleySctd N%igaﬁpeCﬁwﬁy)ofmthﬁpmcﬂlem/ggmamans
leads to B30-des-Thr ("des- Thr formatjo . gor an |ns !jﬁﬁ)é]g rPrt“ﬁa!
cleayad L5aHREP A ALY BSIURPSER andpﬁgg Rrgicias Valdable produc %/
siddhé Bes et 8dpefpticier gibition, namely B31-Arg |nsuI|n ("mono- Arg") and

B31-Arg, B32-Arg insulin ("di-Arg"). These products can be summarized
as 15 "Arg-insulins”, Cleavage aft 32- A cru0|al in the rocgﬁﬁe fosulin B
For $lbBiFig |ﬁ'i§HI|i‘ﬁngQ?gﬁL|%a§ Bhf ?) %\%e %%%‘?nsge UERd oY Aliman
chaifssl Imcmadnammlmtgmgmtmteavagerm‘MBm&ysaemgm desuThr
formation. For insulin glulisine, this cleavage site is monobasic and

ossible products are contalnln eC|e in
Atte Met@eﬁ&mgﬁmﬁypéﬁ %r@abgg% A‘lfdi‘gﬁ?éa%%ﬂ}fhwgébﬁe"e“t
cledﬁ@@é@t@e@%@@llfomEleiﬁhl@g)f/alumbtmmohhmaBd Fadsércigangige dftevagys sites
bet\&e%seuné cr;heg atlo taP E)t)f( [E e%dgg Qe %t(}l@g -Arg and Lys-

vantages e ar It is desired to use In the ‘process of '
Argprespesitieziin. deavé@i@m mym@ﬁwﬁ%ﬁthﬁd%ﬁﬂﬁﬁb@a%&%ﬂ@élf cgp-Thr")

forrg%g}p different cleavage sites as exemplary shown in Figure 1. By

Increasing the Arg 25 specificity of a trypsin enzyme - and consequently
by decreasing the Lys-specificity - formation of by-products, especially
FordesrEhriasidinodpinpoliterieavagchafiersesidaesB31-Arg and B32-Arg yields

valuable products for the B-chain/C-peptide junction, namely B31-Arg insulin ("mono-
Arg") and B31-Arg, B32-Arg insulin ("di-Arg"). These products can be summarized as
"Arg-insuling”. Cleavage after B32-Arg is crucial in the process of producing insulin
glargine as only Di-Arg-insulin can be used. For human insulin and insulin glargine,
cleavage after B29-Lys results in des-Thr formation. For insulin glulisine, this cleavage

site is monobasic and possible products are Arg-containing species.

Regarding the C-peptide/A-chain, tryptic cleavage after the Arg and not the Lys
residue is crucial for yielding valuable products. False cleavage after Lys results in

formation of AC-by-products.

In order to overcome the disadvantages of the state of the art it is desired to use in the
process of pre-proinsulin cleavage a trypsin enzyme with an enhanced Arg-specificity
for the different cleavage sites as exemplary shown in Figure 1. By increasing the Arg-
specificity of a trypsin enzyme — and consequently by decreasing the Lys-specificity —

formation of by-products, especially des-Thr and AO-components can be expected.
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Sichler et al., FEBS Lett. (2002) 530:220-224, examined in human trypsin
the impact of an amino acid exchange at position 190 (chymotrypsinogen
numbering according to Huber, R. & Bode, W., Acc. Chem. Res. (1978)
11:114-122). It was found that at this position an exchange from wildtype
Serine to mutant Alanine caused an irficrease of 5 the cleavage site
selectivity for Arginine and a decrease for Lysine when using artificial
substrates. At the same time, the enzymatic activity of the mutant was
found to be decreased b% a factor of about 2 when compared with the

SichlgiRfbe FEREHEE! RAMPBRAMANAMN RIRENRRA PORHMERRRaNe impact of

an arfiiRSHER R dARtng ReishiRehanaengrasiilinbye i onmnsiRsie;taccording to
Alanine) for pre-pro-insulin processing resulted in 10 formation of high ,
HUbGE b Sy A HBF BolR Sk D, FevafiniZnt BHARCIARS tit at this

positibFoapalseideoishn e aesianakies RIeaRReANsHIdeavede(sarease of

below, Example 1). In view of the state of the art the problem to be solved

the claavasr SR SL\RFMRYJPRVHEIRINFAOK SHRMS RS IerdasincKaGagS G artiicial

substesigstiviftiarAraininewithau s praiiclessivith of pretenivdistaciyifsund to be
Another particular problem to be solved is to provide a variant of trypsin

decragRRe Hag HrivcebaBaticaVaEE SREBEIEENE TR AgIHRFed ity of

recorMiifihthe GlsAvREE SitRSHOp e e NSHAR PrASEsSNGIaRtsaMMasLid exchange
shown in Figure 1. Accordingly, the problem is solved by providing a

N . \ g :
at POSHiRANt ¢ FOIBIMREIVSSIA MRN'AR) APhiRERIE-BRMKhGERSERENEdRSEd In
formdtRm %&f&@ﬁ %@{li@%ﬂ B}ﬁﬁ?ﬁﬁf%&%dﬁ%@m@dﬂ%ﬂb.' l@'fst,h%wlgg?ﬁd_ét anl increase
, variant of porcine trypsin is provided by recombinant means. Surprisingly,
in Ar&r@@%}%ﬁ@%ﬁ%\? B RESEEAT XN R AR % &&%@‘(@%@iﬁs‘gﬁ;?%g‘“
Exanfpingto be almost equal for pre-pro-insulin cleavage reactions when
compared to the wildtype enzyme. The amino acid Serine position 190

examined in human trypsin by Sichler et al. (FEBS 25 Lett. (2002)
In vicBB0f226-2243 cdhtes puhtietpriidcde indaispdsiibis 17 2oivigdecneatigpsiol trypsin
whichaéﬁhﬁ&'%Qsi%grégs'égbﬂéa%%%k%q%g)éléaf\?i}t&afgf%@%ﬁ‘w%’%“?c%%é ﬁlxtgjor ioss
of trypsin-like Serine proteases. 5a Summar
of proteolytic activity. Another particular problem to be solved is to provide a variant of
trypsin which has an increased cleavage site selectivity for Arginine residues within

the cleavage sites for pre-pro-insulin processing as exemptary shown in Figure 1.

Accordingly, the problem is solved by providing a variant of porcine trypsin with an
amino acid exchange at position 172 from Serine to Alanine. in a preferred
embodiment the Ser172Ala variant of porcine trypsin is provided by recombinant
means. Surprisingly, the enzymatic activity of the Ser172Ala variant of porcine frypsin
was found to be almost equal for pre-pro-insulin cleavage reactions when compared to

the wildtype enzyme.

The amino acid Serine position 190 examined in human trypsin by Sichler et al. (FEBS
Lett. (2002) 530:220-224) corresponds to the Serine at pesition 172 of porcine trypsin
as given in SEQ 1D NO; 1. Both positions are part of the so-called $1 site of trypsin-iike

serine proteases.
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According to a first aspect, there is provided the use of Ser172Ala porcine
trypsin in a process of preparing insulin, an insulin analog or an insulin
derivative. According to a second aspect, there is provided a process for
the preparation of 5 insulin, an insulin analog or an insulin derivative,
wherein (a) a pre-pro-insulin, a pre-préainsulin analog or a pre-pro-insulin
derivative is cleaved with Serl72Ala porcine trypsin, (b) the resulting
cleavage products are separated and (aa) if one of the resulting cleavage
ucts is an insulin analog or an 10 insulin derivative, this insulin
analog or insulin derivative is obtained, or (bb) those cleavage products
Accdiding preciirsoespeistiliercda pravideanatoyss ahIesliisdernatsieeatypsin in a
procd¥€ BebRIBSRRRER AN, N R dRstl araleselinsudnsigriative
resulting from Such further processing 1S separated and obtained. 15
According to a third aspect, there is provided Serl72Ala porcine trypsin

ACCORHREAIAHSBRORG ARPSELIBRER BREPYISERG PIORRRBIANY o RITAARION Of
insuliRSBRGhINRResNERvidashDNGIRNgedingirerkAéfdanporcine trypsin.
According to a fifth aspect, there is provided DNA encoding Serl72Ala
porcine 20 trypsinogen. According to a sixth aspect, there is provided a
vector{apmprisingoaiiiibnas gefined-iabolie. Baidgcordingetomspseinhderivative
aspect, there is provided to pr. 72Ala porcine trypsin
comprisintg [%%as‘%psv‘f ) (Seg]}?\%g%gg é)r \(/%?: gﬁé%%ﬁding to the sixth
aspect, (b) transforming a microbial host strain with the vector, 5 (c)
cultivagigdbeday mggmgéq%we@&t@%gh?a%awedwm that
contains nutrients, whereby the microbial host strain expresses the
Serl72Ala porcine trypsin or Serl72Ala porcine trypsinogen,
(aa) if one of the resulting cleavage products is an insulin analog or an

Sum

insulin derivative, this insulin analog or insuiin derivative is obtained, or

(bb) those cleavage products being precursors of insulin, an insulin
analog aor an insulin derivative are further processed and the insulin,
insulin analog or insulin derivative resulting from such further processing

is separated and obtained.

According to a third aspect, there is provided Ser172Ala porcine trypsin characterized
by the sequence SEQ iD. No.: 3.

According to a fourth aspect, there is provided DNA encoding Ser172Ala porcine

trypsin.

According to a fifth aspect, there is provided DNA encoding Ser172Ala porcine
trypsinogen.

According to a sixth aspect, there is provided a vector comprising a DNA as defined

ghove.



(d) in case the expression product of (c) is Serl72Ala porcine trypsinogen,
conversion to mature Serl72Ala procine trypsin, and 10 (e) purifying the
Serl72Ala porcine trypsin from the microbial host strain and/or the growth
medium. 6 Another embodiment of the disclosure provides a process for
the preparation of insulin, an insulin amalog or an insulin derivative,
wherein (a) a pre-pro-insulin, a pre-pro-insulin analog or a pre-pro-insulin
derivative is cleaved with Serl172Ala porcine trypsin, 5 (b) the resulting

Accoﬁdmgwg REQARES A Bt PRate dsahd (adf £ hecth daersastdtinacBavEEA o
.pro

ucts is an insulin analog or an insulin derivative, this insulin analog or

porCifR iR B RRINPESY IR PSObb) those cleavage products being

precursors of insulin, an insulin analog or an insulin derivative are further

processed and,the insuli i ' Insuli rivative resulting

from S?L'Ja«ffg Sﬁhé?%éogéég?r%gggi}glpﬂ a Z{dﬂ %ng { obt%%fgeed(ﬁ’wherein the

insulin preferably is human insulin; and the insulin analog is selected from

a group CPARERIAG kYSB RABreEaPHuSNaRRSWith BRB/AsRhuman

insulin, human insulin; in which proline in position B28 has been

substituted by Asp, Lys, Leu, Val or Ala and 15 where in position B29 Lys

can bggubstitutdcoy e teadaBatiumaniisuinstes@a s BIhmimardium that

insulin; des(B27) human insulin and des(B30) human insylin, and the
ot derRARASS CUERB HERTRY G160 SSaTRg vain SvpreSses the
B29-N-m@iatty2a ks (B80hd tnyzein euBer BZ2ANM: pairoitey trps(BRiHn,
human insulin, B29-N-myristoyl human insulin, B29-N-palmitoyl human

insulin, B28-N-myristoyl LysB28ProB29 human insulin, 20

B28-Nhaimprgs thesesuRasEromMaridt Ms@ids Ser172Ala porcine trypsinogen,
830-'\'-mw&ﬂ\?é(}-sTélﬁg%MﬁﬁéOs*éVWIE‘E%@em%%glb%ﬁﬁ'%&?y‘-
ThrB29LysB30 human insulin, B29-N-(N-palmitoyl-Y-glutamyl)- des(B30)

human insulin, B29-N-(N-lithocholyl-Y-glutamyl)-des(B30) human insulin,
B29-Neéyvpeaitying iept8deranaid) pdesif3 6y psmdroinshnrainidB2a-Aeéivstrain

CabOy e AReRnON MR
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25 In a preferred embodiment of the disclosure the insulin analog is insulin
glulisine or insulin glargine. 7 In a further embodiment of the disclosure,
the mentioned further processing of those cleavage products being
precursors of insulin, an insulin analog or an insulin derivative comprises
a cleavage of said products with Carbgxypeptidase B, except for insulin
glargine. 5 In another embodiment of the invention, the cleavage with
Serl72Ala porcine trypsin is performed at an pH-value in the range of 7,5

\Y : r . . .

Ao e e B e ol M acaton of msuin
an ingedictiomeiogoppedrsyiitidifiiraivee vhwisds preferably by adding 1 N or
2N HCI solution. 10 Another embodiment of the invention is Serl72Ala
porcine trypsin characterized by the sequence SEQ ID. No.: 3, a DNA o
encodiAy BRIE AR PRI BRI BiRfEr-BRR cR R ba ez By pidin derivative
sequencegSEsslad Nath S Anothrkambgdimepghthe invention is a DNA
encoding Serl72Ala pre-trypsinogen characterized by the SEQ ID NO:6.
The signal peptide of this pre-trypsinogen derives 15 from the alpha
factor (@f) $ae chaniinycsis engei siand isther seplaodieteandf the
disclosure is a vector comprising a DNA as described above. Another
embodiment of the disclosure is a method to produce Ser172Ala porcine
trypsin cofAptisingfhesteps NG FIRBVRIRPEHES B RDIBRYIToaRaIRE o an
16, (b) trapsformingiadnielopial Meshistain Wi hReH Y evivebMained, or
the transformed microbial host strain in a growth medium that contains
nutrients, whereby the microbial host strain expresses the Serl72Ala
porcine trygsin iboSe did2ida peritaedty sy predVQREMH/BRLLBY an insulin
PCT/EP2006/008380 8 .. o . .
analog of an insulin derivative are further processed and the insulin,
insulin analog or insulin derivative resulting from such further processing

is separated and obtained;

wherein the insulin preferably is human insulin; and the insulin analog is selected from
a group comprising Lys®®Pre®® human insulin, B28 Asp human insulin, human insulin,
in which proline in position B28 has been substituted by Asp, Lys, Leu, Val or Ala and
where in position B29 Lys can be substituted by Pro; AlaB26 human insulin; des(B28-
B30} human insulin; des(B27) human insulin and des(B30) human insulin, and the
insulin derivative is selected from the group comprising B28-N-myristoyl-des(B30)
human insulin, B29-N-paimitoyl-des(B30) human insulin, B29-N-myristoyl human
insulin, B29-N-paimitoyl human insulin, B28-N-myristoyl Lys®*®Pro®*® human insulin,

529 ys®3 human

B28-N-palmitoyl-Lys®*®Pro®® human insulin, B30-N-myristoyl-Thr
insulin, B30-N-paimitoyl- Thi®2°Lys®® human insulin, B29-N-{N-palmitoyl-Y-glutamyi)-
des{B30) human insulin, B29-N-(N-iithocholyl-Y-giutamyl)-des(B30) human insuliin,
B29-N-(w-carboxyheptadecanoyl)-des(B30) human insulin and B29-N-(w-

carboxyheptadecanoy!) human insulin.

in a preferred embodiment of the disclosure the insulin analog is insulin glulisine or

insulin glargine.
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(d) in case the expression product of (c) is Seri 72Ala porcine trypsinogen,
conversion to mature Serl72Ala procine trypsin, and (e) purifying the
Seri72Ala porcine trypsin from the microbial host strain and/or the growth
medium, 5 in particular wherein the microbial host strain is a
methylotrophic yeast strain selected frlom a group comprising Hansenula,
Pichia, Candida and Torulopsis species; preferably wherein the microbial
host strain is selected from a group comprising Pichia pastoris,

In a fHIARNSEBHIB RANEI Bt Caiadidaaiding aRehfoRdoRsiHEABIBER IGIMBISS those

document, the terms "porcine trypsin variant” and "variant of porcine o
cleavagesiHOdLT SRRIRIPFEHRPISR TS WA, NSULR aNalRgremabfnselin derivative

compReiys BRISINRPILSALIS BRI RiPeIBA58IQp8 ptidassraleskBywa¥Qhsulin
amino acid substitution at position 172 according to SEQ ID NO: 1. For

giafgmposes of shorthand designation of the porcine trypsin variant described
herein, it is noted that the number refers to the amino acid

residue/position aJong.the amino 15 acid sequence of the re parcine, o
I anGE SRS 28 LIS RRE 1 SO G A T ACAIE RRgR e rypsin i
perfonsegithedhrpE-leftarabbheviatigescd T Gl 853 preifagidlet®e8; alfbaipesrature

. aming acids, Le...Asp D Aspartic acid, lle | Isqleucine, Thr T Threonine, , . qon.

oetwgg) | Led0c BB PR ID RS CHTE e RIe S gty ot 8°C:
and tRaemdpiaatiterd2icti®nAsoditop pdis by HHistdyiagGhe GaBiptingrefer#bly by adding

Lysine~Ala A,20 Alanine, Arg R Arginine, Cys C Cysteine, Trp W
N O%R%E&H& L{yglnv Valine, Gin Q Glutamine, Met M Methionine, Asn N

Asparagine. An amino acid at a particular position in an amino acid

AnotiFEALRTSIFENERr It REIR HS 'SP PTOUAIOR Rk WP Bharacterized by the

Accordingly, Seri 72 denotes the Serine residue at amino acid position

sequegnoarSERAIONQO 31 2DNhsnaadingSediffefatRerrnedampsiryipesferably
chardBRHYES IRtk gharRYaliam gedeghalier the number indicating the

position. Eg., "Seri 72Ala" denotes the substitution of Ser at position 172
in SEQ ID NO: 3 by Ala. WO 2007/031187 PCT/EP2006/008380 9 The

Anotiiemmaiideéinsect dehage elitaeisd DA aocaliien Sy Rsia gradigpsinogen
charg’&gtriozgd by the SEQ ID NO:6. The signal peptide of this pre-trypsinogen derives

from the alpha factor of Saccharomyces cerevisiae.

Another embodiment of the disclosure is a vector comprising a DNA as described

above.

Another embodiment of the disclosure is a method to produce Ser172Ala porcine

trypsin comprising the steps of
(a) providing a vector according o claim 16,
(b) transforming a microbial host strain with the vector,

(c) cuitivating the transformed microbial host strain in a growth medium that
contains nutrients, whereby the microbial host strain expresses the Ser172Ala

porcine frypsin or Ser172Ala porcine trypsinogen,
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20

specificity for hydrolytic cleavage, whereby for the variant the shift leads to
a preferred cleavage at the carboxyl group of arginine rather than lysine.
When tryptic activity is quantified, the present document refers to "units"
(U). The 5 proteolytic activity of trypsin and variants thereof is quantified
SR &Bhdtometric assay using as substrates ChromozymFFR¥E2006/008380
Chromozym TH and Chromozym PL" (Roche Diagnostics GmbH). The
"specific proteolytic activity" or "specific activity" of a given preparation is
defined as the number of units per mg of protein in the preparation,
determined by the method described in Example 9. 10 A "methylotrophic

{EhisrcasadhAerpis ssimBiaRUEiCE AP B daMdm P RBRIRG B oREN-

carbeReRYse 1d heaterensalsy eampsiseintabgaionasttains thereof. In
case a methylotrophic yeast strain is auxotrophic and because of this

needs to be supplemented with an auxiliary carbon-containing substance
Geichuiying thastienn 620 amowiae bYesidiRgidiie shiergeiztnophiirainBne/or the
to syrRiflesisR#lieramino acid in 15 sufficient amounts, this auxiliary

substance is regarded as a nutrient but not as a carbon source. A

"vector" is defined as a DNA which can comprise, i.e. carry, and maintain

in eI Whageire e friseoiiab hashs g iy RINYRAFAPIIC yRAGES Ay selected
froRIaYRS JIRBRIBEMI T BHmslerstnnd byianse SEhdndpsiagmkies;

enétic engineering. The term "expression 20 cassette” denotesa . .
prefageleis RS R SRBEHABSL PR BrarIo6iS LR R, SgmPrising Pichia
padibEig) otenand datealinaiphAClatdieatbsdientaidiigratopsisrgkxboata.

cassette, the terms "vector" and "expression vector" are used as
synonyms. The term "oligonucleotide” is used for a nucleic acid molecule, .

&

In thnAQRHRIIA)RItRTTESS PAISING MY PRIBIVBHABE RMniAapkof porcine trypsin®
dendt@BSiRstBRTigRt MeansiEiiotacirgdD8i fotmat tgamsine ipareitopancreatic

organism, so that the DNA is replicable, either as.gn extrachr.
YRR AR 7 G GBS0 10 DO o 2 5 3n 172
acde@mgR2GE6008BED 110 The term "expression” and the verb "to express"
denote transcription of DNA

For purposes of shorthand designation of the porcine trypsin variant described herein,
it is noted that the number refers to the amino acid residue/position along the amino
acid sequence of the mature porcine pancreatic trypsin as given in SEQ D NO: 1.
Amine acid identification uses the three-letter abbreviations as well as the single-letter
alphabet of amino acids, i.e., Asp D Aspartic acid, lle | Isoleucine, Thr T Threonine,
Leu L Leucine, Ser S Serine, Tyr Y Tyrosine, Glu E Glutamic acid, Phe F
Phenylalanine, Pro P Proline, His H Histidine, Gly G Glycine, Lys K Lysine, Ala A
Alanine, Arg R Arginine, Cys C Cysteine, Trp W Tryptophan, Val V Valine, Gin Q
Giutamine, Met M Methionine, Asn N Asparagine. An amino acid at a particular
position in an amino acid sequence is given by its three-letter abbreviation and a
number. Accordingly, Ser172 denotes the Serine residue at amino acid position 172 in
SEQ ID NO: 1. A substitution by a different amino acid is given as the three-letter
abbreviation added after the number indicating the position. E.g., "Ser172Ala” denotes
the substitution of Ser at position 172 in SEQ 1D NO: 3 by Ala.
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sequences and/or the translation of the transcribed mRNA in a host
organism resulting in a pre-protein, i.e. not including post-translational
processes. A nucleotide sequence "encodes" a peptide or protein when at
least a portion of the 5 nucleic acid, or its complement, can be directly
Warstated'ts provide the amino acid, sequence of the peptidé BFBIET "
or when the isolated nucleic acid can be used, alone or as part of an
expression vector, to express the peptide or protein in vitro, in a
prokaryotic host cell, or in a eukaryotic host cell. A "promoter"” is a

regulatory nucleotide sequence that stimulates transcription. These 10 . .
T K RIS GBS RSP AUt e JT o Gt dniP el giRaeTgs shi o

spetifkat ferogurteyia drovagtenvdiensentistthrriladaritans aififidrabistio a preferred
constitutes a sub-fragment nce. The term

cleavgr%argg:iy fin aer%w%? IS 16 t?%ﬁﬁ%eaﬁ#)ﬁ%mtv%é rqllrﬁ%re nucleic acid
fragments on a single vector so that the function of one is affected by the

whathefpfobclibigXampietfigiometerdseperatlynknkedievilia‘cadaidU). The

sequence, i.e. ucleotide, sequence enceding a preiein re- in,.
ot RS ) S IR e e S ey A i ahd 8 EhBiHetrc
asshe ythmt HsesobdirgjeseGhermedsundRY tierparmsiption ansbitreyopaye PL

15 ML RO MRRPULR i PrtSHNHenaGs, 2 ROWRRHic activity” of
(Roé’lé%%‘%?é‘lgo grﬁgégﬂtbhg% 90 2 aﬁwir?o'gécid monomer?joined%ﬁgﬁfdzly o

givepopi@PaTRIORIFHSSEETRS Hentiaabss obidmBREBIB GBI HiGewer

prePARINE A RINABIELY Ipis esembaesisteibends Exarpeptiéle bond" is a
covalent bond between two amino acids in which the a-amino group of
one amino acid is bonded to the a-carboxxlEgroup of the other amino acid

A "reiByisioRho 510881, ORRGRG Bt YBRR el AP IS 6y B e nanal as
its BTN YSINCO e RFenRIRPERIBY SNaRs A RNsansiebon D e
et e
supPlehiER2D GO AA3IRMKilTtw terrctpdsiningrsibstaatprorbssing g. histidine in
the %SQQ to atrgr?em9%{}88}%%”\%5&%@&5%9%%@o synthesise this amino acid in
sufficient amounts, this auxillary substance is regarded as a nuirient but not as a

carbon source.

A “vector” is defined as a DNA which can comprise, i.e. carry, and maintain the DNA
fragment of the invention, including, for example, phages and plasmids. These terms
are understood by those of skill in the art of genetic engineering. The term "expression
cassette” denotes a nucleotide sequence encoding a pre-protein, operably linked to a
promoter and a terminator. As for vectors containing an expression cassette, the terms

“vector’ and “expression vector” are used as synonyms.

The term “oligonucleotide” is used for a nucleic acid molecule, DNA (or RNA), with less

than 100 nucleotides in length.

“Transformation” means introducing DNA into an organism, i.e. a host organism, so
that the DNA is replicable, either as an extrachromosomal element or by chromasomal

integration.
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or a pre-pro protein is subjected to, in order result in a mature protein in a
cellular or extracellular compartment. A "signal peptide" is a cleavable
signal sequence of amino acids present in the pre- 5 protein or a
pre-pro-protein form of a secretable protein. Proteins transported across
‘f'ﬁézﬂ‘éﬂ"ﬂé‘?ﬁbrane i.e. "secreted", typically have an N- ternfi RA(EEaEndEEs0
rich in hydrophobic amino acids, typically about 15 to 30 amino acids
long. Sometime during the process of passing through the membrane, the
signal sequence is cleaved by a signal peptidase (Alberts, B., Johnson,

J., Raff, M. P. 10 (e M | |
ThedEiRs SIS AN 3605 S EARTERE, %’e%x@é%:h%?\éﬁr??ﬁﬁéﬁﬁ}? ¥
seqaentessaolisigriat peptidaoaref wedl tkeveserite doBiNgkilied inshergaréstd resuiting

in a ppept%ngig%e o n%%@lri@%@@@%@%ﬂ@f%'ﬁ%% Qlthe a-factor signal

accharomy cerevisiae and e. Another example is
the porcine signal peptide of the native porcine pancreatic trypsinogen
A niERprigiesRa0entdingricoe) dp&pHds ot prsitionhtd 6t leageaepattitreof the
pro ein N- term| us of essentiall r t
o R L ST B n e Toeot VSR B IR AR cci

seaig pefitelpariivalebisetbipaatiwhamiprdaniaed sSupieicgticas be used,
alofl'ECURG e EA @%QS?BM&B@W@ 2,9569841Re bl ROBMRBBAN vitro, in a

Bipartite signal peptides are cleaved off stepW|se during the course of the
Pro'&%’@@tﬁr@oﬁé )" B §rdAEeiSheR Hltherefor is the prepro peptide of

the a-factor from Saccharomyces cerevisiae (Waters et al., J. Biol. Chem.

A “&Sﬁu&%@r&% Q%Qadétbrﬁ%a@&a&a&hé}{b@fﬁﬂf@mﬁhﬁ%@{r@ﬁe&ﬁs@w These

directed to enter the 'Secretory HPat way The secretory pat way

ternpe ATSrgadensoprbby dBasLPIYdLL Fh‘f'i‘ﬁa%ﬁéﬂ%?%ﬁ%?ﬂﬂ@%‘?fm&%ea

prof@sieiisdnsesietieRimdoimuEivosrstiainaod tie forsmlitas2dafb-fragment
isulfide bonds are processes that are part of the secretory pathway prior

of agRrdBL RIRSIO #RIBFESEnt document it is understood that proteins
secreted by methylotrophic yeast strains have passed through the

TheSREFS tIYPa ke QAR HOBEL 84sBEdHER 3PRONC3RP: hadisitaied
descrlptlon of the invention

fragments on a single vector so that the function of one is affected by the other. For

example, a promoter is operably linked with a coding sequence, i.e. a nucleotide

sequence encoding a protein or a pre-protein, when it is capable of affecting the

expression of that coding sequence, i.e., that the coding sequence is under the

transcriptional control of the promoter.

The term “polypeptide” or “protein” denotes a polymer composed of more than 90
amino acid monomers joined by peptide bonds. The term “peptide” denotes an
oligomer composed of 90 or fewer amino acid monomers joined by peptide bonds. A
“peptide bond" is a covalent bond between two amino acids in which the a-amino

group of one amino acid is bonded to the a-carboxyl group of the other amino acid.

The term “pro-protein”, “pro-protein form”, “Zymogen”, “trypsinogen”, * pre-protein” or
“vre-pro-protein” denotes a primary translation product that is a precursor of a mature
protein, i.e. in this case a protein results from post-transiational processing of a pre-

protein.
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All trypsin-like serine proteases share a substrate preference for a basic

residue, Lysine or Arginine. While amino acid exchange mutation at a

serine corresponding to position 190 of human pancreatic trypsin leads to

the desired shift in specificity 5 regarding artificial substrates, a decrease

BPPBTIASIEE activity is the consequence. In addition, evaluBGBERpHRE08380

human trypsin mutant revealed that'the observed shift in specificity

towards Arginine residues using artificial substrates could not be assigned

to pre-pro insulin processing. Example 1 illustrates conversion of a

re-pro-insulin with the human Seyi eI90AIa;( ine trypsin mutant. High )

The, (Rt neo B 51 BHRIAES PIo&iH 18 §69&8§-$‘ﬁr- BB RIBBRERLE AL ten
or dgmmeaocombejéaciibiedidubis natdrdenrskolvinte whicheepteiatithis 2ffelttlar or

ot gm”péla 8' S0 ﬂlhgypsin-like serine proteases. One way .to elucidate
© t (%s quesgollﬁl’s to introduce the Ser-Ala exchange mutation into the

amino acid sequences of other mammalian trypsin species at a site within
A “sigehl respielzive palypepbitesigolarcr enceespandingdoigopitiarriian tilbre-
uman pancreatic Sin Iso. . Doing. s Inyentors surprisi
pro e H R WA R s e BT R RIR across

the ipell easebihess|bay Egersited sl v aagilhddmpreleduenda rich in
hydPSBRBBRINGARS ﬁée&%ﬁ ﬁ;@ga@@gdn@i@wmmmeéa%@w@@mm during

activity. A person s in the art is well aware of methods to substitute

the PR RIAIRSEIRtETOBALIRG SRIRENT aRFHIR2ESERHBICS il ritaied by @
sigridweptidasn it @hapesoriat leandel sRuferfeRopdhe, |Rvehaditer, P.

t ding DNA, sequence. ever, other m ds. are sible. In.the. , .
(o QR R el R SIS R AR S e P iening)
MaigesoUtain of aigmelafqpbidhseapaneibatiowy psithasegildiedis tee 1@1NGd. dan
, ingmicrobial host.argani T ' [ant.i
e e A IR S < PNE e . H e R o it rom
Sacshieromysaseeredp@ e, thadiserdoatornevameie iathe petianaienel peptide

of tRARIANR! SHRIRESIBRGEIRME/ Hua S3ds 1ok drxinty ivpkamsotiehasiwo: 5,

such as E. coli, Bacillus and Staphylococcus species, to name but a few. .
POSHQR G HERS T IR P BOBTIAN Db RO THE 55 S0BRIE NG Pecreted protein

is a potential source of a signal peptide suitable for use in the present invention. A
signal peptide can also be bipartite comprising two signal peptides directing the pre-
protein to a first and a second cellular compariment. Bipartite signal peptides are
cleaved off stepwise during the course of the secretory pathway. A specific example
therefor is the prepro peptide of the a-factor from Saccharomyces cerevisiae (Waters
et al., J. Biol. Chem. 263 (1988) 6209-14).

Pre-proteins with an N-terminal signal peptide are directed to enter the “secretory
pathway". The secretory pathway comprises the processes of post-translational
processing and finally results in secretion of a protein. Glycosylation and the formation
of disulfide bonds are processes that are part of the secretory pathway prior to
secretion. In the present document it is understood that proteins secreted by
methylotrophic yeast strains have passed through the secretory pathway.



10

15

20

25

microbial host organisms are fungi. An example for a preferred fungal
genus is Aspergillus. Yet, even more preferred are yeast species such as
species of the genera Saccharomyces or Schizosaccharomyces. Yet,
even more preferred are strains of methylotrophic yeast species. 5
W gi)Tedbphic yeasts have the biochemical pathways neceBSAAjFRIf6/108380
methanol utilization and are classifi€d into four genera, based upon cell
morphology and growth characteristics: Hansenula, Pichia, Candida, and
Torulopsis. The most highly developed methylotrophic host systems
utilize Pichia pastoris (Komagataella pastoris) and Hansenula
Detgiigmhitsppitptiore pim Jueayoro Expression of heterologous proteins in
yeast is described in US 5,618,676, US 5,854,018, US 5,856,123, and

I (o) I
A S L P e
Lys@@rawmmmerdféwe aremeféﬁledat@fa@%eﬁetea%vefe@reemﬁiﬁéwrmond ing to
posTesreed B plansrara RmRIIRSRaRIt asHd e dd fammiRipecificity

precursor, a pre protein or a pre-pro-protein containing an N-terminal
regarging HuRcial shsires ﬁéi%ﬁ)’&%%&? iBPEANIGRpE LG o GaRpfittaence-

the secretory pathway of the cell, across the membrane of the

In RIRAAHASTUR RIFHITheT mﬁm‘wpeﬁm%m@w@wswdméwaa shift in

the desired product during translocation.  Cleavage is effected
Spe;%@&sWé&“@ﬁbweiaﬁéﬁﬁeaﬁaa&nmaﬁﬁai|av ates GeHIb ot b assigned to

pre%’ﬂﬂ‘iﬂs’%ﬂiﬂ@ﬁfdé&mgn&k@ﬁmlda Immenewmm;cleaf/eqawmmgmm with
tida uence is re erre t as si tldase cl avag
the 5%5“6‘%%%%%98 H\g%?le?eéri(ﬁe secre ory p hv%?f% he pro &R fRAuCts, m mEy
B3trdnspirtednd e @olgoapptyatne ffhoed duwsi@ptgaaiparatus the proteins
are distributed to the plasma membrane Iysosomes and secretory
vesmL[ s. 25 Secrete o ein conf %ed Wi dlffe{ent en\“ronmen&

t *’886‘6’ NSRS 85‘{% C nqtrace qgr pr%cfeln%u 4rFBP ﬁg proces 2N
serthe peteatry. fanlewayyiotelstathiied tiseyunstionng Exindcellidarthecteindla

excﬁaﬁg,% gtaqrsnﬂﬁ% ﬁé Hﬁ%ﬁ%‘f«gééﬁgéﬂé%% H?ﬁetsﬁ%ﬁ{mé’h@ﬁtWﬁs}frngemes

yeast undergo specific posttranslational processing. For example

at gHpHeaitivg %@@hd@m@w@wﬁ@tﬁﬁ)ﬁe@ﬁ@mmﬁe@@m%msmn 190 of

human pancreatic trypsin isotype |. Doing so the inventors surprisingly found that such
an exchange mutation in porcine pancreatic trypsin increases the cleavage site
selectivity for Arginine in pre-pro insulin processing and at the same time maintains &

higher level of proteolytic activity.

A person skilled in the art is well aware of methods to substitute one ore more amino
acid residues in a protein. Example 2 illustrates how an amino acid exchange mutant
can be engineered on the level of the coding DNA sequence. However, other methods
are possible. In the present invention, the synthetic nucleotide sequence encoding the
Ser172Ala mutant of porcine pancreatic trypsin as given in Seq ID NO:. 4 was

expressed in microbial host organisms.

The trypsin variant is preferably produced as heterologous proteins in microbial host
organisms such as bacteria and fungi. The person skilled in the art is well aware of
bacterial expression systems that exist for a variety of prokaryotic hosts such as E.

coli, Bacillus and Staphylococcus species, to name but a few. Even more preferred
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WO 20071031187 PCT/EP2006/008380 14 intramolecular cross-links.
Moreover, certain amino acids of the protein can be glycosylated. Several
approaches have been suggested for the expression and secretion in
yeast of proteins heterologous to yeast. EP 0 116 201 describes a
BroresdPyAwhich proteins 5 heterologous to yeast are tranStORHEE By aFHs0
expression vector harboring DNA encoding the desired protein, a signal
peptide and a peptide acting as a signal peptidase cleavage site. A
culture of the transformed organism is prepared and grown, and the
protein is recovered from culture media. For use in yeast cells a suitable

micgpgial hpsirwe T BesR feigldAd ssample-fac R PEIREPRLPDER! BsRHS 1S
Aspeagitlaryay eaed drersapisfaadd ard fas008 dasrngser efienidhelbasgencra
enzyme KEX-2 js the si nﬂie%tidaseay\ét{]ich é%co r.'_lézerse L red an ins of
Sai@@@ﬂ?&ﬁﬁe@%@%& "ROERVAGe SYEThTIRE R0 REL
meltigaveskitthes giispboieto the sequence of the desired protein. As a result,

the desired gene product is released and free of the leader portions, i.e.

the signal peptide of the pre-protein, KEX- 15 2 endoprotease was,
MeHigaRp ez NeKa (ReCBIBCRETRIRR) e YEaks ARERS TP Spla eayne
utilipaticesses the presifisdnabriating:hype, ddaetbiuand ediiteofaotdodyuind growth

D., etal.. Cell 37 (1984).1075- . | i ies:
G TN R L A i
devieinptidr)elhll Srephiaronsy cystaaraviticr liniraastony (kanpgsiesie pastoris)

and 1E9RL 108751096 BoAmveN-e siaklishgd methylotrophic yeast species

exemplarily desScribed as host for high-level recombinant protein
expression is Pichia pastoris (US 4,683,293, US 4,808,537, US
ExptBER408 HeBwisyeRoprasdns, Beveasbis\ds seabeiis it LUsH 857467,

US4 R28% &554:983,21% US 48852, US 4,895,800, US

4,929,555. US 5,002,876, US 5,004,688, US 5,032,516, US 5,122,465, 25
US 5,135,868, US 5,166,329, WO 00/56903). In the absence of glucose,
YedRichigapastersatesragthaierad protebsihsdace syhibesizeddrdane!iitagy but

hag & ARG %8(3%%“@(%‘%%%&%&%9@&&%%@ PeralepfohpxidasedieEY

promoter given in . o _
secreted proteins. Initially the secreted proteins are expressed inside the cell in the

form of a precursor, a pre-protein or a pre-pro-protein containing an N-terminal signal
peptide ensuring effective direction of the expressed product into the secretory
pathway of the cell, across the membrane of the endoplasmic reticulum. The signal
peptide is generally cleaved off from the desired product during translocation.
Cleavage is effected proteolytically by a signal peptidase. A particular sub-sequence of
amino acids of the signal peptide is recognised and cleaved by the signal peptidase.
This sub-sequence is referred to as signal peptidase cleavage site. Once having
entered the secretory pathway, the protein is transported to the Golgi apparatus. From
the Golgi apparatus the proteins are distributed to the plasma membrane, lysosomes

and secretory vesicles.

Secreted proteins are confronted with different environmental conditions as opposed to
intracellular proteins. Part of the processes of the secretory pathway is to stabilise the
maturing extracellular proteins. Therefore, pre-proteins that are passed through the
secretory pathway of yeast undergo specific posttranslational processing. For

example, processing can comprise the generation of disulfide bonds to form
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30

7 controls expression of alcohol oxidase, which catalyses the first step in
methanol metabolism. Typically, 30% of the total soluble protein in
methanol-induced cells is 30 alcohol oxidase. Several Pichia expression
vectors carry the AOXI promoter and use WO 2007/031187
BeHEPIHE6/008380 15 methanol to induce high-level expP&3¢faratpf/vssse
desired heterologous proteins. Expression constructs also integrate into
the Pichia pastoris genome, creating a transformed and genetically stable
host. Using an expression vector encoding a heterologous pre-protein

) comPrising a signal 5 peptide or a signal peptide with a signal peptidase

e PR O SHUK SR P RO AHREA Y R BEHE S REPIIS oo s

glvEtehiatpastoris strains can be manipulated in order to secrete the desired
product into the growth medium from which the secreted protein can be
purified. It may be advantageous to produce nucleotide sequences

Sepiebarry el iR Prsteh PaBEHRRMRAIG UG SRCEHfRYhin yeast of

protisiaghefndRnpmiay Deselatrted 1d edasssdhbgate mbodichexrRssinoteins
eI Bre roleinoces in @ paricaryeastexpession hosbine pa
SELCRAINCE With ttt1e€frequency With WAICH Bartslmﬂar codons are utﬁ’ise'g by
enqhéirigc_me @Is'e'ede_rasm; ,fermmw a@rhg@pédma@b@j@s@qm%e
peRERAING IR, A erer el U R P ERG IR SNSRI HAMIDBBEed and grown,

sequences, include the production 15 of RNA transcripts havmismore_ )
andiEsrREMEH bHEIBRECIQTCHUB U EREIAN-fiTel HERNNHERSESES B SHiieBle signal
peffR A38 PAEH AyrRCR NG SeaHRIGEs EXAMBIsidd sHater tha el Rdss

steps to provide an expression vector encoding the trypsin variant. Using
cerg\jeigR fdemidmPRe nucleotide sequence encoding the pre- protein
that is competent for expression, e.g. operably linked to a promoter or

DuRFReRIFERShelRAGRL ANch R Adakminatey ﬁ%tE@HElaﬁebﬁé%%@% 8 YR GSizes a

to Sequences required for efficient translation, the host organism is

Lysingrérsinig SReVECS &l Ravacm s indh RirsRiBise K steales at the
junbamel te i essjosrde lefithdepsndanieeprobe blasgeting o tihbréasieee product is

reld; rs?%% and e d O R YRR A DY NGNS A NS BRPSAE S, e
2 endoprotease was originally characterised in Saccharomyces yeast where it
specifically processes the precursor of mating type o-factor and a killer factor {Julius,
D., et al., Cell 37 (1984) 1075-1089). Methylotrophic yeast species such as Pichia
pastoris share the KEX-2-type protease (similar role and function) with Saccharomyces
cerevisiae (Werten, MW, et al., Yeast 15 (1999) 1087-1096).

A well-established methylotrophic yeast species exemplarily described as host for
high-level recombinant protein expression is Pichia pastoris (US 4,683,293,

US 4,808,537, US 4,812,405, US 4,818,700, US 4,837,148, US 4,855,231,

US 4,857,467, US 4,879,231, US 4,882,279, US 4,885,242, US 4,895,800,

US 4,829,555, US 5,002,876, US 5,004,688, US 5,032,516, US 5,122,465,

US 5,135,868, US 5,166,329, WO 00/56903). In the absence of glucose, Pichia
pastoris uses methanol as a carbon source which at the same time is a hallmark of a
methylotrophic organism. The alcohol oxidase (AOX1) promoter given in SEQ ID NO:
7 controls expression of alcohol oxidase, which cafalyses the first step in methanol
metabolism. Typically, 30% of the total soluble protein in methanol-induced cells is
alcohol oxidase. Several Pichia expression vectors carry the AOX1 promoter and use
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25 factor signal peptide from Saccharomyces cerevisiae or the porcine

signal peptide of the native porcine pancreatic trypsinogen. Example 4

provides a transformed microbial host and Example 5 shows how

expression of the trypsin variant can be achieved. Accordingly, the

B4 RS ational product comprises a signal peptide whitH diPaete/digeso

2007/031187 PCT/EP2006/008380 "16 the polypeptide into the secretory

pathway. Examples 6 illustrates the measurement of tryptic activity in the

supernatant of transformed methylotrophic yeast. On the other hand,

expression yield can be increased by increasing the dosage of the gene .
methiRaek ag tHecadur YR RIarepsiRy &fé’%%*b%%%%’a’%% RIS Gy Bression
congastdislsdhatdgritte pxpressRiohie glastorishreapriessieatiasaetiendfotiveed and

hﬁst “Pr%fmlsn% istamplified. One way to accomplish this is by multiple
9enFLRRrer %?lgn 8fan expression vector encoding the desired product.

Another way is to introduce the gene encoding the desired product into
UsitRehostneaanisdisiigadiisiny sl ifesereib axpressior ivessaiphdingedgignal

the second ex ress,i(gn vector is bgsed on a selectable 19 mar erf}i\/hichd toin
PeplifR Al RGRIRERGRECENIL A AYREA BERARHR HFR G5 SL&IoH Ve SR Tote
me$stsinchéipyessicsireew auehax Pighteepsame desang paoderetreanipyleted in

ordBftd @éeﬂé{sﬁﬂewﬂi&%%g&é&’%%@ggg %ﬁﬂﬂm&r{ﬁﬁ MiWﬁigﬁ%%Ss%E?eted

Irst expression vector , G.P., etal., Positive an
profgiyend EFetfiedf Multi-Copy Integrated Expression in Pichia pastoris,

International Symposium on the Genentics of 15 Microorganisms 2

S o of PL Elt EUMEE et N pre ot
posgesstilges sidvetantiafiekiftirerpassinon srase G9pens varrRecgiasted to increase
the 'PRECAEEAIEN %rﬂ?r(eg%iBFPquﬁé‘pV@??é@i?ﬂ?cﬁ%@Eﬁ@ﬁgﬂfb@bﬁxéﬂgﬂéﬁﬁéssion

scale. Transformants are repeatedly analysed with respect to the yield of
hostdBARERTERR 7 Y& 0T QAHBRGY WHE KB R RAIN HHEGITCRRAR SHERTDY the
hosBEOtatRgch highe Sugkanittialy altahzy thatinallyctiiyeseremiinaiabding the

prot in are sel C%E d.Settﬁ‘retiono the. porcine. )fé% in variant in e ducti
ore R SLIN AV 6 hche 2R IR il producton

of Ritkdosneptimiasingondrerdesiieiamiigsbesnsochiaas a greater half-life, than
transcripts produced from the naturally occurring sequence.

Example 3 illustrates the cloning steps to provide an expression vector encoding the
trypsin variant. Using a vector comprising the nucleotide sequence encoding the pre-
protein that is competent for expression, e.g. operably linked to a promoter or promoter
element and to a terminator or terminator element, as well as to sequences required
for efficient translation, the host organism is transformed with the vector, and

transformants are selected.

On the one hand, expression yield is dependent on proper targeting of the desired
product, e.g. to the secretory pathway by means of a signal peptide such as the a-
factor signal peptide from Saccharomyces cerevisiae or the porcine signal peptide of
the native porcine pancreatic trypsinogen. Example 4 provides a transformed microbial
host and Example 5 shows how expression of the frypsin variant can be achieved.
Accordingly, the primary translational product comprises a signal peptide which directs
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growth medium. Transformed methylotrophic yeast grown in liquid culture
secretes the 25 recombinant porcine pancreatic trypsin variant into the
liquid growth medium, i.e. the liquid culture medium. This allows a very

efficient separation of yeast biomass from the recombinantﬁ)[otein using,
WM EHH techniques. As a result, the recombinant porciRe iS50

variant purified from this source is very efficiently separated from other
enzyme activities such as ribonuclease or other (non-tryptic) protease
activities. WO 2007/031187 PCT/EP2006/008380 17 Therefore, a first

pr ferreg mbodiment of the invention |s a variant, . ay_ of. amino_acid
o GEGHEHR BT FARH Rt e DR e R ement o
trypdicid Qigiiy inrtpo sitperiat2rdudfdtiensforoethe atnnerapiicasidsie Alanin,
numbered from the N- terminus of porcine pancreatic trypsin isotype |
accordingh%) SEQID NO: 1 toforma 5 Eorcine %ancreatic. trypsin variant
|

On iSRRI 670 PSRRI S On e SaRT AL g igsroe of the
gerkasnandigyehsett sieavage site Tdelectivtgdpyarustieydbiptceizssags at

conLER AL @ﬁ%g&@%‘@@&@ﬁtd tﬁ&’é&%@éﬂ%@@é‘c@’ﬂﬁh@ﬁom

cIe_ava_ge at the carboxyl group of the amino acid lysine. More preferred,
orggisrdResTRIirdnEseniis hacrerepkdniBis deByifpwWhdls Hanatemmatign of an

expPEESIIS 6 BRYBREUIR SR RRMET RN re afrisHaed a5 B RyhakeiBedthe gene

yet another preferred embodiment of the invention, the Ipecific proteoll)l/éjc
enchei 5 PRI BORIAEUR FUR De AR TEADRR PR R A ARAGRES
exppession pectoreatie teppsine dduasdvbengsoncedtand harskeiconnaleetectable
uivalept conditions,.the ific, trypsi i 1] f.:
e e A e T R sipn vector.

Theusetrithernsessine yeriereniotissine thame desivptipgaskhiedaan ayther
intrOAGIRITRHHRIR RodiBenbRfdAR N YaakeRR k%%i@kemmgi% RISl PavavERBLBfession

orcine pancreatic try'psm comprisirﬁ;ﬂﬂthe steps of (a) ,provid%(x; a vector
veCKyriii BRI RBa it e HrstiitRd Naralir &itastH oi didt-Copy
InteRPACE EGtageRIn, itFidhasiasming mivicmbiakSgirgisainmwitn the Gaatentics of
. (c) cultivating,t nsfor microbial host strain i rowth medi
M RS R i gt SGbibl RSk SPGB o B0
19720 \sfrtenobhlinast PortieespAAdrERRR) 102 086Y fyample 7 describes how
the yield of expression of the trypsin variant can be increased in order to provide a

yeast clone for production at an industrial scale.

Transformants are repeatedly analysed with respect to the yield of recombinant protein
secreted into the growth medium. Transformants secreting the highest guantities of

enzymatically active recombinant protein are selected.

Secretion of the porcine trypsin variant into the growth medium directs the mature
recombinant protein to the extracytoplasmic space from where it diffuses into the
growth medium. Transformed methylotrophic yeast grown in liquid culture secretes the
recombinant porcine pancreatic trypsin variant into the liquid growth medium, i.e. the
liquid culture medium. This allows a very efficient separation of yeast biomass from the
recombinant protein using, e.g. filtration techniques. As a result, the recombinant
porcine trypsin variant purified from this source is very efficiently separated from other

enzyme activities such as ribonuclease or other (non-tryptic) protease activities.
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purifying the variant of recombinant porcine pancreatic trypsin from the
microbial host strain and/or the growth medium. Translation efficiency of

a heterologous protein can be improved by adapting the 25 codons of the
nucleotide sequence encoding the heterologous protein according to the
VR E8dons in the host organigy. Thus, in a preferred EriafthenEs
of the invention, the nucleotide sequence that encodes the variant of
recombinant porcine pancreatic trypsin is SEQ ID NO: 4 . WO
2007/031187 PCT/EP2006/008380 18 In an even more preferred

embodiment of the inyention, (a) the vector comprises a_nucleptide .
ThelBEnad LR EREE Sa BPE HERb ! (3 RTU e ML peeay of amino
acimsmaﬁuﬁancré@mmgamgeamsﬁgisaitm@ﬁidefgs”g‘wmeiaﬁﬁqacjd Serin
i o)k )56 iETRLIAL RSl A0 5. PEIRVISARRS VAR SRR HEN.

growth medium contains 5 methanol as a carbon source, (d) the
termiryb POFHIE AN SR G WRBIR SR RM LA SERIRS S TN NG 1. to form a
porEREO BHHBARRUFGNSPRRER AU YiBEInang@y the variant of porcine pa

creatic trypsin is purified from the growth medium. Yeast-derived as well
as non-yeast-derived eukaryotic signal peptides other than those .
Prefrraiduldhy vasiand oéowsing @ared e tneosintep ap osdeaspd airvgee site

sel e &?\pgiﬁféhw&wea%@mmk@ﬁ%ﬁw@wﬁm@ﬁ%ﬁaa&md

signal peptidase cleavage peptide can be inserted into the pre-protein _
argigimd aler Banduer s GieBLare St the crrsvLeiguRghiticaBinpgcid lysine.

signal peptide and the amino acid sequence of the variant recombinant

MoROLCRERANGIRALGIIMS A RAMRSAGEs tHASIRIYSsd ¥l ARMIRERNEan insulin

much preferred embodiment of the invention, the signal peptide contains a
Pregial RS!RIANAS A" ABARJRABIRIATRA IS MRERRP RIPHESHNAS the first

(N-terminal) amino acid of the recombinant porcine pancreatic

in ygy Bﬁ&ﬂg?Bré?eﬂ%‘atBﬁm%f& gﬁdo?Eﬂgqm&ftﬂbeéﬂggfﬁg%&gglyﬁc activity of
nucleotide 'sequence encoding the pre-protein is operably linked to'a )

the profideci G Sitomdast dcifei crmansrert froy it ROTEER PR S BRHiTPSIn.

ThueaRARiA pfQriped enlicalprias ariepsQmaltthe RBteNStABRpLaRfisin

o R Rl R R e R L

compared to the unchanged porcine pancreatic frypsin, that is the wild-type form.

Another preferred embodiment of the invention is a method to produce a variant of
porcine pancreatic trypsin comprising the steps of (a) providing a vector comprising a
nucleotide sequence that encodes the variant of porcine pancreatic trypsin, (b)
transforming a microbial host strain with the vector, (c) cultivating the transformed
microbial host strain in a growth medium that contains nutrients, whereby the microbial
host strain expresses the variant of recombinant porcine pancreatic trypsin, and (d)
purifying the variant of recombinant porcine pancreatic trypsin from the microbial host
strain and/or the growth medium.

Translation efficiency of a heferologous protein can be improved by adapting the
codons of the nucleotide sequence encoding the heterologous protein according to the
preferred codons in the host organism. Thus, in a preferred embodiment of the
invention, the nucleotide sequence that encodes the variant of recombinant porcine

pancreatic trypsin is SEQ 1D NO: 4 .
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replicated in the methylotrophic yeast strain contains the vector. Yet, it is
most preferred that a chromosome of the methylotrophic yeast strain
contains the vector as an integrate. Thus, in the preferred method using

methélotrophic yeast strains and particularly in 25 Pichia pastoris strains,

WieALtdHENcodes an amino acid sgquence for a variant ofPHEETRES/ 08380

pancreatic trypsinogen pre-protein that enters the secretory pathway. In a
further preferred embodiment of the invention, the methylotrophic yeast
strain is a Hansenula, Pichia, Candida or Torulopsis species. It is very

preferred that the methylotrophic yeast strain is selected from the group
In gehANRRIMPE? PT@F@&%%HQ?M@E)W@SE&%‘?'?M@ BROUBHIeEEDPIEeS 2

nuditisRnsdansivenarahensoaadida heisiviernebRiokilngsis Blabsatantilgnt porcine
even more preferred that the methylotrophic yeas in-is the Pichi
parGLERR SRR 18 ASPRArETUNE C R CoRegah Aoseedt e
micnoinfdieToR6 2% 8inrinaleTeiagiol dpbiegkashether e féeat@vbotidiem opntains
melfSHBNEEULLIBATIENRPAINS HEARIB MR T ORa MR cUalRa
a vector comprising a nucleotide sequénce that encodes a pre-protein
secoiesidhny efian Qfdﬁgﬁmma%ﬁmmaﬁtwﬁ@t'ﬁéﬁm@aﬁ@w&%?ﬁ%want of

norsidBYNeptde: epstably fokedavitrineLighiapastlisrhOX1 promoter
according to SEQ ID NO: 7 or a promoter element thereof. The person
skilled in the art is aware of the fact that the yield of secreted heterologous

Yeay-gastend, anrtchaaneiiinedr geiveld gdirelssiansdineptiamatietthan those
parBERVAHY meitteddeh 88 kWi BranasmReinmpeas. PeNIERRE YR peptides
_the number of copies of the nucleotide sequence encoding th .
GGt B SRR B R BRI RS PRl RRVHESE Flsryage peplide
carsberiptastdd intseheqitehutithenyietdanid eerptecddterbis petisgmmtitia amino
acid Jainanie. I rt'ﬁ@gqma{g%{awa%adqtﬁgmﬁm@ag% WhE DML B ant
COpI%S Ofct e vector’n the genome of the methy otrop IC yeast strain Is
recinohieaepoFone ranpeatind sy navibeplistehehaseforedn et mepdaRiedry
mubY SHIASFERG o dNRLNY ISt HRRNIG ¥RRSR SRR hE RRYGIL ENSIRE 3RSl

of the vector and repeated. selection rounds using increasing | ) .
Pe%&?@&ﬁ%ﬁ%ﬂ%@o?*{ﬁ%éqadﬁ\}%%@@a&ﬁﬁ%i tothg,first (N-tefminal) amino acid of

the recombinant porcine pancreatic trypsinogen.

in another preferred embodiment of the invention, the nucleotide sequence encoding
the pre-protein is operably linked to a promoter or promoter element. i is preferred that
the vector is a plasmid capable of being replicated as an episome in the methylotrophic
yeast strain. It is furthermore preferred that an artificial chromosome capable of being
replicated in the methylotrophic yeast strain contains the vector. Yet, it is most
preferred that a chromosome of the methylotrophic yeast strain contains the vector as

an integrate.

Thus, in the preferred method using methylotrophic yeast strains and particularly in
Pichia pastoris strains, the vector encodes an amino acid sequence for a variant of

porcine pancreatic trypsinogen pre-protein that enters the secretory pathway.

In a further preferred embodiment of the invention, the methylotrophic yeast strain is a
Hansenula, Pichia, Candida or Torulopsis species. Itis very preferred that the
methylotrophic yeast strain is selected from the group consisting of Pichia pastoris,
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the selective marker comprised in the vector confers resistance (US
5,324,639; Thill, 20 G.P., et al., Positive and Negative Effects of
Multi-Copy Integrated Expression in Pichia pastoris, International
Symposium on the Genentics of Microorganisms 2 (1990), pp. 477-490;
Weayieksms’et al., J. Ind. Microbiol. 7 (1991) 197-201). An ek fepes380
selective marker is the Sh ble genel?hat is the ZeocinTM resistance gene
(Drocourt, D., et al., Nucleic Acids Res. 18 (1990) 4009; Carmels, T., et

al., Curr. 25 Genet. 20 (1991) 309-314). The protein encoded by the Sh
ble gene binds ZeocinT"" stoichiometrically and with a strong?éafﬁnity. The

Hanisienlitey nsf oo e Gamipids ibpidit ahetiVRiLReRD §13Br8tsinG ifopven more
prefiABE AR SOMAttiogRRe eARIa B HhiSHBRWpIRRBYFam Sktitthe

in the art that increasing th trat f t I ti
Aegiga wmgamﬁ@@g@%%?%%%%é%ﬁ?ﬁi%ﬁ#@%%ﬁ%E% (ot

vector 30 expressing the Sh ble gene. It is therefore advantageous to use

Anoﬂw‘é?%ﬁ%gvliéhtgﬁwgragw 6@%4&%5’&545@%%%@%%@02@%@'%@%

as a selectable marker to generate by repeated transformation multiple
chrarppRaGMEIRLCONA MR RHRFGIMP Y8t §ﬁéﬁﬂ%fﬂﬁuﬁﬁ?¢’ﬁﬁl§ﬁﬁi@%‘8{%&’é’§e$ a
m@-@iélf@n\&ﬁt%dﬁgsjﬂmaerm@ﬁe atlvaniageeas haidirmnstonmaiinsarein and a

repeate(? and sel? on resistant tr rmants isr

SO R RO R RATS M Dol LRl g ETRRS Ak o

SE@ﬁmMEvébofaremstmeeeﬁ@rzeotmEMOE obtained anymore or no further
increase of the ZeocinT™ concentration in the selection medium is posse

vie anymoYe on skilled in the art is f m'I' r with the purifi f
Th%@@&?ﬂﬁlﬁ@ﬂﬂ&@ﬁ%ﬁﬁ‘éﬁ WM& %&%kﬁ&ﬁa?rj%e af ?ce}a?cg r%r/#és% 't?nrét%rologous
proteiapascbf axheovasimyrappyrfrnpiostéatc, trypsét, abhitairBibieHfeom @Tomt))

o S BGOSR SR b Ll v
of e gRGjeptEoseRURIED @T@@f@ﬂqﬁ%@ RAeaPEC BT R e dwlerologous

prowpﬁm%%msng@mtwdwb@mmemuglrtgéoﬁew@a@ag@ted
N Db T S
of cpprereatictigasin isdfergehvas d:@lﬂmsmaﬂbylptemleptyeast strain is increased.
For example, the copy number of the vector can be increased by subjecting the
methylotrophic yeast strain to repeated transformations of the vector and repeated
selection rounds using increasing concentrations of the selective agent against which
the selective marker comprised in the vector confers resistance (US 5,324,639, Thill,
G.P., et al., Positive and Negative Effects of Multi-Copy Integrated Expression in
Pichia pastoris, International Symposium on the Genentics of Microorganisms 2
(1990), pp. 477-490; Vedvick, T., et al., J. Ind. Microbiol. 7 (1891) 197-201).

An example for a selective marker is the Sh ble gene, that is the Zeocin™ resistance
gene (Drocourt, D., et al., Nucleic Acids Res. 18 (1890) 4009; Carmels, T., et al., Curr.
Genet. 20 (1991) 309-314). The protein encoded by the Sh ble gene binds Zeocin™
stoichiometrically and with a strong affinity. The binding of Zeocin™ inhibits its toxic
activity thereby selecting for transformants containing the Sh ble gene. It is known to a
person skilled in the art that increasing the concentration of Zeocin™ as the selective
agent in the medium selects for an increase in the number of copies of the vector

expressing the Sh ble gene. It is therefore advantageous to use a vector with the
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that the wildtype coding sequence was used to construct the expression
vector. Yet, another preferred embodiment of the invention is a variant of
porcine pancreatic trypsin isotype |, by one of the methods described
above. Another embodiment of the invention is the use of the variant of
YPorHE Hafcreatic trypsin. for pre-pro-insulin 20 processing; GHEPBR§Ef#380
. M3 . . s

of the use of the Ser172Ala variant Of porcine trypsin for enzymatic
cleavage of different pre-pro-insulins are described in Examplesl0-12.The
following examples, references, sequence listing and figures are provided
to aid the understanding of the present invention, the true scope of whic

hich

Sh hlegrneras id SRledpblerpatkerdprecnere i rerRieAdranstarationduatple
tranBR MRGesi bt nrRepgatas Rl Selks S viithoutsle pry thgiiecisapoitiod

the invention. WO 2007/031187 IE%FQ{.P% 89/{93%%8508 rzelrgessﬁriBtg)nndosfeiection
veCtie ;F:@@Vé@i@riﬁ\ﬂrg PAXIRIFEROHP Bt EAvaGE Siedhe the
for euenproiasebisartt transdorimsulinis nepsiatefaugii daanidd ianisfeimksine.

ifl [ S ielck [ [ i TM

e B e e e hancl e s
obtainechrsyvimens arcfobardprigase ohiieegsia Preaneeniijianjméhe selection
me&tqﬁ\{g%gé/gimgammbmm, wild-type human trypsin (Example 1) Figure

EhSI%y 21 IJIIIV! LY

3: Pre-pro-insulin glargine cleavage with recombinant, Serinel90Alanine
10 human trypsin variant (Example 1) Figure 4: Map of the plasmid
A pgrSeyrSkitled Adherachissandbian witvellst muifealitnarcrsppapinanly expressed

2SI PRAARALRIERBE gk SRS EQN SINRRIDFRPHIP TMinkREshi, A.,
and%sert (?éﬂ%%ed Tr ggﬁ%%l%% the s nthegc DNA s ence er{j?c-:(od'n thS [ )
NG TS B RIS o

et al;afhaRio5N RSB oRR BV SR & 1deterehd frbdRbde R AR EAIARS
CheRerdd 2 Massningoaeid csubistitetisky, ) ddhdBssteshdriithEmudeBiméem. 179

ncading the a-factor signal ide fro I ;
(1 982@%\%%1&)'6\8%?%%%%3% Iﬁa% A FIR %?nggir{e B%l’?'&g%% Wﬁ?&gen in the
growth medium is purified using ion exchange chromatography. Downstream
processing steps leading to the purified product are described in Example 8.
Production of wildtype porcine pancreatic trypsin isoform | was done similarly except

that the wildtype coding sequence was used to construct the expression vector.

Yet, another preferred embodiment of the invention is a variant of porcine pancreatic
trypsin isotype |, by one of the methods described above. Another embodiment of the
invention is the use of the variant of porcine pancreatic trypsin. for pre-pro-insulin
processing. The benefits of the use of the Ser172Ala variant of porcine trypsin for
enzymatic cleavage of different pre-pro-insulins are described in Examples10-12.The
following examples, references, sequence listing and figures are provided to aid the
understanding of the present invention, the true scope of which is set forth in the
appended claims. It is understood that modifications can be made in the procedures
set forth without departing from the spirit of the invention.
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denotes the Pichia pastoris AOX1 promoter, "Term" denotes the Pichia
pastoris AOX1 terminator. 20 Figure 5: Pre-pro-insulin (human insulin)
cleavage with native, recombinant porcine trypsin (Example 10, Table 1)
is shown. Figure 6: Pre-pro-insulin (human insulin) cleavage with S172A
Wé)rizﬁﬁw?é}ﬁﬁle trypsin (Example 1Q, Table 1) is shown. GefEraiy Mg s
following examples the methods suggested and described in the 25
Invitrogen manuals "Pichia Expression Kit" Version M 011102 25-0043,
"pPICZ A, B, and C' Version D 110801 25-0148, "pPICZa A, B, and C"
Version E 010302 25-0150, WO 2007/031187 PCT/EP2006/008380 22
Desarigtior it dhe' Mgrsith E 030402 25-0106 were applied. Reference is also
made to further vectors, yeast strains and media mentioned therein.

FIOEbrook, EEEE A s e SAEE NI SRS Riutns of
3rd edition, GSHarPres§N20GLIIS gwpDemnddasSiattuigpenbided triangles
Nucleosil 12955 £181Mashe 6 & NAGRE AR A @M ek Rhaschote

45 mM sodium phosphate buffer (pH 2,5), 315 mM NaCl, 25 % (v/v)
acetonitrile; %@BﬁéW&%@’qggrﬁwg&%ﬁ*%%?pﬁﬁéﬁﬂﬁ@?wﬁ o Hye pre-pre
55 mM NaCl,65i%6 ewy nacekonidide; Gradient: linear, from 6% phase B to

AR R RS

10% phase B within 30 min. 10 The following examples are intended to
illustrate the present invention without limiting it. Example 1: Cleavage of

Figie Z5ro-insuffifegRiryinewisi s rebsnsinAAs R I B fsrmirRipartrydidrivhfhuman
Serinel90AlaRjpsihum@mispsin variant 15 These experiments were
conducted at 8C and a pH value of 8,3 (buffered solution) and were
performed up to the 50 mL scale. The PPI solution was filled in an

Figaispdopriate fPrerprosiaselinalabievdedupan dvilerecartmnhSeiddianine
addition of theyRREVIRG AFERAAHO(E QAApRIES) were taken after

Figure 4: Map of the plasmid pTry-Ser172Ala which is a derivative of the
commercially available plasmid pPICZaA (Invitrogen) that confers
resistance to Zeocin™. The insert denoted TrySer172Ala is the
synthetic DNA sequence encoding the variant of recombinant porcine
secreted trypsinogen that carries the Ser172Ala amino acid
substitution, and that is fused to the nuclectide sequence encoding the
a-factor signal peptide from Saccharomyces cerevisiae. *AOX1-Prom”
denoctes the Pichia bastoris AOX1 promoter, “Term” denotes the Pichia
pastoris AOX1 terminator.

Figure 5: Pre-pro-insulin (human insulin) cleavage with native, recombinant

porcine trypsin (Example 10, Table 1) is shown.

Figure 6: Pre-pro-insulin (human insulin} cleavage with S172A variant porcine
trypsin (Example 10, Table 1) is shown.

Generally, in the following examples the methods suggested and described in the
Invitrogen manuals “Pichia Expression Kit” Version M 011102 25-0043, “pPICZ A, B,
and C” Version D 110801 25-0148, "pPICZa A, B, and C” Version E 010302 25-0150,
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by acidifying the sample solution by a 1 N or 2 N HCI solution. The
concentration of the respective products were determined by HPLC. WO
20071031187 PCT/EP2006/008380 23 Example 2: Mutagenesis of the
WOmietiéhiicleotide sequence that encodes porcine pancr&&fl¢EP2006/008380
trypsinogen 5 Generally, standard rfiethods of molecular biology were
applied as described in Sambrook, Fritsch & Maniatis, Molecular Cloning,
A Laboratory Manual, 3rd edition, CSHL Press, 2001. The method
explained below is a specific application of a very general method that is

andaigB IR IY ers it E- 80 4@21 2B 86 veriis e nRliRflitRedRe Rra dsqR MaRdSP ©
furtiE A Sl Ar tashionassingdhe Pelvmaiagardiain. mastiondRed) ofn

order to mutate a desired codon, i.e. a base triplett, a Ea,ir of L
ol GHRIHRTA Y GRRUEA Al PENIRS bR AEIRERA S SR BR ats
Molvalintmenion of thesyidre itamueleGideditigne &-#nloeksg3airtine

pancreatic trypsinogen were designed and synthesised. The

single-stranded DNA oligonucleotides were identical or 15
HPI&Grﬁ}ﬁM@’ntary to the sequence given in SEQ ID NO: 2 except for the

triplett sequence to be mutated. Typically, a DNA oligonucleotides had a

Stalfhd gRaQ&%E&&%ﬁ RO OGIR D IBINBRUHEDES JUhe MUWRISEE phase

orits & mplement was located in the central portion of the DNA o
A: 4G soeibmueesapatiy feamHvasaiRen¥iNasth rids (Wy Rssieatie:
MobfelRHuLcentidesihe A sHessiaie alities were desimed/sMaltthes 20 (viv)

A AR B e e e

resulted in hybrids with a central mismatch but with intact base pairing at
Thé*ﬁ&tﬂé\mﬁ Stdhp mispateheineydnauthiak andolcsadsinl@agniiAout limiting
oligonucleotide. Additionally, two single-stranded DNA oligonucleotide
primers were provided, of which 25 the first one, designated "5' trypsin”
(SEQ IN NO: 8) comprised the 5'-terminal 9 nucleotides of SEQ ID NO: 2
and the second, designated "3' trypsin” (SEQ IN NO: 9)

it.

Example 1: Cleavage of pre-pro-insulin glargine using recombinant human wild-type

trypsin and Serine190Alanine human trypsin variant

These experiments were conducted at 8°C and a pH value c_)f 8,3 (buffered solution)
and were performed up to the 50 mL scale.

The PP solution was filled in an appropriate thermostated reaction vessel and the
reaction was started by addition of the enzyme preparation. Samples were taken after
definite time intervals; the enzymatic reaction was immediately stopped by acidifying
the sample solution by a 1 N or 2 N HCI solution. The concentration of the respective

products were determined by HPLC.
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comprised the sequence complementary to the 3'-terminal 12 nucleotides
of SEQ ID NO: 2. The two primers were designed to comprise restriction
endonuclease cleavage sites. Therefore, the first and the second primer
were extended and included adjacent WO 2007/031187
PEIPER2006/008380 24 sequences that were flanking theR§yA{ERaHE/008380
nucleotide sequence of SEQ ID NO: 5. 5 trypsin" contained an EcoRl
and a 3' Xba | site. A nucleotide sequence that encoded a variant, by way
of substitution of an amino acid, of the wild-type mature porcine
pancreatic trypsin protein was synthesised by means of 5 several
PCR-based steps. A first and a second PCR was carried out using as a
template double stranded DNA comprising the nucleotide sequence

acc rd to S ID N?. that resent an insert in ector
XGBB8 Lo AR R S YRLTRF b 1 S P GRITEP 3G Shgodes porcine
pararigaticstippiypsgieri and "3' trypsin” matched perfectly when annealed. The
10 first PCR was made using a pair of primers consisting of the "5' trypsin”
primer and a first single-stranded DNA oligonucleotide comprising the

mutated, i.e. variant triplett sequence, whereby the two primers annealed
GetesigosiantanipraethDis ot moidsuindiclegp weRCRMigd @adescribed in

SaRbrOsdiNas AP 96tk MBRIBLRHITBRIAR A t%%ragtérp%r&r@r@tededmn

DNA ofigonucleotide, that was complementary to the first one. As a resuilt,

CStife Fi@?ﬁs?gﬁél tﬁB%@l%ﬁWR’@@ﬁ@r%%ﬁ%ﬁﬁ@?ﬁt@‘aPa?@‘lﬁ%&ﬁb@‘ NGy

gerdiigl am3tpedtinatas adykienitiesegteareasetinggevasiant of
recombinant porcine pancreatic trypsin, whereby the 5' portion carried the

mutated sequence at its 3' end and, vice versa, the 3' portion carried the

Mujaiieateresoeniesdis 9 dirdirneteedaniignisinadhe sgixmerase chain
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deéi%e?f/éeﬂggnm %Ié%ae%é'%%%é’  QOKHg0S Wﬁdf &E%He%t?&‘é%‘ grgpttentrcai or

cycles were run “without any additional upstream an

corgpimimeméinn tpriffers MRTEE. TiRmitRese IB/BlEs 2 except for the triplett sequence
to be mutated. Typically, a DNA oligonucieotides had a length of about 20 to 45

nucleotides; the triplett sequence o be mutated or its complement was located in the
ceniral portion of the DNA oligonuclectide comprising it, and was flanked on both sides
by about 10 to 12 nuclectides. The DNA oligonucleotides were designed such that
hybridisation of the DNA oligonuciectides to the "wild-type” recombinant porcine |
pancreatic trypsinogen DNA (according to SEQ 1D NO: 2) resulted in hybrids with a
central mismatch but with intact base pairing at the flanks of the mismatch, including
the 5" and 3’ ends of each DNA oligonuciectide.

Additionally, two single-stranded DNA oligonucleotide primers were provided, of which
the first one, designated “5’ trypsin” (SEQ IN NO: 8) comprised the 5'-terminal 9
nuclectides of SEQ 1D NO: 2 and the second, designated “3' {rypsin® {(SEQ IN NO: 9)
comprised the sequence complementary to the 3'-terminal 12 nucleotides of SEQ 1D
NO: 2. The two primers were designed to comprise restriction endonuclease cleavage

sites. Therefore, the first and the second primer were extended and included adjacent
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25 a few full-length products were formed, whereby the annealing
temperature that was used was calculated for the overlapping sequence
of the 5' portion and 3' portion. Subsequently, the primers "5' trypsin" and
"3" trypsin” were added and 25 more PCR cycles were run, whereby the

YREATINY ¥mperature used here carresponded to the addé’élfﬁﬁi’ﬁ@?w%
the lower melting temperature. WO 5007/031187 PCT/EP2006/008380

25 A mutated full-length DNA fragment was subsequently inserted into a
cIoning vector using the "PCR cloning kit - blunt end" (Roche Diagnostics

nhe| atal ue n 1 939 6 The DNA fra
seines HAhSre e G s Ehduk s eebdR S e e T dNo: 2.
“5" Wnﬁedw@!nagmeﬁcwﬁkahém&dﬂmd Isitss means of cleavage with Xho

I and Not | and inserted into Pichia pastoris expression vectors that were
cleaved with the same, restriction enz (see Example 3 and Example
eolier 590157 DAL E PSS PP BUn i VaEs) o Tee5e] pEaRgmino acid
of 152 8458 typamaubsiuteddyd@EIatd bytbinemdidmafirs sh@Retieddf means of

sevaligapERlantide 'G:Try 10 Serl72Ala" (SEQ ID NO: 10) was used as a
primer in combination with "3'-trypsin”, and in a second PCR

"3'-Try-Serl72Ala" (SEQ ID NO: 11) was used as a primer in combination
A fiwithnd'drypsing FOR isakatediett puediiig tiagmenisate dosthseguadtdy DNA

in order fo rat t oduct.
e e S D R s prgent as
an ipseciie aBplncldwivapigsinayentepiacizag thieinsed esgressignthat during
Pcmﬁt@ﬁrmeswwmmeﬂh@@%‘}m&hﬁrwﬁw;S@Freewmrpafﬁres:ed The

pancreatic trypsinggen that was generated from PCR fragments (see

firster GBS RER @E%@&Wﬁﬁféﬁgﬁ?%&?’}?bﬁﬂ’%éhe SidgyRsdncerimer and a
firstGmbid)stFheiba@nens ivesisnbatedeusingthinfAiarictateal ixasHeR triplett

Kit" accordin the instructions of th nufactu er 20 The
s S AL T U 5B CIBA o CLy e R R s ands. T
secend RpBerasovdity aheovainght, resiom Birddt tmpslné prémereatit 2 second single-
stra“é!@ﬁ'm@%! %JH&:QH&&%WH&%@Q&‘@B%@WE&%@ B8R AL P97 2 result, the

peptide from Saccharomyces
first and the second PCR generated two intermediate products: A 5 and a 3’ portion of

a nucleotide sequence encoding a variant of recombinant porcine pancreatic trypsin,
whereby the 5 portion carried the mutated sequence at its 3° end and, vice versa, the

3' portion carried the mutated sequence at its 5’ end.

The resulting two intermediate amplification products were analysed by agarose gel
electrophoresis, the desired fragments were excised and DNA was isolated from

agarose blocks using the “QlAquick Gel Extraction Kit" (Qiagen, catalogue no. 28704).

A third PCR was carried out subsequently, in order to fuse the two portions. To this
end, the two portions were united in a single PCR and five PCR cycles were run
without any additional upstream and downstream primers added. During these cycles
a few full-length products were formed, whereby the annealing temperature that was
used was calculated for the overlapping sequence of the &’ portion and 3’ portion.
Subsequently, the primers "5 trypsin” and “3’ trypsin” were added and 25 more PCR
cycles were run, whereby the annealing temperature used here corresponded fo the

added primer with the lower melting temperature.
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cerevisiae. Before the ligation reaction, the vector was similarly cleaved
with EcoRI and Xbal, and isolated. 25 The cloning procedure followed
inserted the nucleotide sequence encoding the variant recombinant

porcine pancreatic trypsinogen directly and in frame after the nucleotide

WEBHEE Bicoding the a-factor signal peptide from SacchaP§jjEaye/o083s
cerevisiae. WO 2007/031187 PCT/EP2006/008380 26 The nucleotide
sequence encoding the recombinant pre-proprotein as given in SEQ ID
NO: 6 were under the control of the P. pastoris AOX-1 promoter (SEQ IN

NO.: 7) ich,.e.g. in Pichia pastoris, is inducible by methanol. .
A et TR B B S S I B B s g et
using finearicéticenagtsit fragund endn dRechmidiagrioptics ConidrioMeeabein;

catgfg@érﬁsme@w%&'hﬁ@ﬁmm L ONSERL IR ARG BF¢SERkBon
of T4 DNA ligase (Roche Diagnostics GmbH) according to the

enzyeR FRInS DRIME SPRRASRG NS SrHiat & Nafiee prip arasdheiegscised by
meSHPSE LV SAthIRRERNsfrNtamRe BBk Ee g aitl PlcBiNe §64sis expression

Stratagene), in a total volyme of 205 p]..Following incubation. on ice for 30
vecliTR ENVerh HIEr RO B BRI AP O el SE R Pl o
Exanere tstansferred into 1 ml LB medium and incubated for 1 h at 37C to

allow for expression of selection markers. Aliquots were plated afterwards

on,LB plates containing 10 /ml Zeqcin and incubated for 15 h at 37C.
Serk A thn O RAIE B IRURS SR 1St FSARTABBIS R ehwas
sub&tiMsddtis, MOEcTatEanidginfalfaboPaey yHid @Al o Bad redittanidts £l
2 t restrictior ' as,; . n
S O T M 2. B IR Bl s rvpsi
anddip BisgeatithCieRyvere T sefeitbtE AlRe (Bt védior e tiangriag a primer in
con@ﬂ@%ﬁ%@ﬁ*@ﬂ@‘%E)Qﬁ”9%9@&%‘?@8@9@%@%%@3@%@1@%@iQ(El?éequenﬂy
c

peptide from Saccharomyces cerevisiae were designated
use ). Ber st BoRERERpIR aemﬂ%‘eﬁaﬂbwﬁeﬁ?&%mns with

pPICZaA-derived pTry-Serl72Ala expression vectors The host strains

Exdisae YersonirhismasiafFida BnNa iR I Glvarand eMitudBht porcine

pancreatic trypsinogen in pPICZaA- derived expression vectors

The DNA fragment encoding the variant recombinant porcine pancreatic trypsinogen
that was generated from PCR fragments (see Example 2) was excised with EcoRl and
Xball (Roche Diagnostics GmbH). The fragment was isolated using the “QlAquick Gel
Extraction Kit” according to the instructions of the manufacturer.

The fragment was ligated into the pPICZaA vector, thereby fusing the nuclectide
sequence encoding the variant recombinant porcine pancreatic trypsinogen to the
nucleotide sequence encoding the o-factor signal peptide from Saccharomyces
cerevisiae. Before the ligation reaction, the vector was similarly cleaved with EcoRI

and Xbhal, and isolated.

The cloning procedure followed inserted the nucleotide sequence enceding the variant
recombinant porcine pancreatic trypsinogen directly and in frame after the nuclectide

sequence encoding the o-factor signal peptide from Saccharomyces cerevisiae.
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30

(Invitrogen). Preferred strains were X-33 and KM71 H. Transformation

was aimed at 25 stably integrating expression constructs into the genome

of the host organism. Initially, 5 ml YPD medium (YPD = yeast peptone

dextrose; Invitrogen) was inoculated with a P. pastoris colony and

W20 on a shaker overnight at 30C. To prepare PCT/EP2006/008380

transformation-competent cells, 100 pi of the pre-culture were added as

inoculum to 200 ml of fresh YPD medium and grown until an OD6oonm of

between 1.3 and 1.5 was 30 reached. The cells were centrifuged at 1,500

x g for 5 min and resuspended in 200 ml WO 2007/031187
ThePOTIEHEE0B?A06 380 eppadidadite (Bey i haterrrmetaisassrxen in SEQ 1D

NOCERERaeshaeaiR abARBruseier BaBiBRNAORSUBReAERS SEBDIRNCE: 7)

cold sterile water. The cells were_centrifuged on more time at 1,500 x g
whighy &.thiln drigfieRiRsianted iRcHs! m?rb E‘%H’T "M'sorbitol (ICN). The cells

prepared in this way were kept on ice and used for transformation

COAmme@&tms%IwkﬁZ%ﬂ%!mﬁg ISR AAMNRI838I20 M§BPBearised

to be used for transformation were neancard u3| the Sac. | rest §t|og
veckH JramprREin R EeMNSIAGH 64 LB AR CIBRYERD: £§d m@b ridlnd
.ncuﬁgmatem'ﬁfamsfoﬂn@@m iwassagecmplished bDsladiyeperéRiochesibiganostics

ne Pulser ||T For transfor tion setti
ompEretdiRGe Me TsTieT s S e RLmAlPa L Uk B2 flclion
prefinssitsedde eupmenﬂ\yeeted Maﬁ@mﬁmﬂé@ﬁm@ emiio‘édeﬂﬂle cells

(Str% § fGoyiich fﬁff’a? YoRIEBE 985 ﬁ?? EiioviNG iR RSRRHEBHY A CHYSHR, cells
transferre

into the Gene Pulser. EIectroPoratlon parameters were 1

weweﬁk@aﬁﬁeﬂsabﬁ? HolthMR g efe RHASSAIHI. FRlfs1RredFaRsfaERiERe 1 m!
LB mea[aﬁﬂgﬁd%mm@ﬁsusnen§mvw$osauhﬁequeeﬂmm@d ehtelddaBSmarkers.

t [ 5
Aich S e R ST Bhrs RS By Helth Al ard
inculsitey Spretidhoat 875 DigRe pistEnt CRDSsplates pickednpiasatets ategodstdated
(Sa?r,é‘rgéwsph’@%ﬁt '&%ﬂ%ﬁw@fﬁq@m@&ﬂ% ;9Lgssﬁamwlmamsrt@a%dmon

ates Colonles rom these plates were picked and separately

CStr&sas@@mc?éwn i fesinsoy MASRERS W§Féca@é§@%lm|ﬁﬁfwf'mﬁt§%wence

andyieasediRache SinanasliseGmipd)ifes bieaord Grand aHiegwantaciozer:

for 20,10 min at -80C. B %arb s of PCR, the ﬁ{esenc%oft e _expression
selecled. fhe sxpgssion vecto ouring a variaht recombinant porcine pancreatic
trypsin with the a-factor signal peptide from Saccharomyces cerevisiae were

designated pTry-Ser172Ala,

Example 4: Transformation of Pichia pastoris with pPICZaA-derived pTry-Ser172Ala

expression vectors

The host strains used were Pichia pastoris X-33, GS115, KM71H and SMD1168
(Invitrogen). Preferred strains were X-33 and KM71H. Transformation was aimed at
stably integrating expression constructs into the genome of the host organism.
Initially, 5 ml YPD medium (YPD = yeast peptone dextrose; Invitrogen) was inoculated
with a P. pastoris colony and pre-cultured on a shaker overnight at 30°C. To prepare
transformation-competent cells, 100 pl of the pre-culture were added as inoculum to
200 mi of fresh YPD medium and grown until an ODggonm of between 1.3 and 1.5 was
reached. The cells were centrifuged at 1,500 x g for 5 min and resuspended in 200 m|
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respective pPICZaA-derived pTrySerl72Ala expression vector was
verified. The term "expression cassette" denotes a nucleotide sequence
encoding the variant recombinant porcine pancreatic trypsin pre-protein,
operably linked to the AOX1 promoter and the AOX1 terminator, whereby
Y& 2Yp1éE8ion cassette is derived from 25 the respective pBIEAZARADPO
used for transformation. As for vectOrs containing an expression cassette,
the terms "vector" and "expression vector" are synonyms. Positive clones,
i.e. clones that were tested positively for the presence of complete

] 1?ﬁ;()r%:ession cassettes stably integrated into the genome were used for

ice

& ehatadiensifion BPeHE FER SRINITHHEHARRHE Pahoiddi@iigpsmin and
res@(RERasM Y0 AR Q3L &éMETAIE2006/008SBRra8Additigadlyne more time

control transformations were made wiih the.recipi ichi '
ot L A G SR e RS A berap o v EREARER, e cets
prephtedhiadiziadvaerified kept simiderdaghiead fxsimasislonmire dsioedintely.
secretion of variant recombinant porcine pancreatic 5 trypsinogen A set of
positive clones (20-30) transformed with a pPICZaA;g)T%Ser

_ 172Al .
Tl BlC S AR TN AR SREIRG TS S RAHRoEATh fRasfgrmation
werBNKe¥ riseedikind BMGY% l bedtersicdy yodtolclrapteiRocdiuDia dnvistageBinbH),
Af ds, the 10 OD | |
e
ele@Mpovativetiteingl aviGegeMubggrHl 3! Risottadirdsonvet@ngiedraatipn cefling. 80 b

P. 49JBFILERSTHIA ANOIARBPEGILALA WS Rtk W@Wﬁﬁmrat% 8r fhakasal

30C. In parallel, positive control clones were cultured under the same
expestRIRoMectes BNvA defanpleser iRifniraipaib cLyRiia W vRBAtAR fien kepton
ice fOEGiHTh CENIRRRME AU (Ml nakrodhifakedBntb)nhGbrie auiser.
o AT R ER BB BB b cporation,  m
1 Mparbiedtioinyipsinegend Gantplbe cEBGDsEnsce takestimadhendlygliatgd onto
YPIggséﬁgt]eézl(%wéer:v%%Qtvgéﬁé%ahgmﬁ)se sorbitol; Invitrogen) containing
100 pg/mi Zeocin™ (Invitrogen), with 100-150 ! of cell suspension being spread on a
single plate. YPDS plates were incubated at 30°C for 2-4 days. Yeast clones were
transferred onto gridded minimal dextrose plates. Colonies from these plates were
picked and separately resuspended in sterile water. The cells were digested with 17.5
units of lyticase (Roche Diagnostics GmbH) for 1 h at 30°C and afterwards frozen for
10 min at -80°C. By means of PCR, the presence of the expression cassettes of the
respective pPICZaA-derived pTrySer172Ala expression vector was verified. The term
“expression cassette” denotes a nucleotide sequence encoding the variant
recombinant porcine pancreatic trypsin pre-protein, operably linked to the AOX1
promoter and the AOX1 terminator, whereby the expression cassette is derived from
the respective pPICZaA-vector used for transformation. As for vectors containing an

expression cassette, the terms “vector” and “expression vector” are synonyms.

Positive clones, i.e. clones that were tested positively for the presenice of complete
expression cassettes stably integrated into the genome were used for further

characterisation of variant recombinant porcine pancreatic trypsin expression.
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20 of 72 h. When a sample aliquot was removed, the culture was also fed
with 0.5% methanol. Samples of the supernatant growth medium were
tested for trypsin enzymatic activity. Example 6: Analysis of expression of
variant porcine pancreatic trypsin 25 Of the sample aliquots obtained as
WESEABEH ¥ Example 5 firstly the OD600nm was determindd T/EP2006/008380
Subsequently the cells were pellete%iS by centrifugation and the WO
2007/031187 PCT/EP2006/008380 29 supernatant was saved. trypsin
activity was measured in the undiluted supernatant as well as in a 1:10

dilution. While control clones transformed with the pPICZaA yector did not
Adqii R SRR RSINETAOR Stk AR R RE B RS S REStons

KMiraAsiaemecs M P i dmal  PITYSAr id2A1a RypitResneecinrsesititaindd and
trypsin activjty due to the respective variant of recombinant porcine
Ve’gﬁﬂd%ﬁﬁm% #P9% ted into the growth medium, i.e. the culture

medium. It could therefore be concluded that expression of a recombinant

Exdifpidretemywstion thifFasecraimnrises iatfaciraignahpapiidméopancreatic
Saccharomyces cerevisiae enables secretion of an active enzyme with

ryR$IBREAtic activity. 10 Example 7: Increasing expression yield by multiple
transformation and increased ZeocinTM concentration The yeast clones
transformed with the pPICZaA- and pPICZA-derived pDNM expression

that f d the highest [ ivities |
A SEELRRSEATR FEORE (T QLR T R A R LTE LR the
expsassexpEssiwarecgtowasprehabinalyculioraitiorsitghtl ectebpo ratiolrBMSY
: ; ; ; Vi .
e b T e e

ODpg/mauescdiibertitionsorene datemmred Refom IBEYMETe ARRIAGeSHRIA

shd@hY Aasinaantsaavingitacasnar aeslinte 2@ dheln grregen Nt iHpia coriesttures
of the respective expressian vector. Ye tclone? ﬁg, mcr?ased

We iR SRR AR HI T SR I ERE B Ao grid SR G55 g8k 0N 2

shapiates 3033 e ady aliesopibsithia dxdrojpiin be preeraltults ek rmden decfmmme

condiyiqual

BMMY (BMMY = buffered methanol-complex medium;) medium comprises methanol
(Mallinckrodt Baker B.V.} which is an inductor of the AOX-1 promoter that controls
transcription of the nucleotide sequence encoding the variant recombinant porcine

pancreatic trypsinogen.

Samples of 500 ul were taken from the shaking flask in 24 h intervals over a total time
of 72 h. When a sample aliquot was removed, the culture was also fed with 0.5%
methanol. Samples of the supernatant growth medium were tested for trypsin

enzymatic activity.

Example 6: Analysis of expression of variant porcine pancreatic trypsin

Of the sample aliquots obtained as described in Example 5 firstly the ODgoonm was
determined. Subsequently the cells were pelleted by centrifugation and the
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yeast clones and expression was measured by determining the trypsin
enzymatic activity secreted into the growth medium as described in
Example 6. Individual clones 25 were found that produced an increased
amount of trypsin activity. On the average, trypsin activity measured in
W2 24ps&tant of Pichia strains repeatedly transformed wil THP2006/008380
respective pPICZaA-pTry-SerI?ZAIa2 gexpression vector was between twice
to three times as high compared to the respective precursor strains that
had undergone only a single transformation. WO 2007/031187
PCT/EP2006/008380 30 Example 8: Purification of the variant of porcine
SUPS AR FRY R g M RPN RGYY ‘?fﬁﬁmﬂ?@%ﬂﬂ&ﬁmg}aﬁtﬁ‘? Anaatadaaipgatant as
welfamirthettripdiutianant The entire fermentation broth was diluted in a ratio
of about 1:2 to 1:4 with ammonium 5 acetate buffer (5-20mM) containing

5-30 mM calcium chloride, pH 3.5. The trypsinogen variant was purified
Whilg GREHRS %%%gﬁaéfpB@adcmmﬁa?o@%égwééwnﬁ%mq@@éﬁ tepy

meS9RARLYPINE A ERAIQNENENARARIIE DichIEeamiing (R ffforted with pPICZoA-

Chromatography was carried out without prior separation of the yeast _ _
PTraRE! ERMRSBIFIRIGNOPHAS SRR S b Ik g eaRgCtive variant
of i&inbephatosethX batipréatiocaialyicactiationtd Ghaascianestlium, i.e. the

rebuffering t H, to,.7-8 in the prese f.20.mM CaC12.. Activation.
el ) e R R A By o B pant pre-
proteypsihioras Stisreasat @i prsasitherddatdcaadihaiuteptivte dysisS Exdrapleyces

cer@ézéééaé’n‘é’oﬂe%t%%ﬁoﬁﬁ%fsé’r?gﬁﬁvféyaﬂl()rﬁ‘§@¥¥{% Cﬁﬁ&&&‘@%@ 1R
recombinant porcine pancreatic trypsin 15 The activity of trypsin was
determined using Chromozym TRY (Roche Diagnostics GmbH) in 100
Examd isi ptidd: SingCerpvk Sadil dielti 25Gritipte tnati ormestkuieme Mtovassed
Zeo%allrl;l_}i,@% c?nucte%%a%% rgi_m. To discriminate between th_e sub_st_rate specificity
arginine versus lysine the Chromozym TH (contain arginine/Roche
Diagnostics GmbH) and 20 Chromozym PL (contain lysine/ Roche
Diagnostics GmbH) were used. Example 10: Cleavage of pre-pro-human

Tnd V44 clones transformed with the pPICZaA- and pPICZA-derived pDNM
expression vectors that were found to produce the highest trypsin activities in
supematant media were subjected to repeated electroporation using the same
expression vector as previously. Conditions for electroporation were as described in
Example 4 with the exception that YPDS plates contained Zeocin™ at increased
concentrations, that is between 1,000 and 2,000 ug/mi. The concentration of the
antibiotic was increased in order to select for transformants having incorporated into
their genome multiple copies of the respective expression vector. Yeast clones with
increased resistance to the antibiotic were fransferred onto gridded minimal dextrose
plates, As already described in Example 5, pre-cultures were made from individual
yeast clones and expression was measured by determining the trypsin enzymatic
activity secreted into the growth medium as described in Example 6. Individual clones
were found that produced an increased amount of trypsin activity. On the average,
trypsin activity measured in the supernatant of Pichia strains repeatedly transformed
with the respective pPICZaA-pTry-Ser172Ala expression vector was between twice to
three times as high compared to the respective precursor strains that had undergone

only a single transformation.
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All experiments were conducted at 8C and a pH value of 8,3 (buffered
solution or controlled by NaOH dosage) and were performed on the 20

mL to the 3,5 L scale. In 25 some experiments, the pre-pro-insulin was
also cleaved using native, recombinant porcine trypsin in order to directly
¥OoAEfE Bdth enzymes. WO 2007/031187 PCT/EP2006/00BSBHF A 6}4g380
PPI solution was filled in an appropfiate thermostated reaction vessel and
the reaction was started by addition of the enzyme preparation. Samples
were taken after definite time intervals; the enzymatic reaction was

immediately. stopped by acidifying .the sample solution by a I N or 2 N HCI.
xR, R ERRb A E A FRTE BoE S e e
culioyeHRbErrAten286@/63hi8ip PO THERPZDES/PPSBAG:rBMTable | depicts

exemplary results of one experiment. scale Trypsin E pre-Arg-Ins E

Arg-Ins des-Thr E AO Yield compounds (external standard) area%

area% [area%] area% [%] 3,5 L native 1,4 68,8 7,2 10,7 84,2 S172A 0,9
Theersis: deqmepbatior s wreSilitesripr-piintahahlima® induridy ammonium

acdRBVAARFEBCINNNIS S RANNR) 5-5eCoMMIARINPOERIDAJEYRFNHATIE trypsinogen
S172A Trypsin variant (equal U/g PPl used). As can be seen from Tabl

varigriwassaU iRt BMeAR s R SRRRIR PRE SuamaaiesEaRbmniM OEpiHe1903);
EP W68Sisad Dyshedusissiesxthe agerAd s otk AsPconge Queathatdgraphy

increases the gmount of valuable Ag—%ﬂsulins iAr 'Inﬁé‘%ﬂdrtheﬁﬁg ?ocrtwi\\f\?as
was A ORI P EO% SRR o T v Bt e B o
domﬂymgeqmnb@wm@cmmn_t@@iS,W@pb@csﬁ»&twa.oaumsiamw ARilvation
waf\sN :'stt%%% %% r%:%’ﬁﬁlgrﬁhagn{ﬁéy Bﬁ'?o 7-8 in the presence of 20 miM CaCl,.. Activation
was terminated by changing the pH back into the range of 2-4. Purified trypsin was
stored at pH 1.5-3 in order to avoid autoproteolysis.

Example 9: Assay to determine the specific trypsin activity of purified variant

recombinant porcine pancreatic trypsin

The activity of trypsin was determined using Chromozym TRY (Roche Diagnostics
GmbH) in 100 mM Tris pH 8,0, 20 mM CaCl, at 25°C. Photometric measurement was
carried out at 405 nm. To discriminate between the substrate specificity arginine
versus lysine the Chromozym TH (contain arginine/Roche Diagnostics GmbH}) and
Chromozym PL {contain lysine/ Roche Diagnostics GmbH) were used.

Example 10: Cleavage of pre-pro-human insulin

All experiments were conducted at 8°C and a pH value of 8,3 (buffered solution or
controlled by NaOH dosage) and were performed on the 20 mL to the 3,56 L scale. In
some experiments, the pre-pro-insulin was also cleaved using native, recombinant

porcine trypsin in order to directly compare both enzymes.



Example 11: Cleavage of pre-pro-insulin glargine 15 Experimental
conditions from example 10 were used. Pre-pro-insulin was also cleaved
using native, recombinant porcine trypsin in order to directly compare both
enzymes. HPLC method: as described. Table 2 depicts exemplary results
%Pt?i@%@r’fﬁ‘ﬂmed experiments. The yalues presented 20 mark{kEPHHIEHE?
maximum product formation. WO 22)%17/031187 PCT/EP2006/008380 33
scale Trypsin pre-Insulin Insulin des-Thr E AO Yield glargine glargine
compounds [area%] [area%] [area%] [area%] (external standard) [%] 1L
5115 0,958,1 S172A 55526
T R B RS R LI R S L P R A ol VS ap e
reaofoormsaata e binaddiitrec e Aneiaa p(200 ralig R Blakeldy Verstekan after
cerfRSARIL HAGHERD B8 dNAHARITIR foh (74 THHRBABIAbABEIPBY SR difying

the formation of the undeswed?/ ro ducts des-Thr and’A0-compounds

the gABishselyienty mirbeied thlah RS- inbe .9@5%}5@?@%%r@a@ecﬁve
p,ogggg/ﬂgeeqﬁé}@rﬁf@mgylm@l|5|ne 10 Experimental conditions from
example 10 were used. Pre-pro-insulin was also cleaved using native,
recombinant porcine trypsin in order to directly compare both enzymes.
Table 3 depicts exemplary results of the experiments. The values
presented mark the point of maximum product formation. 15 scale
Trypsin Trypsin Arg-insulin- AO-Arg-insulin Yield
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amount glulisine glulisine [U/g of PPI] [area%] [area%] (external standard)
1 L native 250 35,8 4,7 91,6 S172A 250 39,2 1,2 100,0 Table 3: Results
of pre-pre-insulin (insulin glulisine) cleavage reaction using native,
recombinant trypsin and the S172A Trypsin variant. WO 2007/031187
WEIEDB2086/008380 34 As can be seen from Table 3, the MSETERH§083380
72A Trypsin variant decreases the #érmation of the undesired
AO-compound and consequently increases the amount of insuline
glulisine. WO 2007/031187 PCT/EP2006/008380 35 Patent claims: 1.Use
of the Serl72Ala porcine tr variant in. a process of preparing insulin,
Table 1 e A5k éﬁ%ﬁﬁg s d%??/%?@”f‘%}tocess for the preparation of
insulin, an insulin analog or an insulin derivative, 5 wherein (a) a
pre-pro-insulin, a pre-pro-insulin analog or a pre-pro-insulin derivative is

cleaved with Serl72Ala porcine-trypsin,-(b) the.r avage
scalg J RS e SERERALEHIRY (AfNHIE of [ éfflt%f g@avalg pr E &mai
ta

is an insulin analog or an 10;insulin derivative, this neUfh RIS 09 Dktandard)

insulin derivafive is,ltgined, or{eclthosk plravagg progugigibeing (%]

3.5 PrEGLEROES O IfiSiNin, an insufigganalog off rpinsulin gerivative are| fegther
prdcessed arld the insulin, insulin analog|or jnsulin Herivative restlting._

fropddéh furtife? processmg separated Fid obtajnét. 15 3. Pro

according to claim 2, wherein the insulin is human insulin.

Table 1: Results of pre-pre-insulin (human insulin) cleavage reaction using native,
recombinant porcine trypsin and the S172A Trypsin variant {equal U/g
PPl used).

As can be seen from Table 1, the use of the S172A Trypsin variant decreases the
formation of the undesired by-products des-Thr and AG-compounds and consequently
increases the amount of valuable Arg-insulins (Arg-ins) and the respective cleavage

yield.

Figure 5 shows conversion of the pre-pro-insulin with native, recombinant porcine

trypsin, Figure 6 shows the conversion of PPi with the S172A variant trypsin.

Example 11: Cleavage of pre-pro-insulin glargine

Experimental conditions from example 10 were used. Pre-pro-insulin was also cleaved

using native, recombinant porcine trypsin in order to directly compare both enzymes.

HPLC method: as described.

Table 2 depicts exemplary results of the performed experiments. The values presented

mark the point of maximum product formation.
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4. Process according to claim 2, wherein the insulin analog is selected
from a group comprising LysB28ProB29 human insulin, B28 Asp human
insulin, human insulin, in which proline in position B28 has been
substituted by Asp, Lys, Leu, Val or Ala and where in position B29 Lys
Wart&SdbStituted by Pro; AlaB26 20 human insulin; des(B28T830§06/008380
human insulin; des(B27) human instilin and des(B30) human insulin. 5.
Process according to claim 2, wherein the insulin analog is insulin
glulisine. 6. Process according to claim 2, wherein the insulin analog is

\A

acca \%) %nc}i%ez'i,n\?yﬂé?em e l!'r%-ﬁsu ir‘ft_e derivative is ge Scted from :?ré 'd
group comprisingrgiRe myrE#giltfes(B30) humaeineaknds
B29:N-palmitoytatkestB30) hiameamsnsulireB20-N{apaspy! humastasalin,
B29:N-palmitoyl human ingulin, B28-N-myristoy LysBZ8ProB:2%tQh@gpd}
insulin, B28-N-palmitoyl 5 LlysB28ProB29 human insulin,
B30:N-myristoyl-ThrB29LysB30 human insulin, B30- N-palmitcﬁz"]

lin alarainn IO 200710211097 DOCT/IEDI2NNAINNO20N 24 7 Dracpcc
1 OoUTTTT JU T T
scalé odi :

1L ThrB28Lys830 ldgnan insulis1B29-N-( M palmitoyty,aglutamyl): 8&3(B30)
humagyipsulin, B29-N-(N-lithggholyl-Yielgtamyl);des¢B30) humag insulin,

B29LN-(w-carboxyheptadecanoyl)-des(B30)-human-insulin-and B29-N-

(w-carboxyheptadecanoyl) human insulin. 10 8. Process according to any

of claims 2 to 5 and 7, wherein the further processing of those cleavage
Tahiectucts Beinglisretoredreednindolitinewimglagiaahkigayage remtiipn using

derivative COMPrisES AMIRAALRSHSRIR RIBUEI WD CAISSMERIBRI sed).

B. 9. Process according to any of claims 2 to 8, wherein the cleavage with
Serl72Ala 15 porcine trypsin is performed at an pH-value in the range of

As dab BES8en fiemmaistire thetuaesfiie anad30TrandhtharRmtymeatisases the

reaction js stopped by ,acidifying the s le. Process according to
form et o e ot e ags e P and A e RsATe i e Reauenty
incresspe theusericented msuling g@mQiaad the acidification is brought

Example 12: Cleavage of pre-pro-insulin glulisine

Experimental conditions from example 10 were used. Pre-pro-insulin was also cleaved
using native, recombinant porcine trypsin in order to directly compare both enzymes.
Table 3 depicts exemplary results of the experiments. The values presented mark the

point of maximum product formation.

scale | Trypsin Trypsin Arg-insulin- | AO-Arg-insulin Yield
amount giulisine glulisine
fU/g of PP1] [area%] farea%] {external
standard}
[%]
1L native 250 35,8 4,7 91,6
S172A | 250 38,2 1,2 100,0
Table 3: Results of pre-pre-insulin (insulin glulisine) cleavage reaction using

native, recombinant trypsin and the S172A Trypsin variant.



20 about by adding 1 N or 2N HCI solution. 11. Serl72Ala porcine trypsin
characterized by the sequence SEQ ID. No.: 3. 12. DNA encoding
Serl72Ala porcine trypsin. 13. DNA according to claim 12 characterized by
the sequence SEQ ID. No.: 4. 14. DNA encoding Serl72Ala porcine
WOaIRegEAT 25 15. DNA according to claim 14 characterizeRiCHyE#He06/008380
sequence SEQ ID. No.: 6. WO 20077031187 PCT/EP2006/008380 37
16.A vector comprising a DNA according to any of claims 12, 13, 14 or 15.
17.A method to produce Serl72Ala porcine trypsin comprising the steps of
(a) providing a vector according to claim 16, (b) transforming a microbial
host strain with the vector, 5 (c) cultivating the transformed microbial host
strain in a growth medium that contains nutrients, whereby the microbial

As OASbetEBrexBIe Sepldie tlﬁ;eﬂlge?éﬁr@mWQAVYWQaﬂf@ﬂHK?&é%@@@é@Qhe
trypsinoge %%m case the ex res ion product ofél is Serl72A orcine
form 0 R LR S G P AR oA FORRE BB TR R Rt o

insytivafgloiisthe. Serl72Ala porcine trypsin from the microbial host strain
and/or the growth medium 18.A method according to claim 17, wherein
the microbial host strain is a methylotrophic yeast strain selected from a
group comprising Hansenula, Pichia, Candida and Torulopsis species. 15
19.A method according to claim 18, wherein the microbial host strain is
selected from a group comprising Pichia pastoris, Hansenula
polymorpha, Candida boidinii and Torulopsis glabrata. WO 2007/031187

PCT/EP2006/008380 SEQUENCE LISTING <110> Sanofi-Aventis
Deutschland GmbH Hoffmann-La Roche AG



Roche Diagnostics GmbH <120> Cleavage of precursors of insulins by a
variant of trypsin <130> DE 2005/039G <140> 0577086.6 <141>
2005-09-14 <160> 11 <170> Patentln Ver. 2.1 <210> 1 <211> 223
<212> PRT <213> Atrtificial Sequence <220> <223> Description of
WihtirESélience: sequence of the wild-type porcine pancrBaliEHIAs4H$350
without signal peptide and Propeptlsée <220> <223> Description of
Artificial Sequence: primer <400> 1 lle Val Gly Gly Tyr Thr Cys Ala Ala
Asn Ser lle Pro Tyr Gin Val 1510 15 Ser Leu Asn Ser Gly Ser His Phe
Cys Gly Gly Ser Leu lle Asn Set 20 25 30 GIn Trp Val Val Ser Ala Ala His
Pat@i&%ﬁys Ser Arg lle GIn Val 35 40 45 Arg Leu Gly Glu His Asn lle Asp
Val Leu Glu Gly Asn Glu Gin Phe 50 55 60 Ile Asn Ala Ala Lys lle lle Thr

Higd2rerAse Sdi8 AsN3Afe ThH S VARiZRt 88 a process of preparing insulin, an

insulin analog or an insulin derivative.

2. Process for the preparation of insulin, an insulin analog or an insulin derivative,

5 wherein

(a) a pre-pro-insulin, a pre-pro-insulin analog or a pre-pro-insulin derivative

is cleaved with Ser172Ala porcine trypsin,
(b) the resulting cleavage products are separated and

(aa) if one of the resulting cleavage products is an insufin analog or an

10 insulin derivative, this insulin analog or insuiin derivative is obtained, or

{ce) those cleavage products being precursors of insulin, an insulin
analog or an insulin derivative are further processed and the insulin,
insulin analog or insulin derivative resulting from such further processing

is separated and obtained.
15 3. Process according to claim 2, wherein the insulin is human insulin.

4. Process according to claim 2, wherein the insulin analog is selected from a
group comprising Lys®®Pro®?® human insulin, B28 Asp human insulin, human
insulin, in which proline in position B28 has been substituted by Asp, Lys, Leu,
Val or Ala and where in position B29 Lys can be substituted by Pro; AlaB26

20 human insulin; des(B28-B30) human insulin; des(B27) human insulin and

des{B30) human insulin.
5. Process according to claim 2, wherein the insulin analog is insulin glulisine.

6. Process according to claim 2, wherein the insulin analog is insulin glargine.
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20

25

Leu Asp Asn Asp lle Met Leu lle Lys Leu Ser Ser Pro Ala Thr Leu 1 WO
2007/031187 PCT/EP2006/008380 85 90 95 Asn Ser Arg Val Ala Thr Val
Ser Lou Pro Arg Ser Cys Ala Ala Ala 100 105 110 Gly Thr G1u Cys Leu
lle Ser Gly Trp Gly Asn Thr Lys Ser Ser Gly 115 120 125 Ser Ser Tyr Pro
¥aPPY(P&t Gin Cys Leu Lys Ala Pro Val Leu Set 130 135P40ER3I&Ep350
Ser Cys Lys Ser Ser Tyr Pro Gly GIn'lle Thr Gly Asn Met 145 150 155

160 lle Cys Val Gly Phe Leu Glu Gly Gly Lys Asp Ser Cys Gin Gly Asp
165 170 175 Ser Gly Gly Pro Val Val Cys Asn Gly GIn Leu GIn Gly lle Val

er-180 185 190, Trp Gly Tyr Gly Cys.Ala Gln Lys Asn Lys Pro Gly Val
T RREE Sty St A e G SEVARE 1§ et from 2
Alaghtwip snrpOsIE B2H Naaoistoy:Res (BBE Y hupian-imiuin< BEE>N-palmitoyl-
Artificiab3B0HERER MeaR, B243R-RERSHRIAN: ARSI S8R Eimitoy

sequence _enc_odlgr% the porcine pancreatic Trypsinogen without sll\?nal )
peﬂ]f&@adhm%"p SINHEYIPEDE ptide enodinRartinebiRifidd: N-paimitoyl-
cleayaB®sit?® human insulin, B30-N-myristoyl-Thr?*Lys®* human insulin, B30-

N-paimitoyl- Thr¥3?®Lys®*® human insulin, B29-N-(N-paimitoyl-Y-glutamyt)-
des(B30) human insulin, B29-N-(N-lithocholvi-Y-glutamyi)-des(B30) human
insulin, B29-N-(w-carboxyheptadecanoyl)-des(B30) human insulin and B29-N-

{w-carboxyheptadecanoyl) human insulin.

8. Process according to any of claims 2 to 5 and 7, wherein the further processing
of those cleavage products being precursors of insulin, an insulin analog or an
insulin derivative comprises a cleavage of said products with Carboxypeptidase
B.

9. Process according to any of claims 2 to 8, wherein the cleavage with Ser172Ala
porcine trypsin is performed at an pH-value in the range of 7,510 9,5; a
temperature between 1°C and 30°C; and the enzymatic reaction is stopped by

acidifying the sample.

10.Process according {o clarim 9, wherein the the cleavage is performed at an pH-
value of 8,3; a temperature between 8 and 12 °C and the acidification is brought
about by adding 1N or 2N HCI solution.

11. Ser172Ala porcine trypsin characterized by the sequence SEQ ID. No.: 3.
12.DNA enceding Ser172Ala porcine trypsin.

13.DNA according to claim 12 characterized by the sequence SEQ ID. No.: 4.
14.DNA encoding Ser172Ala porcine trypsinogen.

15.DNA according to claim 14 characterized by the sequence SEQ ID. No.: 6.
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<400> 2 gatgatgatg ataaaattgt tggtggttat acttgtgctg ctaattctat tccatatcaa
60 gtttctttaa attctggttc tcatttttgt ggtggttctt tgattaattc tcaatgggtt 120
gtttctgctg ctcattgtta caaatcaaga atccaagtta gattgggtga acataatatt 180
gatgttttgg aaggtaatga acaatttatt aatgctgcta aaattattac tcatccaaat 240
Yttt gtal dtactitgga taatgatatt atgttgatta aattgtcttc tccagcetadicSoop2006/008350
ttaaattcaa gagttgctac tgtttctttg ccaa atctt gtgctgctgc tggtactgaa 360
tgtttgattt ctggttgggg taatactaaa tcttctggtt cttcttatcc atctttgttg 420 caatgtttga
aagctccagt tttgtctgat tcttcttgta aatcttctta cccaggtcaa 480 2 WO

0/7/03 187 PCT/EP20 08380 att t a atttg. tgttggtit
Vs R E AR e T i e R
caattgcaag gtattgtttc ttggggttat 600 ggttgtgctc aaaaaaataa accaggtgtt
tHcacihaaodiatantia B aHOR ARDpsitsea caRRIAtaEYES Haatiag e of
<210> 3 <211> 223 <212> PRT <213> Artificial Sequence ¢220> <223>
Description of Artificial Sequence: amino acid sequence of the variant
porcinéa)arieriding Frypeipr agomdicgia sigptADE <2225 (1)..(223)
<400> 3 lle Val Gly Sly Tyr Thr Cys Ala Ala Asn Set lle Pro Tyr GIn Val 1

5 1015, LYY FrSTHISR U5 FY S FIEN Sibeu lle Asn Set

(¢) cultivating the transformed microbial host strain in a growth medium that

contains nutrients, whereby the microbial host strain expresses the

Ser172Ala porcine trypsin or Ser172Ala porcine trypsinogen,

(d) in case the expression product of (c) is Ser172Ala porcine trypsinogen,
conversion to mature Ser172Ala procine trypsin, and

{e) purifying the Ser172Ala porcine trypsin from the microbial host strain
and/or the growth medium

18. A method according to claim 17, wherein the microbial host strain is a
methylotrophic yeast strain selected from a group comprising Hansenula,
Pichia, Candida and Torulopsis species.

19. A method according to claim 18, wherein the microbial host strain is selected
from a group comprising Pichia pastoris, Hansenula polymorpha, Candida

boidinii and Torulopsis glabrata.



20 25 30 GIn Trp Val Val Ser Ala Ala His Cys Tyr Lys Ser Arg lle Gln Val
35 40 45 Arg Leu Sly Glu His Asn lle Asp Val Leu Gin Gly Asn Glu Gin
Phe 5055 60 lle Asn Ala Ala Lys lle lle Thr His Pro Asn Phe Asn Gly
Asn Thr 65 70 75 80 Leu Asp Asn Asp lle Met Leu lle Lys Leu Ser Ser
WP RETHF Leu 85 90 95 Asn Ser Arg Val Ala Thr Val Ser EEH/ERy (k{8380
Ser Cys Ala Ala Ala 100 105 110 Sly Thr Gin Cys Leu lle Ser Gly Trp Gly
Asn Thr Lys Ser Ser Gly 115 120 125 Set Ser Tyr Pro Ser Leu Leu GIn
Cys Leu Lys Ala Prgvatd:eureend 30 135 140 Asp Set Ser Cys Lys Ser
Ser Tyr Pro Gly Gin lle Thr Gly Asn Met 3 WO 2007/031187

11 RGHEP2006/008380 345158185 160 Ile Cys Val Gly Phe Lou Glu Gly

G

lydarsAspLAlactiys £&zin Gly Asp 165 170 175 Ser Gly Gly Pro Val Val

Cysobsh 63l Gin leusGn Gly lle Val Ser 180 185 190 Trp Gly Tyr Gly
Cys Ala GIn Lys Asn Lys Pro Gly Val Tyr Thr Lys 195 200 205 Val Cys

<120ASsTEyraval Asprdair He:- Gt GimillhrdleAla vlei Asn210 215 220 <210>4
<21dppG87

<130>

<140>
<141 >

<160

<170>

<210

<21il>

<212>

«213>

<220>
«223>

<220
<223

<400>

DE 2005/029G

0577086.6
2005-09-14

11

PatentIn Ver. 2.1
1

223

PRT

Artificial Sequence

Description of mature sequence: sequence of the
wild-type porcine pancreatic Trypsin without
zignal peptide and Propeptide

Description of Artificial Seguence: primer

1

Ile Val Gly Gly Tyr Thr Cys Ala Ala RAsn Ser Ile Pro Tyr Gln Val

1

5 10 15

Ser Leu Asn Ser Gly Ser His Phe Cys Gly Gly Ser Leu Ile Asn Ser

Gln T

20 _ 25 30

rp vVal val Ser Ala Ala His Cys Tyr Lys Ser Arg Ile Gln Val
35 40 45

Arg L.eu Gly Glu His Asn Ile Asp Val Leu Glu Gly Asn Glu Gln Phe

50 5% 60

Ile Asn Ala Ala Lys Ile Ile Thr His Pro Asn Phe Asn Gly Asn Thr

65

70 75 80

Leu Asp Asn Asp Ile Met Leu Ile Lys Leu Ser Sexr Proc Ala Thr Leu



<212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial sequence: sequence encoding the variant of porcine pancreatic
Trypsinogen without signal peptide and the part of the propeptide
encoding the enterokinase cleavage site <400> 4 gatgatgatg ataaaattgt
Wohtoytt! Héttgtgctg ctaattctat tccatatcaa 60 gtttctttaa attctditicRRieigesso
ggtggttctt tgattaattc tcaatgggtt 120 gtttctgctg ctcattgtta caaatcaaga
atccaagtta gattgggtga acataatatt 180 gatgttttgg aaggtaatga acaatttatt
aatgetgcta aagitattac tcatccaaat 24f) tttaatggta atactttgga taatgatatt
atgttgatta aattgtcttc tccagctact 300 ttaaattcaa gagttgctac tgtttctttg
asn Geaagafcth glgeigatgaigoiactgan 360 tgthgatit ctgoitgggq taatactaaa
tcttctggttettcttatce atctttgttg 426 caatgtttga aagctasagt tttgtctgat tcttcttgta
aatcttctta cccaggtcaa 480 attactggta atatgatttg tgttggtttt ttggaaggtg
cly gJlaaagatge tigicaag gi<b4@ vgaticggtg gicoagtipl ttgtastgoticaatigcaag
gtattgttic ttggggttat 600 ggttgtgctc aaaaaaataasaccaggtgtt tacactaaag
tttgtaatta tgttaattgg 660 attcaacaaa ctattgctgc taattag 687 <210> 5 <211>
Ser Z4Y w21%ks PRTLeR13» Aktficyal BequenssdPWO' 20071034187
PE&T/EP2006/0083803%220> <223> Amii¥Pacid sequence of the mature

porcine
asp Ser Ser Cys Lys Ser Ser Tyr Pro Gly Gln Ile Thr Gly Asn Met

145 150 155 180

Ile Cys Val Gly Phe Leu Glu Gly Gly Lys Asp Ser Cys Gln Gly Asp

165 170 175
Ser Gly Gly Pro Val Vval Cys Asn Gly Gln Leu Gln Gly Ile Val Ser
180 185 180
Trp Gly Tyr Gly Cys Ala Gln Lys Asn Lys Pro Gly Val Tyr Thr Lys
195 200 205
val Cys Asn Tyr val Asn Trp Ile Gln Gln Thr Ile Ala Ala Asn
210 215 220
<210> 2
<21i=> 687
<21Z> DNA
<213» Artificial Sequence
<220>
<223> Description of Artificial Sequence: seguence

encoding the porcine pancreatic Trypsinogen
without signal peptide and the part of the
propeptide encoding the enterckinase cleavage gite

<400> 2

gatgatgatg
gtttctttaa
gttictgerg
gatgttttgg
tttaatggta
ttaaattcaa
tgtttgattt
caatgtttga

ataaaattgt
attctggttce
ctcattgtta
aaggtaatga
atactttgga
gagttgctac
ctggttgggy
aagctceccagt

tggtggttat
tcatttttgt
caaatcaaga
acaatttatt
taatgatatt
Egtticttityg
taatactaaa
tttgtctgat

2

acttgtgetyg
gotggtrett
atceaagtta
aatgctgcta
atgttgatta
ccaagatbctt
tcttectggtt
tecttettgta

ctaattetat
tgattaattc
gattgggtga
aaattattac
aattgtctte
gtgctgctge
cttettatec
aatcttctta

tecatateaa
tcaatgggtt
acataatatt
teatcecaaat
fccagetact
ftggtactgaa
atettigity
ccecagygteaa

60

120
180
249
300
360
420
480



Pre-Trypsinogen <220> <221> PEPTIDE <222> (1)..(16) <223> amino
acid sequence of the signal peptide <220> <221> PEPTIDE <222>
(17)..(247) <223> amino acid sequence of porcine Trypsinogen <220>
<223> Description of Artificial Sequence: primer <300> <400> 5 lle Pro
WHYHEBAS Val Leu Leu Ala Leu Leu Gly Ala Ala Val Ala PEB 58 "BHE
Pro Thr Asp Asp Asp Asp Lys lle Val Gly Gly Tyr Thr Cys Ala 20 25 30

Ala Asn Ser lle Pro Tyr GIn Val Ser Leu Asn Ser Gly Ser His Phe 35 40

attA04GYS Ll Bty et deyMeAt ReEdaty TrpYadidal SetAlahlatiis 50 55

gatt@@gg@ﬁ%&)ﬂal}y&g§@t&f&l@36m¥%ﬁ@ eyl uddisMinntlesfsp 65

g9t £605€0- 80 Makheu Gisdaiy Asn e Glindhe e:Asn Ala Alatysdie lle Thr

att32:96: 95 alisge AsitRe Asn Gly Asn Thr Leu Asp Asn Asp He"Met Leu
lle 100 105 110 Lys Leu Ser Set Pro Ala Thr Leu Asn Ser Arg Val Ala Thr
Val Set 115 120 125

<210> 3

<211> 223

<212> PRT

<213> artificial Seguence

<2Z20>
<223> Description of Artificial Sequence: amino acid
sequence of the variant porcine pancreatic Trypsin

<220>

<221> PEPTIDE

<222 (1)..(223)

<400> 3

Ile Val Gly Gly Tyr Thr Cys Ala Ala Asn Ser Ile Pro Tyr Gln Val
1 5 10 15

Ser Leu Asn Ser Gly Ser His Phe Cys Gly Gly Ser Leu Ile Asn Ser
20 25 it

Gln Trp val val Ser Ala Ala His Cys Tyx Lys Ser Arg Ile Gln Val
35 40 45

arg Len Gly Glu His Asn Tle Asp Val Leu Glu Gly Asn Glu Gln Phe
50 55 &0

Ile Asa Ala Ala Lys Ile Ile Thr His Pro Asn Phe Asn Gly Asn Thr
65 70 78 80

Leu Asp Asn Asp Ile Met Leu Ile Lys Leu Ser Ser Prc Ala Thr Leu
85 90 95

asn Ser Arg Val Ala Thr Val Ser Leu Pro Arg Ser Cys Ala Ala Ala
180 1085 110

Gly Thr Glu Cys Leu Ile Ser Gly Trp Gly Asn Thr Lys Ser Ser Gly
115 120 125

Ser Ser Tyr Pro Ser Leu Leu Gln Cys Leu Lys Ala Pro Val Leu Ser
130 135 140

Asp Ser Ser Cys Lys Ser Ser Tyr Pro Gly Glo Ile Thr Gly Asn Met



Leu Pro Arg Set Cys Ala Ala Ala Gly Thr Glu Cys Leu lle Ser Gly 130 135
140 Trp Gly Asn Thr Lys Ser Ser Gly Set Ser Tyr Pro Ser Leu Leu GIn 5
WO 2007/031187 PCT/EP2006/008380 145 150 155 160 Cys Leu Lys
Ala Pro Val Leu Ser Asp Ser Ser Cys Lys Ser Ser Tyr 165 170 175 Pro
ERBHPIESThr Gly Asn Met lle Cys Val Gly Phe Leu Glu GIYCI88 28098150
Gly Lys Asp Ser Cys Gin Gly Asp Ser Gly Gly Pro Val Val Cys Asn 195
200 205 Gly GIn Leu GIn Gly lle Val Ser Trp Gly Tyr Gly Cys Ala Gin Lys
145210 215 220 Ashdsys Pro Gly Val Tyis3hr Lys Val Cys AsasTyr Val Asn
Trp lle 225 230 235 240 Gin GIn Thr lle Ala Ala Asn 245 <210> 6 <211>
11e 960 w2123 DiNALeR 18w Rightapasiorsy 22@y<223zi1Nucieotide
sequence of the variant of porcinergpancreatic pre-Trypsinogen <220>
<221> unsure <222> (1)..(267) <223> nucleotide sequence encoding the

ser Signalpeptideal val Cys Asn Gly Gln Leu Gln Gly Ile Val Ser
1BO 185 180

Trp Gly Tyr Gly Cys Ala Gln Lys Asn Lys Pro Gly Val Tyr Thr Lys
1585 200 208

Val Cys Asn Tyr Val Asn Trp Ile Gln Gln Thr Ile Ala Ala Asn
210 218 220

<210> 4

«211> 687

<212> DNA

<213> Artificial Seguence

<220>

<223> Description of Artificial Sequence: sequence
encoding the variant of porcine pancreatic
Trypsincgen without signal peptide and the part of
the propeptide encoding the enterckinase cleavage

site

<4Q0> 4

gatgatgaty ataazattgt tggtggttat acttgtgetg ctaattctat tccatatcaa 60

gtttctttaa attcbggttbc tcattbttgt ggtggtucti tgattaattc tcaatgggtt 120
gtttctgetg cteattygtta caaatczaga atccaagtta gatbtgggtga acataatatt 180
gatgttttgyg aaggtaatga acaatttatt aatgecbgcta aaattattac tcatccaaab 240
tttaatggta atactttgga taatgatatt atgttgatta aattgbebtc tcecagetact 3060
ttasattcaa gagttgctac tgtttctttg ccaagatctt gtgetgetge tggtactgaa 360
tgtttgattt ctggttgggg taatactazaa tcttetggtt cttettatce atctttgttg 420
caatgttbga aageteocagt tttgtcotgat teotitcttgta aatcttcotta ccoccaggtcaa 480
attactggta atatgatttg tgttggtttt ttggaaggtg gtaaagatgc ttgtcaaggt 540
gattctggtyg gtccagttat tigtaatggt caattgeaag gtattgtitc tiggggttat &00
ggttgtgete aasaaaaataa accaggtgtt tacactasag tttgtaatta tgttaattgg 660
attcaacaaa ctattgctgc taattag 687

210> 5

<211> 247

<212> PRT

<213> Rrtificial Sequence



<220> <221> unsure <222> (268)..(960) c223> encoding the variant
porcine pancreatic Trypsinogen <400> 6 atgagatttc cttcaatttt tactgctgtt
ttattcgcag catcctccgce attagctget 60 ccagtcaaca ctacaacaga agatgaaacg
gcacaaattc cggctgaagc tgtcatcggt 120 tactcagatt tagaagggga tttcgatgtt
Yergttrtyé dstiticcaa cagcacaaat 180 aacgggttat tgtttataaa tBEEEFAH06/008380
gccagcattg ctgctaaaga agaaggggta 240 tctctcgaga aaagagaggc
tgaagctgaa ttcgatgatg atgataaaat tgttggtggt 300 6 WO 2007/031187
<2202CT/EP2006/008380 tatacttgtg ctgctaattc tattccatat caagtttctt taaattctgg
<22itcteatitt 36Q tgtggtegti.etitgattaautictgaalgg gttgtttctg ctgctcattg ttacaaatca
420 a8eatccangitagattggg tgaacataat attgatgttt tggaaggtaa tgaacaattt
480 attaatgctg ctaaaattat tactcatcca aattttaatg gtaatacttt ggataatgat 540
<zz@ltatgttga ttaaattgtc ttctccagct actttaaatt caagagttgc tactgtttct 600
<221tgeeaagat cttgtgctgc tgctggtact gaatgtttga tttctggttg ggataatact 660
<22@aatctictgsgttcttctta tccatctttg ttgcaatgtt tgaaagctcc aattttgtct 720 gattcttctt
<22 plaaateitettacecaggtecatattactgogtaatatgaddtgtgttggt 780 tttttggaag
gtggtaaaga tgcttgtcaa ggtgattctg gtggtccagt tgtttgtaat 840 ggtcaattgc
<22@aggtattgt ttcttggggt tatggttgtg ctcaaaaaaa taacccaggt 900 gtttacacta
<22pa§ERGIAR ttatgttaat tggattcaac aaactattgce tgctaattaa 960 <210> 7 <211>
<22BD381121 B4 DNA <213> Pichia pastoris <220>

<223> amino acid seguence of porcine Trypsinogen

220>
<223> Description of Artificial Sequence: primer

<300>

<400> 5

Ile Pro Asn Thr Phe Val Leu Leu Ala Leu Leu Gly Ala Ala Val Ala
1 5 10 15

Phe Pro Thr Asp Asp Asp Asp Lys Ile Val Gly Gly Tyr Thr Cys Ala
20 25 30

Ala Asn Ser Ile Pro Tyr Gin Val Ser Leu Asn Ser Gly Ser His Phe
35 40 45

Cys Gly @ly Ser Leu Ile Asn Sex Gln Trp Val Val Ser Ala Ala His
50 55 60

Cys Tyr Lys Ser Arg Ile Gln Val Arg Leu Gly Glu His Asn Ile Asp
&5 70 75 80

val Leu Glu Gly Aen Glu Gln Phe Ile Asn Ala Rla Lys Ile Ile Thr
85 90 95

His Pro Asn Phe Asn Gly Asn Thr Leu Asp Asn Asp Ile Met Leu Ile
100 108 114

Lys Leu Ser Ser Pro Ala Thr Leu Asn Ser Arg Val Ala Thr val Ser
115 120 125

Leu Pro Arg Ser Cys Ala Ala Ala Gly Thr Glu Cys Leu Ile Ser Gly
1390 135 140

Trp Gly Asn Thr Lys Ser Ser Gly Ser Ser Tyr Pro Ser Leu Leu Gln



c223> Nucleotice sequence of the Pichia pastoris AOX1 promoter <400>
7 agatctaaca tccaaagacg aaaggttgaa tgaaaccttt ttgccatccg acatccacag 60
gtccattctc acacataagt gccaaacgca acaggagggg atacactagc agcagaccgt
120 tgcaaacgca ggacctccac tcctcttctc ctcaacaccc acttttgcca tcgaaaaacc
WG HYBEEHgtta ttigggcttga ttggagcteg ctcattccaa ttectictat tdGGEBEtEP9Es0
acaccatgac tttattagcc tgtctatcct ggcccccctg gcgaggttca tgtttgttta 300
tttccgaatg caacaagctc cgcattacac ccgaacatca ctccagatga gggctttctg 360

145 agtgtggggt caaatagttt catgttcccc aaatggccca aaactgacag ft@aacgct 420
gtcttggaac ctaatatgac aaaagcgtga tctcatccaa gatgaactaa gtttggttcg 480

cys tdaagigeh aacgoecagtiggicargas ganactiecapasgicggcayiaccgtitgt 540
cttgtttggt attgaigac gaatgctcaa aaataatctc attaatgctt agcgcagtct 600
ctctatcgct tctgaacccc ggtgcacctg tgccgaaacg caaatgggga aacacccgct 660

pro (tiiggatga ttatgeatig Wiccasathgtatgeiter angatictgextgoggaatact 720
gctgatagesmtaacgttcat gatcaasatt taactgttct aacccrtact tgacagcaat 780
atataaacag aaggaagctg ccctgtctta aacctttttt tttatcatca ttattagctt 840

cly agiiteatasstigngaclggsltccaatigra caagetittgrattttaacyga cttttasrcga 900
caacttgaga agatcaaaaa acaactaatt attcgaaa 988 <210> 8 <211> 25
<212> DNA <213> Artificial Sequence <220> c223> Description of

cly Aftifieral Segélenées piiméss TP WO 200710387 PETEP2006/008380
-T¥ypsin <400>8 215 220

Asn Lys Pro Gly Val Tyr Thr Lys Val Cys Asn Tyr Val Asn Trp Tle
225 230 235 240

Gln Gln Thr Ile Ala Ala Asn
2458

<21iC> &

<211l> 960

<212> DNA

<213> Pichia pastoris

<220>
<223> Nucleotide sequence of the variant of porcine
pancreatic pre-Trypsinogen

<220

«221> unsure

<222> (1)..(267)

<223> nucleotide seguence encoding the signal peptide

<220>

<221> unsure

«<222> (268)..{960)

<223> enceding the variant porcine pancreatic

Trypsinogen

<400> 6

atgagatttc ctteaatttt tactgetgtt tiattegeay catectecege attagetget 60
ccagtcaaca ctacaacaga agatgaaacy geacaaatto cggetgaage tgteateggt 120
tactcagatt tagaagggga tttegatgtt getgbtttge cattttccaa cagcacaaat 1BO
aacgggtiat tgtttataaa tactactatt geccagecattg ctgctaaaga agaaggggia 240
tctetegaga aasagagaggce tgaagotgaa ttcogatgatg atgataaaat tgttggtggt 300

&



gctgaagctg aattcgatga tgatg 25 <210> 9 <211> 26 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:

primer 3--Trypsin <400> 9 gtttttgttc tagactaatt agcagc 26 <210> 10

<211> 25 <212> DNA <213> Artificial Sequence <220> <223>
BRSEAHOHOf Artificial Sequence: primer 5--Try-Serl72Ala REDEFE2/008380
ggtggtaaag atgcttgtca aggtg 25 <210> 11 <211> 25 <212> DNA <213>
Artificial Sequence <220> c223> Description of Artificial Sequence:

cac DUMPY 3rgliy=oerl (241254002 4 cacettgacagasatetia.ceacc 29 8

tgtggtggtt
agaatccaag
attaatgctg
attatgttga
ttgocaagat
aaatettetg
gattettott
tecttggaag
ggtcaattgce
gtttacacta

<210> 7
<21l> 938
«212> DNA

ctttgattas
ttagattggy
ctaaaattat
ttaaattgte
cttgtgetge
gttctietta
gtaaatctte
gtggtaaaga
aaggtattgt
aagtttgtaa

<213> Pichia pastoris

«220>

ttcteoaatgy
tgaacataat
tactcatcea
ttectceoaget
tgctggtact
tecatottty
ttacccaggt
tgcttgtcaa
ctcttggggt
ttatgttaat

<223> Nucleotice sequence of the

promoter

<400> 7

agatctaaca
gteccattecte
tgraaacgca
agceccagtta
acaceatgac
tttccgaatyg
agtgtggggt
gtettggaac
ttgaaatgct
ctegtotggt
ctetabceget
ttrtyggatga
gctgatagee
atataaacay
actitteataa
caacttgaga

<210> 8
<211l> 25
<212> DNA

tecaaagacy
acacataagt
ggacctccac
ttgggettga
tttattagce
caacaadgctc
caaatagttt
ctaatatgac
aacggoeagt
attgattgac
tetgaacece
ttatgeattyg
taacgttcat
aaggaagctyg
ttgecgactag
agatcaaaaa

aaaggttgaa
gccaaacgca
tcctetteto
ttggagetey
tgtectatect
cgcattacac
catgttecece
aaaagcgtga
tggtcaaaaa
gaatgctcaa
ggtgracctyg
tctccacatt
gakcaaaatt
ccctgtctta
ttccaattga
acaactaatt

«213> Artificial Sequence

<220

<223> Degcription of Artificial Sequence:

gttgtttetyg
abttgatgttt
aattttaatg
actttaaatt
gaatgtttga
ttgcaatgtt
caaattactg
ggtgattetyg
tatggttygtg
tggattcaac

ctgctcattg
tggaaggtaa
gtaatacttt
caagagttgr
tttotggttg
tgaaagctce
gtaatatgat
gtggtecagt
ctcaaaaaaa

aaactattge

Pichia pastoris AOX1

tgaaaccttt
acaggagggy
ctoaacaccee
ctcattccaa
ggcecceectg
ccgaacatca
aaatggecceca
tetratccaa
gaaacttcca
aaataatcte
tgocgaaacyg
gtatgecttce
taactgttet
aaccttrtet
caagctttig
attcgaaa

ttgccatecg
atacactagce
acttttgeea
ttcettctat
gegagghtea
ctecagatga
aaactgacag
gatgaactaa
aaagtcggca
attaatgcett
caaatgggga
aagattetgg
aacccctact
tttatcatca
attttaacga

primer 5°

ttacaaatca
tgaacaattt
ggataatgat
tactgtttct
gggtaatact
agttttgtet
ttogtgteggt
tgtttgtaat
taaaccaggt
Lgctaattaa

acatccacag
agcagaccgt
togaaaaace
taggctacta
tgtttgttta
guggectttcotyg
tttaaacgct
gtttggttey
taccgrtigt
agegeagtck
aacacccget
tgggaatact
tgacagcaat
trtattagett
cttttaacga

420
480
540
600
660
720
780
840
900
960

60

120
180
240
300
360
420
480
540
600
660
720
786C
840
age
838



WO 2007/031187

<400>

-Trypsin

8

getgaagetyg aatbtcgatga tgatg

<210>
<211>
<212>
<213>

<220
<2235

<400>

]

26

DNA

Artificial Sequence

Description of Artificial Segquence:
37-Trypsin
9

gtttttgtte tagactaatt agcagce

<210>
«21il>
<212>
<213>

<220>
<223>

<4 00>

10
25
DNA

Artificial Sequence

Description of Artificial Seguence:

57 -Try-Serl172Ala

10

ggtggtaaag atgcttgtca aggtg

<210>
<211>
«2i2>
<213>

220>
<223

<400>

11

25

DNA

Artificial Seguence

Description of Artificial Sequence:

37-Try~Serl72Ala

11

caccttgaca ggcatcttta ccacce

primer

primer

primer

PCT/EP2006/008380

25

256

25

25



