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(a) an expression plasmd conprising a DNA sequence coding for the hirudin
precursor is prepared, 5 (b) the expression plasmd from(a) is expressed
in"a suitable E, coli cell; 5 (c) the hirudin precursor is secreted fromE.
~coli and simltaneously processed; and (d) the Leu-hirudin is isolated _
directly fromthe culture medium 10 Likew se an aspect of the invention is
the use of a hirudin precursor as descri bed above for preparing
Leu- hi r udi rpripesfanchvagable fawmrdom‘:meesswum’mpennmdthaé)eyntheéns‘ufrafmﬂAas pect
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for a 5ecmﬂ9§@m gffecieon tb@rmn®ﬂgrtd hifudim do dlwionathingcbangelin Fble@ﬂmmtﬁngrom (a)
and the design@hrty, Qﬁ@'lﬁhlbﬁcﬂ@ ‘f‘c’iscﬁq'nfd?jlrgm ?élhh?n‘i‘@qhé%r&rﬁﬁndﬁr rtg,here he

protein is isolated fromt ture supernat an arti _
N-t er mi nal T&MaRS MEAJUEDIRhe desired protein is leucine, and the expression
takes place via a nucleic acid construct in which the sequence conpr|5|ng
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and the fUurgieRiif vi e WaliskrdwrmiieRiish lidhiBHioh! 48842 A%he hirudin concen-
tration is a direct measure of the efficiency of secretion and thus of the
elimination of the signal sequence. The patent describes, however, that, for
example, hirudin starting with the amino acid leucine cannot be efficiently
25 released into the supernatant via the signal sequence of the CGTase. It is
now possible, using the method described above, to search for signal
sequences which effectively permit this. It is now possible in a similar way
to investigate the secretion of hirudins starting with one of the other 19
amino acids. This results in each case in a spectrum of signal sequences
30 which permit in a model way the efficient processing of the carboxy-
terminal amino acid of the signal peptide and the peptide residue attaching
thereto. It is thus possible to make a preselection of signal peptides for
efficient secretion of any desired protein into the periplasm and thus
increase the chances of developing an advantageous process for preparing
35 a protein. The invention likewise relates thereto. The process can be
expedited or automated by shaking the transformation mixture of ligand
mixture and competent cells as liquid culture in a selection medium
overnight and, the next day, inoculating with an aliquot of the cells as
described in example 11 medium which contains inducer to carry out the
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" The synt hesis of signal sequences which permit efficient synthesis and 15

secretion of Leu-hirudin is to be described by way of exanple. Likew se
described is the synthesis of other signal sequences which did not lead to
t he objective or gave worse results in relation to the yield. The exanpl es
are intended in this connection to explain the concept of the invention on
the basis of the selection of signal éQUences on the basis of Leu-hirudin
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S.T. (Ml. Gen. Genet. 195, 321-328 , 1984). 7 To synthesize the required
DNA section, three oligonucleotide sequences are prepared. 5
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sequence depicted in Table 1. The hygridizing part of the primer sequence
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One aspect of the invention is a hirudin precursor comprising a signal

25 sequence selected from the group comprising the signal sequences of the
outer membrane protein of Serratia marcescens, the oprF protein of
Pseudomonas fluorescens, the lamb B protein of Escherichia coli (encoded
by the lambda receptor (lamB) gene), and the fumarate reductase of
Shewanella putrifaciens, preferably selected from the group comprising the

30 signal sequence of the outer membrane protein of Serratia marcescens
and the fumarate reductase of Shewanella putrifaciens, onto which there is
C-terminal attachment of the sequence of Leu-hirudin.

Another aspect of the invention is a process for preparing Leu-hirudin, in
35 which a hirudin precursor as described above occurs as intermediate,
wherein

(a)  an expression plasmid comprising a DNA sequence coding for the
hirudin precursor is prepared,;



described in Table 1, as tenplate, and the prinmers hirrev and snonpafl, the
hi rudi n sequence is extended by the bacterial partial signal sequence. The
reaction product is then reacted in a second PCR as tenplate with the
“prinmers hirrev and snonpaf2 under the sane conditions. The reaction 8
product is a DNA fragnment which codes for a fusion protein which consists
of the hirudin sequence extended by the& desired signal sequence. At the 5
end there is the recognition site for the restriction enzyne EcoR and at
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m xture and grogrosdskid; apbect i on pressure on anpicillin-containing plates.
The next norning, expression as described in Exanple 6 is then conpared
with Al a-hirudin expression using the E. coli strain WCoMLOO / pCW7053. It
is found tHd} tHieedepriagliois sbizeditecty froputhelouiture sdib@t ter than in the
15 conparative test. Exanple 2: Synthesis of the fusion protein of
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their specideseripgd pBPV@.he hirudin gene and the sequence for recognition by
the restriction enzyne EcoRl, have the sane characteristics as the snonpa
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tgactgca 3' : nce:. 5 aa
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WeML00 / pCvrosi Et €0kis found that the expression obtained is about 1.1
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t he sigmal sequence of the |anB gene product fromE. coli Construction

t akes place.,in.accordance with the schene described jn Example 1 with the
exception iﬂ‘ft‘”{'sq r?rblaﬁegcb\gf ttHE 'BV?H@?% I3 ORpY$e & pisudinsof r?eﬁwup'm use of
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and the se r i it AR have the
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sequence oPossiblel imBegfeir efflientbha, precwsas mrotain raangisting: of el siginal 507
-514, 3981 pbptidd aRti 4/ otriFftisireBasrotdlf il e ARierRi rﬁ%‘% cecceecy
AATGTCTGCTPCRGGCAATGG Clcttacgta ?‘Zrct gactgc a 3 e[@é’;(:ggr% i %

with simultaneous elimination of the Signal peptide from E. coli, in parficular

where aay is leucine.

A further aspect of the invention is a process for preparing any desired
35 protein by secretory expression in E. coli, wherein

(@) a suitable signal peptide is found by the process for finding a
suitable signal peptide;



Primer | anbbf2 has the sequence: 5 ttttttgaat tcATGATGAT TACTCTGCGC
AAACTTCCTC TGGCGGITGC CGTCGCAGC 3' [SEQ ID NO 7] 30 In this case, the
prinmer |anbbfll is used in accordance with Exanple 1 in PCR1L and the primer
Tanbbf2 is correspondingly used in PCR2. The expression is carried out by
conparison with the Al a-hirudin expresg on using the E. coli strain WML00
[ pCMF053. It is found that the expression 35 obtained is at the sane | evel
as in the dbjparaanuioleia asid. coxfstrct todirgi fonat prastubsorgeioteihasdnsimpgreisi s in
t he SDS- PAGE sy ; hiikHdj S ed,.. and t.he N-term.nal
sequence of theqﬁlg%w?érﬁ?sé'gggg)r#ﬁég.*rﬁp{ f@ %Jhéhg?é'f% RIQKHenSe i s
conpl et el y i nt acxPs@epest iark.scali andt he amino acid leucine. This result is
sur pri si ng (BpCauRe deBfreRRGICATTISIolatétRbHT t%b%lfu*?@sugéﬂma‘?é‘ﬁ tive signal

pept i dage recognition site does not predict correct processtng of hirudin.
Exanpl e¥4: Synthesis of the fusion protein of Leu-hirudin and the signal 5

Shamanel | a b T e e o ot oy o SN e O e e RRet L
schene deség'l%'ég’ ?ﬁh&gngﬁg'%fs%nt k? ep@%e g Bnmt"ﬂﬁic, acid contuching he
primers snovijel|the sequance lemprisingistheobignab peplider codes fohig signd) t er ns
by the. r esbrpibls sclectod frdndiaio il BoRpSidlihe' ool FHPfe BodiE Fhe "
smonpalBri ré@réattﬁjmafée@cerrm the conrEqeiotein ef fseldempuasciudrescerBhahanel | a

put r ef aci engmoP@&al pratei® bf EScRérichiP eghat 2 0,,41992) .
Si nce the % i cat?on d%%cri bes r1105 I%n?f/lbt ﬁgap?%et gébrmés%geﬁerﬁgg;%&%e Oém' no
aci d seque Wangla-pdMmaciens n accordance with the codon tables into a DNA

sequence so that the sequence which energes for the primer spfccfl is as
foll ows: 2 ' . GGICTGATGCG .GTACCGCTGI TGCTctt acg
tat act %act q&%asgqtﬁ?%%@@w WIIGH c‘?ﬁ@'hzﬁ? IGIeRt swhesiseangs
5' t t t t 19 gagectalianGpiAhan:-hiTHEMSCET GeGarsiribeaChy WSC DAGSEM ST GReWéS 3' [ SEQ
ID NO 9] lgasthmh el [ £l sd [ o ith

i R &d § [ . acear
Exanple 1 i nSS%, PCRlﬂ?ngA; pﬁ?grriérdf?g?(é:'g%@ﬁl ss{ﬁ% c%‘r"r"g'&go‘ﬁgi’%%&?\ﬁé PCR2.
The expr esd?®Rbiective Qr gave, Morss resiiisain edatian ton the yialklr The rexarples si on
using the fre ¢atbhdsd rimithis\WaviHeRtion RENPEN the dondepydf thd @vdripnspr €ssi on
obt ai ned |§Q§:B§ Iséfl% ti%est.betier than in the COE%&;&IUV test. Arter
fractionati §' 9%l N8 RLEFUPhEH 8gnal SRayeRcespRN phegmas|s; ok kputhiiidin r udi n
band i20i sbutnetitodse raslricted theteto.ni nal sequence of the hirudin is
determned. It is found that the sequence is conpletely intact and starts
with the amino acid leucine. This result is surprising because the program
for identi flerRJocaEsqsuEessrbedscambe ysast foddbe pusifioation obRefiutienpihisi ct s
pr ocessi ngig)@egdirbe@gfdr@mlm@égiﬁ é;{anqmétﬁi_ne in position 6 of the hirudin
sequence. 11

25 Example 1: Synthesis of a fusion gene coding for a fusion protein

consisting of Leu-hirudin and the signal sequence of the outer membrane

protein from Serratia marcescens

The expression plasmid used is the vector pJF118 which is described in

30 European patent 0 468 539, in Figure 1, because this is identical in its
basic structure to the vector pCM7053 described in European patent
0 448 093.

The template used is the plasmid pK152 which is mentioned in Example 1
35 in European patent 0 448 093 and which harbors the hirudin sequence
corresponding to European patent 0 171 024.

The membrane protein has been described by Braun, G. and Cole, S.T:
(Mol. Gen. Genet. 195, 321-328 , 1984).



Exanpl e 5: Synthesis of the fusion protein of Leu-hirudin and the signal
sequence of the [i-|actamase precursor from pBR322 5 Construction takes

pl ace in accordance with the schenme described in Exanple 1 with the
‘exception that, in place of the prinmers snonpafl / f2, there is use of two
new prinmers which, in ternms of their spfcificity for the hirudin gene and
the sequence for recognition by the restriction enzyne EcoR, have the sane
characteristics as the snonpa prinmers but code for 10 the required signa

sequence of 1 rfen?e}g,- tiel 3 ' J ; Col d Spring
Har bor Syrrp-.réféﬁlgilrféélzgg . 4 ”%,eggu Af%?@?’f’tﬁk% %&@déﬁtfd%g&lf%qsol | owi ng
sequence: 18/ePreRRIGEFCCCGT TCTTTGCAGC GTTCTGCCTG CCGGTTTTCG CGett acgt a
tactgactgc a 3" [SEQID NO 10] Prinmer blatf2 has the sequence: 20 5
ttttttgaat @ﬁATGT&CA{J& CﬁAGCACTTl% CGCGTCGCCC TGATCCCGIT CTTTGC 3' [SEQ ID
NO  11] 9 n PREQIYCleQude ey hasdheiequences used in accordance with Exanpl e
1 in PCRl andSprTRETTPIAAGCTIGGAECTGT AGEPAIBNg! Y [SEQAGRO: e expression
25 is carried out by cmﬁon wi th Al a-hirudin expression using the E.
coli strain WCMLOO / p . It is found that the expression yield
obtained is only 50% 90% of the yield obtained in the conparative test.

After fracty ' I I SobN_ D system the
hi r udi q ban&l@?f!ng%}l g?’térgﬁ%en% vtﬁﬁtqﬁi}gg@ngﬁse%@glqgeggﬁﬁeﬁéﬁ%m @g}“ﬁ is
det er nilQed. deRicted indapla,hd that the sequence is conpletely intact and
starts with the amno acid |eucine. This result was predicted by the

program forgidentifyin he .putative signal peptide recognition site.
Exanpl e 6: "s&'ﬂ?hé@%&ﬁ%h@étﬁﬁéﬁeHe%ﬁe of Leu-hirudin and the signal 35

sequence of the precursor of alkaline phosphatase fromE, coli Construction

t akes pl ace..i j ribed in Exanple 1 with the
excepti on fsn;r'?' G%‘% %ﬁ&gggé&aﬁﬁwcﬁéﬁgggﬂg%%é‘]cpcyacfg?,ta‘i‘%ﬁ@ai‘53 use of two
new prilBers which, in terms of their specificity fofSEQd4D NO22hi rudi n gene
and their sequence for recognition by the restriction enzyne EcoR, have
the sane ch@{éct eri s:}{&gs as the smonpa prinmers but code for the required
et ! e o )
utt | ewordepictét, inTdwble ,1.JThandybidikiog, pbirt BHChEl priffdrd8efGenc :
8689 (1986) et ] af | -has the 1.0l pw ng sequence: 57 CTGO0GCTG
CTGTTCACCC MZ@RX S&%ﬁ?&%gﬂ%{%@&%f 08% geq“ﬁ%‘f’ﬁ%a%f idizeqavith 12]
Pri mer 20i nkip@ dagienh220 bpe- 863 Uy ot thes'sefjuente PaBITSHEEAD , GG CATC
GCGCTGECCC s T |ﬁ3’,{3‘|§'&1é é%g éﬁ?grbpégg ébl 13] The two priners are

optimzed in terns o e codon’ chol ce i, i.e. they do not
correspond entirely to the natural sequence of the starting gene. 20 In

this case, Rrimemnsmomipal2 h&®MREéqiendesed in accordance with Exanple 1 in
PCR1 and prinmer linkphoaf2 is used correspondingly in PCR2. The expression

is carried out by conparison with Al a-hirudin expression using the E. coil
st r ai NR2SNCMIEDGtirkgam@viFOARAAIdACAGCT OerstATAGCAdRadnRTe66 WaBTHceld 25 obt ai ned

is only a fraction of the yield obtained in the CO@ L[P test. After
fractionation by gel electrophoresis in the SDS-PA %@ i\ﬁ? he hirudin

band is isolated and the N-term nal sequence of the hirudin is deternm ned.
It is fo_un¢hbfﬁr}méh§ecﬁﬁq\%@ﬂ%dri§iz@§%rﬁttﬁbw3 B%%E'tiaﬂdorﬁ&:%ww the
am no acid b?l#:gl n(é.fl is result was, predi cted by the program or
i denti fying pataiR ey &ses PyRlished by Bravpsid Colshand thus eweraps . t he
poor y3@I dwith ther primer repquENEETErOMpaBY.NThESI S T8 JdaRidriof %Qﬂnﬁepf
Leu i rudi Bofiaihel 2%eqidHithn SRENSYRE ktrkdiBnRES e EooRl ahi°adlorang. ™

6 T nucleotides in order to make recognition by the enzyme possible.

In a standard PCR (such as, for example, 94°C: 10°",50°C: 30°",72°C: 457,
35 25 cycles) with DNA of the plasmid pK152, which harbors the sequence
described in Table 1, as template, and the primers hirrev and smompaf1,
the hirudin sequence is extended by the bacterial partial signal sequence.
The reaction product is then reacted in a second PCR as template with the
primers hirrev and smompaf2 under the same conditions. The reaction



35 Construction takes place in accordance with the schenme described in
Exanple 1 with the exception that) in place of the priners snonpafl / f2,
there is use of two new priners which, in terns of their specificity for
the hirudin gene and their sequence for recognition by the restriction
enzynme 13 EcoR, have the sane characteristics as the snonpa priners but
code for the required signal sequence & the alkaline phosphat ase protein

f5 2 (7)m5$.7 12 ir grogiaot is egl_ hDN/B@r%@meF\\t I\_Nhléﬁ'@olf@é or a Budion 'WbteerWh'lcht Edr‘?élsts7 o

| na u ers ositions fromthe
al kal i ne phc%qb%an'é‘gén PPEYUTIEEE 8’8?[189&,%’%? 4%?"819’5?’9"?"5’9‘1“%50?04\1 B\ Pg
sequence: 1@1$th@é:Tﬁt@§@gﬁT@hTM6€tmsﬁfmﬁeﬁmtﬂwﬂ dral &cthgact gca

(carcamacn SREEEERE RN e SRR AR, " oo 1 ha "5y e

two pri®ers are optimzed in terns of the codon choice for E, coli, i.e. 20
they do notTmré&&%woan&ﬂ ffr@rhnhé%ebeﬁ P S he SH‘?r’i“éedcgjblé @?%%‘ngh“ ng
gene. In this caswé fergusfl is use I n accordance Exanpl e
1 in PCRL dRBtyeE with t 8r f%ﬁtf'@'%f\sﬁﬂzmﬁ @nsbisdinggrigdias BepBI/Hindll

f)ﬁpr?s' oln frag%menr listd che \}w%mggl &m‘crwﬁd“s 'ﬁe%nhbbtéﬁéﬂ WHAT ESitwg US| “lgd
e co rajn Xpr.essi.on yie
25 obt ai nec?rfszémiéﬁ m&g@% @ga%q r?%'oyr QﬁLJFm F\%g ‘i)ft Féf &Hﬁ?}éﬁ'at i ze
test. MO i Mald&it bhdhe sppredai matatyVEIN 00 \see ttamsforaisrewitadheiligatibhe

t t
Coushi raci nXELE R B didel SkctiorBicesitd B ANTIRIAREOIARTTG BBEs, and « ne
signal 30 s%@ﬂ%@n@fnlﬂﬂeem@@%%@s dsfsceipetidd Example @ isdhaotcompsfredase from
Paeni baci | |wigh MeEAraam é%@tﬂééélbﬁtdsﬂfq ik es cBli 38irl W}@m@bqaﬁ%mss hyt he

schene described, in exceptign ce of the
primers snoffi@ynd thatil eg%p(rﬁglgn |°?t%|§@dd$ qb@yt ﬂé/vt'mqsn%?t&e"vm#‘lﬂhn the terns
of thell6 spomparative téstr the hirudin gene and their sequence for
recognition by the restriction enzyme EcoRl, have the sane characteristics
as the snonpa prinmers but code for the reqU|red si gnal sequence of the
cycl odext r ibxaghpleadoSyatnesisr ak they éusion pooatefaafileachirudia and ¢heusigraTlakano,

3. Baot or | SEugnkE e BheF, gend plREY g pesugolBhal TRbrdscel”, T o ng
sequence: 5 5" CITTCGCTGA GTATGECGIT GGCGATTTCA CTGCCCGCAT GGECActt ac
gt at acgac Camsruttioh takek Dolick | inlGbcdidaiBe WRRCHHE dchamet BBsERIBLLRTE!
Example 1 with the exception that, in place of the primers smompaf1 / 2,
there is use of two new primers which, in terms of their specificity for the
hirudin gene and the sequence for recognition by the restriction enzyme
EcoRl, have the same characteristics as the smompa primers but code for
25 the required signal sequence of the oprF gene (De, E. et al.: FEMS
Microbial. Lett. 127, 267 —272 , 1995).

Primer pfuf1 has the sequence:

30 5°GGTTCTCTTA TTGCCGCTAC TTCTTTCGGC GTTCTGGCAC ttacgtatac tgactgca 3°0
[SEQ ID NO: 4]
Primer pfuf2 has the sequence:

5'ttttttgaat tcatgAAAAA CACCTTGGGC TTGGCCATTG GTTCTCTTAT TGCCGC 3°
35 [SEQ ID NO: 5]

In this case, the primer pfuf1 is used in accordance with Example 1 in
PCR1 and primer pfuf2 is used correspondingly in PCR2. The expression is
carried out by comparison with Ala-hirudin expression using the E. coli



10 5' ttttttgaat tcATGAAATC GOGGTACAAA CGTTTGACCT CCCTGGCGCT TTCGCTGAGT
ATGEC 3" [SEQID NO.: 17] 15 In this case, the priner baccdgfl is used in
accordance with Exanple 1 in PCRL and priner baccdgf2 is used
‘correspondingly in PCR2. The expression is carried out by conparison with
Al a-hirudin expression using the E. colj strain WOoMLOO / pCWMr053. It is
found that the expression yield obtai nél is about one quarter of the yield

obt ai ned i nstrdin WTMa0@t/i PEMATES3. I?Qs'lfbandm"ah@lfié Zee@rées"wldbtambaves l'i ke

pep § de. hac i d tﬁ”ﬁé%ﬁ%f% it I 38 el ), RGP TeacBhalion e

expect at i ongé¢lrelectropharkeisrintthedBDSrRAGE systet, ¢he ihirddirabaod ds isolatedsi on of

8 t i i the N
Cerm nus. - oiTiie NPIBIRR satflehos Bf i iRIdiRs eic Hingl, B B6LAF s "5 06
the si g®al t@eqmm,e@cefIStmEeteibuntapt:aogcstanawth theh apriee acith leygine.ei n

fotA) Con r i bed in
g f Ex?empl es‘rﬁ.sc;@rs]ent:éaéeeggrmb gcﬁadarﬂ:séol‘l"\% aﬁgg@gwo;rhdﬁhﬁ @phn@gpg@%aﬂ

72, thore i SORRLPeRIGRSS RERGETIOR: PUS aTERITS AA e@enﬁloafotmmnryga.bm ity
for t he hi rygline. gene and their sequence for recognition by the restriction
enzyne EcoRl, have the sane characteristics as the snonpa priners but code
for the required signal sequence of the E. coli PCF020 finbrillin precursor
35 protl® n Exampled3: Syhthesimné dine fasipn Qerateifyaft leurhirédinaand $he reignaiol m

Fol | ow ng. SSsHEReE of e Ehib opArbdi FamRdnl) o GrndTaoat TracTeTTAC

GTATACTGAC TGCAC 3' [SEQ ID NO. : 18] 5 Priner p-pcf2 has the sequence: 5'
TTTTGGGAAT ('1’ %‘hﬁﬁAte%@AﬁlBEéTﬁ EGES?HEEEEGth%U%ﬁ&n T HesEAGEE jA’ [ SEQ

I D NO. : 19] ii eprlrrerFﬁ g i's used in accordance with
Exanpl e 1 iFX %’ffferPé'PnpthB&f'Q ace ot the primeasp smrmpatl { 12.pcro.
The exn5essthere i§uselrdfltwd reaw iynmrmlaubhsnﬂtemﬁdﬁot hﬁ—zm% dmdluﬁfdﬂ tA¥Pr essi on

15 yrel d ofiufgehe %’a@d&‘%&%ﬁﬁwgﬁww By fortilon. 8P R: ve

test. Exarrpﬂ?@OFilO hagg théséame dﬂarantarisms @as tberwn@hpaq:mmensdnhtmadujfdrhe

signal SeqURgCeu: |re% gt %kidc%ﬂ@gg‘#fcefhémﬁﬁpﬁgﬁgg;gé ordtl LI 4fd

Constructiagn tak (SE e Wt esbr d7i'n Exanple
1 with the "éQfE'ls'Bga M ©8la27. 30 ppite! ¥t he priners smonpafl / f2, there is
use of 20wo new prinmers which, in ternms of their specificity for the hi rudi n

gene and thgj ' [8&0d nition by the restriction enzynme EcoRl,
have t he s?@gﬁmi?\@ f'@?egg P snonpa priners but code for 25 the
requi red signal sequence of the S. typhinuriumouter nenbrane protein (

?22$X6222 ?’1851%‘%0%‘4 ?%ﬁ%‘?%sﬁgc?ﬁr#ﬁeﬁas t%“%"]"f\ir%‘émc iaégtée%?%g 6]172 (1

25
Primer lambbf2 has the sequence:

5'titttigaat ttATGATGAT TACTCTGCGC AAACTTCCTC TGGCGGTTGC CGTCGCAGC 3°
[SEQ ID NO: 7]

30
In this case, the primer lambbf11 is used in accordance with Example 1 in
PCR1 and the primer lambbf2 is correspondingly used in PCR2. The
expression is carried out by comparison with the Ala-hirudin expression
using the E. coli strain WCM100 / pCM7053. It is found that the expression

35 obtained is at the same level as in the comparative test. After fractionation
by gel electrophoresis in the SDS-PAGE system, the hirudin band is
isolated, and the N-terminal sequence of the hirudin is determined. It is
found that the sequence is completely intact and starts with the amino acid
leucine. This result is surprising because the program for identifying the



5" CGGECGECTGAG TCTCGCCTTA TTTTCTCACC TATCTTTTGC Cecttacgtat actgactgca 3
[SEQ ID NO.: 20] Primer styfinf2 has the sequence: 35 5' ttttttgaat

t caTGTCATT TCATCACCGG GTATTTAAAC TGICGGCGCT GAGICTC 3' [SEQ ID NO. : 21]

16 In this case, the priner styfinfl is used in accordance with Exanple 1
in PCRL and the prinmer styfinf2 is useﬂ correspondingly in PCR2. The
expression is carried out by conpariso Owith the Al a-hirudin expr essi on
usi ng the Hutative signal np&EMERR /repGHMIBGR. site iddeksoutl tphedict heorpegtr essi on

5 yield obta] 1! :10% of the yield obtained in the conparative
Wﬁg@%.h@gh%&m?

test. Exa resston in E. coli 10 The exanpl e descri bes expression
of hirudin. For this purpose, 1-5 m portions of LB nedi um which contains
25 ny/ M ammidrhplel 8: 8YAtHRsE &f M KESGh (4 W eu-hirudi -

~i -Dthgogal act% rq?qési de%lugrg%rﬁ%gcl-ﬁaﬁrg%qe\ﬁ?hl'ecuemrgd'gf.agdttP%nS§9%§lmnt and
shaken 3t ZFSIUEPRPIAN 188G Precrsat Phinaate redictaseflayeproteintsubuinitdrors .
Subsequent | Shewanelfa patrefasiemst i on of the optical density, 15 the cell
suspension is centrifuged and hirudin is determned in the clear
supernatant. Expression of the Al a-hirudin described in European patent O
448 093 vi £aonsdrystianntakesOMags3in mctbrlanesr withr theutsahemaCHe8brilss Gri bed in

he 20 ' ¥ i el i f Refl . Thi
ke gpr ecrarpsar i herelddtolingl ifpidte B BREDERBIE SuibppRlst B on o -
| ar ger 18caltBereais wekof hvadrewsprimars wioh, imtetBspal their Spakiitciy7idr thef | udan
can then benidin GoRd 4 i@ SBRLBAES fBEFELIdMfb By AReFreAiRUCH SnAa® I 1

this patent Det.erm nati.on o i n concen n

ll—‘:ga le 12 : I
Det er ni nat i&fPRYf HEY.% the samechasacionslies asihe smerPpa&iineers it aase feet hod of
30 Gri ef 3bakd requissd sigiiar sedhesice fREA SHeWarilla Aftlefabiens (P8Ng SOkt t hi s

bt hoasur o dnPIOY BTN 31012 T30 414 1863 nce e oylicaton dasdubes e ro

state 1he ywnyl dhei pwieiny sequengs, . thes afsihbeadid sequeice dscivansigiddNfn sequence
CTTACOTATACRRUPLER WA GHEch s inig-2r ONARRAUSAE AR 188 ther v T b ¢
T E S G Q Reguenge whichceryerges foy thg

GI TTGCGGECCAGGGTAACAAAT GCATCCTTGGAT CCGACGGTGAAAAGAACCAGTCECGIT 120 V C G Q G

NKCTL %riﬁlel? s%fc%fli( isNasQfOQIo\\{vs:

20
5’ CTACCCTGAT GGGTACCGCT GGTCTGATGG GTACCGCTGT TGCTcttacg tatactgact gca 3°
[SEQ ID NO: 8]
Primer spfccf2 has the sequence:
25
5'ttttttgaat tcATGAAAAA AATGAACCTG GCTGTTTGCA TCGCTACCCT GATGGGTACC 3°
[SEQ ID NO: 9]

In this case, the primer spfccf1 is used in accordance with Example 1 in

30 PCR1 and primer spfccf2 is used correspondingly in PCR2. The expression
is carried out by comparison with Ala-hirudin expression using the E. coli
strain WCM100 / pCM7053. It is found that the expression obtained is
about 1.5 times better than in the comparative test. After fractionation by
gel electrophoresis in the SDS-PAGE system, the hirudin band is isolated

35 and the N-terminal sequence of the hirudin is determined. It is found that
the sequence is completely intact and starts with the amino acid leucine.
This result is surprising because the program for identifying the putative
signal peptidase recognition site predicts processing on the carboxyl side of
cysteine in position 6 of the hirudin sequence.



121 ACTGGCGAAGGTACCCCGAAACCGCAGT CTCATAACGACGGCCGACTTCGAAGAGATCCCT 180 T G E
GTPKPQSHNDGDFEEI P 181
GAGGAATACCTTCAGTAATAGAGCTCGTCGACCTGCAGCCCAACCTT 227 [SEQ ID NO.:22] EE Y L
Q* * 1~ [SEQ I D NO.: 23] 18 Table 2:
Exanpl eSi gnal sequencePrimary structureRel ati veSEO | Dyi el d per nl NO.: of
culture-Control: cgtase-Al a- MKRNRFENTS1AAI Al SI ALNTFF124hi r udi nCSMQTI ALQut er
menbr ane pr ot ei NIVKKTAI ALAVALAGFATVA( ~ Al. 525I Serrti a marcescensZoer

o T A AR Bl A AR B *

ATLI\/GTAG.I\/Ilsérﬂ%hmmfrtbé Ipalactamnd sec prsTaicSgk\fASmipBR32&t anase /

pPBR322MSI QHFRVALO. 5291 PFFAAFSLPVFASAI k. phosphat ase / E. col i MKQSTI ALAL
LPLLFTPVTK AO. 1309Al k. phosphatase / E. MKQSAI ALAL LSCLI TPVSQ A0. 0531f er
usoni i 1860y cCenstiuetioniaEresK i EsIcorslarme) with g Lacheme afescebadein

/| SLPAWAP .
SALSLAL Foro. 3302l SV on o ot TR DR o1 the iR SRR 4 5507
Patent O aitgre 18 ugerpt rtWG’i REW RIBeSoWhichnin iterime, ok theig srecifieitj torctbesel ect ed
fro[n t he ?rmmnﬁcgatﬁe ahaqr\ér@ecmml fo‘i%uégﬁiﬁé?cﬁ y e rgéﬂuerorw%ﬁé {fae
rotein o ratia, marcesc rotei'n of Pseu
1I‘OI uor escensg‘ {ﬁﬁ@ heyRdhg sams Eﬁ a&feré@ﬁ&ﬁ SMEBIPa PHRATS ﬂ%t ‘F?f?ﬁaf%[t e
r educth dfe otheSkquaedisignap sequéres eip]’qh,e Pectambise prédieser protéint(Surdliffel
tt ment t J = n precursor as
2I alafred in ‘?Fa &8@§Wgﬁ{t§:er %Raﬁ”gggﬁ% %gslzg QQR&@ f flroom t he group

conprising the signal sequence of the outer menbrane protein of Serratia

mar cescens pﬁ,ql,epb%mq@g%efonﬁgwg'&ﬁ,ﬁ eohewanel | a putrifaciens. 15 3. A

process for preparing Leu-hir ich a hirudin precursor as clainmed
in either of clains 1 or 2 occurs as internediate, in which (a) an

expr esgi50n Peagiictce? FBFHcREc aTRNVSGE 8RS THRE dtdndcowh eofdser 'rsud' n
precursor is prepared; 20 (b) the expression plasm I;?{DSIB i expressed
in a suitable E. coli cell; (c) the hirudin precurs ép d fromthe
E. coli and sinultaneously 25 processed; and (d) the Leu-hirudin is

i sol at ed frpmnﬁpgbgffél 1a¥ rrsr?e% 4 The use of a hirudin precursor as

clainmed in et 30 for preparing Leu-hirudin. 5. The use
of a hirudin precursor as clai rred inclaim4 in a process as clai rred in

claim 30 3% utddaRERFRRSCATOECAGOAETIC BGERITEARLE 1H AR CASRET9S

secretory expression of any desired protein in E e a) hi rudi n
or a hirudin derivative which has an antithronboti cféé@égﬁéhd Thhi ch has a

defined amno acid aaX at its N termnus which is

In this case, the primer blatf1 is used in accordance with Example 1 in
PCR1 and primer blatf2 is used correspondingly in PCR2. The expression

25 is carried out by comparison with Ala-hirudin expression using the E. coli
strain WCM100 / pCM7053. It is found that the expression yield obtained is
only 50%-90% of the yield obtained in the comparative test. After
fractionation by gel electrophoresis in the SDS-PAGE system, the hirudin
band is isolated and the N-terminal sequence of the hirudin is determined.

30 Itis found that the sequence is completely intact and starts with the amino
acid leucine. This result was predicted by the program for identifying the
putative signal peptide recognition site.

Example 6: Synthesis of the fusion gene of Leu-hirudin and the signal
35 sequence of the precursor of alkaline phosphatase from E. coli

Construction takes place in accordance with the scheme described in
Example 1 with the exception that, in place of the primers smompaf1 / {2,
there is use of two new primers which, in terms of their specificity for the
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In this case, the primer linkphoaf1 is used in accordance with Example 1 in
PCR1 and primer linkphoaf2 is used correspondingly in PCR2. The
expression is carried out by comparison with Ala-hirudin expression using
the E. coli strain WCM100 / pCM7053. It is found that the expression yield

25 obtained is only a fraction of the yield obtained in the comparative test.
After fractionation by gel electrophoresis in the SDS-PAGE system, the
hirudin band is isolated and the N-terminal sequence of the hirudin is
determined. It is found that the sequence is completely intact and starts
with the amino acid leucine. This result was predicted by the program for

30 identifying the putative signal peptidase recognition site. However, the poor
yield is surprising.

Example 7: Synthesis of the fusion gene of Leu-hirudin and the signal

sequence of the precursor of the alkaline phosphatase from E. fergusonii
35

Construction takes place in accordance with the scheme described in

Example 1 with the exception that, in place of the primers smompafi / 12,

there is use of two new primers which, in terms of their specificity for the

hirudin gene and their sequence for recognition by the restriction enzyme
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the E. coli strain WCM100 / pCM7053. It is found that the expression yield

25 obtained is only a fraction of the yield obtained in the comparative test. It is
a further approximately 50% lower than observed with the construct of
signal peptide from E. coli alkaline phosphatase and Leu-hirudin.

Example 8: Synthesis of the fusion gene of Leu-hirudin and the signal
30 sequence of the precursor of cyclodextrin glucanotransferase from
Paenibacillus macerans

Construction takes place in accordance with the scheme described in
Example 1 with the exception that, in place of the primers smompaf1 / {2,
35 there is use of two new primers which, in terms of their specificity for the
hirudin gene and their sequence for recognition by the restriction enzyme
EcoRl, have the same characteristics as the smompa primers but code for
the required signal sequence of the cyclodextrin glucanotransferase gene
from Paenibacillus macerans (Takano, T., Fukuda, M., Monma, M.,
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5" CTTTCGCTGA GTATGGCGTT GGGGATTTCA CTGCCCGCAT GGGCActtac gtatactgac tgea 3°
[SEQ ID NO.: 16]

Primer baccdgf2 has the sequence:
10
5 tittttgaat  tcATGAAATC GCGGTACAAA CGTTTGACCT CCCTGGCGCT
TTCGCTGAGT ATGGC 3
[SEQ ID NO.: 17]

15 In this case, the primer baccdgfi is used in accordance with Example 1 in
PCR1 and primer baccdgf2 is used correspondingly in PCR2. The
expression is carried out by comparison with Ala-hirudin expression using
the E. coli strain WCM100 / pCM7053. It is found that the expression yield
obtained is about one quarter of the yield obtained in the comparative test.

20 The synthesized hirudin behaves like Leu-hirudin in the thrombin inhibition
assay. This means that the signal peptide has been correctly processed.
This does not correspond to the expectation from the theoretical analysis,
which indicated an extension of 8 amino acids or, alternatively, a truncation
by two amino acids at the N terminus.

25
Example 9: Synthesis of the fusion gene from Leu-hirudin and the signal
sequence of the E. coli PCFO20 fimbrillin precursor protein (fotA)

Construction takes place in accordance with the scheme described in

30 Example 1 with the exception that, in place of the primers smompaf1 / {2,
there is use of two new primers which, in terms of their specificity for the
hirudin gene and their sequence for recognition by the restriction enzyme
EcoRl, have the same characteristics as the smompa primers but code for
the required signal sequence of the E. coli PCFO20 fimbrillin precursor

35 protein (Viboud, G.l.,, Jonson, G., Dean-Nystrom, E. and Svennerholm,
A.M. Infect. Immun. 64 (4), 1233-1239 (1996)).

Primer pcfi-ala has the following sequence:
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has the sequence:

5" TTTTGGGAAT TCATGAAAAA GACAATTATG TCTCTGGCTG TGGTTTCAGC
TTTAGTAAGC 3°
[SEQ ID NO.: 19]

In this case, the primer pcf1-ala is used in accordance with Example 1 in
PCR1 and the primer p-pcf2 is used correspondingly in PCR2. The
expression is carried out by comparison with the Ala-hirudin expression
using the E. coli strain WCM100 / pCM70583. It is found that the expression
yield obtained is about 40% of the yield obtained in the comparative test.

Example 10: Synthesis of the fusion gene of Leu-hirudin and the signal
sequence of S. typhimurium outer membrane protein (fimD)

Construction takes place in accordance with the scheme described in
Example 1 with the exception that, in place of the primers smompaf1 / 2,
there is use of two new primers which, in terms of their specificity for the
hirudin gene and their sequence for recognition by the restriction enzyme
EcoRl, have the same characteristics as the smompa primers but code for
the required signal sequence of the S. typhimurium outer membrane

protein ( Rioux, C.R., Friedrich, M.J. and Kadner, R.J.; J. Bacteriol. 172

(11), 6217-6222 (1990)).
Primer styfimf1 has the following sequence:

5" CGGCGCTGAG TCTCGCCTTA TTTTCTCACC TATCTTTTGC Ccttacgtat actgactgca 3°
[SEQ ID NO.: 20]

Primer styfimf2 has the sequence:

5" tttittgaat tcaTGTCATT TCATCACCGG GTATTTAAAC TGTCGGCGCT GAGTCTC 3°
[SEQ ID NO.: 21]
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PCR1 and the primer styfimf2 is used correspondingly in PCR2. The

expression is carried out by comparison with the Ala-hirudin expression

using the E. coli strain WCM100 / pCM7053. It is found that the expression
5 yield obtained is about 10% of the yield obtained in the comparative test.

Example 11: Expression in E. coli

10 The example describes expression of hirudin. For this purpose, 1-5 mi
portions of LB medium which contains 25 mg/ml ampicillin and 0.5-2 mM
IPTG (isopropy! B-D-thiogalactopyranoside) are inoculated with cells of a
transformant and shaken at 220 rpm in an incubating shaker at 28°C for
about 20 hours. Subsequently, after determination of the optical density,

15 the cell suspension is centrifuged and hirudin is determined in the clear
supernatant.

Expression of the Ala-hirudin described in European patent 0 448 093 via
the plasmid pCM7053 in the secretor mutant WCM100 described in the

20 patent is carried out in parallel with expression of Refludan. This makes
direct comparison of the expression rate possible.

Expression on a larger scale can take place as described in US patent
5,616,476. Refludan can then be purified by the methods described in
25 Examples 5 and 6 in this patent.

Example 12 : Determination of the hirudin concentration

Determination of the hirudin concentration is carried out by the method of

30 GrieBbach et al. (Thrombosis Research 37, 347-350 , 1985). For this
purpose, defined amounts of a Refludan standard are included in the series
of measurements to construct a calibration plot. It is thus possible to state
the yield directly in mg/l.

35 Table 1: Hirudin-encoding DNA sequence with translation into amino acids

1 CTTACGTATACTGACTGCACTGAATCTGGTCAGAACCTGTGCCTGTGCGAAGGATCTAAC 60

L TYTDU CTESGOQDNULOCLTCETG SN -
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61 GTTTGCGGCCAGGGTAACAAATGCATCCTTGGATCCGACGGTGAAAAGAACCAGTGCGTT 120

v ¢ GG Qg GGNKCTIUL G S D GEI KTDNOQTC V -

121 ACTGGCGAAGGTACCCCGAAACCGCAGTCTCATAACGACGGCGACTTCGAAGAGATCCCT 180

5 T G E G T P K P Q S HNDGUDVF EE I P -

181  GAGGAATACCTTCAGTAATAGAGCTCGTCGACCTGCAGCCCAAGCTT 227
[SEQ ID NO.:22]
E E Y L Q % % ;oo -

10 [SEQ ID NO.: 23]
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(b) the expression plasmid from (a) is expressed in a suitable E. coli
cell;

()  the hirudin precursor is secreted from the E. coli and simultaneously
25 processed; and

(d)  the Leu-hirudin is isolated from the culture medium.

4. The use of a hirudin precursor as claimed in either of claims 1 or 2
30 for preparing Leu-hirudin.

5. The use of a hirudin precursor as claimed in claim 4 in a process as
claimed in claim 3.

35 6. A process for finding a suitable signal peptide for secretory
expression of any desired protein in E. coli, wherein

(@)  hirudin or a hirudin derivative which has an antithrombotic effect and
which has a defined amino acid aay at its N terminus which is
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5 (c) steps (a) and (b) are repeated with various signal peptides;
(d) a suitable signal peptide is selected by comparing the expression

rates represented by the hirudin activities found in step (b).

7. The use of hirudin or a hirudin derivative which has an anti-

10 thrombotic effect and which has a defined amino acid aay at its N terminus
for finding a signal peptide which makes it possible to secrete efficiently a
precursor protein consisting of the signal peptide and any other desired
protein with the N-terminal amino acid aay with simultaneous elimination of
the signal peptide from E. coli.

15
8. The use as claimed in claim 7, where aay is leucine.
9. A process for preparing any desired protein by secretory expression
in E. coli, wherein

20

(a)  a suitable signal peptide is found by the process as claimed in claim
6;
(b)  a nucleic acid construct coding for a precursor protein consisting of
the suitable signal peptide from (a) and the desired protein is
25 expressed in E. coli; and
(c)  the desired protein is isolated from the culture supernatant.

10. The process for preparing any desired protein in E. coli as claimed in

claim 9, where the N-terminal amino acid of the desired protein is leucine,
30 and the expression takes place via a nucleic acid construct in which the

sequence coding for the signal peptide codes for a signal peptide selected

from the group comprising the outer membrane protein of Serratia

marcescens, the oprF protein of Pseudomonas fluorescens, the lamb B

protein of Escherichia coli, and the fumarate reductase of Shewanella
35 putrifaciens.




