Novel pol ypeptide having esterase activity and
reconbi nant esterase and use thereof The invention
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activity, especially having 2-al kyl -

ha{pRant - §’| fc*i%’éy' eﬁ&ﬁ%ﬁﬁe a&LLXJf-éé’e a”é’cé vf‘@ and

enzymati c t| Ve reco ant ern havi
em@én@@tﬁ \ﬁsﬂ:yerm@ eadt H@eu§éerheifeof for resol vi ng
racemat es of 2-al kyl - 5-hal opent - 4- enecar boxylic ester

enanti omer m xtures. Enantionerically enriched
2 TheyFDBeRGl eRerfe At &fhebar bOXYIIvE lacPasyRpBt t@ei having

e HeleS-aRel vaidtqb;lﬁy nt erdBl A f OF HRERRY | NG -alkyl-5-
|nst ance,, for

ph |
a%lrlg)ace trlgcg&%ﬁ&r#?&ﬁ’gfﬁtﬁﬁéﬁﬁar ASH R aCar XAni 88s, an

Weinzymaavdeanani n- ad’ﬁ‘J'iJvl@ ti rzgacrafnmefatrites mt@qrm be having
used as a ant |CI?_'ypertt enS| g ts in @?} e;%t

preparati-ons, 5%8?& ISy EERPtoyEF |rr?stonlé":"m—:I
r esclereites obfr azearhkpt aﬂuahsymmnmd:a)rbommmrester

o%ln)én\éq{?)sﬁefrew{1§%h% ases sui tabl e for preparing chiral

conmpoun are conner0|ally avai |l abl e. The use of
esterase extracts frompig liver is known on the

pmart%m\é%l%aqhg Pi g dMemest erasg. (f F@f% éﬂ%mem 4-

i sol ated | on from natural sources,

a@ﬁematr;vom@;lm s@cﬂé]é;n leAmsn therira leswgns rr@l(eS| Msdsble

JlnEerm@a%iQ)asAnFér $rep 8?*)1% Ol phft&na dedtds 1 Banngy &, - as
et. al . .(1934) EOSeyI 229, 15; Fal coner J .

. TR%d TA FBﬁnCEy ¥ 104651t RheR - RO GLY demeysﬂ)ega~

: a‘!‘@ﬂla&llst&n&budbeiahﬁ\ﬂésa| sanrallcrreadmab@en fe’iﬁrﬂ—eﬁirﬁlﬂltlng
n_order L9 chagacter#)e PL (Heymann 2 % .
\APrOmef e SEAE RO HARA 085 S55SBYBELE SﬁﬁéVe gents
and ybegerceltic@lo9¥epBrechensstry 36, 1861- 1868)

It has further been possible to show, for exanple in

WD 01/ 09079, that esterase extracts frompig |iver can
sEEEELREPy FRRIrgtyerat e ERplenadt iionerhof resphytbion of

Srabkrbeed- ahd- HBYMMLELAYLE iof- pent enoate . Hovever,
the use of such esterase extracts from natural

SOQWEUST / s RBR Yayepivg fISW St oarasess siildedd ewifiox preparing
dbsladmantagnpaundlsnaﬁcbecﬁmmatcplam? atAelguakities of

t%%edlffer% esterase extracts from pig liver is known on
the preparative scale. Pig liver esterase (PLE) was
isolated 1long ago from natural sources, and its
activity has also been known for a long time (Simonds,
J.P. (1919) Amer. J. Physiol. 48, 141; Bamann, E. et
al. (1934) Hoppe-Seyler Z. 229, 15; Falconer J.S. and
Taylor, D.B. (1946) Biochem. J. 40, 831-834).

Various studies have also already been carried out

in oxrder to characterize PLE (Heymann, E. and
Junge, W. (1979) Eur. J. Biochem. 95, 509-518; Lehner,
R. and Verger, T. (1997) Biochemistry 36, 1861-1868).
It has further been possible to show, for example in
WO 01/09079, that esterase extracts from pig liver can
selectively hydrolyze the (R) enantiomer of methyl
5-chloro-2-(1-methylethyl) -4-pentenocate.



batches vary and thus make it difficult to optimze
i ndustrial processes. Secondly, the use of aninal
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products is undesired because the presence of viruses

a [i.ons nnaot. always,be precluded. For these
PBBLETD AR e e e s e Fe Oy patural
| iserrcest er asadh of ast apdgr dilZzestmual isy Besociated with

My LeALdarLsas. The cloning of putative esterase genes
IS %escr?be%ggor exanple in FEBS Lett. (1991), 293,

3ing1thandimstst plageri okl aslddsioon of amhecdifderent

Patkhedr RSher ase enzyde ges descriibed Jak the Hhiitize
ti, in WO, 02/ 48322. WD 2004/ 055177 descri bes the ,
prEAHEEELBh oPTPGPEREE -1 eS6RBPHaNY esh&r a¥88 bpLsi p@imal

diregeliedeBUt A0 @ReS nandff alche ree inaatda deiud ildalebroduct s
esterase of seq. ID No. 1 E%PLE% rom WD 02/48322. A s

| 35eVPBERL PRORCCRRSGLEFi PEFGATGF M6 YO0RPESS oA BRGons
f rammbheaawhi’el beaptboledely t he sane inventors in

Prat ei i neerin 16, ,1139- 1145, 2003 he
ngg%figgﬁ¥%%s g%é§ %srPEEeggquéﬁ%e Proﬁ%%iiozF% 8§§?duce
weegonhosent spipghdtiverr esteivasest ofntsesinidaaldigied quality

est.e Lsclosed in David et al ., (1998)
EE?I ‘r“?é.goé%c %rsnﬂlszw, 142-148, is obtained. The

r 656l glrBangf ofapaivpt i¥eakryErsshabepest 14- described for

eaeaRApRexy Creskersed s, Nt odegeriped i Aany ofridiess o¢
articles. However, since the need for esterases I ch
haVBCE henads SPRF esisdoFo sl edlli PEtddte Wiy Lsver esterase

2eakik- flash@é@@ﬁmbe&aﬁg_ﬁct@h@gﬁﬂféﬁ_ @ﬁflfrﬁn afsl %@}435{1322 :
c | repar ed, bi ot echnol ogically. i s nat ne

HCI YRR oh e st TG i oo SRl A SE RS
cmecembmndhngesm&ﬁasamompiBanétﬁmnﬁdﬁﬁdgmua@gamégﬂ@tof
t 0.LS t.o clang . g descri i n FEBS

L EpbS SRS BA8" I B et aea 2 | v knain Wy L
| (yBEEest érage (WOLER/AS3CRNA ftwartimg évbdenRNAffoom the
PhEstEYBEioA SEE0 @@y@}osaﬁﬁa%&e%ﬁﬁfe%s Loyndie
in addition to the known PLE sequence. Follow ng .
eRPEBSELBN YT tife %3l sboRRkeEs iR RAPERiIph&Englneering,

COBl esporgli NYa Pf ORI, Okhe modifications of the rPLE
sequence from WO 02/48322 were chosen so that a
recombinant intestinal pig esterase (PICE) disclosed in
David et al., (1998) Eur. J. Biochem. 257, 142-148, is
obtained.

The resolution of racemic 2-alkyl-5-halopent-4-
enecarboxylic esters is not described in any of these

articles.

However, since the need for esterases which have the
desired stereoselective activity for 2-alkyl-5-
halopent-4-enecarboxylic esters and which can easily be
prepared biotechnologically is not met, it was an
object of the ©present invention to provide a

corresponding novel recombinant esterase.



esterases, nanely the known rPLE and a novel,
reconbi nant "alternative" esterase (rAPLE) , was

wor@parisd; it unexpectedly energed that only tPeT/ERRLE011832
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i's capabl e of selective resblution of racemc 2-al kyl -

5- t;lal %Iglent %e necyyr, boxqug%é:ieft %Fnsq hetQpr\g? th US.}e gene

possi bl e 0 achieve 1 h
|@@@ﬁﬂu@ﬁdby:alnoFEBSpoﬂypeptldﬁjhﬁw i Ng ESBerase 41 and

a@kﬂ%bVﬁB@@% & W&&W&?é&ﬂ% ??géreégﬁg?g %ﬁgf a's  CDNA

whose am no aC| uen rs rn
58Gaxking afrem f tﬁéomnd&hgPUEA§§QUeﬁceseq¢mdrunnﬂvel

réBtEﬁ&dﬁfﬁéqméhé@ewaHl@%d%ad1§69M%H%%dﬂf%beﬁgtgﬁbwn
known i ntestinal carboxylesterase (PICE) Iin 1

PP@taIS AUSAES ani ntP RSN HoweREeSSPIcaE |§ffou%kﬁlr1two
theqpb@cb@teshmnmwﬂﬂdﬂﬁ1ﬂﬁhedﬁﬁ¥%§§o ANt iBidteins or

ASEr e Seani P topr  SB8"t HUNHR noTBERd sag‘qin enge. SEyel.

IBecNmblhantThe“pﬂ&&eﬁhtuNﬁentlQ@t@&b@her reasr@s ,t o avas
t avin t e iv

[ BHEaL B0 o0 PLOLELD: DAURO B8 NS SEH UL apr

. iBhegpeiblgemi deebadtite resohbtmantofAEbEemﬁdﬂn}alkyl—

| 8vethaanRaye, PQME%&X&&ES%[VG

stereos Iectlve race
2-al kyl - 5- halopent 4- enecar boxylic esters of the

fQEmeLI@s( |t)mns V\@o%*élBlleS god- accﬁl@«}éy'tr{ dbﬁgéctR é%' %he

d-C 4-al kyl, and X is chlorine, bromne or i1odine
pBESEEREI dd THICRHET nvRYit i 6n ATy eBPeYRSBLaAdei vitgying

asgtepasgovattiecopbi aaat £stesase rﬁ%&nﬂrfafr&r e¥terase
stakgﬂg bo§’ in 21 of a total of 548 0 aC|ds of

tH& P HTIR FGLCASPASEERS (BHEerE1ogn) 2T of a
298tal37ofl5aAdamnnt2aoida fodml thé kABwANPhE @edn@ence.

hscl [ d et al
( T8, HBLE SRR R RTA0TS le%aé'sgaieﬁlgi‘e giso
t REOPr dthsi nk@*f)wnh@ugovmwmrﬁbf calrbokpyeateoase (PICE)
dihf gns di 4 heot gl ! Q\ﬁ" rﬂsaranmq@caglg Si 599§e£f°gEEﬁe is

known sequence of the PLE proteln ositioh
ctgung ABptheeryy wgpestlnal tract.

The present invention accordingly relates to a
polypeptide having esterase activity, which comprises
the amino acid sequence SEQ. ID. No. 1.

The present invention further relates to a novel
recombinant protein having esterase activity, which

comprises the amino acid sequence SEQ. ID. No. 1.

The polypeptide and the recombinant rAPLE of the
invention have the ability to resolve stereoselectively
racemic 2-alkyl-5-halopent-4-enecarboxylic esters of
the formula (I)



Gy 76 Val Gy 77 GQu Leu 80 Thr Arg 87 Gy He 92 Thr
Pro 93 Leu Val 129 Leu Ser 133 Pro Thr 134 Met Leu 138

wO/20078V343139 Val Phe 234 Leu Ala 236 Val Gy 2BGT/BPnbéie11832
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286 Leu Ala 287 Thr Leu 2904 Phe Pro 294 G n Thr 302

Pro The protein of the invention and the novel

reconbi nant r APLE nay noreovergbe in the formof a
nodi fi ed sequence as shown in SEQ ID No 1 , which can

be obtai ned for exanpX us i fications such

as, for instance, exchange, “del effi onRr attachment of
am no acid(s) in the sequence atgthe N or C term nus,
such as, for instance, G uAl uAla fromthe a factor

si gnal sequence, or by fusion'to other proteins. The

I nyent aks ther~i. e teins having~ _~ _
rrg\éll ?,?k%gctf}? oir%sqvﬁ‘_ﬁ]i El t%se%glrk te%égsﬁe%}e’ncgl o#gt ﬁé Ca-alkyl
efRPE éF chdordvent bsemiagi Ay thdiappropri ate

activity, in particular on

2- %%kyl - 5- hal opent - 4- enecar boxylic esters. Miteins can
b&b6bt NP IR arRf e BYe nodPVEBALPBNS hevifnge Beterase

Waicehveeges &er t BReenZy(BL Of réb6mb VAN | Wbt dWadOWRPLE

mé{ig%eney s techni qu s\éran,dom mut agenesi s .

si -ﬁffr'e@lsec?trﬂﬁ%?g% ;R rettel evoPailoRrE §éfe amino

slap:ﬁﬁbi rtfg? etttre) Eiimoxt/ﬂilatsetdm%n@% @Qgeﬁoéédf dh EPEYOE Lett.
i i a st _Ry .one ani no _aci rom.t .

\el:\ﬂzl%%%%f ﬁ% i%?/éﬁfi 8H,g ant ]sﬁbggql?enttodteégprgtsggﬁ Gfmino

t heisdiffriosd thEA kinowa PTCFalpretwdst deldlosed in David et
al., (1998) Eur. J. Biochem. 257, 142-148.

The sequence of the protein of the novel rAPLE of the
invention differs in the following amino acid positions

from the known sequence of the PLE protein:

APLE Position PLE

Glu 73 Asp
Ile 75 Val
Gly 76 Val
Gly 77 Glu
Leu 80 Thr
Arg 87 Gly
Ile 92 Thr
Pro 93 Leu
Val 129 Leu
Ser 133 Pro
Thr 134 Met
Leu 138 Val
Ala 139 Val
Phe 234 Leu
Ala 236 Val

Gly 237 Ala



The invention thus al so includes nodified DNA
sequences as shown in SEQID. No 1 , obtained by the

woneanrses, del eti ons, extensions, fusions dese¢T/BRZN06/011832
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above, and which code for ehzynes having the desired
e§h?rase activity. terase activi%gh especially

kyl - 5- hal opent - 4- enecar boxyl esterase activity, is
daflaned in this colABéction as the B lity to resolve
rgegmat es of 2-al ky§g5- hal opent - 4-ggpecar boxylic esters
of the formula (1) . The polypeptide of the invention
aR#°t he reconbi nan29# APLE can be f#¥pared as descri bed

bethew. Firstly, nRBgis isolated fgggn pig |iver using
a suitable kit, and then the cDNA i s generated by

reverse transcription based on the nRNA extract.

Smhae@li@ttelm asipetid | tnVEiR poih N@RG bhsedowrlt h%comblnant
i ver_.esterase

%ggﬁce of the known pi Q§$e dified
k Be¥esUSFORVRD. 263393 (Wi sUsHiha § Mmodrtie

1984uenseprspahedn fial ISERedDboanp! whicat icam &ndobtalned
CHO I HRE RECIG T BB A B T g, o
519@C@GAATTGﬁGﬂGﬂGBECTTEﬂ@ﬂG@WCAGIB atTackmeart @f tmdno
PLLERNS wrphtﬁ@ngepa@ﬁe&h%@pm&pﬁ' e AUELERLLER, such

sequences codi n Eroteln and whi I S
oBBi g&O&r |1P§t|§ﬂ€§en§1ilﬁ1t3ﬁéuﬁ PmErem §hen %é|aa=t§c,rr isggnal

TBSqQEH@é ssgus?ceus%h b bbReprppEESigOMPri ses for
exanpl e information for_cl eavage, sites for restriction
eRBBnuePEERBLORI n?18Ql i EYytReTs e’cﬂfelri't{e%l SHERIDSWninGY 1 g
aﬁ@dhﬁﬂ@&t@ﬁhsfQﬁFﬁXﬁrtﬁél@&ot%ﬂhﬁs@@hénﬁ&yofam%d REnzyme
t preparation.of the rAPLE of the in
ATl TS At P RAEAGR (BRED| GBE VARETI dAs SCHAHLEY py in
ppeet ianfalPCR neohods 21&&kj1}51haihgﬂnu<§ enecarboxylic
S%B%EQHG”“Mh‘§§ £$GPB € Ry E”foPEtgggﬁplF by
fucts eter

expreSS|on con OgOUS expression o
t hedéfdcacdonaPE st &INR i whiceh t epdles hbsr Shgasingnge of

Thihe RrRfeiakny, QQQakﬁéwﬁhﬁuEgE%HEQQECEeQ%hH%ueS (random
initially cloned into suitabl e plasmd vectors. ,
mutagenesis, site- dlrected mutagenesis, directed
evolution, gene shuffling etc.) so that the DNA codes
for an enzyme which differs at least by one amino acid
from the enzyme of the invention, and subsequent
expression of the modified DNA in a suitable host cell.
The invention thus also includes modified DNA sequences
as shown in SEQ ID. No 1, obtained by the mutations,
deletions, extensions, fusions described above, and
which code for enzymes having the desired esterase

activity.

Esterase activity, especially 2-alkyl-5-halopent-4-ene-
carboxylesterase activity, is defined in this
connection as the ability to resolve racemates of
2-alkyl-5-halopent-4-enecarboxylic esters of the

formula (I) .



The reconbi nant plasm ds obtained in this way are then
transfornmed into a suitable host, for exanple

wee@hnerisehi a coli. Inserts of several resulti nPCTEP2986011832

10

15

20

25

30

35

are then sequenced. Unexpecéedly, 2 groups of

r j S Wit i f nt. _sequenc wer e .
i?g%¥?#$ggﬁ?é%?£$nF&%ngh%eﬁﬁg%gﬁ&?idg%<$cgﬁqxf?$ﬁpblnant
eXpditfe ¢ e pge PrerbeedPRE descrdbrd beldmtsushi ma et

al ., (1991) FEBS Lett. 293, 37-41, and a novel
nucl eoti de sequence as shown in _SEQ ID. No. 2 (APLE
sédu&tde) A | d8dsigplakedxpfEes| g o tHeemniying a

aghd tsequence ,SEQd HRerNahel PiNA hes igBRMAtQAE Pl &everse
present anent|§%§g%uhher relates to a nucleic acid or

T s pr o AckheoBB8YA: BXETREt pol ypept i de of

t Ismbsee@iriitary , andspdiei £ € onbTRaNprdse@fsaS i AUE. ohOr the
exanpl e, such a,pnucl ei c aci d. has,the nucl eotide

s Sggﬁggeshg FRESEGPOME. RO9 211VShe $HRMATON W ©f
r SeaBes ki wcidess sionniid .e otd3de 3s equaercehina et igicl ud®ol)
a.nucl [ S ich codes for the polypeptide
o RrR e, R nee L B BB PRl aby Erdoat PRERE:
offhesepspsed fiilke prdukeest ade :sequence shown in SEQ 1D
Neyrigier A.f 80 LRREARGESH ng&XTbéebeAeéggﬁééTCGC~3'

appropriate oligonucl eotides correspon g to nucleic
a€rad"§&qdenSés CaEESAdITRACEE TERECETEAGAECTEAENBT on

whi ch code for the esterase of the invention by
stzpdardized synt hetjc techni ques, for_exanple with

u

18f abRbhat &F DNARSyntPEesTSE? s. WiHE€hpurgpyprises  the
swupplrebird apeepatal £60i8é tdwyuBitds C cadiithgSeqyencese PLE
mh&p@ godea%%r t he gﬁterase f. the i.npvention is . h
paFEO-Edlar B adVanttiged®s O 198& Ot he BFESEEE i 0t ofthe
parmeceutiscahsboiddt Beripint er nedi at es, because
e tain f.ram anj S
Erpaa e LlRehgL LT O8F TRt e BB Tpps for
seqaEndes infeamatdioss fmcel eanegknenhepi gori wegstriction
eshebase16BkEs 51 PPl kP @9 uéﬁ&@”%§%§eﬁgs which

N-term nal signal sequence and a C-Term na _
r BEENELMBRTSPAGRaf OTt REPrESE 19TamItd SaPpds MAw vary in the

preparation of the rAPLE of the invention.

Amplification then takes place with primers 1 and 2 by
prior art PCR methods.

The PCR product is subsequently used to prepare by
prior art methods expression constructs for
heterologous expression of the encoded rAPLE protein in
suitable host organisms. This preferably entails the
PCR product being initially cloned into suitable
plasmid vectors.

The recombinant plasmids obtained in this way are then
transformed into a suitable host, for example
Escherichia coli. Inserts of several resulting clones
are then sequenced.

Unexpectedly, 2 groups of recombinant clones with

different sequences were identified therein, one being



In order to express the known PLE and the novel APLE,
vectors in which the sequences are introduced into

W@ oo Aaldses expr essi on systens construct ed. PCT/EP2006/011832
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Theseexpr essi on constructs are then transformed into

bl f. [ table_h
i§h§2atﬁéﬁ9§?e %brse a ?% n§§P§§%§§n|§ﬁ§ue8ﬁﬁnaF°EelPLE
| arsordiggpltantMat Bosting ok@ar ybt j c (aBdleukaBgoliett. 293,
Ti36r. 491 9aBh Ty C%v%q CHRLRYEL; af" RIS LT QA MG in

host s &bacterla are Es erichia coli; rai ns
f 5 t H® -g¥Rer a BaciAPls (ecguemcelbt whiish leads after

Bebcpeae@,ut;ﬁr oS t hB e 19uef ARk e JREUAYTORRS 1 of
éh% fluorescens, P.putida) ,” or Streptonyces
(

igvepGigans, S. tendae) Eukaryotic mi croorgani sns
are preferred, and fungi are particularly preferred
es thereof are Sacc cerevisiae, Pich
DS BR PEReeRE] GyePToCad Sacers Lot Reperl A fuclpic Bcid
Expr essileotidle regeoret oty ct codéacébkuhae qmdyﬁegh
| pgueip gneeﬁtegﬂsgh&%pxereg%bbegtt 8L 2xpL o
oi ce o i és-Specrirc-srgnars c
aFer a%xmﬁmr cisaichy avacdelie sacid nélawndtlvectmttﬂefomdde

p%@hﬁbﬁc@XQES§ﬁ'9H 6809 ) ovjgded, by conpanies |ike

I nvitrogen, Novagen, ng and Bi ol abs) , that all ow
|EHGC|@nyqthQﬂnHQRﬁﬂlvéeb&%ﬁ%ssf@ﬁthEntréeelmmcdﬁotlde

aeéqaeﬁeegor‘yht@ﬁalnz@tu@ ef hhei1tar 9t e &idbe | Which
di'ti on t echnol og{ to enabl e or rorrote t correct

fSPéFﬁg BPr prcdiei RS 1vReBEdde tof " S8 t PHesbLaB| ughd the

agttv@bphahei Bsgayabe QRPLE¢dorTB%n®&Q%%bn%h%r%ucleotlde
preferably E ﬁresseg ZD retory manner, in which
c3SEYVEEEoPECI'R hi h Qentes of PLE and APLE

are linked NNtermnally to the a factor signa

SRAUANGE L, S polEIBYIFLEe qe RIST eLaply, eonsiydeled. o

i S 0SS1 pfépare co
tﬁélepﬂe¢hﬁnétdeetraﬁ@gMQ@@OHdEmg\Mntﬂrsenueéeas ERacid

desc e X C
r@é@ﬂéheesgaeeatdeﬁg esChihi grteg@ne AR 55“ i on%lh Kode

et al . 1S a

dEPEt efl eAr?%%?ﬁ%?epr%?er¥¥ﬁie%&ﬁ%ﬂEﬂQﬂt|Q¥|rﬁﬁiﬂ@ﬂn§lzed

exphenset®8 techniques, for example with use of automated
DNA synthesizers.

The purely synthetic preparation of the nucleic acid
sequences which code for the esterase of the invention
is particularly advantageous for use in the production
of pharmaceuticals or their intermediates, beceuse

enzymes are thus not obtained from animal sources.

Expression of the two sequences found (PLE and APLE
sequences) then takes place.

The known pig 1liver esterase (PLE, Swiss-Prot ID
Q29550) comprises an N-terminal signal sequence and a
C-terminal ER retention signal, the last 4 amino acids
HAEL.

In order to express the known PLE and the novel APLE,
vectors in which the sequences are introduced into

suitable expression systems constructed. These



of constructs with or wthout ER retention signal.
Unexpectedly, constructs having the ER retention

waegnali3sean al so be expressed and | ead to an r BCI/EP2006/011832
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whi ch i scapabl e of selectiv® resolution of racemc

2- ]é%j al ec oxyl i c est he ani no.
aceli31 erl{{;e ggﬁgﬁgﬁﬁg\g/el agIb er gshéanrAP Eaﬂﬁg?,ﬁm?gl into
deyiied i dipsttheeddd eot i de sequence of the APLE gene

| sdeRivitedddt %5&19 bﬁ this hbnﬁ@%tligﬁx%e . rh Q?a%ble

possi ble to find that e novel
r ARG OSTSaE igmss asiaal; ﬁeééntlrlagts taadt péarkéwn r PLE,

| BRAC o EALr Pt BE NAAID Yo BREIRFISIOMMOE rbHEg N s ms can be

se nts coding for APLE and PLE, respectively, fo
f‘i‘%oé(eldn pPr %ﬁﬁﬁr@ldl sPEekpEYtie rBR®Fse F%‘éﬁfﬁléla are

2-BmdhEriztia apsht - 4aedleserfoxy| FeoRs ks genera Bacillus

reosel ectively Th vention accordi n‘%f/ urt er
reglsat Jes to the use o?ugﬁégbﬁrypeptl de ha¥

ag. amytl;olarqdzaffadzleeasr)econbem@asrhom er(@se.( rME}oﬁscens,
0,
tl}e v 'onOrV\Q't%%Q%VG at east %O/ellsglle tltyst tem;ae)

sequence hovvn _
r Eodrayes iof mE-catdopgaii s mtpﬁeéeeradboa;adl dungi are

eivta‘?crtsic%flayi? for H%EZeQF%d' n mﬁ%mg é%l a Gyl @% Kyl are

r adi cal i “is d and ori ne, rom ne
orsﬁcé'diaﬁ@m}’ﬂ?é; pol yp@@f?‘djesmd ng estécide acti\Bastoris,

and e ragor NaRt 1851er asgetbAREEL gp.the invention
pref g?%bl y have at Ileast 90?6 bartl cul grl preferably

alExP§§§tSl§?§‘%mar36eF?l tS?CtrStPFTé( %uéﬁ%ﬁaﬁ?ﬁ‘ﬁ%a’ﬁr 8fdj fpoth

sh@‘&&cllblSE@nHDcNQstltutht;el s al so possible to enpl oy

ng tide an _esterase act|V|t or the £1
oS T P ARECPPAPRER CfEOHES | eSS 48 9pect fic

nmedighiréd DOEA sbeqlstmtcaesneshomd n a%E@dnBlez?klal]ly available

0 ' b al cat S h as or._instance,

TOrReREacY e vERELLLIR NS SHE R, eRbeh iR B ogu e o

f @ﬁoeﬁziﬁﬁesbﬁa\@mamee@eiuk@d &svetcasgenct iNOvagenn New

t @:h%l‘éﬁﬁn%‘itdl%s)enaiﬁ :fm&ﬂ&@' hxdﬁeahiee%r? cadrl@{:lJTtutlve

5- hal opent - 4- enecar boxylic aci ds or therr ester
t REPFEPRLPR / (Pp)tr@@e\MUéﬁrRamé Secretmry pralddiagdion of

Ath& efiitjetd Optrbte \iﬂeraﬁiﬁ]tlw b@e@m@ﬂo@ykfb é?fable
Ri:r é)r‘féan?tRz I&'fﬂ gcperaéek t &gfgfng % Ipnsroggg.ng l{g order to
result in soluble and active protein may be applied.
The proteins are preferably expressed in a secretory
manner, in which case vectors in which the sequences of
PLE and APLE are linked N-terminally to the a factor
signal sequence of S. cerevisiae are preferably
constructed.
It is further possible to prepare constructs in which
the C-terminal tetrapeptide HAEL, which serves as ER
retention signal as described for example in Hardwick
et al., (1990) EMBO J. 9, 623-630, is additionally
deleted.
A further preferred expression is inducible expression
of constructs with or without ER retention signal.
Unexpectedly, constructs having the ER retention signal
can also be expressed and lead to an rAPLE which is



brom ne or iodine, are obtained by an enantioneric
m xture of a 2-al kyl -5-hal opent - 4-enecar boxylic ester

wotoohessidrmula (1) in which R, Rl and X are PBSI/EP2006/011832
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defi ned above, being converted by neans of the
tlde of he |nvent|o of the rAPLE of_t
|ﬁ£ n%ﬁOn P FﬁeeﬁFéXSnéé ot Qkﬁ%ﬁ 3 éﬁcgp&Sh&'%ﬁiyl's'
t e liopemil-a -R2@ldarioeryd iR2 eisseas .al kyl group which is
not equal to R1, as nucleophile, and a ) either the
remai ni ng enantlonerlcally enri ched
2 ThiekyRnEDQ g |asiéht sadepeear Isdxythe emval opsthsase rAPLE

f nTeha 1élhewlbadA ﬁ%\@' the %&@&Qdesoé@%l%ég Bf) the
if an al cohql is enployed as nucleopha

r@gﬁﬁi9F&eeﬁ§n@F8ﬁ€FF@aPPyS@QrFPhQS

2-al kyl - 5- hal opent - 4- enecar boxylic ester of the

f I R2 b | ,
e ek AR Bty e TRLS, e r B4 i gt ehe

ZnaWEﬂl-ﬁehgpepende4cﬁnecaeboxyPLE @maieﬁnthe faba) a in

&a | to H bei i sol at ed

fo%wgtsﬁll% Hﬁ (lﬁno&l ar %’ rathi & aﬁc%u%%s%sogFSFned by
|ﬁ§paﬁse;onebﬁymheemmw segmenameOQMm@pﬁbr APLE iand PLE,

Ft_ﬁae’lazpemfékr aQQaHgﬂ!' }n #gé/}léaq}eﬁaiss to
are erre the 1-propy ad
péﬁ?PéUﬁarlyréﬁéméﬁred 2Ry H S -IRlopger & Rhdaarpoxylic
CbS@@Y@'%EErE@@bQ@EtlQEQ erably a G -C2-al kyl radica
and particularly prefera 'y a met hyl radical, or RZ,
where R2 is an al kyl radical which is not equal to Ri.

RZhies 1@&Eehltcikbhah|cy:oﬁfth§fl§'b|f¥1r@h@r @1alteyl toadhealiseX of
i odi referably chl orine

chIo m ne _ar
ERR | Sherr e § 9% e A ek EBhESARRS AT TeY (ARG Of cthe
cwanembunanthmm&sﬁa$m & xAPDEY) amfemﬂnilmnﬁencleupe&m;ch
( of , >809 r >9Q% a p ri
paberar, Jopsonat TRekaficte P Rk dagun 1o
nﬁE@o&BrN@e used ﬁqrzuﬁ@ﬂOdWﬁmgForaeganpea asf 2-alkyl-5-
dhaRepehens - a§e§9&55k9mlclggeékgl59dthésf8£ﬂafae@fg
as enzyne whi has been obtained fromits source by a
conbi nati on of known purification nethods, as whol e

cell's (where appropriate R

X O.
= R1

0
(1)

in which R is a C;-Cg-alkyl radical, R, is C;-Cs-alkyl

and X is chlorine, bromine or iodine.

The polypeptide having esterase activity and the
recombinant esterase (rAPLE) of the invention
preferably have at least 90%, particularly preferably
at least 98%, identity to the sequence of the protein
shown in SEQ ID No. 1. It is also possible to employ
polypeptide having an esterase activity or the
recombinant esterase (rAPLE) of the invention with
modified DNA sequences shown in SEQ ID. No. 1, obtained



I mmobi | i zed and/ or perneabilized) which have the
requi red enzymatic activity (naturally or through

w@eneris4srodi fications) or in a |lysate of suchPCBEEP®06/011832
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The reaction tenperature fdp the conversion of the
ﬁgtl ls nor gal I. g etween 0 and 9Q0C , preferably

bet 6 and 68 6EC2CFRBSpH BHCR he 3%act £6% solnstance,

i e tiesrs 4 dadieﬂ;ipnpyef@{taiﬁaad&fﬁ Weehs forad alhlc-flhecode

chaice t he nucl eophi |

t d
enpl oyer?f;w# for e t}}dee%e\r/]\dtsr@? |e§tter’f@sﬁu@IC§&HH|tVe

~sol vents which can be enpl oyed are water, a m xture of

W@hﬁrtMiércénﬁ%EﬁﬁoH‘S@ﬂgﬂ%fﬁme%qggig&okgﬁzaggﬁgn%4afkyl_

an_ al cohol suc for instance
Ié%gpgﬁgﬁaw-Q-qwmﬁﬁ@o;xyy§ aqyxmanethelr esters of the
t efloratipdr offjunan, acetone or di nethyl sul foxide or a

t wo- phase system of water and of a water- inmscible
sol vent, for exanple an aromati c conpound such as, for
i nstance, toluene, xylene, etcr, an al kane such as,
for instance, hexane, heptane, Jcycl ohexane, etc.,
ether such as, for iR tNsopODapyl ether, methyl
t-butyl ether, etc. If the nucledphilé&tis an alcohol,
the sol vent preferably enployed i the al cohol R2CH
where R2 is an alkyl group which™s not, however,

equal to Ri. However, it is dlbo pOSSIb|e to use

m xtures of the al cohol with an organi ¢ sol vent such
as, for instance, tetrahydrofuran, heptane, tol uene,

henam&uc(ﬂﬁCleﬂﬁt hey Lt - Dyl %taaﬂza?l, utA Afd eé%ls%fkgﬁ H,

zyrra ically catalyzed racemate reso
pftacey FFS sM3¥d ¥¢ nat-predéod i 1 s%d,at‘elmeré'hRs ey an

balkylhglroube beRBIIGI R teR}U10MY irgal bygerr 'lgh%qillorme
b?l)!ﬁ? - 5- hal opent - 4- enecar x lLic _ester of !
formura (17 WIH K eqldde t8 F{F‘mSiﬂ i PY weitter Qn@fttﬁ@merlc
nuékeophi | t ke 2rahkyDbABrhabbpynends i eheshdbo@bKyic Sester
hgk opgat arboxylic acid of the fornmula (1) wth
Aégqﬁgg {.é’rﬁﬁf (ﬁphas formed, or if the alcohol is

t he nucl eophile the enantiomerically enriched

2-al kyl -5- hal opent - 4-enecarboryl ic ester of the

formula (1) with A equal to . The isolation can
take place for exanpy O

R1

0
(1)

in which R, R; and X are as defined above,

being converted by means of the polypeptide of the

invention or of the rAPLE of the invention in the

presence of water or an alcohol of the formula R,0H,

where R, is an alkyl group which is not equal to R,, as

nucleophile, and

a) either the remaining enantiomerically enriched
2-alkyl-5-halopent-4-enecarboxylic ester of the
formula (II) with A equal to R; being isolated or

b) if an alcohol is employed as nucleophile, the
resulting enantiomerically enriched 2-alkyl-5-



conventional methods such as, for instance,
extraction, crystallization, colum chronmatography,

walzenziorisas i on, etc. The nethod of the inventi oPCT/EB2006/811832
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in the correspondi ng aci ds 1or esters of the formula

an e IS SegtliBeiae. Bt Er gk 1t atPomb (1D
genemittito® cfqueBNACO RZ bedhgl isetatedmarfreshly

I f t
LY A8t 80 SRAYER Ua s iEel UL 0B

nor t &-2aldnd t élaqho{p@rnét édemﬁmrmgwﬂsm atedidr of  the

ext r agethesi )t Ra thast efragk t@sRHAb@&hga%bQBtEat 2.0
(I nvi trogen, Carlsbad Calif. SA) in accordance with

t he statenents nade by t he nanufacturer (Fast Track

2RO i tthenfsdnuMer sipn s ; a0@%3Q1a1%§10Q%%hcaIﬂthh as,
e tractlon af forde t ot mount of 12,

ey oTEenin i héﬁldusﬂeopla%pxlenppav ei-
famdgan&mayﬂngp@BN&lu&ndghéhnguperscr|pt 11

F| st synt.hesi s system for RT- PCR ccordlng

o b el AR O8Te, YR ae n3°°hE' W giopy1
Awpﬁutadanﬁopaamdcuﬂamﬂygpwéfebwédfragnents frompig
! 'Aver sSpeIQ' f'ﬁ prlva'i_;?é]_s»e baﬁedég tge ée%e%ﬁ?{ q_f tJ.hadlcal
pi g ier ‘est étase gene o nBafk atcessSion No
XeFsizresushi nfiet2-@lkyl 190adiewt e pnépamrtlcularly

F’Bm%rlabl)ﬁ ﬂ%ﬁﬁ\}@@@z&w@@cﬁ%@g L3 HPERky1

Primer :
5T agEea) ARTRY MCG@TT@&@MG?L 3' R{ SE® Immdcudarly
B@&@&ehaﬁubOQOQ§ ¢o d1he ki RLE sequence are in bold
eco nltéon seg ences for restrict]
c

o RadRuEPdaEesey; bRPFAR e PR edordReenpracr S echlorine.

anplification took place in a 50 M mxture with I U

oengﬁeagggrwlgg}' YIRS &%écf' nQé%ﬁBéBdESane‘anFl ntand) ;¢

&ach o'f
pﬁpﬁ€¢CI1@mdthOS%swh1©h @xhwh@unan(gnﬁwteamhrlc a&Acess

' %@;Phe@ 0Qglk F bgié@érameccgf danees W4y ' B l%larly

H gh-Fidelity nmerase' manual (Finnzy
sPéF?Fﬁéb%VtHfa>§@°second denat uration step at 980 C,
fol l owed by 30 cycles (10 sec 980 C, 20 sec 68C, 1

H&He enzyme of the invention can moreover be used in any
form. For example as dispersion, as solution,
immobilized, as crude enzyme, as enzyme which has been
obtained from its source by a combination of known
purification methods, as whole cells (where appropriate
immobilized and/or permeabilized) which have the
required enzymatic activity (naturally or through

genetic modifications) or in a lysate of such cells.

The reaction temperature for the conversion of the
invention is normally between 0 and 90°C, preferably
between 10 and 60°C. The pH of the reaction solution is
between 4 and 11, preferably between 6 and 9.

The choice of the solvent depends on the nucleophile
employed.



72 0 C) for anmplification and a final incubation at
700 C for 8 mn to prepare conplete products . This

woeoR7neses ted in a DNA fragnent with a size of PAT/8P1006/011832
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(found by agarose gel electitophoresis) .This PCR

uct vas the urified using.the ui ck_ kit
é dgen®" Hi FER é%er WaRTY i B° addr dB Eg‘gaﬂlﬁl?he solvents
rrmhuallh |<n@1hudbed emxj»}:m&'ecﬁ) hr&g witdihe pumixteddPCBE water

DLALE gy UL MLBLAE (SR OB BI85 e an

and cloned 17 smd vectorsS™p
plalicobplyi guce BeoRI fchEa\/Jergﬁé’-as’lCtees mﬁté’lamﬂt,orﬁtma'r@l

t ReR ogﬁ%t)@r med @I PlL £l eciracompet et 48ld S furan,

prepared in accordance with ' Current Protocols i n
MBICEERREr B Sotehy L | pisbFexide Qevar &Worebapei mystem of

Chelftes \wRide oFeQUaRGRY- UsiniG it DR 1RRNY, FYMddile an

cl e _Sequenci it plled Bi osystens | nc.
FHESReE a £ yoredunt | el e e toluene,

ldgﬂbmkheéﬁtherehy a%ﬁ&nﬁogﬁﬁhpﬁgdlmgﬁlQ&%tb@thehexane,
expected sequ ubl i she t sushi ma et . a
(T‘%@%)anEEBSqi nfoeh%%n 37- f’fcyand ?ﬁ%ejf)t h&PCequtice for
canséspoedi dg itop8EQylDelber? meEhgipt eb8tyl ether, etc.
IEEFOdyﬁé'oﬁ 8? EBglﬁefaCEQr ghgn%hfﬁﬁﬂﬁgnce ﬁe lvent
variations of th enabl e

er m nal order
s predesap Llyx predsiyed olfSthbekﬁbmhploRe@H Wl’_lEran@zt he an

PLe rg%%l,d of;Hikg, 1 nwenti £h the
sgq?}gnce of PLE and APLE vvasd)d;onnecte eé{% nlal 'y to
t FOWgVeZet oft sigr takequenesibiet He ciAi rﬁ@xﬁé{ﬁ&ﬂ of the

pBﬂ@%h@l(M?ﬂHréﬂﬁﬁﬁgdﬁi@ s81séhtickedn b8, addid iibtance,
onstrkglcts i_n which the C -term naI tetrageptlde HAEL

w&§ tderEtEatwERB  pr e}&%}?%@nePCRtlo Ui exane,  CHsCN,
EeeRhallphablalyphaPhE?2 pecner pair was used to anplify
the a factor signal sequence of the cloning vector
pPICZ a (Invitrogen) . The PCR was carried out in a 50
mRftext wlee (2naymet itedplatagtalyZedrikaterath prasvdmtion

Oh%s”WEQQE;ElFéeIneﬁxpﬁgsiggﬁiﬁ9ﬂ %mﬁkggbggeigsfsolated

Fi nnzynes usion I'n accordanc
WTPHSt h@aphugeon SFitgIeTFi ¢S t Y SORATHEIg) nETE Y L anetigally
(Ehmz:haraS) 2)—al@9llat5uh&11b9%n@lf—49§nQ@a§:96x 1AENUE@S eWasS of

gh e} WE b&% Ioné %a 0 %y%éeso&31fsa%t%§ 9% 'the
30"8e %”‘7‘& q 1

nucleophile the enantiomerically enriched 2-alkyl-5-

halopent-4-enecarboxylic acid of the formula (II) with

A equal to H which has formed, or if the alcohol is the

nucleophile the enantiomerically enriched 2-alkyl-5-

halopent-4-enecarboxylic ester of the formula (II) with

A equal to R;.

The isolation can take place for example by

conventional methods such as, for instance, extraction,

crystallization, column chromatography, distillation,
etc.

The method of the invention results in the

corresponding acids or esters of the formula (I) in

theoretical yields of up to 98% yield and with an e.e.

of up to >99%.



15 sec 72 0C ) and a final step at 72 OC for 7 mn.
PCR I1: The PLE and APLE sequences were anplified from

woRhzA73AaSsM ds using either the PLEal phal / EcoRUPEE6RG211832
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pri msr pair or the PLEal phdaB/EcoRlI PLE2 (del etion of
term n HAEL t trape I de These
\;\’é‘re dg éls?rlg‘ 8t aﬁﬁ 21ﬁ}fg"" QPuggs CP¥A g of
terrpl ate, 0. 5 mM of each priner, 0.2 m\/IdNTPs 1 U of
t e -Phusgy r i.n AN
| Sprnd Sy RO s TR e g oprained
HlfgfﬁmFl%leﬂ-pF?lDWmeW‘mr a‘ses Yeozen (i nihzymed) nitroyen
depat f i nut ohl,
! F A e S R e Ae e b0 "B e BY e
, V85 skeolmtet )orangxé gsdpdat thre Festor Tragk n MRNA
PERtkbbi13nMkie! 4 he I@tﬁGﬂ@%égéﬁO”tEQBsﬂaaé”ch@Rf" USA)

were used to conbine these two gro ucts prlnErIess
PER  THCRXAINS onw\%ég cadrli§ eds aﬁemﬁn5845 nAdsyi xPyir e the

Wirbhu@a2tiivedNTPsast Wiefcid hg . Phusi on mBNAaRG! Yi&Fasen J;
in | xPhusi on HF byffer. The reaction

(Fi mes) _al |

O RRaPE a2 5Raa08 - ar 198 0@NBRH Ih UL oEAES nen Total
cymbastvvbtfh1309sag af BBNL.and 45 sec at 72 0C were
cgried ou ;am these verla ext ensj on

prao uc?‘g oy p?@rxer %$£%%§r tqMptatg £or
rrMeaectIRtahghaiDl\]@r mm:rngntlhd ﬁhpefsarmp't EdGR PLESERBtamnd

EcoRL pri ywer esgddedsr Theg pro

n‘g 5 %S Ey%ePCR cégl es 3%€%ec %‘g&%%vﬁo sec he
S%GUfaEtHifﬁr‘/E gtafemanta- si ngI e tenperature stop at

72 OC for 7 mn.Prinmer sequences : EcoRl al phai :

(:GAA TTTTTA SE
|Exﬁ8p g) aFﬁ@%ﬁL c;g%ggAguéléfgﬁfkg of gg%% %r;gmégts
5 freACBLgAEEFeECCAGCTTCAGCCTCTCTTTTCTCG 3" (SEQ | D No.

6) PLEal phal : 5- AGAGAGGCTGAAGCTGGGCAGCCAGCCTCGCCG 31
(SEQ ID No. 7) ECORI PLE+ER2: 5'-ATGG G CCE A/ \
73CECACACCPCABEATCOREEATONTGhE' sef§benkB Nd. tde pig liver

B8RP R oSS0 ST AP B laareie T it e 4P (sE§%523

NéMagpushima et al., 1991) were prepared:
aner1SKCAGAATTCATGGCTATCGGGCAGCCAGCCTCGC%%SEQID.NQB)

Primer 2: 5'-CCGGAATTCAGCCTCCCCTTCACAGCTCAG -3' (SEQ ID No. 4)

Bases homologous to the known PLE sequence are in bold
script. Recognition sequences for restriction
endonucleases are italicized for emphasis.

The amplification took place in a 50 pul mixture with
1 U of Phusion DNA polymerase (Finnzymes, Espoo,
Finland), with 500 ng of cDNA as template, 20 umol each
of primer 1 and 2, 5 ul of a dNTP mix (2 mM each), all
in 1xPhusion HF buffer in accordance with ‘Phusion
High-Fidelity DNA Polymerase’ manual (Finnzymes) ,
starting with a 30 second denaturation step at 98°C,
followed by 30 cycles (10 sec 98°C, 20 sec 68°C, 1 min
72°C) for amplification and a final incubation at 70°C
for 8 min to prepare complete products.

This PCR resulted in a DNA fragment with a size of
1.8 kb (found by agarose gel electrophoresis).



Regions with honology t o the tenplates i n bold, _
recognition sequences for restriction endonucl eases

w0 200varises . Exanpl e 4: Construction of expresSBCDEP2006/011832
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constructs for the heterol dgous expression of pig
iver rase n_Pichia pastoris The overl appi
Q¥1 SIO §P88u8?§ f e %ﬁé.ﬁﬁrﬁgpﬁﬁﬁhqgqu1Ck
uﬁu@;(@eagpmqumoﬂddm,(G}fmﬁmy)thd@mwdkumﬁmy)wuoh the
ag&g&gan? gh%%éfhe manual included. About 0.1 ng of
ie

t he puri roducts was cut using the EcoR
ré%tﬁﬁbtqohréhdoﬁucheasaraﬁdedldﬁﬁo predude #eeRkut with

dﬁﬁ@“ﬁﬁ%éﬁféﬁﬂdﬂ(bﬂﬁﬁh&gfgggéiE@&ﬁ?raﬂﬁﬁggoﬁed 1Pto the

(Invrtrogen) . Correct orientation of i nsert
r SLEEMEA t a9t ns o ErS wad cheBkEdDRi t Nighe thied dcoRI
cgq@hobgglgafages for exanple with Ncol . In each

%@ |l one with correctly oriented insert was
cteHec

§8YGenc¥8¥8nd bhReler vierrngher B r esdiRli ngOP10
pleasmtdscwpeteaﬁed cag 1fs0l preparBdasnids aidiance with

t he k PLE i | din
TRl PABcaRot] HrousidEaner BReTosus 50 41 were
cdhnlsedtpGABZ ASB’SZEI‘EIR (taeuHAEhg t ed T cipept iw&ael\la&‘sequenced
del d d. RGAP PLE+ER (HAEL tetr tide st
O BEILEN Rl BRI e | YRR BB RS he! kic
séé@@ﬂrcedw@n@syaltleets PGARPZ BoAPLEXrERityheCHEE., USA) .

t g{,bapepLi g Stl?eleg&g) and18§§g§fﬁeéPLE-%£%s one

tetra eptr present) utrve
ef@ﬁr‘-’é‘§§P@ﬁdéﬂ9p| 95 vee ééteermctqrd Psolquanpastmahlsl shed

Th nla@%ms@ts_ma%EZa& PLE-B3, ) PEREE 'ﬁ\.‘.e@LEE"'@B'B D%F’Zt 1A and
AP E— and pPGAPZ A APLE+ER were transforned i nt

p& F8e%- §89ueheet FIREEEPRAEEBAE FBORERI BBeNPn 2.
accordance with the instructions of t he protocol for

hi rLessi ons Ki t tro
{ EREbE8 31 ERREPRET ok bg' SRS B0 BAHES Ko squence
eﬁndawarla@&peptgﬁephE%CBtgrmcnaé,eﬁ&bagar) whi ch
contained 100 ng/1 zeocin. 52 zeocin-resistant clones

were streaked onto YPD plates with 100 ng/1 zeocin and
In order to enable secretory expression of the known

protein PLE and the protein rAPLE of the invention,
vectors in which the sequence of PLE and APLE was
connected N-terminally to the a factor start sequence
of the «cloning vector pPICZ o (Invitrogen) were
constructed. In addition, constructs in which the

C-terminal tetrapeptide HAEL was deleted were prepared.

PCR I: The EcoRIalphal/alphaPLE2 primer pair was used
to amplify the a factor signal sequence of the cloning
vector pPICZ o (Invitrogen). The PCR was carried out in
a 50 pl mixture (2 ng of template, 0.5 uM of each
primer, 0.2 mM dNTPs, 1 U of the'Phusion DNA polymerase
(Finnzymes) all in 1xPhusion HF buffer in accordance
with the ‘Phusion High-Fidelity DNA Polymerase’ manual
(Finnzymes) ) .



preserved in 15% gl ycerol. Exanple 6 : Qualitative
anal ysis of the esterase activity P . pastoris

wo ec@sfsasrant s were cul tured on YPD pl ates w t ACT/882006/011832
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ng/ 1 zeocin at 30Q0C for 481k . The cells were lifted

ont o at man 541 hardened_ashless 70 mmD filters. and
3 BAE A ALt 3P CwerY | RedIESSwi VRSa Lot ieved by

Ofarr@flrrgflarfataompm hgb ageﬂetse (B gee glssepl \zedsg& Hfrc,
cet,Q trazt g ni si di ne
=< e 6 pobnd Shpda, SERBSER. 26 Fn Tens Tonthr

water) and 5 m of 0.1 M potassium phosphate buf fer,

p@dﬁ'Iﬁ'1fH@eﬁLﬁoaﬁasﬂﬁhbzge&ggn% LeLASR %ﬂpfﬁ#ﬁéé“@rom

a color reaction. Activities tect ed
t PEA$Zo sl déhi eninadei hhegr &hed RpRalfha eEpRIPLE+ER2

. PZ -
R L AT RS (LG o 1

e>§prt€§§‘|161ﬁ of AN CELEARPPHLSELI REINEYiI RELEst er ase

aThiegiet YPCES azleéEngaﬁndc@&%l\é‘dt hol:ft gy ated, eMitiktures
v(escz‘tor sals testidélnth vva Inthls case
S

sPgnifi & g & i2n PheNTPs,
canparabl eheezmtumrpemmd psamlxes‘é (Heiaagad)echive in

t t | at t h|
(BERERIPE ) Rt e B wa?ré #hns Phusion
f Hﬂghnf'sdaé i8gsONAbedlymeeaaapl Bafuakr éFn:nnht}amesi) bn

YRD th 1 i f
cgl I%ﬁ%##%dggn{%% {-}9& 5 } %gfq'genvga ﬁ %‘s“s”e Oby
mAOPLiEieprEignd i r38r ¢BaleThd 30i Iseer SOTRE e Bﬁcabat &yec,

ehthaecWybhcsubsir at elﬁQhUEte]tB ét( 390cntopi7racgm ¢
met hyl 5-chl oro-2- (1-nethyle -4- pentenoate, 200
m of 0.1 M potassium phosphate buffer, pH 8 ; 150 ni

obckO Jnrgdrﬂ:appen@f ree A28auteef AMa0 pERO1Marpf PER 11
) or vvlth ubstr soI on B i denti.cal tgsolutio
dgytr?lg %‘ﬁsem%) Q sPERfUFE 2Py Primerless

(ICRet hyl ethyl) -4 pentenoate I nstead of the

0 e esf efase, actiy
t?egg%%&t rnastlegg q'?‘# ?églgra |§){r11£o Padt dlg Ahy B 5I y Wlth
of - 2heMes C&ITPsubstl af e 9fsuths | ﬁhaspék‘lde@NéaS@qunﬁrase
Imeﬁeyhegfisaw @nChABRAEs  Bnt iR SQEPELOF the phenol

The reaction mixture was heated at 95°C for 3 minutes
and then 10 cycles with 30 sec at 95°C and 45 sec at
72°C were carried out. To amplify these overlapping
extension products, 5 pl of primer mix (3 pl of water,
1 pul of 5 puM EcoRIalphal primer and 1 ul of 5 uM
EcoRIPLE+ER2 or EcoRIPLE2 primer) were added. The
products were amplified with 20 PCR cycles (30 sec
95°C, 30 sec 57°C, 1 min 72°C) and a single temperature
stop at 72°C for 7 min.



indicator to yellow It energed fromthis that
transformants containing the plasmd pGAPZ A APLE- ER

w@ang/03isghal s (yel l ow col orati on around the coPOTV¥P2006/011832

10

15

20

25

30

after i ncubation for 3 to 46hours if they were tested
ll.gnbsrl:rate solution A, whereas no significant

cORL L T e Lo atbetrare sallon B

pG@ZDAD RbEBB)ER or pGAPZ A PLE+ER showed no reaction

c on E) h? F%ﬁ% %%éeﬁ-ﬁ&ﬁg&?ﬁ &%’qﬁg K%g:?g 93 EEBW%EE has
a $OERID NoeS)specificity different from reconbi nant

r PIPEEQIE ?1t gaAc?Au 8tY&hRceTe WC&W%% pl ace

é% -4- "pentenoate using
st EPEQ Néc"tlvely for the (R) enantioner. Exanple 8 :

gDﬁcmlP)Lécmi @méf@s?%c%ﬁﬁfﬁ%@éf@%@@%ﬁﬁ@ea

2008 R Ve BPA), 5% b- ner capt oet hanol , 0. 05%r onophenol

bl EQRIFEES. SAATEd TAQCEAANTCREACEIMRICT Tab GG TRk G O
Icl%ftg?@gﬂ se or 10 M of the 60-fold concentrated

Ytraf iltrations- Spin Columms, from

Sazre@qrddss) wiier ndidtogy Of tbherRe. Ras %'téscul il 85614,
(72 at, 100 rpm and 2 C|n250rT10 PD nediumin. 2

1 TECCSRHY SR (1SRINSRT hiBhf FPESYiGRieR EHFoRUsdgases in
eiitth@aridshe plasm d pGAPZ A APLE-ER or an enpty pGAPZ A
plasmd (control strain) . After the sanples had been
heated at 95 OC for 5 mnutes, the proteins were
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g B T
t Récoige@rstogiise for r APLE (-60 kDa) in the yeast

strain having the pGAPZ A APLE plasm d, but not in the

control strain (figure 2 ) . The comercially
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p%é%éIArestriction endonuclease and cloned via the EcoRI
cleavage site into the plasmid vector pGAPZ A
(Invitrogen) .
Correct orientation of the insert in relation to the
promoters was checked with the aid of control
cleavages, for example with NcoI.
In each case, a clone with correctly oriented insert
was selected, sequenced and preserved.
The corresponding plasmids were named as follows:
Plasmids which contained the known PLE sequence as
disclosed in Matsushima et al., (1991) FEBS Lett. 293,
37-41, were called PGAPZ A PLE-ER (the HAEL
tetrapeptide was deleted) and pGAPZ A PLE+ER (HAEL
tetrapeptide still present).
Plasmids derived from the novel APLE sequence were
called pGAPZ A APLE-ER (the HAEL tetrapeptide was
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with Sail and transfornmed into P . pastoris KW/1.
Transformati on and selection for H's prototrophy took
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( preeeyvkdat Ayl 152 éipggygmoate The phenyl red col or
change (red to yellTow) was detectable after only a few

m nutes (figure 3 ) . Unexpectedly, the rAPLE activity
wesampdeperttent Qualibat presermaleisilshe dik r ehent ig¥terase
sigpal,;EQEL at the C termnus, i.e. even cells which
expressed rAPLE with ER retention signal showed

activi ty. By contrast, yeast strains for producing
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recgnbl nant tei n. havi nqgest erase act.i vi ty and

eRAFDbi t‘e‘llf‘fgd'fr ani A8€acifd 1E&GFen¥ETSEQINFEPaked 1 with a

solution of 6 mg of o-naphthyl acetate (Sigma,
dissolved in 500 pul of acetone), 2.5 mg of tetrazotized
o-dianisidine (Fast Blue Salt BN, Sigma, dissolved in
125 pl of water) and 5 ml of 0.1 M potassium phosphate
buffer, pH 7, in order to <visualize the esterase
activity by a color reaction.

Activities were detected in all transformants which had
integrated one of the 4 plasmids pGAPZ A PLE-ER, pGAPZ
A PLE+ER, pGAPZ A APLE-ER and pGAPZ A APLE+ER. This
proves the expression of functional proteins having
esterase activity. As a check, a clone with integrated
empty vector was also tested in the same way. In this
case, no significant esterase activity was visible in

the comparable reaction period.
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alééb@écab'@ifnﬁoca'ﬁ&épmd by nmeans of a pol ypeptide or a
I eeOndNdIYeq esth aski 8Sthhl MREAnkRoehd@hfsl cortaining the
plasmid pGAPZ A APLE-ER gave signals (yellow coloration
around the colony) after incubation for 3 to 4 hours if
they were tested on substrate solution A, whereas no
significant conversion could be found with substrate
solution B (figure 1).
Transformants obtained with the plasmids pGAPZ A PLE-ER
or pGAPZ A PLE+ER showed no reaction with substrate
solutions A or B under the same conditions.
This showed that the recombinant rAPLE has a substrate
specificity different from recombinant rPLE and that
hydrolysis of methyl 5-chloro-2- (1-methylethyl) -4-
pentenocate using rAPLE takes place stereoselectively

for the (R) enantiomer.
Example 8: SDS polyacrylamide gel electrophoresis

10 ul of a 2x SDS sample buffer (125 mM Tris-HCl, pH
6.8; 4% SDS, 20% glycerol, 5% fB-mercaptoethanol, 0.05%
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The commercially available pig liver esterase which was
also analyzed for comparison showed two protein bands

in the same size range (arrow in figure 2).

Example 9: Induced expression of pig liver esterases
with the AOX1 promoter

The plasmids pGAPZ A PLE-ER, pGAPZ A PLE+ER, pGAPZ A
APLE-ER and pGAPZ A APLE+ER were cut with the
- restriction endonuclease XholI, and the respective
fragments coding for APLE and PLE proteins, with or
without ER retention signal, were cloned via the Xhol
cleavage site into the pPIC9 vector (Invitrogen).
Correct orientation of the fragments in relation to the
AOX1 promoter was checked by means of control cuts with
the restriction endonuclease Ncol. The vectors having
the AOX1 promoter were named, 1in analogy to the
plasmids named in example 4, pPIC9 PLE-ER, pPICY
PLE+ER, pPICS APLE-ER and pPIC9 APLE+ER, linearized
with SalI and transformed into P. pastoris KM71.
Transformation and selection for His prototrophy took
place in accordance with the instructions of the Pichia
expression kit from Invitrogen. Selected transformants

and the KM71 strain were cultured on complete medium in
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Lys H exhibi’38g53hebdMitbsaldlia Segubfbe54B0<210> Ro. 1.
<211> 1647 <212> DNA <213> Artificial <220> <223>

r APLE <400> 2 gggcagccag cctcgccgcc tgttgtggac
adt.gcc@aggprgtypept td¢ ggogaageaomblAnghcagcptaigein  which
a300CCLENG ,IE 046001 8 HCCRhE! Lirk A 099AgI el L LEgRgaag.; o
120 ccccc Cg gatc gag gtttgctccg (:(:g(:ag(:(:tal
cagaaceguygegagctshoopwry 180 IEQYAErMNra tctact ahas activity

tcccat ghgc f@&&ﬁ%&?g%éégﬂﬁﬁﬁﬂﬁgoﬁc%ﬂﬁig@g %lo ent-4-

tcagatctat ttaccaacag aaaggagagg ctcatt agttt ctg
agact gEBeEaZboxyadet aahenst etat @cé@r‘lﬂ’gl:@g Ettg
acaaagaggg gcagactgcc ggtgatggtg 360t ggat ccacg

gaggaggt ct ggt ggt gggc ggggcttceca cctat gat gg actggccctec

420 gctgcgcat g aaaacgt ggt ggt gyt ggcc at ccagtacc
gcctgggcat ctggggatte 4 ttc cacq-_? gggacgaaca
cagccggggc aactggggtc tt cc gt 9pgcgca 540

ctgcactggg tccaggagaa catcgccaaclitttggaggcg acccaggctc
t gt gaccatc 600 tttggagagt cagcag@agg ggaaagt gtc
tctgttctgg tgttgtctcc cttggc @ag 660 aacctcttcc
accgggccat ctctgagagt ggcgtgg ct tcactgctgg cctggtcagg
20

in which R is a C;-Cg-alkyl radical, R; is C;-C4-
alkyl and X is chlorine, bromine or iodine.

4. A polypeptide or recombinant protein having
esterase activity as claimed in any of claims 1-3,
which exhibits an amino acid sequence modified by
usual modifications from the group of mutation,

deletion, insertion, extension and/or fusion.

5. A nucleotide sequence which codes for a
polypeptide as claimed in claim 1 or a recombinant

protein as claimed in claim 2.

6. A nucleotide sequence which has the sequence shown
in SEQ ID No. 2.

7. A nucleotide sequence which comprises a nucleotide

sequence as claimed in claim 5 or 6.



aaggacat ga aggctgcagc taagcaaatt gctgtccttg ctgggtgtaa
aaccaccacc 780 tcggctgtct ttgttcactg cctgcgccag
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aatttttcgc tcttgatttg catgdagacc ccagagagag ccatcccttc
900 ctgaccactg tggtggatgg agtgctgctg cccaagatgc

ct gaagagat tctggctgaa 960 aaggatttca acactgtccc )
ctfacat y§5at ehacx é{jﬁé’é@‘%&t’tdet g§&t ggEt t& 10Fombinant

ct gccawdligxggegﬁlamcti@ Ctlgamgycaagyl tggagcagador
gacggccac t cact cct gt agt cct.a cccgatcgct
aacatcE@f%“&é@aé%?ﬁéﬁl]'ghggggcc 1ﬁiﬁy¥ﬁ§€hﬁ%éhﬁnt'4'ene'
at t t ggggghoyydagaegaerscofit chaadoagadagqrrt gttcctggac
1200 ttgatggggg atgtggtgtt tggtgtccca tctgtgacgg
t ggcccgtca acacagagat 1260 gcaggagccc ccacct acat
gtatgagttt cagtatcgcc caagctt€ c atcggacaag 1320
aaacccaaga cggtgatc ccacdgg gatgagatct tctccgtctt
tggttttcca 1380 ctg Cepagaagaggag
gt cagt ct ca gcaagacggt gat gaaattc|{1440 't gggccaact
ttgctcgcag tgggaacccc aatggggaggdggctgcccca ttggcecgatg
1500 tacgaccagg aagaagggta cg t cagat c ggcgt caaca
cccaggcagc caagaggctg 1560 a&aggt gaag aagtggcctt
ct ggaacgat ctcctgtcca aggaggcagc aaagaagcca 1620
cccaagat aa agcatgctga gctgtga 1647 <210> 3 <211> 33
<212> BNA viilad> RV tisf il @] - 5230k y 1223 R4 1Nerr <499>c3-¢, -
cagaat%i t ggctatcigg gigccagcc% C%C 33 <210> 4 <211>
30 22121 RBAEBa% Aft PP OF AN <oBE9 £D939r pi PRk <400>
4 ccggaattca gcctcccctt cacagctcag 30 <210> 5 <211> 43
<%]:2> Mégﬂg’g '%‘rotrl fﬁxgégallrfnzgzoéngl% g’gmg)r:&ggil;A'oeor?risched
2-alkyl-5-halopent-4-enecarboxylic acids or esters
thereof of the formula (II)

(1)

in which R is a C;-Cg¢-alkyl radical, A is equal to
H, R;, where R, may be C;-C4-alkyl, or R,, where R,
is an alkyl group, but is not equal to R, and X
is chlorine, bromine or iodine, which comprises a
mixture of enantiomers of a 2-alkyl-5-halopent-4-

enecarboxylic ester of the formula (I)
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tcttcgaaga attcacgatg agatttcctt caatttttac tgc 43

<210> 6 <211> 3 6 <212> DNA <213> Artificial <220>
wea2@3573885 ner <400> 6 gaggct ggct gcccagcttc ageCl/EPNE/011832
ttctcg 36 <210> 7 <211> 332&212> DNA <213> Artificial

<220> i g - C a
gccagcét%%g&lclcli:&|h Iﬁg <21%98 4 %?ﬁl é‘% %ﬁ@g&&\%}‘%’lb
Artifi &%nkZQ%VQQQ%@ B nBeara0@f gaatmpdvasggdde or a

at t Ct CaGRGnMi¢ANGA O ditd At C&Egc:i%lﬁlgao 319 62&%@ f‘o 2, 3
<212> DNA <213> Artificial <220> <223> priner. <40

at ggt af&gd att AR g P e e g"*MRPhOl Of the

formula R;OH, where R; is an alkyl group which is

not equal to R;, as nucleophile, and

a)

b)

either the remaining enantiomerically enriched
2-alkyl-5-halopent-4-enecarboxylic ester of the
formula (II) with A equal to R; being isolated
or

if an alcohol is employed as nucleophile, the
resulting enantiomerically enriched 2-alkyl-5-
halopent-4-enecarboxylic ester of the formula
(II) with A equal to R; being isolated, or

if water is employed as nucleophile, the
resulting 2-alkyl-5-halopent-4-enecarboxylic
acid of the formula (II) with A equal to H
being isolated.



