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Cl eavage of precursors of insulins by a variant of
trypsin Description The present invention relates to
wotdoe7/nosduct i on of a variant of reconbi nant t PQIHiN2006/008380

with increased substrate specificity for arginine

versus |lysine in non-ani mal host organi snms. Mbreover,

the present invention relates to a variant of

reconbi nant trypsin and their production. Al so

provi ded are use of reconbi nant porcine pancreatic
Cleayagsef Rragarseintaf insingIy-a ugdartiofgrypsin sor s of

| nsulins, and kits containing the variant of trypsin.

}d/psi nis a serine pr ot ease which catal yzes the

Descriptienl yti c cl eavage of peptides at the carboxyl group

of the basic am no acids arginine and lysine (Keil B.,

(1971). The Enzyne Vol. 11, 3rd Edition, Editor Boyer,
The presdnt lﬁwestnomwatas toahée pZd&)ctloRe@chmamﬂtofpecomMant trypsin with

T T
MoreBver, i PRSdht 'nﬁ/él'ﬁi%ﬁ Jb[été@ é%%f\f bf"‘}e ﬁéﬁ‘t J&/Cqsm and their

produci ng insulin an |nsu I n anal ogs. pro
produstionh Adsp proyidsdeans use oéred:embmmmpormn’et’pmdoreatncatrypﬁn variants
ever al rQ che have gen chosen,
for cigRFadkBEB oy BRI OF fTNihns, 2o RS RRRBIARG Ly, vAdaRofdrypsin.
hunan i nsulin and |nsuI|n anal ogs is not feasible.
ref or.e ess%% for, the production of

TryPSIR B FRHBH &P BGE PP SR e e Vs Flevagaalppiides at re
carbdx?ﬁgﬁﬁ!ﬂi' of3nBiHRid §mﬂ‘R:pé@i§§ %rgﬁid@aﬁ@ r}%t | CchT(]PB r‘ng 9?‘?) a'he

arting qaterlal and the e of gene
EnzymecY@lot gahiEditon, cEdltdﬁBCaoep,rAsanl drress N\éd%mﬂ495t275) Recombinant

o BB S o BB o et 2B SR

enzymbfic Bctidty distirdudh &PpM@. Gci ds and the B chain having 30
am no acids. The chains are connected to one anot her

by means of 2 disulfide bridges. Insulin preparations

TrypsiiscutREm tﬁ@ﬁh%ﬁﬁafﬂbc@é@@?b%&h‘? ?\EVJHE thrfﬁémm  anajogs. The

“"“years. Not only naturally occurri i nsul I ns ar
Pl’Odlﬁéﬂe of these @@mﬁlegulas isodéseribeidnndbe |l|ta1'aturesanairmbveral approaches

vove S5EL F53  ERIA AL A, o G B
humanrigstiimand wsutih ailiaﬁcfg%” isthot Fedsibliet EFhéFHToFH n@émlyet% pritesses for

naturall%/ occurring am no acid residue wi'th oth
the progugtionef inspbir m%a%mmloga@weoﬂv emsbmmew tae semi-synthetic

soprokE RSy LGOI I oS 5N o R RS Ry

modnfmﬂdmtramymnsmemranecéxpremoraof cédoamldumsngalm.al so be
t hose which do not occur naturally. Insulin
derivatives are derivatives of naturally occurring

Insuli msau Ipotypeiptide of B9 Wrmimocdsd £ aviieh e Aived&dP irtb PesmiNe acid chains:
chem cal _nodification. The chem cal nodification can

the A gpaus Raving 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

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

Insulin analogs are analogs of naturally occurring insulins, 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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for exanple, in the addition of one or nore specific
chem cal groups to one or nore am no acids. Exanpl es
wOof2007/03n8al i n derivatives are B29- N-nyri st oyl - ;eI (IB20)6/008380

human insulin, B29-Npal mte@yl- des(B30) human insulin,
B29- N-nyri stoyl human insulin, B29-N pal mtoyl human
insulin, B28-N-nyristoyl LysB28ProB29 human insulin,
B28- N- pal m t oyl - LysB28ProB29 human i nsul in,
BSO- N-nyri stoyl - Thr*Lys 830 human insul i

aminoB3tid Kesidue ffoan ther nwsmq@%oothaw&meﬂ%mqah naturally occurring

msull@é@ie@{rﬂécf spﬁi‘gi ﬁ%{{)lag %laprflﬁ{pélc}q %%?L%%B%%';‘Hﬁﬁrbé fiide! Which do

not odcf HatutrallyB29- N- (- car boxyhept adecanoyl ) - des( B30)
human insulin and B29-N-( -carboxyhept adecanoyl) human
insulin. Insulin analogs are described in EP 0 214

Insuhﬁgaénvﬁﬁle‘% aréuetivatiaes oERafiraRBoSatiringhsuiRler #Rmsulin analog

relates, inter alia, to substitutions of B27 and B28.
whichEre @btgiped 1y @&nlsab@@dm@upnﬂmsh@@‘écmm%flﬁ%ﬂ@ can consist,

for exé%’{g)'lé) ﬁﬁgﬁé‘n gaglél%ﬁt gfgngpé éwgl:@gi)%cnﬁé Iehlg ?clzarI] 'dg% o{&s br‘?é‘ or more

am,nd_yg,,&gSProBzg human insulin, B28 Asp human insulin,
human insulin, in which prollne in position B28 has
been substltut ed by Asp, Lys, Leu, Val or Ala and

Exam rf%rirfbulﬂﬁ%eﬁW@ﬂvé’@Qre%QQMﬁ%t@yﬂhﬁs(IBBIQ)%IdudmanF?nsulln B29-N-
B26 human insulin; des‘\ﬂZS B30) human insulin

palmlmlsde@@?»ﬂmmnan insulin B9 gg(regw hHOHhiNSHE B%Q'ébpelmltoyl

Bd
namad g5 BB L EAS R [hebt 78 SBppiey
Ly sB2ﬁm6|P*9I rﬁﬂnarﬁl |%llﬁPBBOgN-\A:hiﬂnsﬁoylﬂrrﬁpigﬂ%lff? hgﬁnﬂan lnlsalnm i B30-N-
anal O | SCI OSse 1 C ar e ro n
palmitoy kALY e%’ghiumn ipgylin,i B2 @ﬂr%akagq?ﬂg\’ﬁﬁﬂa' Bedes(g30)

B

carboﬁﬂ@éptgdeeam;dﬁﬁes(ﬂ@@c)l humarhinsblimant 829-Nefue-canboxyheptatiecanoyl)
of the positions B1-B6 is replaced by |ysine or

humagigsHinae. | mpor t ant insulin anal ogs di scussed herein
further are "insulin glargine” (Ay A(21 ), Arg B

|nSU|"éIaDIalQ93rﬁ,H'e%q(§¢!2#2)Bg g')nand’) vE lél(% GH 73 A BNA)EP 0678 522. EP 0
214 8?598 eh'ﬁ"ferlahbfA o éifb%?lﬁﬁ%n%l dfcqmpéﬁ& BoBOEP 9f67'8n§2‘i HBscribes

|n ana In particu human prol nsulin or
msuhni)enamgsl whichihavb muammmmldmlpmeweapjgrmellrmdm position B29, but
am no acid chain length differing fromhuman insulin
not glutarpie e}ﬁ"@?pared in mcroorgani sns. The proinsulins
prepared from genetically nodified Escherichia coli

Other insulin analogs are 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 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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cells do not have any correctly bonded cystine

bri dges. A process for obtaining human insulin using
woBRooz@lis7( EP O 055 945) is based on the foll oWOTgEP2006/008380

process steps: Fernentatiod of the m croorganism cel

separation, cell disruption, isolation of the insulin

or insulin anal ogue precursor, re-folding to the

desired (native) threedi nensional structure by

formati on of the respective djsulf bond

positianmARr AFPoATS @A R mpalie In WG GBI lgarioas are
coscr3 hFEEH B e85 bR B EHATA Y BUB@IRBINR by ysine

or argifi@nat ogr aphi ¢ step, eventual enzymatic cleavage to
yield human insulin or the respective insulin
anal ogue, second chromat ographic step and fi nal

Impor@mllﬁém@taﬁmc@dﬁeué‘setthﬁﬁin&llﬂllrtlfatarer‘nrisndn@&gn@ (Gly A(21), Arg
ptic cl eavage of the pre ro-insulins a

B (31)s AV Ea(3) T Abliekane Qe SNIREE ( Ses B (HnGhu B(ge) human

msuhri)he C-peptide are cleaved off in this step in order to

feld the respective products. For exanple, in the
case of human insulin production, the desired

Recor)n%, P Iqq\?f\are %%%%%Ié%eérc s%?g)oﬂr{%%%'o'? iUl rfér%lgéél in

wWever, tryptic Cleava

particli@r#&imiah E)lfbﬁhélmhrﬁﬂpr@msnfm wioh hyts thaimmsaeid sequeaclda and/or
of occurring undesjred side-reactijons, sin js a

ammcea@dm*@tre@g@ﬂ( ditering ff%éb‘-'"@%t“%‘"'éé‘?x@@ Rf E??ed’e'“bonds
mlcro%g sErﬁg r&ﬁ&lﬁs&ﬁebﬁf&? fr8 u#)é’r?étﬁ:%,l ecucfdlflé&E's@HSﬁchia coli

age of pre-pro-insufin no es can
cells Aot h@te dnf/ terreotly bbrded gystind bedgesnil pmmsasfblyobtammg human

Because of the many cl eayage,si eci
insulipHENGr .- Sl A RBRe4aS baaRy Otibedblemng HeSre slsee:

can be forned during tryptic cleavage reaction. As can

be seen in Figure 1, many of the by ducts generated
Fermeniafing of fRETHgBOrEAITSMoRS! BPRATRIDR GULRBHILIOS SgtaTel the

msuh&?P %sﬁhlﬁ%\ﬁ%ﬂfg@‘o ﬁrs%rt - fHI&‘iﬁ ] 'ti‘i@d@&ré(ﬁ?ét’\r%‘&@%eﬂ

resi dues nsul i ns vage
dlmerﬁslcbrﬂalls@uwﬂe Uylfermabelseqm:&spenﬂve dr;sulf@jbondsatq:ylaldqthe pre-

o LR BRIl R ebd A e b A sy
preseﬁfsé '?)?Uyrgoﬂfdé?tﬂgsé@ bagie E)‘éj'nﬂ@étﬁm? 'Tﬁ‘étrbhromaftég?rfa@mc step,

eavage Si exl st case of human insulin and
eventualselhzynngﬁcaclgamage:tcewetcbbumanseswét Qilbe respective insulin analogue,

secory] gg{g:rrga/t%g\ i d%g?%q_@ﬁe Mtr]g%g c@r&ég?{l{’\v% @y?f?z}lln&atlon and drying.
addi tion, cleavage after B29-Lys | eads to B30- des Thr
("des-Thr"). formatiqn or. h I

Trypt LSS e SR s BB P ket pre-

sequé/rﬂ!eu 916’6 ide Al cléaredoff h@tmé Qtd%ﬁtdrd@r tdlyh@td fha respective

I nsulin nono- |g and B31- Ar 3
prodm E@T@xnanmle; in themasamg 'humarisse @legncﬁw @sired valuables
are Argu(glgq ,Arg&:&aﬁ-msuhn 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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"Arg-insulins". Cleavage after B32-Arg is crucial in
the process of producing insulin glargine as only
woDoeAu3gid’nsul i n can be used. For human insul i PCarEP2006/008380
insulin glargine, cleavage4after B29-Lys results in
des-Thr formation. For insulin glulisine, this
cl eavage site is nonobasic and possible products are
Arg cont ai ni ng speci es. Regarding the
pepti de/ A-chain, tryptic cleavage after the / and
mOleCHlﬁ n@emy updesiead side- nrgde?técqa&u bg %Jrg'"xﬁ%eqsldﬁ '?ﬂgp%ﬁég‘&ﬁaage
0
reactifl s 64 be PR, SEERLTRY o e by pROINGS deerated during
cleavatjesdictioha ges accfonsbquenee ef péptideeband cleaviagedwsihec@- tetmlnal

) use in th rocess of pre-proinsulin cleavage a
sMeo{Lyw&ﬁ%@ﬁﬁﬁg i®319UeS: enhanced Arg-specificity for

the di fferent cl eavage sites as exenplary shown in

Figure 1. By increasing the ecificity of a
For alt prypeionnHbsmihne CRYaBe Hecanee) 69 pa%@reéagnﬁa apgidhe insulin B
chamtsés_ nglfc' QLBYIS 6”’{%'%(;“? g@gbaﬁrg Qé{vé’%ecte 0 & gfé%}'t'y
al . FEBS Lett. (2002) 530: 220- 224, exam ned in human

A n R IS RE Py AR A iaiEraly - iron

cleavéﬂ}@ﬁtes Existx IiBtitke ca¥¥ of RamanGhsulin &ed insulif ¢arglie cﬂeavage sites

22). It was found that his
betweeRdh g/ CrraRise mdjgepggrqe/fé dhmatahethiBadR A e and Lys-
S - - L1 hr"

o, A GEAA Aol GLARROENGI % E5L Reddal ab oo Thr (s Tnr)
formaaonlfl cial substrates. At the sane tinme, the enzymatic

activity of the nutant was found to be decreased by a

factor of about 2 when conpared with the w | dtype.
For thﬂéhllrﬁlﬁJlmforilymmﬁc chydvaerafterwesiduey B3 1tAsgpand Bﬁ?eIArg yields

valuablarpduHbdar thAuBrBit/GepHROe BACTS B9 Lt 0 MSLR (‘mono-
" S f' [ tl
Arg )Eb@‘gﬁ?ié d{lj\ﬂ? é?% r%ﬁﬁ]dhgnzﬂne ?‘gl\?gg dl?dr)](guhct'sl'gé%rﬂés@rfnmanzed as
"Arg- msmrrtsas(eleavagegafmﬂBﬁz-Arg tsycrumal ih thetprbeess of grmimdng insulin
insulin cl eavage

olaraibe & a5y DTgrBpdirh 637 He Uso- FREN ISR Baniang i Dgleraine.
cleavéie bRePB @'L[% RshRS irp8és-Thr ForviRtion. Y fsusinlyIliidise,ahis cleavage
Crease eavage site selectivity for Arginine
site iswnbhobasia amsjj p;crsslittle produgls ere HrgcrptaiRinb\apegiesanot her
particular problemto be solved is to provide a
variant of trypsin which has an increased cl eavage
Regasling tree Cepeptidel/A-dhain, Arygitici aieavagsi aftersheiArgiand net the Lys
cl eavage |te for ro-i uI cessin
resici Brigha) R hiRAren e GRIPTRu s B T Rt o respits n
forma'tlﬁn%?lA\(ﬁg 1&0&1&&' ding a variant of porcine trypsin
an am no acid exchange at position 172 from
Serlne to Alanine. In a preferred enbodi ment the Serl

In ordéﬁ?% %?ﬁ?n‘?@’éhé’&sl@%ﬁtﬁ@e& oY Bid State oPtheva@ds ésired 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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means. Surprisingly, the enzymatic activity of the SeM

72Al a variant of porcine trypsin was found to be
woabomsstisgqual for pre-pro-insulin cleavage rea@CtyEP2606/008380

when conpared to the w | dt§pe enzyne. The ami no acid

Serine position 190 exam ned in human trypsin by

Sichler et al. (FEBS Lett. (2002) 530:220-224)

corresponds to the Serine at position 172 of porcine

S LB BB P Bob, SR LRI, o PR o o
an arrfi’ﬁt?‘éﬁﬁs@)&haﬂpg Saqrﬁb%ﬂldﬁemo ?fhy?ﬁlﬁryd%ﬁﬂﬁérpﬁhr‘nb@hﬁé @ceording to

e use o M 72Al a ci'ne sinh in a process
HuberoR @ Bpdej Wy, Aas.uChem. 5«38!. h‘&.ﬂ&)rﬂah%-d@%rlt wasifagnd that at this

positiqs ap 64ch#69° TRE BGHRPITATE I8 MUf NG Lo iR iy Forease o

the clé\Rlgedsifty sél@cﬂl\ﬂﬁM’oi‘ Ar§ifire/and ¥decibgseior L(y%)neﬂwhen using artificial
pre-pro-insulin, pre-pro-insulin anal og or

substrates. fitdhe sane hm@ethe/anzweatusa@m\eta{\m‘dhwmwasémmuad to be

cecreBELS S R Bt SR HAB GRYTRR ) Uk o

reconfﬂuﬁaﬂ“\ﬁﬁﬁn@ﬁ aaldal/pe itsypaih AMs HuANRAESIY nutaA(aniidbldoid exchange
derivative, thiS insulin analog or insulin derivative

at poaltpmb@@fr@adSeane(t@t»ﬁlamlnak@rcnr@ﬂ@gréstﬂmdar@@%swe|rﬁgulted in

ormal YRR Am ot bRt R YR PR BS, FigBiis acrease

in Arg-gtigdtivityaoaldgobbe iagsignied fdeprevpio-insulir sldavage (Eeerbelow,
such further processing is separated and obtai ned;

Examplgetlein the insulin preferably is human insulin: and
the insulin analog is sel ect ed from a group conpri si ng
LysB28ProB29 human i nsulin, human i nsul i

In view ofdhe statelof the Ar thaipepblgrbia %Spwegdg te PEQV@@ waa@nt of trypsm

ion R 408 Dol sty B il Syt o maor s

of protdohitbadtivitgnAnother ipayrticls( &%{erﬁwbemﬂm |srtsqirom;de a varlant of
des(B27) human insuylin and des( 3%8 man i.nsulin

trypsin M\@Iqmaaqs PR 'a%rﬁ%a.c\lr@vages%ﬁee%%% Wg Af@n@eor&ﬁ'dues within

e oGRERE] SPoPERs ST St RSk i) it Figure 1
B29- N-nyri stoyl human insulin, B29-N-pal mtoyl human

pecr e TR AU, AR SR B i o

amincBagid Iﬁx&‘mangé @ybo'ﬁtlbﬁIJ}?Q a0 Jerirentd Alanine,In a preferred
al mt [ - Th( 2%@/}8830 human .i nsul.i,n
I

embogenl PR S5l PR Yarars il YR B8Ry ViFlgéiay recombinant
meanh@tﬁ?r@mﬁ%é" e@%l‘dattl Oébtﬁwt &SHF ) '\/Qﬁéﬁﬁé”péorcme trypsin

- car oxy ept adecanoyl ) - des(
was foundhto bealmost equal Ba%pne-gro-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 position 172 of porcine trypsin
as given in SEQ ID NO: 1. Both positions are part of the so-called S1 site of trypsin-like

serine proteases.

One embodiment of the invention therefore is the use of Ser172Ala porcine trypsin in a

process of preparing insulin, an insulin analog or an insulin derivative.



10

15

20

25

car boxyhept adecanoyl) human insulin. In a preferred
enbodi nent of the invention the insulin analog is
woi208u3i187gl ul i sine or insulin glargine.In a f®CTEPM006/008380
enbodi ment of the invention, the nmentioned further
processi ng of those cl eavage products being precursors
of insulin, an insulin analog or an insulin derivative
conprises a cleavage of said products with
Car boxypeptj dase B except for insuylin glargine. | .
Anothgr smbsidTaRBbet Rebvetias 3 Rinsess de, therepPaltpngl insylin. an
: ; I el ; Whdraipper f orned at an pH-val ue
msuhr?ﬁﬁ%ﬁé?ﬁ?‘ﬁg@@g& 9,629%%%3,"%}’,&%}"& erably 8, 3;
tenperature between 10C and 300C, nore preferably
bet . 0C - d: . .
enz{EER Pre PRE sufl-a FETod SHIRT Aida 8 o GiodnslU derivative
sanpl eis gieafet with \Bdvy 728k poycine toypsttN HCl  sol uti on.
Anot her enbodi ment of the invention is SeM 72Al a
porcine trypsin characterized by the sequence SEQ I D
No. (bBtheareBhKingrutealiaye Godléd b sEparated amd/psi n,
preferably characterized by the sequence SEQ ID. No.:
4. Anot her enbodi nent of the invention is a DNA
encodi ﬂ(@ageif dnd dfkige m@iﬁﬁqa@aw@@pmﬂm@w an irsedintynalog or an
the SEQ I D NO 6. The signal peptide of this = | .
pr e- t r yipSulimdenvative; this insuwim anaog ppinsufia degivatiye is obtained, or
Saccharonyces cerevi siae. Anot her enbodi nent of the
invention is a vector conprising a DNA as described &
above. (hbdtthese slasyaigeerroductstieing presurseis ofdnsulife@idasulin

to prod S I rci ' [ S) . .
st eps. anaes S fffnBR ol ol BB BPHESSS Lo Hftyigsuin
(b) transfiararaigy ar Msulie kicivaties testiltir) fromi §UucH fugther processing
vector, (c) cultivating the transformed m crobi al host
st rai nis pepargteshend @BERINSd hat contains nutrients,
whereby the m crobial host strain expresses the SeM
72Al a porcine trypsin or SeM 72Ala porcine _
wherein thesinsulie prefayably ishgmantaséit eaééﬁ@ ingiiscanalogis sehected from

o ol p RS R S PR oS AR TSR iUy n insuin.
in whid® prélineoinqiasitidn BR8 ihasfiern sutsstitated &y Asp,Nass Leur ®ahor Ala and
and/ or  t he in particular wherein

! ) rowt h medi um . .the
whererinasian BRILYS sendiasyEstiutestth P AJgRRE hisaan insifin; des(B26-
B30) @ﬁgﬁ@gﬁéﬁge%@uﬁgm@%@?ﬁ% d&NB80Y h@maRi ifBiifh, and the
insulin derivative is selected from the group comprising B29-N-myristoyl-des(B30)
human insulin, B29-N-palmitoyl-des(B30) human insulin, B29-N-myristoyl human
insulin, B29-N-palmitoyl human insulin, B28-N-myristoyl Lys®?®Pro®?° human insulin,
B28-N-palmitoyl-Lys®28Pro®? human insulin, B30-N-myristoyl-Thr®2°Lys®*® human
insulin, B30-N-palmitoyl- Thr®2°Lys®3® human insulin, B29-N-(N-palmitoyl-Y-glutamyl)-
des(B30) human insulin, B29-N-(N-lithocholyl-Y-glutamyl)-des(B30) human insulin,
B29-N-(w-carboxyheptadecanoyl)-des(B30) human insulin and B29-N-(w-

carboxyheptadecanoyl) human insulin.

In a preferred embodiment of the invention the insulin analog is insulin glulisine or

insulin glargine.
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preferably wherein the mcrobial host strainis
sel ected froma group conprising Pichia pastoris,
woHaom®nig7a pol ynor pha, Candi da boi di nii and TeCaiEPReic808380
glabrata. In this docunenty the terns "porcine trypsin
variant" and "variant of porcine trypsin" denote a
protein that is a variant, i.e. an allelic formof the
mat ure porcine pancreatic trypsin protein isoform!l
generated by way of am no acid substitution at )
In a fuptber embodim2ntotthednrgntian, SEQnmentiapedifurther ppagessingsof those
of shorthand desi gnati on .of the porcjne t Q.. . ot
cleavagerPAGCHRRPg BERCHIEPE B insuin.erhGedi Enalot e aylip derivative
comprisdscs Eleta‘?/gba%f BN dProdfeicts WRRAICKIBORASE tideRe® ad)tehfor insulin
am no acl d”sequence of the mature porcine pancreatic
glargine.ypsin as given in SEQ ID NO 1. Ami no acid
identification uses the three-letter abbreviations as
wel | as the single-letter al phabet of am no_acids, o
In anothér emBsaginiemsyfane iimvemtiod, thdecleavage withi Ser172Mfa porcine trypsin is
Thr eoni ne, Leu L. Leuci ne, S rin TVre X.
performactat 4 pHeyAlUE Tt EAHEE ot 6.0 Ss eTahM &iPaA tpEperature
0 0P€; mid k51 B 18 3@, st pieserébly at 8°C;
betwe%\gll ?esﬁ%bgsg’ gj@'g% iprﬁ%fﬁki‘}‘g%saﬁre%ﬁiknne@, s C C,\égt ei ne,y .
and tHE enyiTatiptezotian is stopped\ky acidifying thesempleprgierakit byadding

ionine, Asn N Asparagine. An amino acid at a
1N°r:¥ﬁppgﬁpg‘i'°ﬂositi on in an anmino acid sequence is given

by its three-letter abbreviation and a nunber.
ot pensbea 6 e Sae AR Rbftnd B3 8HBhacterized by the
sequeﬁgﬁ@%é@qﬁ. Nb. 0y, #DNA feﬁbS&ﬁ\ggsTéﬂ?ZAfé éoic&\egtrngéinapréfb@bly

ree- [ [ ed after the nu r

etter abbreviation a
charattedized thyrthetsegupose tSEM .IDENG.: 4." SeM 72Al a" denotes t he
substitution of Ser at position 172 in SEQ ID NO 3 by
Al a. The term "increased cl eavage site selectivity" of
Another eatbatfimeat of thepisiventiemist 2 DNA ehcodingfSerjiééAia pie-{fypsinogen

for, hydrol yt | egya wher e f.0 .vari ; .
charagiried tyaise $E0IDHRERr T oreLaae pr R Ble:fibspen derives
from ﬂb%@h&?a&bﬂb%ﬁ&ﬂa%ﬁ@be&f&éfb\}iédéé.ne- When tryptic

activity 1s quantified,” the present docunent refers to

"units" (U). The proteolytic activity of trypsin and
Anoth& erfidimce 6P e ib%eﬁﬁ@fmé 4 LB6o¥ ShRHrRiIM 8 DNAS described

assay using as substrates Chronozym TRY, Chronozym TH
aboveand Chronozym PL (Roche Di agnostics GrbH). The

"specific proteolytic activity"” or "specific activity"

of a given preparation is defined as the nunber of )
Anoth#tidnsbgdiment obthepinoeation isha niethpd ép preduaenSetsi2Alaipeseine

by the nethod described in Exanple 9. A
trypsin GOSN g’lﬁﬁt@p?é’ést " is defined as a yeast that is

capabl e of utilising nethanol as its carbon source.

The term al so conpri ses, | b,orgin ory strains thereof. In

(a} REViding YRAtet ?%{F’H‘Qﬁé’ #%tPain i s auxotrophic and
because of this needs to be

(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 Ser172Ala

porcine trypsin or Ser172Ala porcine trypsinogen,



10

15

20

suppl enented with an auxiliary carbon-containing
subst ance such as, e.g. histidine in the case of a
wompd i ti7r ophi ¢ yeast strain unabl e to synt hePCIEP2MM6808380

amino acid in sufficient afounts, this auxiliary
substance is regarded as a nutrient but not as a

carbon source. A "vector" is defined as a DNA which

can conprise, i.e. carry, and maintain the DNA

fragment of the invention, includin for exanp

(d)dna@se theexpressivn produss ok ()ds Berhf |@rﬁf§'f3§1€of@ép§§}ogen1

t f skill ingt . ' - ina. Th

Enerpaurhe ssefidile MeRBiEEsh 29 Lot qe” T
sequence encoding a pre-protein, operably |inked to a

(B TRlseL 8 A 23RBS anclor the

"gﬁ&hﬁsﬁé@[]m/’ector" are used as synonyns. The term
"ol 1 gonucl eotide" is used for a nucleic acid nol ecul e,

DNA (or RNA), with I_ess t han 100 nucl eo_tides in_
in partiGngF lﬂrhe'}éﬁhatﬂéfn%f]&bﬁél%ét @ﬁ_ﬁfhsis'QH&%@ﬂr@&i%&ﬂé@ammelected
organism 1.e. a host organism so that the DNAis
from a gpupcedrnprisiagtiansenlaPichia; S&andidaanddondppaisrapesies;

orete b LA AL 2L 8 ST R 5 2 Oeghing Pii
pastoﬁgmﬁﬁ%&gnﬁ@gﬁﬁoﬁdh%_, Uamasdabbigmiicind Terulspsis glatrath.
i

organismresulting in a pre-protein,
.e. not including post-translational processes. A

In thig! géllﬁg{ahﬁ%é?é}wg%réiﬁﬂq R’ varidftPahd evaiarg?ipdiréine trypsin”

east a portion the nucleic acid, or its _
denotecptateiarthat isenvarianti i.ecan plleliciosmeafdtie roatyre poaune pancreatic

oo eSS o e SO B 172

accoreﬁ{gttooéEQr]DeNU:qS.Si on vector, to express the peptide
or protein in vitro, in a prokaryotic host cell, or in

a eukaryotic host cell. A "pronoter"” is a regulatory

For p%ssggtdf dRoRRGHE e ig‘H%%bnd%fikt)l%‘ g?&ﬁ’e h’?/a@iﬁQidrrﬂrit described herein,

terns are understood by ose of skill in the .
it is nated thit thenewrinbee referseter thegminokacid residueipesition along the amino

acis b Geb o b Sl ok ehGBelé PIPSE, B Pt sEQ o No: 1
Amind 21ERIeAtIfidAtR N 868 thenrpradlattdriabbesliaticisas well dsihe single-letter

association of two or nore nucleic acid frag nts_l_:?,g a .
alphabehgf aminzadidssice-+ Aap R Aspaditcasidnllet Isgirugine.gkhret { bgeonine,

Lou Yol 55 8, 4P T2 foaelCIVE SlaioBggobh -
e I
AlanigecianBerdinies, Cys Cydeing, Jradl Jevigrben; Val ¥ y&lingn Bin Q
Glutamine, 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 ID NO: 3 by Ala.
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transcriptional control of the pronoter. The term
"pol ypepti de" or "protein" denotes a polyner conposed
wodfoorremes7t han 90 ami no aci d nononers j oi ned byquapH20@e08380

bonds. The term "pepti de" denotes an ol i goner conposed

of 90 or fewer ami no acid nononers joined by peptide

bonds. A "peptide bond" is a coval ent bond between two

am no acids in which the a-am no group of one an1no

acid is bonded to the a-carboxyl graqup the ot el
The tegm ‘incraesed clrmyagersitesalectiyityt & %Varla% Rﬁ"éﬂﬁ"o es a shift of
speciic RorpufbBEHeavadel ) f@&g@.tn%waﬁ?ﬁgﬁ‘;%'?f%a“ 1o preferred
cleavdyjesiupe ddﬁ@éxyI@r@meEthlﬁme rafhea thaml lysingprotein, i.e.

in this case a protein results from post- transl ationa

proceSS|ng of a preprotein. The term

When t%‘f’b -dotivity s2gi amtiledp tins presseng dodemehe sefeteeto “units” (U) The
nodi fi cation steps a pre-protein or a pre-pro protein

proteolﬁlcsamtjvetmoédryp@m and yatantsitheraof is ﬁuantﬂ&ﬁ%v%"a@o@*é?tﬁmemc
I rc
assayptbsrsl?g %g Sluﬁ%ﬁléte(cgl %avgﬁ% h{g;*r}\gl seque ce O ag@lcnrgrbac:l 21 PL

(RocherBiagRbstidcs GhebH). aiedtspeoifio Iprmeplydelcwabwmy”ome1spef:xﬁ|cracxbrs/|ty of a
a secretable Tpr otein. Protein transgort eFI %R?r 0SS ﬂ%@e
given pegparatian isfelingd as the sumbes @f units peE A19 97 REeing
[ aci ds,
prepaldld, BBjerRAT B T06 et BE e A0 S e
during the process of passing through the nenbrane,
" h ' I £ a ~Si '
A mepiTTOPINE ve38R IS Refined of PR thét § cbHBR, oRpisifARihanol as

its camBeheidusce KThe Wihi slso dBmiirists)labdiaitery sterinSitwregf; Infcase a
the Cell, fourth edition, 2002, Garland,Scienc

methyteiprphiayRgst SUAIRYS auxpierhigand barausgQidhi aé?eﬁetov%?l
supplé&%Wﬂ?ot \?Ilt{'l RSS! Efbb R cbRtiRAg s ?the 3 éd&h‘ a¥le gf Mistidine in

am no”aci d sequence o fact OI‘
the casegwfz:-é nmmﬂouteplmcqmasastramrmmm@m smtbeSl§eathSaam"‘tm&Cld in

i ke. Another ex t he OI‘CI e SI
sufficeb it [ IEs sHEreatsdS Fidasten dsh Aur B bl Bobas o
carbof&oRrcdi ng to SEQ ID NO 5, position 1-16. In general,
the pre-protein N-termnus of essentially any secret ed
protein is a potential source of a signal peptide

A “veétBPI@ finkd'a S%EI%A] V\{)ﬁ‘éh BASR6 n%@V?é‘téé?Fy ahdSmaftithin the DNA

e can al so Ipartite conprising two signal
fragm@apbf thesindention,iinguding, foreaxamplenphages and plasipidsaThese terms

are udSKaadiReasEror Kb M L8 a1t Ry atines einPe i T irkf Sepression
cassetfe® dehsles @ﬁhﬁ%‘fde&e‘éﬂ@ﬁb& lehcedingr pre-paiteing bpeﬁatﬂiﬂ tinked to a

prepro peptide of the a-factor from Saccharonyces
promater emdsa '@emdr\MDerAss far vectars zontgining amexpressioncassgite, the terms

vect(?f2 5‘de r,egrS@ @J %%S\MSEF %Jtih§é{§cpglt oflyggglt hway" .

The secretory pat hway conprises the processes of

The tgrm ollgro%rbsc e%ttljde lsI 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 chromosomal

integration.
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processing and finally results in secretion of a
protein. G@ycosylation and the formation of disulfide
wonmes1ss7e processes that are part of the secrrETiEBR2006/008380
pat hway prior to secretionl0|In the present docunent it
I's understood that proteins secreted by nethyl otrophic
yeast strains have passed through the secretory
pat hway. Det ai | ed description of the invention Al
trypsin-like serine prqfeases shgre a substrate
The tesimePERRSIOR AN USTD 10 erERges. 1580 HSCRPIPRI G ONA
seque\%bk%nﬂ%@ﬂe%‘dr@lﬁ?&‘?{mﬁé thHs@Filf')&E nMRNA e hBSt organism resuiting
corresponding to position 190 o uman pancreaticC
in a pie-prdein, |.eanst incuting prestitraslationial processesi ficity
regarding artificial substrates, a decrease of
proteolytic activity is the consequence. |In addition,
A nucktileaidquiencé “eheodestanpéptidesomproteinwhereatlebstia tioation of the

t he observed shift in specjfici t owar ds Argi ni,ne . .
nuclelp diidh SIS ISR Fest BE Aty ansiena BTAIE HEE amino acid
sequeﬁ%ﬁ'&r{ﬁg %Etiaé %‘r@fr&e‘id?%ﬂ'v&ﬂbrpfh‘éQ%I%'téw nuERRTREIR chin be used,

P St rafes conversion of a pre-pro-insulin with the
alone lovBrpdstof ap EYPréssiomeedtor; de iexpragsdhe. pafitigie emprotris invitro, in a

by- products, mainly B30-des-Thr- and AO conponents,
prokaa%éwmsz@sﬁo%'nr?geﬁ¥‘é%l¥?ﬁ'%598f|?e“has not been shown to

whi ch extent this effect equally applies to all

trypsin-like serine proteases. On , to .elucidat.e,.

A “prar 8T yS s TadHAtDE TUCIPAi S aaaeendrinat slmulatgs dfgsgabtion. These
terms%rénirf‘ﬂdl%g%tbtap‘b A8s8'5F SRIlIGH tite §ﬁ%¥@%%ﬁc‘éfngmé@fﬁxg. Like a

ypsin species at a site wthin eac
promotes Eetgrommteoelepent| slimslateetiarswripticaspdraginsttutes a sub-fragment
osition 190 of human pancreatic trypsin isotype I.
Ofalﬂ’f_;ﬁ?h@r%d‘leﬁée%@’é?ﬁ'ors surprisingly found that such an

exchange nutation in porcine pancreatic trypsin
I ncreases the cl|eavage site selectivity for Arginine .
The term iarerably IMKedi Feiery Bbessgelion ! Wherdnnee ftgic acid
tGAL ?%'ﬂﬁf iOh @ love! i§ affebied by thebother. For
fragm%gﬁ;%ﬁagipglfagv In s&@‘éﬁﬁé’fusrﬂv\lgh%@%rle of et h%ds toe_r
exampleb st promatepiseoprrablydinkedwitioa zoding saquenes, i.a. a nucleotide

s B REted s bEAEHES AP E B g v
expre§9i6hirkgltﬁ)§{°c(§cﬁﬁ% g@gﬁené’&%}!,ethat ﬂféﬁﬁidilt‘lgtsquénéé & under the

poss e. Int resent invention, e synthetic
transeriptiopat cariralafibe peomatasdi ng t he SeM 72Al a nut ant  of

porcine pancreatic trypsin as givenin Seq ID NO. 4

was expressed in mcrobial host organisns. The trypsin
The temn 'polypeptide’afré peditin” geodtaseal palymest caropesgs,ef more than 90

- tei . ‘ol hast . .

aminGRACIRBP MRS HeT La poBRar e TRae Tl e R HEnElgTan

oligorbr BaFbBEEA lof SBRIraEWEP ANTNG beiPmbhaineex isihed oY peptide bonds. A
vari ety of prokaryotic hosts such as E. coli, Bacillus

“peptidechabic it vl anvalani bosgdisiteeen tworamBoRaidsirt whi.ch_ahém-amino
arourbatans s S5 Sl o 168 o BRRYETBuB o héBfer ffino acic

33 b, LI 11

The term “pro-protein”, “pro-protein form”, “Zymogen”, “trypsinogen”, “ pre-protein” or
“pre-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-translational processing of a pre-

protein.
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Aspergillus. Yet, even nore preferred are yeast

speci es such as species of the genera Saccharonyces or
wOoQobr/@Besacchar onyces. Yet, even nore preferre®CargPr2006/008380

strains of methyl otrophic Meast speci es.

Met hyl ot r ophi ¢ yeasts have the bi ochem cal pathways

necessary for nmethanol utilization and are classified

into four genera, based upon cell nnrphology and

The teg owt 1 Erhar %%ltgﬁgﬁlgc%gmghaéﬁ{;fgsgggpl C(E;ﬁaétlon stdep% d pre-protein
2 ' I BirPin llular or
or LY PRUERIY Seollt g Rept oL FF el pagi o & ol
extraceRulahicampagnserat) . Expressi on of het erol ogous proteins
in yeast is described in US 5,618,676, US 5, 854, 018,
US 5, 856, 123, and US 5,919,651 . Yeast organisnms
A “sigpalopeptiied is\adbeavable pigoaksegueritet ofansinoyatitie presant in the pre-

mtracellular"bthaeaf i on, aut e. the cell
proteifag SPTExRTOANBHSIA 13A™ B BrsBoreiobleSiousl, Pdleins tarfsported across

the celGREMbRANE i Cddlte e'd“ %Pﬁﬂahlx Hal8 atERL rifindr Ucficheedch in

expressed i nside t the formof a precursor,
hydrophcpbleammooeacrds;rtymc@heatmm & ot 30 aminmBgidsi Inggaﬁometlme during

the prigeqs ! wagsiia BUaUaR Sht sem et HEP sBorEieayhsn A a by a
signaltgtptidakk (Aﬂferr@,SB tishnserbpanewas, J.hRagmAnpRasetts, K., Walter, P.
reticulum The signal pepti ‘de is generall cl eaved of f

(eds), gﬂolﬂculaé Bd@'@QV@tﬂtfpﬁ GGUchdﬁh\remgom r&02, 6zarianshScience Publishing).
ff
ey SRS A B8 AR, B R Bk ot ang co

includeNforexafiile PBBtdrfROl cidl 86608hEE Ef Bizto FaGtaY SNRY pbptde from
si gnal peptidase. This sub-sequence is referred to as

Saccl'@rgmbepeptevmma@ aptdhedise. Anether exampieiis thg paTcimessignal peptide

o the PRSP EHa RN W e SRS BTG 4 GG o o 5

posmcﬂf 0118 s gaherdll] therpreLgrotkin N-tdimimiashasseitialiaaey secreted protein
| ysosonmes and secretorp}/dve& cles. Secreted proteins
i

is a pefeptialsaurenoba signal peplide seitablefor Hee i theapresentiinvestian. A
sionalTRRRIBA L8 oL BBARFS bUNPHSRIENE) ShoafBbiicls g e pre-

proteimtd arfirsparsk arsecohd ldeﬂulap bohﬂjantsneﬁ{h Bipairtiteesignal peptides are

peprote|nsthat are t hrough th secretor
cleavashpfh RigPvFe PEsg thesertRs | F6CECTHR% PE A sRpfic example
e 8 B T S 8 et

et al., Jr B&sl- Cheks 2681 088620%-dd).ai n am no acids of the
protein can be glycosyl ated. Several approaches have
been suggested for the expression and secretion in

Pre-pioeéint with & dl-Ririindl &gl ipepdds are dreatld tokdnter thie“se@iletory
descri bes a process by which proteins

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.
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het erol ogous to yeast are transfornmed by an expression
vector harboring DNA encoding the desired protein, a
wo0gmsl1ggept i de and a peptide acting as a si gral/EP2006/008380
pepti dase cl eavage site. A2culture of the transforned
organismis prepared and grown, and the protein is
recovered fromculture nedia. For use in yeast cells a
sui tabl e signal peptide has been found to be the
_a-factor signal peptide from Saccharomnmyces cerevisiae
Detailedidescrptiomobihe ipMentien secreti on, the yeast enzyme
KEX-2 is the signal peptidase which recogni zes a
Lysi ne- Argi ni ne sequence as its cleavage site in the
All trypsie-likeciasine. prrisasescshaie éssuhistiate preferanasnfor @ basic residue,

. sequence of, the_desir Q. AT : :
LysingBEHFf s Al ol BFE PlePeBll i dReBp A2 ring Giresponding to
positiore 89€ of BARidropancreafic ti/psindegagto frrpdésiredéhifttin specificity
(gre-pr_pt_el n. KEX- 2 endoprotease was originally

regardina eatificiali sdbstratessacderirang 6 prafealytic gellyity istthe consequence.
specifically processes the precursor of mating type
a-factor and a killer factor (Julius,

In add?tibr(,m@h)atm(ﬁIW-tmeMn?Wﬁ?ndﬂutﬁ@h r%vqagé@tﬁétﬁgle i0@§g$\|/eld shift in
svec R4 g% AT e S L G Ul RoPB8Bssioned o

pre-proghsilirsprtes¥ibigt Examidvi, illgstratbs coivearsionldf 4 pPe&Pro-insulin with
1087-1096). A well -established nethyl otrophic

east )
the hupar Sesines 8pplanine yrypsiedPHineg: laighrﬁm@umférofrhanquéf"Pé% mainly

R e N

US 4, 837,148, US 4,855,231 , US 4,857,467, US

sl g Shone B B S e g 97 BB

serinePpdtdasekd OrnéSway 18 2ludidateUhisiqusttiofas to lfrddutethaer-Ala
WD 00/56903). In the absence of glucose, Pic

hi : .
exchapgetrouiationdats thetaming acid sgaeareRoLAHeE Q%F@aa_ﬂr&tﬂ%‘ species
ot A Bk Fosh it TRl SELBLOCEORRDSnCHGA i 190 o

humahi@anéreatitt thapsin ésatyps i Doingfsosthe dinentors slarpeisinghy found that such
catal yses the first step in.nethanaql rretablisln .
an exqiadmufatilin BATCIRPE U BRUS BYBBNANGFEEEs A1e fieavage site
; [ =i ’ l:S i ' . . e
solecf 1B Al MR e65) s cotahy arignse el maitains o
higheulesetohprodéolytic aativitye hi gh-1 evel expressi on of desired
het er ol ogous proteins. Expression constructs al so
integrate into the Pichia pastoris genone, creating a
A persoraskifled iire theaad iy evetitavearel of rsethbts thisabstitute age ame more amino

., expression vegtor encodj et.erol ogous pre-protein
acid regiRles it APTAtan- Ml ﬂ@l@f’rapesah%w GRAMPY ??'G&Kﬁf‘?ﬂgﬁ mutant
can bé'&@e&@@%rﬁﬁ%ﬁe%leﬁ\fﬁs%pﬁlﬁg%NN‘ébq’ue%%é!. HoveVie?! &her methods
nmet otrophi c yeast strains such as Pichia pastoris _
are passiblenk therpresentinvpotien,dbeisynthetic 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



10

15

20

25

order to secrete the desired product into the growth
medi um from whi ch the secreted protein can be
wopnei/ditesd. 1t nmay be advant ageous to produce PCTIRPOOG6(H63380

sequences encodi ng the pretdprotein possessing a

substantially different codon usage. Codons may be

selected to increase the rate at which expression of

the pre-protein occurs in a particul ar yeast

expressi on host in accordance with the frequenc with,
microbibl ostrganismsarecionghAmexample fos aPreierred genus Is

meoorSUIECYBE TSR TR it A5 S Besrepiep o o gener
Sacch@'rér@iﬂ/bélﬁ ot Behebeadeardmytesavet] @equao:esprefenedi ade str’ams of

roduction of RNA transcripts having nore desirable
methyg)tt;m!m yeast spegiesas a greater half-life, than

transcripts produced fromthe naturally occurring
sequence. Exanple 3 illustrates the cloning steps to

Methytotopihde yeastshavestbiedriosharmisal BAtwaAYSQAeSSarY,/ 08 mﬁthanol

ool e SRy PR A 5, B Bt oy o arowr

charaS6PEESS  Hdhsehula, RIBRIaaDandida) ked Terubopsis:ieemost highly
pronoter elenent and to a term nator or ter

devekme;jrmqthylggomlm hagd sygteg&qg@ﬁ@epslchwqtgas ](}g'pmaga aella pastoris)

and HEp skl Bl e AR 1 Panst or mant s are
zzlected On the one hand, expr$33|on yield is
Expreésign (eb t’t(ﬁr‘gl soﬁs)lté/ﬁ%gf&ég& g yergrgrz%%@ﬁ'if 08% B4 %gna

US 5,850018e US/5/8585123)@andt USaB;009,65Mgnal  pept | de from
Saccharonyces cerevisiae or the porcine signal peptide

of the native porcine pancreatic trypsinogen. Exanple

Yeasﬁr@éﬁ&h@ére@u&é@ﬁﬁﬂb@?@f ETdtémbltﬁht aressyrandsizxd intraceiularly but
s how expressi on_of t etr(ﬁlﬁﬁln varj ant can be
have adunaticecoutsisiedhei ael ¥ hese @XHﬁP RIOlGISR 21 GaITed to as

o A e e B M5 o n v

form ofld Hﬁédufk%cﬁ‘ts atchgtm@l?lbeﬁmgb m?hﬂrlbte{m lcontia)mlnglarle-termhtal signal
supernatant of transforned ne otro

peptldawgnsnm effesitye disgstionnfdhe pxaressedpr Eg ‘H\éf%@‘@e%e%?tow

pathv\h ocgqﬂ? c@ﬂhéé}%sg?ﬁé‘%rﬂgratﬂ%eoﬂﬁg%nﬁBg%gn% retiSuldRs Mhedsignal

he co nunb expr essi on
peptid®sjensthlly tieaved S)fftﬂmnethe dessed rpnvdmtdurmg tramslocation.
expr.essi on cassette,

S S EERTEAY b o LS SPaE b SHIE h psocrcs of
amm% égllﬁ?fog RG] &3’2’“ Bfapﬁ'@e @(ll%rc%@ﬁls‘éﬂ éﬁ?ﬁél@év@@ &9dh&8igri2e peptidase.

pro her mag to introduce the gene
This subeseduendehis rdte;rardatm as sigonel peptidasereleavrge siterAnegrhaving

entered d2aterrlo paader ResBLl § onsaibd i gpll Bhfetus. From

the GB@W ‘éﬁgam% hélbtdteins dreitribateietoaht ghhsmaanémbrarse dysosomes
I'mthe first expression vector.

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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The second expression vector encoding the same desired

product can even be introduced when the host organi sm

woaloow@dig7carries nultiple copies of a first ePoTEP006008380
vector (US 5,324,639; Thill4, GP., et al., Positive

and Negative Effects of Miulti-Copy |Integrated

Expression in Pichia pastoris, International Synposium

on the Genentics of M croorganl sns 2 (1990), pp.

477-490; Vedvick, T., et al .. Ind. M c¢robi ol
intramojeglal crpgs-lings. Moygp\fegnceIMalwam@p agids og(@%@roi@n can be
glycoéc}/; ) 1087-1096). Exanple 7 descri bes how the yield

expression of the trypsin variant can be increased
in order to prOV|de a yeast clone for production at an

Severgﬂgiﬂért r@'&ﬂ&s?ﬁ%iﬁ B%.@%e%ﬁ%@%rﬁ ? g‘?(g : ecoﬁﬂh%eC{etion in yeast of

proteiR$ %b@erbldgeﬂs&bqléasﬂtEP ohtt wﬂombsonbbsumpra'cesssbyom proteins
secreting the highest quantities of enzymaticall

heterelegpytq &@@ﬁ%@rﬁéfﬁnszﬁrm@ BY 2N PEPRRIOR YECISE LRI DNA
encodfif SRECELFESHEYER, B SRR i ays e aona

ant prot
peptidaserclesvags sitani A celwmeeoffthe iradséoreneéd onjanism és prepared land grown,

and Uk pIGta 5 resmarPe 1R Cultee TRe1 EQs VEPIR HEBSbrelTA Sftable signal
peptl&éalgﬁé 68Lh ?oﬁﬁc?’ ﬁ)éb? tP(é‘Ec di%(% r ﬁ&|%§ﬁ'éﬁqﬁfﬁ| 2 ar‘(%arbmyces

cerevmﬁe/(lﬁsﬂl &7@9008)3epar atl on of yeast biomass fromthe
reconbi nant protein using, e.g. filtration techniques.
As a result, the reconbi nant porcine trypsin variant

Durin§ 'éetfédtiem, fﬂé)%éé’tlehzymd KEX-3 iy teysighél peptiddse which recognizes a
separ at ed from ot her enzyme activities such

Lysing/Asgining sagense a% e Cleavagersiigdnites Pre-prelede KEX-2 cleaves at the
Junct@ﬁgé Wd ég rn:%r@ff tﬂéedesﬂ’efj pfrﬁt)euﬁ’rﬁsf Srr%&‘ﬁt QHQ%siFgBtge?fe product is

nenlon IS a var ani no

releasadband freki afithe dléadmrpnmm$; dsec thm*sngoat peptidenof thet preepriotein. KEX-

wherein the, am acid Serin in sition 17
2 endgpripase as Qf@m@'B’eCQﬁf?ﬁE?“&@ﬂd” SecPhRrmyGhs ¥Fast where it

speciAREH AL LA ETobl PP HREFL BRI SIS factor s
D., et Cele3arg84¢d0i76-1089)sMetivdoiraphic weabt spegies such as Pichia
Vi t Pref er abl t he nt of p

pastopssho e KER Siihn Hiatohee | i ahicsS PS5 uvit Saccharomyces
cerev%%%@{\(lﬂ‘tbhyl\/f W"a?fjt " Wéﬁs‘?'fﬁtﬁ%g} ¢65PAGORY. L he

gt oup e am no aci d argl nine, rather than
hydrol yti c cl eavage at the car boxyl group of the am no

A welﬁg.%t%gwﬁécf iﬁ/ﬂBﬁo &EE e&é\F{dﬁérﬂg dYa%E:hB?& as host for

cr e RV, n1ns
high- IEV@G@bsmblmmitWGMm égpmsstmn |arFabImngﬁasltd>mB 4% 4,683,268,

as _a substrate. e of
Us + Bt dit rar2408 U8Bt 08 U8 LEBSTas. L s os .
US 4889 487 99 §79/P5 UL, 8@1979%%}0@%5%@8@4@5 800,

W I dtype pofcine pancréatic trypsin. Thus,

us 4,929@5&@&5;0@4876 il4g ﬁJ@%BSBgUSV&DBZtM@oMﬁ 61‘@25465 he
us 5338%4dd. U 584 520, 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 catalyses 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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activity of the variant of reconbi nant porcine

pancreatic trypsin is 100% when conpared to the
woweeheEsntesd porci ne pancreatic trypsin, that i PCOI¥EP2006/008380

wi | d-type form Another pr&ferred enbodi nent of the

invention is a nmethod to produce a variant of porcine

pancreatic trypsin conprising the steps of (a)

providing a vector conprising a nucleotide sequence

t hat encodes the variant _ of fporC| ne pancreatic

methaney fesinduce gh-levek exprasaiprofriesies; haterlagous prtging: Expression
: ) | 0
consi i AE5)egrd e YEh I, Y D 4 i anc
genetigdlly s@nﬁéhogmereby the m crobial host strain expresses
the variant of reconbinant porcine pancreatic trypsin,
and (d) purifying the variant of reconbi nant porcine

Using Wi[ﬁékslént\lfe)tﬂﬁldhdoﬁmg & h@té?oﬂfgdmsqirermetelnbbmpnsmg a signal
nd/ or the growth _nmedium Translation efficie

PeptldﬁeQrea sigpgbpeptifewith @ %Isﬁabréeww@se\/%%ﬁ\@peaﬂ rl%a@ﬁé"ed protein,

ey Soahl s LORK PRSI pRR R e manip et
order td'sédretd il desiganproduct inds the grawtbrmééluneﬁoemwmbhﬂlkmtsecreted

of the invention, the nucl eotide sequence that encodes
proteip ganhg Pifietht r econbi nant por ci ne pancreatic trypsin

is SEQID NG 4 .In an even nore preferred enbodi ment

of the invention, (a) the vector conpris

It mayne adu@n@segbaL@ﬁ&dttqedﬂwﬁ%f&ﬂa%e%%%@m the pre-protein

r t
poss S TSP ST B EoBbnEaney B8t o nreas
the rabéCat Whichdxpréssion of tie pre-prsteinsdacairsini a particular yeast expression

nost i SREAIARACRUILING Frasuancy kB W padetledodpBs aré Uiised by the

host. W&yﬂe?%r??mrcsu\b%?aﬂtlaﬂ/ bﬂnﬁ’fﬁé ﬁﬁ%l%%ﬂé@%eﬁ%h@é%ﬁcbafhg the
varl an conbl nant porci he pancreatic trypsin, and

pre-protdint Withwatr alteringthepenanded grainoracad sequengas, inglgde the production

of RNR it oo S BB E 5L RS e, har
trans&r@@ Fé&ﬁ%dﬁ?{%'tﬁé'n%’tur)éllﬂ%ﬁ&uﬁlﬁg%éb%’énbé used for the
same purpose. Although e signal peptides m ght not

be cl eavabl e by the signal peptidase, a signal

Examgﬁeoﬁ RS ﬁ%"é@ﬁm@%ﬁébé’f’o BANVideah BXPFd b DE&tok Bﬁcodlng the

rotein amno a sequence, that 1s between t
trypsiavarianadlsing aqwe:tmrs:orﬂpm:heg ¢hey nacleptage iseguance pngodmg the pre-

proteif gt isdarie R BT hE S pasb G RN REE B hRféfer BF promoter
elemetl@indab & Rinhimateh oPtetfrihatef eRIMOSH, BEMellds td‘@equences required
I nvention, the signal peptide contains a sig

for eﬁimmtl tnmmatmre dhagostorganigm ¢mtraasmsﬂwtmﬂ]eampr taid
¢ ft a#él\l-term nal ) am no acid of the reconbi nant
rans amﬂep eedgd

ic trypsinogen. In another preferred
enbodlnent of the invention, the nucl eotide sequence

On thgnocne hargd 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 trypsin variant can be achieved.

Accordingly, the primary translational product comprises a signal peptide which directs
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the pre-protein is operably |inked to a pronoter or

pronoter elenent. It is preferred that the vector is a
woploagealtB7capabl e of being replicated as an epiPSIEP2006/008380

the net hyl otrophic yeast stdain. It is furthernore

preferred that an artificial chronosone capabl e of

being replicated in the nethyl otrophic yeast strain

contains the vector. Yet, it is nost preferred that a

the pqlcpgzr_eog?@%éﬁ% @1‘; éﬁ%?ﬁ?ﬁtégg %yo%glgg%tluégtﬁ{ég ét?c? grgeaailsrbsl"ement of
trypticrfgéru't@ﬁ lijr‘ll‘gﬁguﬁ‘?é;rhg?ﬁrﬁ?df%‘ﬁb%r%%ﬁheﬁ{yl&kdﬁié%ast.

chia pastoris strains, thé vector
encodes an am no acid sequence for a variant of

On th$ ﬁgﬁé.srg%&ngg%)?%stgitﬁw \Agl)ﬁle}’ooﬁ%ﬁ‘ Bg‘?ﬁcr@hgé@rb tiﬁ&r‘éatsg‘@ the'dS¥age of the

a further preferre

gene entsdingting deéiréd productnThus) the kepyeuimbertaf dpéiexpyession
strain is a Hansenul a, Pichia, Candida or Tgrul opsi.s

constish dhakis the eXRressian ¥eeiPkPF N6 PYRIPSTIRB GASSRYPBRHIAS!
SRS : e roti _
organﬁﬁzﬁ %l% g@%d‘. Ore S—'EA Senﬁ%gfrﬁﬁ‘%y tAR g bYURURPRStrahsfdemation of an

orrs, mor pha,” Candi da boi di ni i
expreasion Vectdrapsoding thierdesired! prodsck vewtherway issfoeintreduce the gene

e s B R NERC B Do Secon

g | ARSIpréSAdR vBEtor isiBas¥@bhVeselectable
expretgﬂébg% td}A\A@t@ er plregféedrblrﬁed epr;bodi mgnt ofI t he i nvention

markersvhiciPidiffara froms the selestatie matkehused iy hedyshexprggsion vector.

e t o .
The sERd eRRrsas R aiar Gt Mk SaPE i elriipRBEUGH Gyen be
introd@éed f4RAthBAYst BRIEHISH dlAsRlyesriies Mulislercopist of & figst@xpression
pepti de, operably |linked with the Pichia pastoris_ AOX1
Vectop(U5: 394,688 GFlll11G.R 0 el Pesitics and degatiyedaiia@s of Multi-Copy

i S ETE PR BRE AR AE Ty A S o Gonencs o

Microb@aﬁis?h?gzqutsgoy,q;peMVJBfg@ Neg?/ica}, Tay étaal, dfindndg'_mmbiol. 7 (1991)
ancreatl C r sSin, O al napl e r 0] nedai u .

197-2B o Werien. MY 4 chpbur Rasel (O 10086 JSRr E4aEPGAlpscribes how

the yigOIAKRPELSicH of B Speih vaREnfbe) 68inciBasEAEDRRer o provide a

yeast efaresfon prod wotipnestsrdindodtrisbscateed, is i ncreased. Thus,
the yield of secreted heterol ogous protein obtainable
fromgrowth nedi um can be increased when nunber of

TransfsHndtts ate répseatediy @nalysadhwitly eespest 66 thehpield of recombinant protein
met hz{%otrophi C yeast strain is jncreased

! ! I S For .exanpl e,..
secrefarinta e HOMEBIMeAIUT d roRHOBRaRlsSasieing N Bighep, abantties of
enzyrﬁé’tt?éaﬁ’lgtd.c@ig?.trggorﬁsp"%g?ét@m“ér‘é J&éstkqgstrain to repeat ed

ransformations o vector and repeated sel ection
rounds using increasing concentrations of the

SecrelEhfha BoRdRE PO A rt e U6l LR fREkSthe matur
reconibifdrdt, (ra%in Thithe exttacytoplasmic spad®from wheend diffuses into the
grothfr;ggitu?n.Ql'fraNg#otrrinégo rﬁgthlyﬂ)ttreo rh?é ggas rcr)vev%% (ﬂaufon 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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Pi chia pastoris, International Synposiumon the
Cenentics of Mcroorganisns 2 (1990), pp. 477-490;
WOMBaveuks7 T., et al., J. Ind. Mcrobiol. 7 (19€I/BP2006/008380
197-201 ). An exanple for # selective marker is the Sh
ble gene, that is the Zeocin(tm resistance gene
(Drocourt, D., et al., Nucleic Acids Res. 18 (1990)
4009; Carnels, T., et al., Curr Genet. 20 (1991)
309-314). The protein encod'gI the Sh ble %ﬁng
ThereZE@cﬂrf'(f$trﬁre§QrEﬁQ:ﬁm9@meBfa‘Pf edneiions 2 idig Yway "5t amino
R agid S
ocid SRR Tl et S5pETKoitheIhBIHS s it Sor
in pos&itimt 4 subsﬁth'@sabr meagmacndtresmulermmmrt aumbmsreddrom the N-
.skil edJnthe art that. i.ncrea the 0
tormirgys GGG RANCASHH VBRI R YOG | 2ERIANHE RECh N T to form a
[ [ ds'il'? wn@er of copies of the
porcnr%:éfr%rrégﬂtgﬁ gpnm{aﬁg Sh t@fe gene. is therefore
advant ageous to use a vector W|th theSh bl e gene as a
| i . | it
Prefo Bl g Fafe MECr et R PN A sl TPEFigrgased cleavage site
selectmttthmmsvhwmleacSéaMgeaanhecoarhd)xyl ggoun bf the amingpacid
_.of the vect is, further €0 t hat. . .
arcinif i1l Rap TOHEOi G Cleaifau el T ADoK CER Jlghe o acid ysine.

nore resistant transformants is repeated until for the
transf ornmed net hyl ot rophi ¢ st, strai urt her
More prafpagdethérisbipied ¥ouRnGAXHIRLS BedREEARE0 ARty e an insulin
r
precu HRHEIRETR & BhalBBub helelf i S Fas R bk i s

possi bl e anynore. A person skilled in the art is

f ami,l | ' . -
ot LA LR P IRk A BHABNE Bltcolyo actity o
the paremestngisin hanamt legw%lxco(rﬂme& o wiildtype, pcart:lr@I pancteatic trypsin.

Bi ochem ( Toky J (198 1113-1 138; . . Paud h H K. .
Thus,apen PERSUCRAaNd puriscoEneserUENt GoBionBabs SBeaTic rypsin

p

s vy SR e paifeast B 100 e

compamdionbepmuhnaged parcipp pancgEatici trypsire, thabisttheveitdl- tmna form.
purified using i on exchange chromatography. Downstream
processing steps leading to the purified product are

Anothée pesfered embddiengitof he Prvedtion ioa méthwdltdtwpduqm aojamiant of
pancreati.c trgpsm i saf orm | e simlar

porcine\pangreatiaiyapifOrepdFng t'%%at?@ﬁéﬁagef qyé(gagtaové/ctor cor%prlsmg a
nucleSf?d\? Jﬁk‘f%’\éé&ﬁﬁ?éﬂ&@ééé ?ﬂat %e Ir‘ﬁ'rof pbfdine PARERSItic trypsm (b)

diment o nvention is a variant
transfprmmg*e nuianobial dtast straymltim thesvestpe (£) cilfivating tte traesformed
ods .descri bed odi,nmen

microBe) BRES SN 4n priond e RaRaLe A ST BBPisy fiperSy the microbial

K hOGF r@bsmwmtrzwé h8 painef&stid A.hénd (d
host %%ES?FéS%egttug%ﬁgae of the Ser172A I vaﬁjr%:r ant of tprI @

purifyjng thiencariany pf recanabinantporeinecpanaraatie Fypsindramdhe mpicrobial host

. pre-pro-insulins el described in Exanpl es10-12. The
stralnf%]qlgw%ﬁ Q%rﬁﬂ" M ef er ences, sequence |isting and

figures are provi ded to aid the
Translation efficiency of a heterologous 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 ID NO: 4 .
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under st andi ng of the present invention, the true scope
of which is set forth in the appended clains. It is
wWOow0ezi33t8dod t hat nodifications can be nmade i n PCTEP2006/008380
procedures set forth withol departing fromthe spirit
of the invention.Description of the Figures Figure 1:
Schene of main tryptic cleavage sites for the
pre-pro-insulins of human insulin, Insulin glargine
and Insulin glulisine, Filled trlangles denot e
In an everamxye nrefereed eabedigent dfdhetingntion &) the vaprezomprises a
nucle(a e‘jtpgglgl%ne \éﬁ%i e§F6$%%¥ ecﬂrgﬂalrpXof?%lg%BFtheT ombinant porcine

re pre rnsulirns”are

pancr@bﬁ@kwem ngéhgmea 8ignBl peptide asgiveminBBOIDNNCE 6o dvpihe
reco

|
mlcrobiagb bpet sralp:rlgg%ethvym&ntmp §e£$‘tgq'5t‘%@5 E,( SI ng&%ﬁmegw"z contains

353 B8 S5 GV S HITE S  Bi983cs ana

secretedthe varai of Secbndlmn'antapd)mme)bamctreabo tnypsioi, anty(e) the variant of

avai |l abl e plasm d pPl A (lnvitro Ihat confers
porcmeeeag@rsﬁaetweswelecmﬁ'(lgﬁ?rorér é@

TrySer172Al a is the synthetic DNA sequence encodi ng
the variant of reconbi nant porcine secrete

Yeasw@rwdq@gwlltasamorweaﬁste%ew@ eiéfaryolig signal H%p%fiﬁsdother than those
panlcggz@éﬂa%}‘fﬂér?& Npet §§ﬁl|etr§hrg{9§e Wl?ﬂcggfl#% signal peptides

e enco Ing t or si'gn pepti
mughtgﬂﬂﬁie&tleav@tﬂe byethe\SIgnai@eptlééb’é, #signal peptidase ¢lkavage peptide
t
can bp:léspérgecgg&@ 8&5& ErQ%&e orﬁﬁ{ggécap sggpgﬂp%etga |ssbetween the amino

acia GRS el PRI 10 B B i T

reconsilinant chncgw parﬁ:re@htetrppsxm podypeptiden Uhareforas i iyel another very

e T eSS 53 Sonbl KBS, SRR o
peptncﬁ%"@bﬁ%%@ §|téfWHW% Iéé@l@ﬁ%tﬁé’cm% 498 fifdt iRckermiridlEamino acid of

rogen manuals "Pichia Expression Kit" Version MO
the recofrignamt- p)mame parrredtiodrymsinagen.C' Versi on D 110801
25- 0148, pPI Cza A, B, and C' Version E 010302
25- 0150, and "pPlI COK" Version E 030402 25-0106 were
In anathpt pmferr@df&mbmd:mem ofithsinvadtion,dheunucieatidessaquence encoding

st.rai ns a_nmentioned ther
the PiEPRbGE 16 PPREALLE INKEC I5 Brogere e MppIotege/shR¥ilict s pisferred that
the védlouser@ RRknid 'Ebbbﬁlérbff%é\ﬁ@ réplicated/b epud pisomednithg methylotrophic
La orator%/ Manual , 3rd edition, CSHL Press, 2001 .
yeast strain. Itis urthermore 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. It is very preferred that the

methylotrophic yeast strain is selected from the group consisting of Pichia pastoris,
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HPLC net hod: Stationary phase: Nucleosil 120-5 C18,
Macherey & Nagel, 250 x 4 nm Mobile phase A: 45 nM
wosnodieanghosphat e buffer (pH 2,5), 315 nM NaClpC12Er2066/008380
(v/v) acetonitrile; Mobilei®Phase B: 45 mM sodi um
phosphate buffer (pH 2,5), 55 mM NaCl, 65 % (v/v)

acetonitrile; Gadient: |inear, from 6% phase B to 10%
phase B within 30 nmin. The follow ng exanples are
intended to illustrate the present invention w thout

Hansdriuta polygarphagkangida hoidiicnghferuapsis elabratai HJgevgn more

profordif ikt D5 AR OR ORI SR I Plchid YRR /AR vine
Amerit(é%:ﬂ ??/b@‘(ﬁﬁlﬁjré@cﬂle@ﬂﬁd wekedsgibn dGmibet 76278 ora derivdtivé, thereof.

ered solution) and were performed up to the 50 nL
scale. The PPl solution was filled in an appropriate

Anothé? Efétfgﬁégte‘ﬁ%ddiﬁﬁn& eRthemyehtion & 4 IMechia pestars stesin with a

y addition of the enzynme preparation. Sanples
chromespee tiad contairs adettaoricomprisieg arnusieetide sequence that encodes a

epzymatic .reaction_was | [ ate . ;
pre-piRt HEpS GG L e Hata o BRI ER SR IRE BnBYegtic vpsin and a
signal ideOBperatly RKSERMthahe Pickih pgastoriscA0Xdt proengtepducorsling to

g m%dé det grrri ned by HPLC. Exanpl galg: Mut agenpc)asi sqnof t he J

SEQ I§/NO1ét orca prometariedemestthefeef. t hat encodes porci ne

pancreatic trypsi nogen CGenerally, standard nethods of

nol ecul ar bi ol ogy were applied as described in
The p&eat siilled ifr thesarhissawars @fﬁh@,famhabmeayiea ofrsangeted heterologous

.Lab t VA 3r.d L]
sy S50 SRR ey PR P, BB g
medi@hg,{ét/ue%?‘fg@%iggg?bw midtidimi 8ahlbednémeased aghen the number of copies

of theimuciectidecsauRREERNCOANNG b RrerPIg SO M Hecneiais oous
reacti . . i

potoEBGHSETR ad e o 8 b aiaR

hetercﬁb@_@h@rﬁdtéﬁ{&ﬁdirﬁf&k Erbhggmvﬁhenwidﬁscare pedseneaisad veéhen number
vari an ortion of t t [ I [

of conis Bh MR DL BS GANITRAT the MEUIGIRRTIC KRS S g Qipreased.

For e%ﬂ'ﬂa% u'fﬁcc? géﬂefﬁgmb@%f ﬁﬁé‘%&bﬁb%ﬁ%%c%ed by subject;t(i)ng the

es were identical or conplenentary
methylbigopisia yeasestgaindo repeSEQ transi@mationscaf|the fvectariand repeated

selociyn Bsite G908 FaSShuo b orenPatis R BR bty a2 against whir

the sé]?&ﬁ\%oﬁfaﬁ@r;c iddd it thblvestsiuRMiersiresiztarive @S 6,374,639; Thill,
I'ts conpl enent s located in the central portion of

G.P., ehal. PResitive godUN¢gativedeffectsnf MultiCony, Integraiees Expeassian in

g, PR CEPEbolr alFa I R s 2

(1990), pp. 477-490; Vedvick, T., et al., J. Ind. Microbiol. 7 (1991) 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 (1990) 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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hybri di sati on of the DNA ol i gonucl eotides to the

"Wl d-type ' reconbi nant porcine pancreatic
wotwypsiirogen DNA (according to SEQ I D NO 2) reIuHP2ems/008380

in hybrids with a central 2 smatch but with intact

base pairing at the flanks of the m smatch, including

the 5° and 3' ends of each DNA ol i gonucl eoti de.

Addi tionally, two single-stranded DNA ol i gonucl eoti de

primers were provided, of which the first one

Sh blm@@n@aataesele@abte peskerto(gsmerate aepepted franstasmatine multiple

transf%rg&q;ﬁa of pﬁﬁﬁéﬁgsﬁiccgfe% gé}rn %@Eﬁ% Mﬂg?%ﬁles of the

vectorC ﬁﬂ@furﬁ@é’rrﬁd‘r@ FPanegsOUsahat &aﬁﬁfo&hatubms bl‘earepeated and selection
-termnal 12 nucl eotides of SEQ

for evm maregesistant deansipraants ix mpsated UPBlsfPF the IfBHSf%fmm%
ety ANBHE LRSS PSR A0RLSL KFSe BTG R6fe) gl Sbocin™ i
obtalnédjaar%ﬁtbmecﬂimﬂﬁmerhrwreme of theadkocig ™ bensgmﬂraﬁmn in the selection
nucl eoti de sequence of SEQID NGO 2. "5' trypsin”®
mediugd i RPFIeANYRQYRI and a 3' Xba | site. A nucleotide
sequence that encoded a variant, by way of
substitution of an am no_acid, of t he v¥ldt ture
A pergsiy gkilied puiher arhis f@nﬂlH%‘ylth the guEficatipRsOlSPRP lly gxpressed
and s%%[%ﬁaggrcir?ev ﬁé@éregﬁ&l&ﬁ Shf;e%?g d‘fcfh'réﬁitat@d“rgpﬁy SEGRa¥%bshi, A.,
et al., doBidchesh.r (Totgd) 88\|61%ﬂbp‘r1‘63 -h438; Iﬁauﬂejj Hdf., dadddapehts, J. Biol

Chem; 76411 9R6) 160QE6P 1 etk BorndaSielndis. A& HoBigrbem. 179
(1 989? ?3%—?1 r?ﬁelg‘rf]‘s dﬁféggrré@ "t‘ﬁatdéi(/é%tccﬁ?g(raﬁeﬁidﬂé?éﬁlc fypsinogen in the

sin” mat perfectly wh
growtianmeditieis pmﬁeﬁlusmtg I%ﬂ:e)amaangectrhrqmanggrapbw IDOWInstream

pr.imers consi st 5'
procefying stapsisReing tehecRuriHeR R RPPYE i%%%”ﬁsddar'?ﬁ%r'l@ﬁ"ﬁgf‘
tisofoRUanas donb eirmltarly except

Produ'i:ﬂ@n wmmgfﬂ)r?eﬂr)%r%g}?/ngghggh?%wgg%gs%t e tenpl ate DNA Y P
that thet wilditype cDiding sequehdeORasaisefdd sonsituetdhagxpressipmyector.

the "3" trypsin" primer and a second singl estranded

DNA ol i gonucl eotide, that was conplenentary to the
Yet, ahothssr meferre&embodmemt oftthe ifvendionda@ variant f pescipgRrancreatic

vopor 30 by 3P PR BB A, ol gt of o

inventiéy %“ﬂﬁ'erl?ég oﬂﬂéc\)a'i‘i%np af Ebﬁﬁﬁé pahEPeREE frypBie lf@’qyret;bm ipsulin

portion carried the nutated sequence af its 3'
proceasndg Vhe denefitsaof thraise ofgbetSesi7 28lar vasiant ié P@ﬂ@'ﬁ? éwpsm for

Lt d h {
enay S5 SRBEa of eSonC wllBeLR e ks R g i1 The
foIIowﬁ{geéi(érﬂB@f esfePenddae sd@ﬁem@dhétrn@%mf igu mraa'eepfovﬂed to aid the
DNA was i sol ated from agar ose bl oc

understgr)q!‘mg okthespresent invention Khe: tnmggﬁgho \gg ||§%§épq{g1 in the
appe%c?%cgél)a{rgé it Y r?c;]éo %%o%a?ﬁ{cfdlﬁé%t@ c%?‘\??éaﬂw‘é‘?fétlhﬁhe'p'ﬂocedures

fuse portions
set forth without departing from the spirit of the invention.
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end, the two portions were united in a single PCR and
five PCR cycles were run without any additional
wowose3etsh and downstream priners added. Duri ngCIIEP2@06/008380
cycles a few full-length p?loducts were forned, whereby
t he annealing tenperature that was used was cal cul at ed
for the overl appi ng sequence of the 5 portion and 3'
portion. Subsequently, the primers "5 trypsin" and
"3 trypsin" were added and 25 nore PCR cycles were
Description offtre ¢tigurebe anneal i ng tenperature used here
corresponded to the added prinmer with the | ower
nelting tenperature. A nutated full-I1ength DNA fragment

FIgUI’éW'S subsgepsmelof naiadryptid dedvage s;iersrfongwe/p[a-pro insiutins of
the "PCR cloning kit - blunt end" &R%ﬁ Dlma D?\lfll{g% |
GrbH,  vHMHRaN ApsSWigg g]s(y@gegla,r(gmqag@ @)glu e ed triangles
fragnent
anal'yer <34e SEaEeBIBE VBRI SodlERY dleptfiaRQesTenote

then ex %leaabge/smweldmg blygrodgetswiha digulfide bnddN@lf the pre-pre

and inserted into Pi a gstori S expression vectors

t hat wer'@sﬁﬁ"lsa@'@dn%é:' '?ME same restriction enzymes

(see Exanpl e 3 and Exanmple 5). Ser 172AI a: The base

triplett "TCT" found in, SE IDNO S %S|t|ond h
Figures28- 531 R@sp%wlm@%'we & with regolh Wil éype uman

first P nucl eoti de "5’ -Try- Ser 172Al a"
(SEQI %Jﬁég g uggd as a prinmer in conbination
W|th "3 -trypsin”, and in a second PCR "3'-Try-Serl

Figur% ﬂ)?nat ?E% ba[?{rﬁglig]gjr%rgyge:ﬁ:@ﬁ@gqfﬁlitﬂ e b%ﬁpéﬂ Serine190Alanine

i nt er redhadhanfthggirevasamgExampdsdyuent |y used for the
third PCR in order to generate the full-length

product. Exanple 3: Coning of the artificial DNA

FlguréﬂCOd' ngM@chﬁrthéE)UlasfrﬁWhlyr@ém 7RIz whichpisre dervative of the
trypsi nogen in | CZaA- derived expr essi on_vectors The

DNA fr agmm&fﬁ@ﬂﬂﬁﬁ@"@bi@ plasmighpPliCZavbinyirrgeng thatronfers

pancreatic. en. e

f ragnent € %@ég%i&zgf"é'”wa&%%gﬁ @&g&%&ﬁ h Fﬁ%ﬁ\%ds the

Xbal | ( RegritRefit BN SbhGEndaTEMEoding thé vadarnf r‘daembmant porcine
i sol ated using the "Q Aqui ck Cel traction Kit

accor di ngecretechrypsisegen thaswarges thﬂesﬁﬁﬂl%%taw@? acighe
f'ragment %\@%G{! cgtgtq%gi #ri3k & ALRE4RE ltﬁ-ggﬁ‘cl\é%ﬁarseqhgﬁﬁé R¥coding the

fusi ng t f e sequence enco

reconbi nafacReisidrze peplde G Sabcu@mmmmerewsm “AOX1-Prom”
nucl eoti de sequence encodi ng the a-factor sig

pepti de Henetesdbe RiehimpastorefON IsPrRENOtBES B—Pémt ggnotes the Pichia
ligation_r or was simlarly cl eaved
L Lo ppERR Ay et /

dolated. The cl oni ng
procedure followed inserted the nucl eotide sequence

Flgure%COOII n9 trg%rc\)/?r{su?‘n (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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reconbi nant porcine pancreatic trypsinogen directly
and in frane after the nucl eotide sequence encodi ng
wote7/@1fsact or si gnal peptide from Sacchar omyc@gT/EP2006/008380
cerevi si ae. The nucl eoti de 2equence encodi ng the
reconmbi nant pre-proprotein as given in SEQ 1D NO 6
were under the control of the P. pastoris AOX-1
promoter (SEQ IN NO : 7) which, e.g. in Pichia
pastoris, is inducible by net hanol Constructi on was
and “pRICOKD Merkned BP3p402i25g0106 werejaapllectl Referericelis aiso prade to

furthew??ct%%'dggg{ fei0p Eg e saHAE PO T EIRY B4R miéides of
moIecIJl?:\‘F Qvé?é%r i tastdeskfibel in %tﬂb@ﬁeﬂﬁ%cﬁf& TAaribifs,
oc e agnostics GrbH) accor di ng to the

Moleculwt@lonmgoAsLaboratm’yMmuaiciﬁr@r%dltlo%. GEHbPress. 2P@4ht i on

preparati on were subsequently used to transform

conpetent E. coli XLI Blue cells (Stratagene), in a
HPLCtraethodvol une of 205 ml . Follow ng incubation on ice

for 30 mn, cells were heat-shocked at 420C for 90

sec. Subsequently, cells were transferred into 1 m LB
Station@d) ptiase tNuolesslial 2045f©18, ]NIBCIMreS'&)NageI #50ox4from; Mobile phase

s oo e ST A SO g AL e
Mobll@ﬁ(ﬂ@%g@bﬁa %851&15 Rogbhaté a:f@??bﬁtzﬁﬁ{(%r%ﬁﬂa\mr%%(v/v)

S vver I sol ate Sanbr 0o Frit

acetoN&ﬂeaGrasdlewblheear drontiédhiphgse B loaﬁb%aﬂms)e Bayithin 303nin.

edition, CSHL Press, 2001 ) and tested by neans of

restriction anaIyS|s as well as sequence anal ysis.
The félondihg exbmplenare neended:d ltlosttEHefthe@resterdnnmrﬂlmm\dlthout limiting
_ cloning artifacts were selected. The expression vector
it. har bouring a vari ant reconbi nant porci ne pancreatic

trypsin with the a-factor signal peptide from

Saccharonyces cerevi siae were desi gnat ed

pTry-Ser172Al a, Exanple 4 : Transformation of Pichia

stord | P = r f -

Examfi 12 CiSaiAd e of Brerd vl SBFQIRS sE TodEblrint human wild-type
trypsipasd@érinet @R lambe himarkiypsinaediaBDl 168

(I'nvitrogen). Preferred strains were X-33 and KM/1 H.

Transformati on was ai ned at stably integrating

expressi on constructs into t he genone of the host

organism Initiall D nedi

Y, YPD, = _
TheseebaiBentswPis: EoNdred AL i PHINE 2f B fTterad solution)
] | d hak ht
and 8 e S e on- conpetent el s, -

100 M of the pre-culture were added as inoculumto

e 4l 4 R B dnn GERgr o

reactiofWdd stagted addlﬁﬁﬁ of the &nzyrie prepanationeSanpiesiwere taken after

defi miq?pohmg l;qce CO| za%ni&cg@gl oﬁ%mgnﬁﬁiﬁ%gké’?oﬁ’}%ae by acidifying

the sélﬂﬁtés&ﬂﬂf?@r% ‘RPOI”? N FEl %8|Lﬁ|oﬁt ¢hilc®neahebtior BEthe respective
cell's were C ntr| uged one nore time

products were determined by HPLC.
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at 1,500 x g for 5 mn and resuspended in 10 m ice
cold 1 Msorbitol (ICN). The cells prepared in this
wovay7/ose1se kept on ice and used for transfor matPiCarEP2006/008380

i medi ately. The pPl CZaA-d®srived pTrySeri 72Al a

expression vectors to be used for transformation were

linearised using the Sac | restriction endonucl ease

(Roche Di agnostics GrbH), precipitated and resuspended

in water. Transformation was acconplished by

el ectroporation using a "Gene Pulser 11(tm" (BioRad).

For a transformation setting, 80 ml P. pastoris cells

in 1 Msorbitol solution were mxed gently with 1 ng
Example bi MataheREsieXdfr essithule nutlddideasstiuaneesthat rettodes porcine

Into an ice cold cuvette which was then kept on ice
pancreatic §ypsinogeibsequent |y, the cuvette was transferred

into the Gene Pul ser. Electroporation paraneters were

1 kV, 1 kWand 25 nF. Follow ng el ectroporation, 1 ni

1M sorbitol sol ution was added to the cell suspension

P
Gene?’@lgt Start Pd‘ﬁ%théfd@bﬁ@?)?ecﬁﬂépb% OB?O &splled &Sdesdrﬂ%ﬂ in

extrose sor | nvi tT ogen) contalnlng
Sambnap i Fritectt Brilaniatis) Malemxi@eﬁbonmg tmLaboraI@ty Manugal, aeqi edition,

csHLSHER S0 Poh kBl S5t el BhBLE AR TS ver

generhl ﬁfé‘iﬁ@d kst 19819 KHoWgd “ﬁt&dﬁé&te@%hfa@éﬁellsﬁt es.
Colonies fromthese plates were picked and separately

resuspended in sterile water. The cells were digested

Mutat}@'cﬁsr\/{érh% g?r‘ﬂ%}g%e? M a Bbﬁ%Jo‘&@%%c( f23RIH @l % ?bﬁﬁnéﬁé’@@cham

and afterwards frozen O"mn at
reactio8 (PCR)Bin oxdendo afutdteRa desiregicodoncice.i baaetrmapﬁea@amf

tt th ) Pl d.pT
comp oy agﬁspg §t5%n<§eec§ ﬂg\ﬁ\ fRI E'georﬁglg (@& r%%he\e/s%nélpg]rél vgrlant portion of
the syrﬁ*&i&ﬁ@él@@tld@%@lﬁé&e EREHIRG pOrdING |p9ﬁbféé&|c&ﬂjb@ﬁt$gén were
encodi ng the variant reconbi nant E rcine pancreatic

designeq padrsypthesises. dihe sioglersirandad R OI!QSDPM%EQ&@% were identical or
comp%(nbe?qt B @nafp\%a%é@epnggg\segtﬁ @ggﬂp S)Pé’eé)tst Etgrc tthe triplett sequence

to be RTUItSRRATYPRENY, 4 ONA bﬂgorﬁmdéétfdémd anen@m cfoabe(ﬁQOOtbS%
contalnlng an expressi on cassette, the ternms "vect

nucleatides; dhe treplsit seaVeRER o barautaiadal its wmwmevbwes é?@%ted in the
centrd] rp%rtl&# 893% @El%\}t) I n%cieeo?fd%dcoqﬂﬁl‘lélhé ?nfi %ast @?nked on both sides

esence € expressi on cas es st

by about tQtatl 2chuchéatideBe The ik ohgoeuclee'ddésnwefel debgned such that
,qharact rls tjion of v 0 nt ,porci ‘
nybridjastorcel e NOGIcnuAERUdes s BrRIanId- e FSeomBiRantporcine
pancr%é@&?ﬁ'&? %@@'Néiﬁ?g?c%@u | frelfg$tﬁQé I'E)(’;lr\llﬁa‘?%ﬁé%lfeﬁncmtﬁﬂds with a
centralenisoratclrbst withdntaicbhase pairimgodttthe rﬁleo keuofi thee mismnatch, including

S fashi o | e Expressi on and secretion
the 5&"4/5@%&?@?%@%?:@”@‘%‘@%@%@ €pancreatic trypsinogen

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
nucleotides of SEQ ID NO: 2 and the second, designated “3’ trypsin” (SEQ IN NO: 9)
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
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A set of positive clones (20-30) transfornmed with a

pPl CZ aA-pTrySer 172Al a expressi on vector were grown as
woshakengcul t ures overnight, each in 3 nl BMGYaTAR2000/008380

(BMGY = buffered gl ycerol -zonpl ex nmedi um | nvitrogen).

Afterwards, the OD6oonm val ues of the cultures were

determ ned before they were passaged i nto shaking

flasks, each containing 10 m BMW nedi um (I nvitrogen)

s b ST ISRl AR S o2
“5 tryagﬁk%n\%ﬁne'ip@r%dgkrl%{daé BeXbaR@ftkl | ve control clones

re cultured u the sane conditions. BMMY (BMW =
buf f ered net hanol - conpl ex nmedi uny) nedi um conpri ses

A nuc!@?%@@@qu F@a 'tﬁ&%@%%d%‘ﬁﬁaﬁ ¥ M%%Bﬁiltlﬁﬂ)n of an amino acid,

uctor o ronpt er” that Jcont 1o
of thetwilthtypei patuse p@frcmbepamaoéami trytesis popteimcwas syothasisechiey means of

nt onbl nant porcine pancreatic trypsinogen.
sever@}néﬁegagﬁdp BSm were taken fromthe shaking flask in
24 h intervals over a total tine of 72 h. When a

. sanple aliquaot was renoved, the culture was, al
A firstancha 6o e CatHRgIouS UsNG @feag%ra@m dopbleystsanted DNA
compfEf 42 BB 860ce USRI, EDSEFID NG lilos resent as
an insestnioreeeggtor. tTr’qqomotoCéeqmrﬂdm(mg ihguosert mxrai susth that during

b 2, t QD6
PCR e aimene s MeoEeqnard) Visie Delqhednrieeiul ¥ aen gnpgaled. The
first PERWak rHa@é bgmgaé‘ﬁaﬁWWlﬁ?érﬁ%ﬂﬁfstM?%f #7e &5t thypsit® gtimer and a

activity was nmeasured in the undilufed supernatant as
first singld-staanded BNA oligenualedtisie camptising dhe nuutatady nes variant triplett

sequelics REREIRABFCWE: BT 20t e i6 oRPPRLS (RPiaE DRYA Rirgnds. The
secondtP@R\as hititred acdBrdingly, usiy teéaBptrypSiar brﬁ%‘r\'eﬁhd a seﬁond single-

expressi on vectors showed trypsin activity due
strande@&ablét oligonugleatide, matmwnnmerﬁawofmepfaﬁt@@%t%a result, the

st afd HPE b BodHEEP GRS teled o Mtpithey B bitueks: By 8 i 3 portion of

a nuclesfide segosncd eacodingrbvavant diregsmbiiant pbraiie panthdatic trypsin,
case conprises the a-factor signal peptide from
Where@é(c,tbﬂér Qﬁ?l%'scafé'?@\ﬁhg imidatachsequencecatdts 3 enst ang, vice versa, the

> porfi bBENRUTRLALS SBEAbAGL ¥ hesaghai LY. Exarple T

ncreasi ng expressi o i pl e transformation
and i ncreased Zeocin(tm concentration The yeast

The e FRSLEEATRR MoblncaBrbrolaeE v anavees by gargee oo
electrobphgresidy tree désirdd fragsients wese exaistd \andi @NAIwas 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 fuli-length products were formed, whereby the anneaiing 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 annealing temperature used here corresponded to the

added primer with the lower melting temperature.
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supernatant nedia were subjected to repeated

el ectroporation using the sane expression vector as
wooenveseissl y. Conditions for el ectroporati on WPCE/EP006/008380

described in Exanple 4 wit? the exception that YPDS

pl ates contai ned Zeocin(tm at increased

concentrations, that is between 1,000 and 2,000 ng/mn.

The concentration of the antibiotic was increased in

B3P RSP AP S0 v
using BPEER IniMG KL bluke@pt” FREEIRS Diddndstits GraBRIY Mannheim;

resistance to the antibiotic were transferred onto
cataloguedwed 93H648). ThexPNAskagmantwas xerified dydypeans of restection

I n_Examl e re-cul tures [ d Wole A .
enzym e RR S eI ot B MRRE OB iy 2 thefl Rcised by
mean§l ©f EledivagE WithRhé 1 ¥pEi Notangnd s e fted tito Wit hiassstetie expression

into the growth nedium as described in Exanple 6

vectorsithat/wetetleaved sithibesanae restrigion praynes dseg Example 3 and
Exambl? eased anmount of trypsin activity. On the average,
Sin activity measured in the supernatant of Pichia
strains repeatedly transforned with the respective

Sert B2 0h8 Bt TR 2EE: PRS0, FEREE YB3 E88 591 ves

substiflR6d Gt CCT P TRCMIsSENd,Sh laAire6 PURthd BN AUSKIRI Lo I “6'-T ry-
singl e transformation. Exanple 8: Purification of t

he
Ser17QAla {SEQ1D NP1 dewpanisedas & PHmgsdn pegwinatiashywith gd-taypsin”,
. cul 4 A [ 0. t b :
and i b BAEE AT O o AT 200 (LR B NOR LS 880 P F ptifher in
combihatib® with ‘“@beypsih’ 2T i@ isblatediitterrastiate fragamsttanerbsubsequently
f(195- 20V cont ai ni ng 5-30 MM CSI ciumchloride, pH 3.5.

used for ghe HjigkPREy éh ordgritagengaatedneifel-enadhy Pﬁ%‘glffé of
expanded bed chromat ography (MCom ck (1993); EP 0 699
687) using a cation exchanger (e.g. Streamine(r

Exampfe)3: @ﬁﬂ%@?@ﬁﬁﬁfﬁ@ci%@N&TmWQQtVaﬁﬁaﬂhbQﬁofrB'Pi%@%‘t porcine
i _ A
pancr S Gl Rtafh ) HPYERR OB Lot Bl P scpharose

(r) XL, ff). Autocatalytic activation was started by
fferin resence of 20

b he. pH 7-8, i .
The Dhfieffaument noafinBringaariaB iHoomuRaT,P SRR AR TEALC f¥psinogen

that wad genleritedifitsin PR Srafimentd (s& Eixahfifle ) Wil éxciésd with EcoRI and
stored at pH 1.5-3 in order to avoid autoproteolysis.

Xball (Reche BiagnosticaBmbHicthe fragment wasjeelateq usingbpQlAquick Gel

ctivity of .purified b conmi rcine
exra gAY oY b RGBS of RSP DR, .

det ermi ned usi ng Chronozym TRY (Roche Di agnostics

G1b in 100 MM Tris p 0, 20 ,nmM CaC 2 _at. 25C. .
The frpam%ﬁmﬁ@%%wpéh% Rp'ééeAc‘éﬁcﬁ?’eH‘%ng éﬁ!s'_ﬂagh% pclpgtide

I d . I .
soaueoS I Bl RERLORUALLARIE BAREEBIEIoiosen o ho
nucleatids seaquesridecdvecddimg thestiifastoBsigrel paptide from Saccharomyces
cerevisiae. Before the ligation reaction, the vector was similarly cleaved with EcoRI

and Xbal, and isolated.

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

sequence encoding the a-factor signal peptide from Saccharomyces cerevisiae.
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Chronmozym PL (contain |ysine/ Roche Diagnostics GrbH)
were used. Exanple 10: C eavage of pre-pro-hunman
WO 206031t 187Al | experiments were conducted at 80@CArEP2606{9HB380

val ue of 8,3 (buffered sol2tion or controlled by NaCH
dosage) and were perforned on the 20 nL to the 3,5 L
scale. In sone experinents, the pre-pro-insulin was
al so cl eaved using native, reconbi nant porcine trypsin
in order to directly conpare both enzynes. The PPI

The nsdkotidesegasnde eheatling the reqambipanhpee-prapratein asgiven in SEQ 1D

t I
NO: 6 3ERPuEIPr§he ERBUBIG HE Tprse ROC | SIBIEF (5 R NGy 7
which3 42 Pithid!phtotib! ihdbableabpmdihianainzy mati ¢ T eaction
I mredi a ely stopped by acidifying the sanple

solution by a 1 Nor 2 N HCl solution. The
Constﬁﬁ{f@ﬁ%é}%ébg&nﬁﬁ_ﬁéﬁbi@Fogﬁi?@tlh\éetoPéIQ/é‘I{ﬁhé of®08u1 20 ng of linearised

1 depi cts exenplary results
vectordi'agmente@parvo‘rmne of Tlapl),£1Q0 ngt@ef ¢laavedfP ngRefr agreenhdmiSi W), and

incUbAILRERTINE 2baPes e (S iRsenca i hE Ny HAVE (Riidye Diagnostics
Gmbl—li)ae{ﬁc%%nQﬁﬂ WRé ifdtAiciBhs B 81 mahsifaciirdpe5 $e entHe Iigation

use of the S172A Trypsin variant
prepatmmrmeessmbﬁeq‘l@ntl‘aused totranséoroheemipetant iy golioltRlye cells

(Strat@g]@ea)nghﬂlto vg)gﬁ{%p%%grﬁ%lj@ul quﬁ%ﬁ%a |éfn oﬂ%g‘f’%‘?%mm cells

were ﬁ%tpﬁfddk\éa #tl4pagaeeopiselcd Subsgguientty, @bbmarelmaensfﬂrced into 1 ml
pre-pro-insulin with native, reconbjna

LB mqﬂbum on incpbstad fori1dupt 36°G o AlowiTer EGMRSRIONA Ssieqtion markers.
7
iy 8 20 MBSO 100 s

lncubét"e@ffbﬁwﬂ‘pémﬁ@ \WessistantdonBs evere pickesl) Iplasmids weeredsolated
cl eaved u3|n native, reconhjnant r ne tr in i
(Sambyiogky Fritschi & nlgtl%(M%lgpgab Icp,nlggzg orm%%q%ofrd edition,
CSHngaJiésre?s‘:sS ng?ggnd kg bg rﬁ?,ﬁh§5§ SSGARIrPANaly§i8 ‘Qst\ﬁelpéstslé%uence
& val Ues pre

xperi ment sented mark
analyﬂsl Consfructciomesvenifititot bé reeafiesrars ailmkieckznlngt@‘t;iacss were

re I
seloce TR g eamo v et A A\ ArkaC BB iSA bancreati
trypsitf itrPle d£8otbilinElde Wwﬁémsﬁm gsrefvicadaiire
ryps% 'rﬁ@ use o?lu%lﬁ 5‘51 2A T?yps?n vzgrl gﬁt dgcreases he
desighateda TrgrSeafl 7RAta,undesi red by- products des-Thr and
AO- conpounds and consequently increases the anount of
i nsuline glargine. Exanple 12: C eavage of

Exanﬂé?#pmahﬁféhhbﬂo@'dﬂ Pighizep&xtoeis | with tpi| CZardderived pTirpi@er172Ala
exanple 10 were used. Pre-pro-insulin was al so cl eaved
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 ml of fresh YPD medium and grown until an ODgoonm 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 mi
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usi ng native, reconbinant porcine trypsin in order to
directly conpare both enzynes. Table 3 depicts
wooeTgH1s87y results of the experinents. The valPgagEP2006/008380

presented mark the point o027 maxi mum product formation.
Table 3: Results of pre-pre-insulin (insulin
glulisine) cleavage reaction using native, reconbinant
trypsin and the S172A Trypsin variant.As can be seen

_ from Table 3, the use of the S172A Trypsin variant )

ice coltb(l"6asterile atenrThe ¢e)ls were erntrifvged 3gain &8 10y @fgr 5 min and

rsusGRHRE I ESLETICH c4PHERR fateb TR uele RPARIIAR one more tme

at 1,500x<d fft 8 miPand r}é;ﬁﬁépﬁ;ﬁdlédrina QonﬂJiz}_escoI«ltﬂ M(rjsmbitd)lr(g)N). The cells
insulin, an insulin analog or an insuljn rivative.

prepaped i thiseway msrethept pndpe ARE UseddPr trﬁgaﬁqrw,aﬁaﬂ immegiately.
anal og or an insulin derivative, wherein (a) a
pre-pro-insulin, a pre-pro-insulin analog or a )

The pPi@ZpAedénived pTrySer T2Alavexpressior yeetorsia he gspdfoptransformation

were BRASSRE A GBI 5ab DhabPFOSRHbbhOSRELS BAGES: BAAGHSIRs Gmbr

precigitab@y 888 ressbéridediin wiitet. TrahsrMasbe Wy acddbmplishedby
derivative, this insulin analog or insulin derivative .

electroporaitioni usiy adGe@eo?uIS%BB"”dBé%%@@)e For adtansfomaatign setting, 80 pl

recursors i | an i ' . ' '
P paoF SEI 13 soRTD B B 13 b iRoc
expreb§ioHNetGPINAGMY transferied iARy aiv e oid casetté wrict nas then kept on
such further processing is separated and obt

ice fovﬁﬁ @wes§ua§?w%th theyceyefterwas tiansiared tie the, &iﬂr}\(égpvééf-
e SRl il ieth 0TS SRS 28 F Ay Hpcipporaton. 1 mi

1 M s6fiel klufien wasPaddid B thd eutesuspemglonwa$zlibdequéntiyaplated onto
insulin, human insulin, in which proline in positio

YPDSpiatem6Y a8+ yeasitnapiore dpyirage solbjtel; Inwtrogen) cgmtamr}ag

-enl i n. . . .
100 B 2RRGE 5L IR R Tob S A By Sk il sprosc o
single%ﬁé(&ZﬁPDS \piates iwerel ihoulsatdd dt SOB3Adr Duindays. Néadst clories were
rocess according.to claim2, wherein the insulin
transfglrrgpd@to gridediImipingak dex{ase platespCoionies g’@Ebﬁlﬁ%P'ﬁkﬁs were
pkof RS SRl IR GBI ATTHS 18D diesed win 175
units oflytitase (RocheaDiagnoistics GreloiRtorft bat 30YC aund afterwards frgzen for

10 mlngg—%togg hﬂrg | Qésts &g%gth%u&g%#riq%g :th%:expression cassettes of the
respebive PPIEFLALRHVEIYSTRY SePFEIAIR exBréssibi b &ol Wes 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 presence 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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human insulin, B28-N-nyristoyl LysB28ProB29 human

insulin, B28-Npalmtoyl- LysB28ProB29 human i nsulin,
WOBB0#d1m7r i st oyl - Thr B291 _ysB30 human i nsul i n,pCBARP2006/008380

N-pal mi toyl - Thr B29LysB302&human i nsulin,

B29- N- (N- pal m t oyl - Y-gl utanyl ) - des(B30) human

insulin, B29-N-(N-lithocholyl-Y-glutanyl)-des(B30)

human i nsulin, B29-N-( - car boxyhept adecanoyl ) - des( B30)

human i nsulin and B29- N -car box%hept adecan

). :
Additionatys contral ﬁransfermah%%wr%@ﬂajwﬁ he regipiest %&? pastpris

w71 R GG P 44 LBBor 26856 KR R0bRained anc
Ver.f,eldnﬁtg simildPfAgMo®r an insulin derivative conprises a
cl eavage of said products wth Carboxypeptidase B. 9.

Process according to any of clains 2 to 8, wherein the

Examgleea.i‘{ aggpmiskibroaMd’ 28kretitr ©f NearidntPReddrisinBAt fpuroiné pancreatic
t an pl—Eva lue in the range of 7,5 to0 9,5; a

trypsin@ggrer at ur e bet ween 10C and 300C and the enzymatic
reaction is stopped by acidifying the sanple. 10.
Process according to claim9, wherein the the cl eavage
is perforned at an pHval ue of 8,3; a tenperature

bat A S 9.4 L EiPe

s B Bl 5 T 2T S

expre@éibﬁ'\fé%tdrr\Né’rgl\goWiﬁé@thklhg editbsest dveraighticeach BEMIBMGY
encodi ng Ser172Al.a porcjne t

mediurg (BMQY scbuferd@lyeerel sompiex HRAIESH evst@@&n&ygf?wards the

ODGO%’SS’%W% fiﬁgs(ﬁhﬁgﬁ%gwe&%dﬁﬁﬁaccor I'ng t F{]égé’aﬂé%j into

shakifid) fasks, e¥achesbrityi ntrigﬂ(&erﬂ@&'lme( ﬁlé@ld@(lri\hirogeh)m pM 3. Pre-cultures

vect or Cor‘rprl Si ng accor ng to
were used 83 iRCLLM 107 SAUKEARAIN A & BatnS sufiyBsgertkent on a

shakdr'a{ 306, ﬁpﬁgfa'(l:lﬁl %sfﬂg@ Wc@ﬁe @w)erﬁr&ﬂt‘u%d‘ﬁnéeﬂﬂ@ £dme

accordrng ranstorm ng a m crobi al
conditioisg. strain with the vector, (c) cultivating the

transf ornmed m crobi al host strain in a growth medium

that contains nutrients, whereby the nicrobial host
BMM¥t(BMMY@(buﬁemismbtmarmmﬂ)anMwnr)enedmm camprises methanol

(Malipsispét Babal Brhbict b g pefiekis litie AR Japoiiger that controls

vansi B R ARGt SRR TEATGA arsman: o

pancrbayps;nypsihlogent he m crobial host strain

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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and/ or the growth nedium 18. A nmethod according to

claim17, wherein the mcrobial host strainis a
womb s 7r ophi ¢ yeast strain selected from a @CamEP2006/008380

conpri sing Hansenul a, Picht%a, Candi da and Torul opsis

species. 19. A nethod according to claim 18, wherein

the mcrobial host strain is selected froma group

conprising Pichia pastoris, Hansenul a pol ynor pha,

Candi da boidinii and Torul opsis abr.at a. SE
superpatant N@sseNgd- YR ACHiKi% SsmBéglt"?é’HPéﬁ% Ef\'%E supernatant as

well agg{ £rpng dlﬂ? tisipche AG Roche Di agnostics GrbH <12 0>
eavage precursors of insulins by a variant of

trypsin <130> DE 2005/ 039G <140> 0577086. 6 <141>

whio 23850014 S8 Siocib S IEBPRCELA Wi gt oy
measﬁr%%%tr?&&ﬁrdd@iwt@m e MBHWING, PRAESESNs SRMSRIBRPWith pPICZaA-
e porcine pancreatic Trypsin w thout signal

pTrySpe‘plZAde expressiop gpctions skowed trypsBracivdtyrdus: fothegespective variant

ot rec RS BRI GOTD <FERe bk e L. v
culturé %&ﬁﬁnﬁ%oﬁﬁd‘ tiRgefdrb beSedndilided it xprédsiorbi/a Fecorhbinant pre-

lie Asn Ser
protein which in this case comprises the a-factor signal peptide from Saccharomyces

cerevisiae enables secretion of an active enzyme with proteolytic activity.

Example 7: Increasing expression yield by multiple transformation and increased

Zeocin™ concentration

The yeast clones transformed with the pPICZaA- and pPICZA-derived pDNM
expression vectors that were found to produce the highest trypsin activities in
supernatant 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/ml. 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 transferred 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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20 25 30 Gn Trp Val Val Ser Ala Ala H s Cys Tyr Lys

Ser Arg He G n Val 35 40 45 Arg Leu Gy Qu H's Asn
wol20e7/033pB7Val Leu Qu Gy Asn Gu G n Phe 50 52CaMEPRD06/008380

Asn Ala Ala Lys He He Thd0 H's Pro Asn Phe Asn Gy

Asn Thr 65 70 75 80 Leu Asp Asn Asp He Met Leu H e

Lys Leu Ser Ser Pro Ala Thr Leu85 9 0 95 Asn Ser Arg

Val Ala Thr Val Ser Leu Pro Arg Ser Cys Ala Ala Ala

100 105,110 Gy,  Thr Qu s Leu e Se Irp G -

Exampla,BRprigAion ! 188 vagat GHBOTEHS RaRcraglic GubsihgBeRbm liauid
Gstidette fhyd the eu Ser 130

Cu““%%&p%%tésp 'gaeraCSearC{I Cys Eg@ Ser g?] \}I%/}!adéro Ay Gn

lie Thr Ay Asn Met 145 150 155 160 lie Cys Val dy

Phe Leu Gu Gly Gly Lys Asp Ser QIS An Gly Asp 165

170 175 Ser Pro Val Val G n Le )
The egtire tarmant%tl%gr@lé wasgtjluted Imécﬁah? ef @9ufr]/§ tey 4 @9@1 ammonium

aceta@o@i@aﬁsgﬁm@rboﬂy r n@rgfs %)ymy"éal? éﬁlrongéh pq19§ 52?% trypsinogen

var|an$|véhs°b@r|ﬂ§iﬂb§2hﬁba}ib50f2é5€bafﬂbﬁ>beﬁ sﬁrbmategﬂapm(mmuck (1993);

<213> Artificial Sequence <220> <223> @scr
EP 0 #99 667¢ Laingse gatier exchangas{ed. Stenming KE) &fﬂf@matography

was cBfied 83{ w‘ihguty ;g’r%r"é%%ea?aﬂon of the yeast cells. Further purification was
done using a packed bed column (e.g. SP-Sepharose® XL, ff). Autocatalytic activation
was started by rebuffering the pH to 7-8 in the presence of 20 mM 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 3,5 L scale. In
some experiments, the pre-pro-insulin was also cleaved using native, recombinant

porcine trypsin in order to directly compare both enzymes.



wi t hout signal peptide and the part of the propeptide

encodi ng the enterokinase cl eavage site <400> 2
wogatyEstpat g at aaaatt gt tggtggttat acttgtgctg ECIAPROICADS3IZ0

tccatatcaa 60 gtttctttaa alttctggttc tcatttttgt

ggtggttctt tgattaattc tcaatgggtt 120 gtttctgctg

ctcattgtta caaatcaaga atccaagtta gattgggtga acataatatt

180 gatgttttgg aaggtaatga acaatttatt aatgctgcta

The PPl gelylionwas il et apamnTiste Mt deBy Beplie§Bssel and the
reactit%lg g\%%tétéﬁéd Hddusdrsf thel dAAinké Bréysaration SSampldicerd Bken after

tactgaa 360 tgtttgattt ctggttigggg taatactaaa o
definitedime inggtvtals;tthe tenaymatigtreactien wgsdmmediatelyt stopped by acidifying

aagct c t fttgtgt t ctitgta { cceC .
the safagasolagaac S d MACt SoLBad: THe Ebpteiflyr ot Epective
produfisdgérdéterhirdcppigl (240 gattctggtg gtccagtt gt

ttgtaatggt caattgcaag gtattgtttc ttggggttat 600

ggttgt gct c aaaaaaataa accaggtgtt tacactaaag tttgtaatta

tgttaattgg 660 attcaacaaa ctattgctgc taattag 687 <210>

3 <211> 223 <212> PRT <213> Artificial Sequence <220>

<223> Description of Artificial Sequence: am no acid

sequence of the variant porcine pancreatic Trypsin

<220> <221> PEPTIDE <222> (1) ..(223) <400> 3 lie Val

Gy Ay Tyr Thr Cys Ala Ala Asn Ser lie Pro Tyr @n

Val 1 5 10 15 Ser Leu Asn Ser Gy Ser H's Phe Cys Gy

Gy Ser Leu lie Asn Ser 20 25 30 Gn Trp Val Val Ser

Ala Ala Hs Cys Tyr Lys Ser Arg lie G n Val 35 40 45
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Arg Leu Gy Qu H's Asn |lie Asp Val Leu Qu Gy Asn
Gu A@n Phe 50 55 60 lie Asn Ala Ala Lys lie lie Thr
WOHoe7/BiB7Asn Phe Asn Gy Asn Thr 65 70 75 80 [PEW/ER26/008380
Asn Asp lie Met Leu lie Ly® Leu Ser Ser Pro Ala Thr
Leu 85 90 95 Asn Ser Arg Val Ala Thr Val Ser Leu Pro
Arg Ser Cys Ala Ala Ala 100 105 110 Gy Thr du Cys
Leu lie Ser Ay Trp Gly Asn Thr Lys Ser Ser Ay 115
120 125 Ser Ser Pro Ser Leu Ley A n Cys Leu Lys
Table A denists exgmplaty @éP'ti oR8LXPEHMENS Ser Ser Cys Lys
Ser Ser Tyr Pro Gy Gn He Thr Ay Asn Met14 5 15 0
155 160 lie Cys Val Gy Phe Leu u Ay Ay Lys Asp
Ala Cys G n Ay Asp 165 170 175 Ser Ay Ay Pro Val

scale [35”4%‘% ?;Pr%/’r"gg“% E%Aﬁ-g‘ sg ?I dffhxg I i@%%ﬁﬁj i;{ejftlgrnal

al Tyr 'I'hr Lys 195 2400 205 Valj Cys Asi rktandard)

Z1TZ O | e dal crive <
35L& f'§§¥e Des gr‘} ption of ,Q\qcﬁfi ci al 7|$‘>%quenc \W)q-':equence%J‘f2
¢RpgPANg | phe vari ant g2 gor ci ne 3p@ncr eat i4¢1 Trypsi n@gs
M thout signal peptide and the part of It he propeptli de

[ro He §n Guohr i epplad 3 rand 215.299 <410,

encodi ng the enteroki nase cleavage site

Table 1: Results of pre-pre-insulin (human insulin) cleavage reaction using native,
recombinant porcine trypsin and the $172A 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 AO-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 PPl 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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gtttctgctg ctcattgtta caaalcaaga atccaagtta gattgggtga
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at actttgga taatgatatt at gttgatta aattgtcttc tccagctact
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&
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dse ue
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peptlde <220> <221> PEPTI DE <222>

i gnal

re-Trypsi nogen <220> <221> PEPTI DE
.(16) <223> ami no acid sequence of the

(17)

(247)

Table<2223> Results atpre- sr@qmnb@a(lasumg@rglaetpge@yageg'@act@zcsmg

<223>
<400>

é?t?\? e, rB&ér%Bun%fnt ﬁglbélwacr{oa{he%%"fﬂ%‘énaﬂf plii Ufgsggfused).

As can be seen from Table 2, the use of the S172A Trypsin variant decreases the

formation of the undesired by-products des-Thr and AO-compounds and consequently

increases the amount of insuline glargine.

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- | AO0-Arg-insulin Yield
amount glulisine glulisine
[U/g of PPI] [area%] [area%)] (external
standard)
[%]
1L 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.




lie Pro Asn Thr Phe Val Leu Leu Ala Leu Leu Gy Ala
Ala Val Ala 1 5 10 15 Phe Pro Thr Asp Asp Asp Asp Lys
wol20e7/08a187Gy Ay Tyr Thr Cys Ala 20 25 30 Al a PEITEP3er6/0bB380

e Pro Tyr G n Val Ser Leu #sn Ser Gy Ser H's Phe 35

40 45 Cys Gy Gy Ser Leu lie Asn Ser G n Trp Val Val

Ser Ala Ala H's 50 55 60 Cys Tyr Lys Ser Arg lie dn

Val Arg Leu Gy Gu His Asn |lie Asp 65 70 75 80 Val

Leu Gu Gy Asn Qu Gn Phe He Asn Ala Ala Lys He H

e Thr 85 90 95 His Pro Asn Phe Asn Gy Asn Thr Leu Asp
Asn Asp He Met Leu He 100 105 110 Lys Leu Ser Ser

Pro Ala Thr Asn Ser V, Thr. Val. Ser, 115

As cantbg e el Takle A hesire 6 a7 AT ipsindRyiah fegiigses the
3 edBEs kY& amount of

formafigfPot e @@es@%@ @éiéo#;?firb ubdbarkd Borlédyfantly fiscreases e
insulinesglutigioeCys Leu Lys Ala Pro Val Leu Ser Asp Ser Ser

Cys Lys Ser Ser Tyr 165 170 175 Pro Gy Gn lie Thr

Gy Asn Mt He Cys Val Gdy Phe Leu Gu Gy 180 185

190 Ay Lys Asp Ser Cys G n GQy Asp Ser Gy Gy Pro

Val Val Cys Asn 195 200 205 Gy Gdn Leu dn Gy He

Val Ser Trp Ay Tyr Gy Cys Ala G n Lys 210 215 220

Asn Lys Pro Gy Val Tyr Thr Lys Val Cys Asn Tyr Val

Asn Trp He 225 230 235 240 A n @n Thr He Ala Ala

Asn 245



<210> 6 <211> 960 <212> DNA <213> Pichia pastoris
<220> <223> Nucl eoti de sequence of the variant of
wopooTemes7pancr eati ¢ pre- Trypsi nogen <220> <22 PETIEP06H08380

<222> (1) ..(267) <223> nudl eoti de sequence encodi ng
the signal peptide <220> <221> unsure <222> (268)
.. (960) <223> encoding the variant porcine pancreatic
Trypsi nogen <400> 6 atgagatttc cttcaatttt tactgctgtt
ttattcgcag catcctccgc attagctget 60 ccagtcaaca

Patent gldRscaga agat gaaacg gcacaaattc cggctggagc t gt cat cggt
120 tactcagatt tagaagggga tttcgatgtt gctgttttgc

cattttccaa cagcacaaat 180 aac ttat tgtttat . .
1. s phiftesSerila paraine SV AN oy A RSgRTSOPAGParing insulin, an

i B A S 8 G taat t ¢ rat bocatat
gaagtttctt t?aattctgg tt.ctcatttt 3?0 tgtggtg?tt o
2. Sl SR8 PP eBARHER 0B S e AR PR rivarve
5 twHaRgYt aa tgaacaattt 480 attaatgctg ctaaaatt at

tactcatcca aattttaatg gtaatacttt ggataatgat 540
attatgttga ttaaattgtc ttctccagct actttaaatt caagagttgc

t acy gy & (pré-ppEinduliac 83reairodhsdiroanglogiopel Y@t piek-insulin derivative
gaatgtttga tttctggtt 8gtaatact 660 aaatcttctg
gt t ct t Staleaveastwitbt Qrg7 g?ca@tcg'ﬁtwm\aagctcc agttttgtct
720 gattcttctt gtaaatcttc ttacccaggt caaattactg
gtaatatgat ttgtgttggt 780 tttttggaag gtggtaaaga
t gct(bpthearesylingaleavagepipsiuctsagte separatpdaand 840
ggt caattgc aaggtattgt ttcttggggt tatggttgtg ctcaaaaaaa
t aaaccaggt 900
(aa) if one of the resulting cleavage products is an insulin analog or an

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

(cc) 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.



gtttacacta aagtttgtaa ttatgttaat tggattcaac aaactattgc

tgctaattaa 960 <210> 7 <211> 938 <212> DNA <213>
WOR0eti3a1ggast ori s <220> <223> Nucl eoti ce sequemrcd/EXf20a6l068380

Pi chia pastoris AOXI pronoier <400> 7 agatctaaca

t ccaaagacg aaaggttgaa tgaaaccttt ttgccatccg acatccacag

60 gtccattctc acacataagt gccaaacgca acaggagggg

at acact agc agcagaccgt 120 tgcaaacgca ggacctccac

t CtCttCtC Ctttt

7. Prcess secodig fL g £ et BF eI RaRGIVEE selagted from a
t -
90p e %@%533????9'?53? B0 el A gt 529-N-palmitoy]
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TR R B AU 5 B Ga SR A 28-N-paimitoyi-

aafe g rmﬁ@ratrrs@ﬂﬁ laowrmeo;grrtﬁ@?ét_yﬁ° ﬁ&ﬁwan insulin, B30-
tt gaaat gct a t caaaaa Qgaaacttcca aaag gca

tumamt@glr Tba‘% ‘}?hw@gﬂ insylia B2Pal-(Hpalgeit amyl

A BRSPS oBEY S 35%@2*?%%%&%%@ pyman
Gﬁ@und tﬂwﬂ"@@cbﬂﬁwﬁ@bwdo@howa@@ts(Bm)amgnancmsunn and B29-N-

aagattctg aatact 720 gctgatagcc taacgttcat
'§3Mgep‘%é%9§f‘@ﬂﬂ hymartieedit- t gacagcaat 780

at at aaacag aaggaagctg ccctgtctta aacctttttt tttatcatca
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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 to claim 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 encoding 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.



<400> 8 gctgaagctg aattcgatga tgatg 25 <210> 9 <211>

26 <212> DNA <213> Artificial Sequence <220> <223>
woDesnesiipzi on of Artificial Sequence: priner 3'PCIYBRS16/008380

<400> 9 gtttttgttc tagactamtt agcagc 26 <21 & 10 <211>

25 <212> DNA <213> Artificial Sequence <220> <223>

Description of Artificial Sequence: priner

5'-Try-Serl 72Al a <400> 10 ggt ggt aaag atgcttgtca aggtg

168 YRR 2obipriid 3 SRATERER TR R ARR T il 1403, 14 or 15,

Sequence: pri mer 3'-Try-Serl| 72Al a <400> 11 caccttgaca

17.919 %?ét togjttg p?g ice §gr1 72Ala 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 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

10 (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.

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.



