1 Pol ypeptide Having Esterase Activity And Reconbi nant Esterase Apd Use
Thereof The invention relates to a novel polypeptide having 5 esterase
activity, especially having 2-al kyl-5- hal opent-4-enecar boxyl est erase
activity, and to an enzymatically active reconbi nant protein having
esterase activity and to the use thereof for resolving racemates of

2-al kyl - 5- hal opent - 4- enecar boxyl i ¢ ester 10 enanti omer m xtures.
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15 for instance, for delta-anino-ganna-hydroxy-onegaarylaIkanecarboxanidés,
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in order t@nahaiaméfrm22tﬁkés(Fbynann, E. and Junge, W (1979) Eur. J.
Bi ochem 95, 509-518; Lehner, R and Verger, T. (1997) Biochem stry 36,
1861-1868). 35 It has further been possible to show, for exanple in WO
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properties and can be used as antihypertensive agents
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20 Esterases are generaliy employed in the resclution of
racemates and asymmetrization.
However, only very few esterases suitable for preparing
chirﬁl compounds are commercially available.
The use of esterase extracts from pig 1iv¢r is known on
25 the .preparative scale. Pig 1liver egterase (PLE) was
isolated long age 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
30 Taylor, D.B. (1946) Biochem. J. 40, 831-834).

Various studies have also already been carried out
in order to characterize PLE (Heymann, E. and
Junge, W. (1979) Eur. dJ. Biochem. 95, 509-518; Lehner,
R. and Verger, T. (1997) Biochemistry 36, 1861-1868).

35 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.,




5 batches vary and thus nmake it difficult to optim ze industrial processes.
Secondly, the use of animal resources in the manufacture of pharnaceuti cal
products is undesired because the presence of viruses and prions cannot

al ways be precluded. 10 For these reasons there is a need to produce
reconbi nant pig |liver esterases of Standardized quality in mcroorgani sns.
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authored by the same inventors in Protein Engineering,
16, 1139-1145, 2003, the modifications of the xrPLE
sequence from WO 02/48322 were chosen so that a
25 recombinant intestinal pig esterase (PICE) disclosed in
David et al., {(1998) EBur. 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

30 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
35 prepared biotechncologically is not met, it was an
object of the present invention to provide a

corresponding novel recombinant esterase.




The novel rAPLE differs in the am no acid sequence also 20 fromthe known
pig intestinal carboxylesterase (PICE) in 12 of a total of 548 am no acids.
However, PICE is found in the pig intestinal tract. The present

i nvention accordingly relates to a 25 pol ypepti de having esterase activity,
whi ch conprises the am no acid sequence SEQ ID. No. 1. The present
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10 prepared, it unexpectedly emerged that only the rAPLE
is capable of selective resolution of racemic 2-alkyl-
5-halopent-4-enecarboxylic esters.

It was thus possible to achieve the object of the

15 present idinvention by a novel polypeptide having
esterase activity and a novel recombinant esterase
(rAPLE) , whose amino acid sequence differs in 21 of a
total of 548 amino acids from the known PLE sequence.
The novel rAPLE differs in the aminec acid sequence also

20 from the known pig intestinal carboxylesterase (PICE)
in 312 of a total of 548 amino acids. However, PICE is
found in the pig intestinal tract.

The present invention accordingly relates to a
25 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

30 comprises the amino acid seguence 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
35 'the formula (I}
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in which R is a (C;-Cg~alkyl radical, R; is C;-Cs-alkyl

and X is chlorine, bromine or iodine.

The polypeptide of the invention having esterase
activity, and the novel recombinant esterase rAPLE
differ, as stated above, in 21 of a total of 548 amino
acids of the known sequence disclosed in FEBS Lett.
(1991), 293, 37-41 and in 12 of a total of 548 amino
acids from the known PICE protein disclosed in David et
al., (1998} Bur. 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 128 Leu
Ser 133 Pro
Thr 134 Met
Leu 138 Val
Ala 139 Val
Phe 234 Leu
Ala 236 Val

Gly 237 Ala




'Thr Arg 87 dy Ille 92 Thr Pro 93 Leu Val 129 Leu Ser 133
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Phe 286 Leu
Ala N 287 Thr
Leu | 290 Phe
Pro 294 Gln
Thr 302 Pro

The protein of the invention and the novel recombinant
rAPLE may moreover be in the form of a medified
sequence as shown in SEQ ID No 1, which can be obtained
for example by wusual modifications such as, for
instance, exchahge, deletion or attachment of amino
acid(s) in the sequence at the N or C terminus, such
as, for instance, GluAlaGluAla from the o factor signal
seqguence, or by fusion to other proteins.

The invention also further includes muteins having
modifications within the protein sequence of the enzyme
of the invention having the appropriate activity, in
particular on 2-alkyl-5-halopent-4-enecarboxylic
egters. Muteins can be obtained for example by
modifications of the DNA which codes for the enzyme of
the invention, by known mutagenesis techniques (random
mutagenesis, gite-directed 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 subseqguent
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 ébility to resolve racemates of
2-alkyl-5-halopent-4-enecarboxylic esters of the

formula (I).
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The polypeptide of the invention and the recombinant
rAPLE can be prepared as described below:
Firstly, mRNA 1is isolated from pig liver using a
suitable kit, and then the cDNA is generated by reverse
transcription based on the mRNA extract.
Subsequently, = specific PCR primers based on the
sequence of the known pig 1liver esterase gene of
GenBank accesssion No. X63323 (Matéushima et al., 1991)
is prepared, followed by amplification and cloning.
These specific primers are:
Primer 1l: 5'-CAGAATTCATGGCTATCGGGCAGCCAGCCTCGC-3
Primer 2: 5’-CCGGAATTCAGCCTCCCCTTCACAGCTCAG-3'

This part. of the ©primers which comprises the

appropriate nucleotide sequences c¢oding for the PLE

protein and which is obligatorily present in the

primers is in bold script.

The other sequence part of the primers comprises for
example information for cleavage sites for restriction

endonucleases (in italics) or sequence elements which

are important for expressicn. This part may 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 Dbeing 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




234 Leu Ala 236 Val Ay 237 Ala Phe286Leu Al a287Thr Leu290Phe Pro0294G n
Thr 302Pro The protein of the invention and the novel reconbi nant r APLE may

nor eover be in the formof a nodified
7

100% didentical to the expected sequence for PLE
according to Matsushima et al., (1991) FEBS Lett. 293,
37-41, and. a novel nucleotide sequence as shown in
SEQ. ID. No. 2 (APLE seguence) which 1leads after
5  expression to the amino acid sequence SEQ. ID. No. 1 of

the invention.

The present invention further relates to a nucleic acid

or nucleotide sequence which codes for the polypeptide
10 of the invention and the recowbinant esterase rAPLE.

For example, such a nucleic acid has the nucleotide

sequence shown in SEQ. ID. No. 2.

The invention also relates further to nucleotide

sequences which include a nucleotide sequence which
15 <codes for the polypeptide of the invention and the

recombinant esterase rAPLE, or comprises the nucleotide

sequence shown in SEQ. ID. No. 2.

A further possibility is to prepare appropriate

20 oligonucleotides corresponding to nucleic acid
sequences according to the present invention which code
for the esterase of the invention by standardized
synthetic techniques, for example with use of automated
DNA synthesizers.

25 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, because
enzymes are thus not obtained from animal sources.

30
Expression of the two sequences found (PLE and APLE
sequences) then takes place.

The Kknown pig 1liver esterase (PLE, Swiss-Prot ID
Q29550) comprises an N-terminal signal sequence and a

35 C-terminal ER retention signal, the last 4 amino acids
HARIL.,

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

suitable expression systems constructed. These




sequence as shown in SEQ ID No 1, which can be obtained 5 for exanple by
usual nodifications such as, for instance, exchange, deletion or attachnent
of amino acid(s) in the sequence at the N or Ctermnus, such as, for
instance, uAlad uAla fromthe a factor signal sequence, or by fusion to
ot her proteins. 10 The invention al&o further incI udes mnut ei ns havi ng
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site-di redﬁb@rmﬁgﬁmﬁ%ﬂs argmedc ced leddnasi and gémetshuffling etc.) so that

the DNA C%i@@hfg&oﬁaﬁazyeeawﬂl Céhkca A% dhidLaStgd RRe dghneeaci d 20

fromthe enzyne of i nvent. on, subsequent e ressi.on of the nodified

DNA in a <ERipyed hosPtrE’t,f&rlrEdThBrP}WﬁlﬁH%n hPRfes ol $BGESG Gdes 346di fi ed DNA
sequences RScHAIWhi SEQ | indNosdra Db aFned Biiet BensubaBaendd Iudel eti ons,

ext ensi ons, fusions describhed oye, and 25 whic ade far enz mes havi ng
the desiretfeterase acti v%t’?!‘l%%#é?ase act i vi ty?3 és‘ﬁ% %

2-al ky1-5 -Baampbnt igtiafiaei apamlhoxhsasierases adelgit \B. |f§u@e‘hsnedza,n this 30

SORKRED . St Rl b ¥l BotEnpeds (AT iugans | - epdac) oy
pol ypept i a‘-'éﬂ%ﬁWQ’Fé-q MG HIBTE AR EMSh @ e ol erared r A E‘aﬂgbeaﬁﬁepar ed as

descri bed hetoMiuladliyf st prefBNAchS | sotd@sh 44 om pin@relover ushkdg a 5
suitable Kit, and thén the cDNA i s generated by reverse transcgription based

on the NMRNRSHIZEY 8 UbsequeRTYLS128&peci f | BLBERE pri mePESH8%EE  on t he
sequence CRflﬁ}hﬁéﬂdﬁ@@%fspIl@dm\GEBrEABpéagélQEBESpf GenBank accesssi on No.

X633 ( %‘{_Sﬁ] sq%netmaﬂ f bel%%j:)re'l'grg %ch%ﬁl%faw&gybggﬂl Ification

and cT'oni ng ese ¢ pr er s
CAGAAT ToniradblATeadcesaastACecteec- 3' Pri ner 2:

6 - COCCAARHAGL LT CALAEET LA 30 Iondits Bar ge@&ebhﬁp%hm&s whi ch

conprises the appropriate_nucl eotide sequences co LE protein

and whi ch SigT6HS §aoMe P58y #n ot h Sptcioﬁ’ﬁﬁeé”cll@l BKFHTELPEFpt The
ot her sequenednpartamwd thecpotrser $o&’0rfp_:li.ﬂ'<ﬂf§11f or eRprexaig e i(ef.grmation for

cl eav, e SI tes for restriction endo ase n it r uence
el ene d§ o??%ett o ex% esglll% er %%?% p?Qlov ?ﬁen’varﬁ%% n the
prepar atl @mgifanﬁh@mhs)of thet i mbkow | bnducible or constitutive

expression, intracellular and secretory localization of
the target protein; in addition, technology to enable
or promote the correct folding of proteins in order to
25 result in soluble and active protein may be applied.
The proteins are preferably expressed in a secfetory
manner, in which case vectors in which the seguences of
PLE and APLE are linked N-terminally to the o« factor
signal sequence of S, cerevigiae are preferably
30 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
35 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




25 Amplification then takes place with priners 1 and 2 by prior art PCR
nmet hods. The PCR product is subsequently used to prepare by

pri orartmet hodsexpressi onconst ruct sfor heterol ogous expression of the
encoded r APLE protein in 30 suitable host organisnms. This preferably
entails the PCR product being initi&lly cloned into suitable plasnid

vectors. They ee&enesﬁa@é% L St g exaine g& Slay Are f O,Pf“s

transforned into a suita ericht a ¢ I nserts of
sever al re?&ﬂ??ﬁ@tcﬁoﬁ%c%ﬁemﬁw sﬁﬁﬁ%ﬁeed Unexpectedly, 2 groups of
reconbi nant clones w,th different sequences were identified therein, one
being 7 }80@6|dent|cal to the expected sequence for PLE according to

Mat sushi ma 8F 4209 18649 EeEyepee obosheznamel spgteragengiAiLlhuc eoti de
sequence awhshbwisi nd&EFed Dfrdla. the( Aﬂdi@eqwceéqwéh@él bgadsafter 5

expr essi ongLppt ) seque ID, No. 1 of the invention. The
present i nv%ﬁt | %%n‘?{]% h%r lcdﬁeacfgél {égﬁa§ﬁugloel & acid or nucl eoti de sequence
whi ch codes for the pol ypeptide 10 of the invention and the reconbi nant

esterase rf\E’L%ag:ohnggg?gg{:gﬂ;uq%eﬁen?gggi QC|tq1 has Lhe ﬁ‘é‘&' cﬁlde

sequence shown_ i n nvention al so rel a es fu ener to
nucl eot i de”QE e mtéﬁiel ne¥ uddea BRELBotHmREesgquiacealbe ch in

10 contrast to the known rPLE, in each case obtained by
expression of the DNA segwents coding for APLE and PLE,
respectively, for example in P. pastoris cells, to
resolve racemic 2-alkyl-5-halopent-4-enecarboxylic
esters stereoselectively.

15
"The invention accordingly further relates to the use of
the polypeptide having esterase activity and of the
recombinant esterase (rAPLE) of the invention, which
have at least 80% identity to the seguence shown in

20 SEQ ID No. 1, for resolving racemates of 2-alkyl-5-
halopent-4-enecarboxylic esters of the formula (I)

25 in which R is a (,-C¢-alkyl radical, R, is C1-Cy-alkyl

and X is chlorine, bromine or iodine.

The polypeptide having esterase activity and the
recombinant esterase (rAPLE) of the invention
30 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
35 modified DNA sequences shown in SEQ ID. No. 1, obtained




15 codes for the polypeptide of the invention and the reconbi nant esterase
rAPLE, or conprises the nucleotide sequence shown in SEQ ID. No. 2. A
further possibility is to prepare appropriate 20 oligonucl eoti des
corresponding to nucleic acid sequencgs according to the present invention
whi ch code-for the esterase of the invention by standardi zed synthetic

t echni ques, for euau@le\M@dﬁﬁkuaaﬁmnmtoaabhd R syﬁbﬂesizﬁgganaé,The
purely synthefi ar he g aC| ence |ch ode for
t he esterase%§F%tEéﬁ§mv2%ﬁ¥%E#$%% %géﬁ gVﬁh? @90 GS8%in the
producti on oﬁoﬁh&ﬂﬁﬁwéﬁthéﬁlégoiheh@$$lrﬂde&ﬂmdm&@eaptbeu&yse enzynes are
t hus not obtained fromanimal sources. 30 Expression of the two sequences
found (PLE and APLE sequences) then takes place. The known pig liver

est erase Y PLER $Hiss qﬁ"ﬁ'tethCGZQ%Eﬁ)m@dmﬁﬁl@éla'n agtighgichal - sllgylh+
sequence andsahdbopeher i ddecdbdafeid | Hm & WRlohdihe dasdy 4 1 pR. aci ds
RAEL. In order_to,ex ?s t he known PLE and the novel APLE, vectors in

whi ch the se§8£ﬂ3£§ gig i ntroduced into

sui t abl eexpr essi onsystensconstruct ed. These 8 expression constructs are
then transformed into suitable host cell Suitable host cells in this
connection are for exanple m croorganis animal cell lines and plants. 5
Bot h prokaryotic and eukaryoti g g i smy_can be enployed. Preferred
prokarytic hosts (bacteria) are ijgrcollA and strains fromthe
genera Bacillus (e.g. B.subtilis, B.lichenilform s, B.anyloliquefaciens),
Pseudononas (e.g. P.fluorescens, 10 P. putlé%) or Streptomyces (e.qg.
S.lividans, S.tendae) Eukaryotic mcrooffgani sns are preferred, and fungi
are particularly preferred. Exanples thereof are

Sacchar dfrycescer evi si ae, Pi chi apastori s,

in which R is a (;-C4-alkyl radical, A is equal to H,

Ri, where R; may be C1-C4-alkyl, or R,, where R, is an
alkyl group, but is not equal to R;, and X is chlorine,
bromine or iodine, are obtained by an enantiomeric

15 mixture of a 2-alkyl-5-halopent-4-enecarboxylic ester
of the formula (I}

20 in which R, Ry 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
25 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
30 resulting enantiomerically enriched 2~alkyl-5-




Kl uyveromyces lactis or Aspergillus sp.. 15 Expression nmay be secretory or
intracel lular and both inducible and constitutive. For bacterial expression
a choice of species-specific signals can be obtained, a.o. as comercially
avai l abl e strains and vectors for protﬁi n expression (e.g 20 provided by
conpani es |ike Invitrogen, Novagen, New Engl and Biol abs), that allow
i nduci bl e or constdlapeinte4erpeessboxylint eacet! wrarciandree@h®LOrNrs)
| ocal i zati on of tar r Ln; i.n additipn. technol ogy to enabl e or
promote the corrégl%hf% gﬁﬁggoﬁépr’otbeelln@lg ilﬁog?gg?’ t% 25 result in soluble -
and active pr&veilif matare Eppeietoygheapr oveilasphi ke pr her atelspiedpgessed in
a secretory nmanner 11wl 6888 VAU S Ad. Ml ch the gequepces of PLE and
APLE are ||nked N-ter%i nally to the a factor x??%%al _sggtljgencg’@of .%e
cerevi si ae®are proFERdB JI80 EbHith RIwsd. tor H beingt heplabedi ble to prepare
constructs in which the Gtermnal tetrapeptide HAEL, which serves as ER
retention signal. as,described f exanple in dwi ck et al., (1990) EMBO
J. 9, 623- 630?{ i 3&1& %E’SH‘HﬁPy (g%)déﬁggeg}'%”E‘EF‘YWeFaﬁFE%r?Bﬁheﬁﬁression
i s induci bl e éxpressitomcef, cetdtylyctsthyl h 0+ whihdupriddyiet entj on-si gnal .
Unexpect edl y, nst ' R.retention signal can al so be
=fdG-PUELE, A, i RS

expressed and LE whi'c 9 capabl e of selective resolution
of racemP 2- 61 K23 kyhal optinals eareareddiredest @and. theThé-prbpplaci d

sequence of thganeyelissterdsilRRhE2eti-g8gi s derived fromthe nucleotide
sequence of the APLE@gene i's gﬁgi ct eg in SEQID No. 1. It has unexpectedly

been possi bl et 01fi nd:t h&e: t NERRES el Rpol iHhept i dé-6r-2hvE APEEdpeatein i s

able, in 10 conéfastblpy the knogpa1RLE, iradach Cas@l ObFéEﬂ@Qubé{rE%prGSSi on

of the DNA se i f APLE .and PLE,  respectiye for le in

P. pastoris c f%g%é?%ﬂge{g?evf:g{yrlacréﬁl%ag-’ aPkyfes. r&péﬁt Xﬁ %’Ple%@?%ggyl ic

esters stléreosadiber] vehjch is not equal to R;. Ry is particularly
preferably a C;-Cs-alkyl radical.

X is chlorine, bromine or iodine, preferably chlorine.

Enantiomerically enriched compounds mean in this

20 connection those which exhibit an enantiomeric excess
(ee) of =»80%, preferably of >90% and particularly
preferably of >97%.

The enzyme of the invention can moreover be used in any
25 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
30 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

35 Dbetween 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. ' '




15 The invention accordingly further relates to the use of the polypeptide
havi ng esterase activity and of the reconbi nant esterase (rAPLE) of the
“invention, which have at |east 80% identity to the sequence shown in 20 SEQ
ID No. 1, for resolving racemates of_2-al kyl-5- hal opent-4-enecarboxylic
esters of the formula (I) =~ 25 in Which Ris a Cl- C6- al kyl radical, Rl is

Cl- C4- al kylpfand £ ¥y SexedMplld NewabEOM 18 @hel OhHfeo ﬁfl@ol VRSP ekes havi ng
esterase ac |V|ty and_t he reconbi nant esterase(rAPLE)of the invention 30

pref erably afaP e B8 TWAOYRG t PEEI HAKLTr efeMiBINNER PéasiaeBY .
identity teqitdhe &ew&mﬁ-rﬁﬁsdﬂﬂ@r@cﬂl‘v@r&howﬁotn Sk&npPeNoyidh ldnis al so

possible to.e y pol ypepti de aV|n an esterase_ activity qr the

r econbi nan?lgg’?’@ﬂaséf‘ APEEY of-%he Ji E’(?m ethag® i g ?qﬂ'&P%\IA
sequences sbopropansEQ kBbublenol, elicalnelioxhiiely vetmmlhyebifuxeaij ons such
as, for in

enzymes hadPRgctke ed VBN SROs WE v E9PnobRPE agmhedtich,
enantionerwaabkyaﬂdrthadwﬂtakkym&ahahhﬂenBoAvenecafbaxﬁxampﬂacEnor their
caual to HERERRey Bofkblag” psWB Sl (ob® Cang R UG Nt
group, but xydenet efigal, By Rﬂkanﬁj$u¢h @ﬂlof@ne;nbt@mpﬁe(hexamﬂme are
obt ai Red bMeﬁEaﬁ@ant'é¥E¥6Héxane, etc., ether such as, for
instance, dllsopropyl ether, methyl t-butyl ether, etc.
If the nuclecophile 1is an alcchol, the solvent
preferably employed is the alcochol R,0H where R; is an
alkyl group which is not, however, equal to R;.

15 However, it is also possible to use mixtures of the
alcohol with an organic scolvent such as, for instance,
tetrahydrofuran, heptane, toluene, hexane, CH.CN,
methyl t-butyl ether etc.

20 After the enzymatically catalyzed racemate resolution
has taken place, the desired final product is isclated.
This may be either the remaining enantiomerically
enriched 2-alkyl-5-halopent-4-enecarboxylic ester of
the formula (II) with A equal to R;, or if water is the

25 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 fofmula (IT) with

30 A equal to Rj.

The isclation can take place for example by
conventional methods such as, for instance, extraction,
crystallization, c¢olumn chromatography, distillation,
etc.

35 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 m xture of a 2-al kyl -5-hal opent - 4-enecarboxylic ester of the forrmula (I)
20 in which R, R2 and X are as defined above, being converted by neans of
t he pol ypeptide of the invention or of the rAPLE of the invention in the
presence of water or an al eohol of thasfornula R2ZOH, where R2 is an al kyl

group which ig not. e  R1, .as .25 nugl eophil e, and ei ther the
remai ni ng enaﬁi‘ q:g °&ﬁ<§&°§- gﬂ“g ge%"r l':llf‘ﬁ‘ecar boxyl i c
ester of the fornula (II) vvith A equal to Rl bei ng |soI ated or i f

an al cohol is,egplo hi Oresplting _enant)j oneri aIIy :
onr i ched 2- ai Bor % SE Ty PR e ¥ sIShERL ek R o 80" [ RREFE R & L1 1)
with A equal fDOfRZabe]ICN@-lI s@%ﬁ@dr,orwas frOMen.m sl ianpldyriit asgen
nucl eophi | | = en ]ﬁ%%/ of the
5f or rruIOa (5|e|) W t ﬁSﬁH%%%ﬁPe@ @'}Lg%el néﬂg?kszgpét tggé ‘Ig?ll a'TE Aoﬂre(ririul 1) is a
Cl - C6-al kyl r@F cdFodabRda®r f BrtraciethcuSingt jle, Basy| TrﬁﬂkarmRNA propyl ,
n-, and {-butskerRamA el ey ndfkdad- Adoloali Calprare g e red,
andthel-pr{) radlc is particularly preferred H Rl, where Rl is
2 G i o by B P EEPTRERSS of BOEY e, LB UGt AP @ Par (YRR ar | y
preferably a metifdctnagircalFast Ryackher £ Rsuts mana Ky | vézstiadi cpl whi ch
I s not equal rticubarl referably alky di cal .

94 (ﬁ) ﬂl R%ﬁ %O@@ ‘ﬂn Lx F?C%‘ﬁ’%r €forde% to tal

is chlorine, brome of prefera
amount of 12.9 pug of mRNA.

0.26 pg of this mRNA was then used as template for
generating cDNA using the SuperScript III First-Strand
synthesis system for RT-PCR according to the

15 manufacturer’'s statements.

Example 2: Ampllflcatlon and cloning of ¢DNA fragments

from pig liver

20 Specific primers based on the sequence of the pig liver
esterase gene of GenBank accession No. X63323

(Matsushima et al., 1991) were prepared:
Primer 1: 5-CAGAATTCATGGCTATCGGGCAGCCAGCCTCGC-3' (SEQ ID. No. 3)

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

Bases homologous to the known PLE sequence are in bold
25 script. Recognition segquences for restriction
endonucleases are italicized for emphasis.
The amplification took place in a 50 pl mixture with
1 U of Phusion DNA polymerase (Finnzymes, Espoo,
Finland), with 500 ng of cDNA as template, 20 umol each
30 of primer 1 and 2, 5 pgl 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
35 72°C) for amplification and a final incubation at 70°C
for 8 min to prepare complete products. w
This PCR vresulted in a DNA fragment with a size of
1.8 kb (found by agarose gel electrophoresis).




Enantionerically enriched conpounds nmean in this 20 connection those which
exhi bit an enantioneric excess (ee) of >80% preferably of >90% and
particularly preferably of >97% The enzynme of the invention can noreover
be used in any 25 form For exanple as dispersion, as solution,

i mobi | i zed, as crude enzyme, as en¥yne which has been obtained fromits

source by comphi.pnati on_ of. known rifl I . S ells
(where appf%b? th:g iprﬁ?(r()hﬁcltl 76 aﬁgﬁ%rgggg%ggi Ir{%tzlgl%dstv&l?cﬁwﬁ gct e 30
required ehnzynHQiagegi Vili}démat Geainhpydr ithr sgghrdaneei oviisti £h€ati ons) -or
in a Iysatrgagéafu]c_:@c §: The reaction tenperature for the conversion of

the inventionis nor%‘%y between 0 and 90C, preferably 35 between 10 and
60C. The bttt Pelr pactiforthsl Perbfied BERwWEERMMCENWEEL, O eV R0l v

bet wveep 6 tggé?éﬁ}%gtriégiéfv eBtElEm%@EH!s@ PARRET drSl td1rueE| 89861 ke SOl vents

whi ch can oyed are water, a mxture of water wwth a water-m scible
sol vent, fokaswedmpl 6e9FPhES anPHLEShoRNSyc P -Tor Vit amee, AECREnol ,

et hanol , %ié%é)@ag@esj -butanol, etc., dioxane, tetrahydrofuran, acetone
or dinmethyl sult”oxide or a two-phase system of ter .agd of

wat er - i i Beg bl evasHRFeht , WeFe exdii®e ahrARGHRETEConpBhRd sE@ﬁlgs, f or
i nstance, dpiaeRseonpdedtes et€lls anpiékaredsuth aaccdbpdannst amdeh hexane,

10 heptane, cycl ohexane, C. r _such for, i nstance, diisopropyl

et her£°net ¥eMut O%?‘Ffat'e,’ jquﬁo 4 rﬁq]eo(%’hi'l e is an al cohol., the

sol vent preissetey ehplawed-dis thesdltdelpl R2AdswheeeeRyseguancakdkyl group
whi ch is not, however, equal to I I tol pssi:hl e to use
m xtures Jt5¥Heé Soh&Y%Lﬁ%o’éiﬁ g%’fjﬁ%fl%lgggfv rﬁlesuscz%%%&?%gﬁ) i%é’ltaance,

t et r ahydr ofAppini ed éptemestems ubme, , Haxarer @GN, dedtifid, USutyl et her etc.
20 After t enz;grg%& '! ly ca zed @ﬁ{@f d esoleyd @ has taken place,

t he desi reﬁ&?i nal og%:l(':etsyi S %’ggr\éat ed:F I's Jﬁ%y be eit heryht he renai ni ng
enant 1 rerdeat¢spandinhed 02%altgy| tBe hgrosseds - @B FHPL 1880& of the

formula (Idy) wiidudhamialetg Rl (9501f wabsrikect heo2) pucheophinke the

enantionmerically enriched 2-al kyi-5- | opent - 4- enecay boxylic acid of the
formul a (1%he @EIR SRANGNED WW%H’P’H&&I‘GF&‘?T&EQ i%{o't % al cohol is the

nucl eophil e the enantionerically enriched 2-al kyl -5-

hal opent - 4. enecarbpxylic ester.of the forpul ) W 3 gqual to R2.
The i sol at Wﬁ%bf'a n%’f%%éc#%?ne?grr%}?% yfgggégn %g} rgrgﬁﬁo%s such as,
for imgt areed etisicidron, o rifse af+femairenl ewiumm chr omat ogr aphy,
distillation, etc.

In order to enable secretory expression of the known
protein PLE and the protein rAPLE of the invention,
vectors in which the seguence of PLE and APLE was
25 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.

30 PCR I: The EcoRIalphal/alphaPLE2 primer pair was used
to aﬁplify the o 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 pM of each
primer, 0.2 mM dNTPs, 1 U of the- Phusion DNA polymerase

35 (Finnzymes) all in 1xPhusion HF buffer in accordance
with the ‘Phusion High-Fidelity DNA Polymerase’ manual
(Finnzymes) ) .




35 The method of the invention results in the corresponding acids or esters
of the formula (1) in theoretical yields of up to 98%yvyield and with an
e.e. of up to >99% 13 Exanple 1: nRNA isol ation and generation of cDNA
0.7 g of'liver froma freshly slaughtered pig, obtained froma | ocal
abattoir, was frozen in liquid nitro’éen 5 and honogeni zed vvith a nortar,

and the i i selate xtracted usi ng .t t Track rrRNA
extract i onqzﬁél?é; 0 { : nvy\%r%oggﬁ e E? TGS | "G8) foﬁ‘i dQPfce with
t he st at em@mml ifsidia tigon henrréﬁufca,cﬂwser (3d¥aséc Toack, 2.1 kidc rramaal,, ver si-on

J; 10 0823QK 52&07%93% L Gt i forde otal .amount of 12.9 jig
of NMRNA. 0. 26 )I > @lr%clt ﬁg% usé:d—lgs%t gfr%lé? J‘?" generati ng cDNA

usi ng the SuperScrlpt 11l First-Strand synthesis system for RT-PCR
according pex Mer 1STHBNGEAChHACKPTES URIBIS JAUPL R Pie A0R] ELpRAL T on and
ive pecific

cloning of cDNA fragnents frompig | Imers based on the
sequence oPHIk &?Jgaﬁ‘?%i%? ugiegasd there tdie pBahkhatBeoRBRLEBERR63323

(Mat sushi mprénea 8211:9%11)A 1@4@! epmf(%[ Eé:%IBPLEsz Q(deletNloo%)of the

Prinmerl: 6-

Priner2: 5L%%}ﬁ‘ %W?@@W@WPSE@% -4) Bases honol ogous
to th;a knO\EheB:aE memea;ggam%)@éi‘ﬁ%d Olalt 11} 50 ul mlxtt:ual:es Jf
scri pt.Recogni ti ons cesforrestr ndonucl eases_are i.talicized for
errphaS|OsR E?% &gﬁ’{i %ﬁ t §o Mac%é RF ety & vt i HTES Y of

Phusi on DNA ﬁolqﬁ’retlaee HhmmBNAEm@meﬁa@Ieanmlnwmgpo alg o_{ncDNA as
tenpl at e, . _each. 3 |rrer and2 5 ql. . of dNTP, mM
each), all EQPHJJI_B%jﬁﬁS;}%% %IE er’i a %%c??ﬁffﬁ:e t?‘h gbﬁum%]ﬁuﬂ' -Fidelity
DNA Pol yrreHagb'-Flirdﬁihéty( HNAnEyHrm?rasear Mangadi {Rian3Pmeegdnd denat urati on
step at 90 dunldoteit it e CUEHES (D 3o UC0.70, 80 9G35 720

for arrpllflcatlon i nal incubatrion at mn-to pre
Conpléﬁe p@@Ehégscaglon in 30 cycles (30 sec 95°C, 30 sec 57°C,

15 sec 72°C) and a final step at 72°C for 7 min.

PCR IXII: 3 pul of the products from PCR 1 and PCR II
were used to combine these two products by primerless
20 ECR.
The extension was carried out in a 45 pl mixture with
0.2 mM dNTPs, 1 U of the Phusion DNA polymerase
(Finnzymes) all in 1xPhusion HF buffer.
The reaction mixture was heated at 95°C for 3 minutes
25 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 pl of 5 uM EcoRIalphal primer and 1 pul of 5 uM
EcoRIPLE+ER2 or EcoRIPLE2Z primer) were added. The
30 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.




14 This PCR product was then purified using the Q aquick kit (Q agen,

Hi | den, Germany) in accordance with the manual included. About 0.1 pg of

t he purlfl ed PCR product was cut with 5 the restriction endonucl ease EcoRl
and cloned into the plasnid.-vectors pH LZ and pHI L-D2 via the EcoRF

cl eavage sites. The vectors were tH&n transforned |nto TOP10

el ectroconpebg.@&legeggﬁugﬁ@é@,r ed in accordance with 10 'Current Protocols in
Mol ecul ar B Ot&gﬁalphah@¢bf‘ﬁc@h§w&]cdmw ’rﬁf'&‘ﬁﬁ&"rﬁc?@@%enced
using the ' Dye Deoxy Term nator Cycle Sequencing' kit (Applied Biosystens
Inc., Forster(SE@¥Nazal jf., USA). Twosequenceswer e dentl fi edt her eby, one 15
CorreSpondlngm&ﬂﬁ%@nqsGheeexgecnedcsaﬁusmcﬂepcthshﬁdthGNhtSushlna et a
(1991) FEES L&tEt@< ?%3 37 41, and the other sequence corresponding to SEQ

| D No. 2. Introduction of the a factor signal sequence 20
and vari ati onBLEﬂ’Ipﬁahres-@SA@A@GGﬁGAA@ﬁTGGGCAG&BAGD@TEG@Iﬁ:IGaS’secr etory

expr essi on of §ér¢e, own protein PLE and the protein rAPLE of the invention,
vectors in vvh Phe sequence of PLE and APLE was 25 connected N-ternminally

to the a factmo%rfie&rERg@&@ﬁ@@@@:@ﬂmr@lwaﬂmmmwm¢ AVi t r ogen)

were construc IDl% dition, constructs in which the C—term nal
tetrapeptide was_del eted were prepared. 30 PCR |:
EcoRl al phal / a??ﬂ%ﬁ?ﬁ Npﬁgﬁcﬁgﬂﬁ ATBWT@?‘;TF@TJ G3ctor si gnal

sequence of t{sEqobaw. oy vector pPICZ a (I nV| trogen) The PCR was carried
out in a 50 gl mxture, (2 n tenpl ate, M of each r,.0.2 nv
dNTPs, 1 U e?h%r.l?’hu‘gi‘éﬁﬁ Dﬂﬂf” DAPherte %}?( F AR RS a‘F FﬁOHQPhusion HF
buf fer i n aceecognieion t fediencdzhuBdonrebehs &tidel | éyddiNAcRedaeneer ase’ manual
(Finnzymgs)),, . g%%enaturation at 95C for 3 m nutes was foll owed by

anplifi catl on-m cycles (30 sec 95C, 30 sec 57C, 15 sec 72C) and a fi nal
step at 72C for 7 mn. 5 PCR1I: The PLE and APLE sequences were anplified

from pH LZ pkashp Slfmbﬁﬁﬁﬂﬁatzbhe<BLE@kgbebéE&@RkEkE&EB%t@rIﬂ&f pair or
t he PLEal phal EchLBE% %\%el etion gf g erm.n %I Eﬁlﬁtetra eptide)
primer pair. & e SHRTN %’a‘?‘h% BaE itVsE |© '9(2 ng of
tenpl ate, 0.BigdMa0fpadciriginer, 0.2 nM dNTPs,
10
The overlapping extension PCR products from example 3
were purified using the Qiaquick kit (Qiagen, Hilden,
Germany) in accordance with the manual included. About
0.1 pug of the purified PCR products was cut using the
15 EcoRI restriction 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
20 cleavages, for example with NcolI. '
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 sSequence as
25 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 £rom the novel APLE sequence were
30 called pGAPZ A APLE-ER (the HAEL tetrapeptide was




1 U of the Phusion DNA pol ynerase (Finnzynes) all in 1xPhusion HF buffer in
accordance with the 'Phusion H gh-Fidelity DNA Pol ynerase' WMnual
(Finnzynes)). A denaturation at 95C for 3 mnutes was foll owed by 15
anplification in 30 cycles - (30 sec 350, 30 sec 57C, 15 sec 72C) and a fi nal
step at 72C for 7 mn. PCR II1: Al of the products fromPCR 1 and PCR
Il were usdéleteddniime pBRAPE ANVAPLDUER! SHARLPrddBidmgs 20 PERi1The
extensmgl\ﬁgg cé%rtrled out ina 45 Al mxture with 0.2 M dNTPs, 1 U of the
Phusi on pon rase (Finnzymes) all in 1xPhusion HF buffer. The reacti-on
m xture was heated at 95C for 3 mnutes 25 and then 10 cycles with 30 sec
at 95C and ate .72 d ) I | t hese erI appi ng

ext ensi on f‘)%gﬁ‘%g‘% S, 5 CCE?EE:LE&EH@ %%rﬁg %t e}r{ % lgeﬁM

EcoRl aI%ha?SEPFﬁEPSaHE i’lﬂJzzéfpssAangoRl PLE+ER2 or ECOR PLE2 primer) were

added. The 30 products were anplified with 20 PCR cycles (30 sec 95C, 30

sec 57C, 1 mn 72C) and a single tenperature stop at 72C for 7 mn. 16
Primer seqtific®dasTidsr RFARAI A RLHEETFRCGANGARSE TEARIE CHGATPBBEZT GAATTL

TTACTGC- 3'aRSEQERD Ned SagRbahablEfpre.ER were  transfo ed _in
51 GAGGCTGGCTGOOCAGCT| CAGGCTCTCITI TCTCG- 3 (SEQ I'D No. 8) PLEal phal :
- AGAGAGELT GAMERT I AdERaoCcEaeocEr3nsE SEmRE BoNo . t9Pk EcoRaPe E+ERY:

5 ATGGTAWEJ&T&\W@%&%E@EH&@ of S@Bé DPE‘etoébl BeoR PLE2:
5' - ATGGTA CACLTTATCTI GCGTGECTTCTTTG 3 9) Regi ons
wi th honol lF &%t e LI Dol FLE edFpi t| Sﬁv§5ﬁ8§ﬁﬁes e
restricti mramﬂﬁmmcim?esverr‘? Sﬁenabtléa & anipe ﬂla@@@s; [ugt lylféhéﬁ
 expressio uct.s, for_the hetero S, &Py essjon o igliver

est er ases%)ﬁ%gc?ﬁ a past%r 29 Patics 25" agad) Y wnic
contained 100 mg/l zeocin. 52 geocin-resistant clones

15 were streaked onto YPD plates with 100 mg/l zeocin and

preserved in 15% glycerol.

Example 6: Qualitative analysis of the esterase
activity
20
P. pastoris transformants were cultured on YPD plates
with 100 mg/l zeocin at 30°C for 48 h. The cells were
lifted onto Whatman 541 hardened ashless 70 mm&d filters
and air-dried. The filters were incubated with a
25 solution of 6 mg of «o¢o-naphthyl acetate {Sigma,
dissolved in 500 pl 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
30 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 proteiﬁs having
35  esterase activity. As a check, a clone with integrated
' eﬁpty vector was also tested in the same way. In this
case, no significant esterase activity was visible in
the comparable reaction period. '




10 The overl appi ng extensi on PCR products fromexanple 3 were purified

using the Qaquick kit (Q agen, Hilden, Germany) in accordance wth the
manual included. About 0.1 pg of the purified PCR products was cut using
the 15 EcoRl restriction endonucl ease and cloned via the EcoRl cl eavage

site into the plasmd vector pGAPZ W (Invitrogen). Correct orientation
of the insgximpler elrat i 09LELebbE1 PECIRY € SsPasasheCkede Wiy t hgpai d of
for exanple with Ncol. In each case, ‘a clone with

control 20 c#eaya es,

correctly B %ﬁ%%% i n§8rt WEENE ect 2eeh iR Tcdd matdpgratdeiled- The
correspondpegtaestd ds were naned as follows: Plasm ds which contained the
known PLE sequence as 25 disclosed in Matsushima et al., (1991) FEES Lett.
293, 37-41, were called pGAPZ A PLE-ER (the HAEL tetrapepti de was del et ed)

and pGAl DZPA RiE#HERisHAErahefonpapt s desst dbbcpils@ntin  exampReasm ds
derived fr h AP, u re. Il ed ,pGAPZ A APLE-ER (the
HAEL tetré%%%éiggﬂ&ggéd1fk§e?g?e§?%§ﬁﬁpﬁﬁﬂag ;%RPﬁE/ER:?ﬁﬂéfltggrapeptide
still presehty.for 4gxhnplhes:ceddiss tianst i M tedremisd ovhatmpingSkilver 5

est erases fk-dliahi 2 BRSEas| S73MinD 81 derp ARG A RLE R POATEA PLEVER
pGAPZ A APLE-ER and pGAPZ A APLE+ER were transforned into P. pastoris X-33.

The transf L% WG k- ATk €6 el heac i ghnsBbFErRtEnE8OLHELPOCRI ons of the
protogol f@odha REhacdmipy assilans dddhlior@mel-nyi-ikeeasn ethipe)taansf or mant s

0, 0, 0 0,
Bgar) ahi AR Red 2000 fuPT Seda T Bob2e28bE RAPBERERPUEbRes. 1o were
streaked @i 08 ¥YPD5p| gl eofwiitth rningptemeociead andspr gsler a2dDMA015%
gl ycerol . gpanpl &6 m@yaldd afi Mg ALYl ol §P1ET 338ACLLYILY 20
: to solution A but employing methyl (2S,4E)-5-chlore-2-
15 (1-methylethyl) -4-pentencate instead of the racemate).
Owing to the specific esterase activity on the
substrates, the liberation of acid on hydrolysis of the
ester substrate results in a pH decrease which in turn
leads to a change in the color of the phenol red
20 indicator to yellow.
It emerged from this that transformants containing 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

25 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 neo reaction with substrate
solutions A or B under the same conditions.

30 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-
pentencate using rAPLE takes place stereoselectively
for the (R) enantiomer.

35
Example 8: SDS polyacrylamide gel electrophoresis

10 pl of a 2x 8DS sample buffer (125 mM Tris-HCl, pH
6.8; 4% 5DS, 20% glycerol, 5% P-mercaptoethancl, 0.05%




P. pestoris transformants were cultured on YPD plates with 100 ng/1 zeocin
at 30C for 48 h. The cells were lifted onto What man 541 hardened ashl ess 70
nm(23 filters and air-dried. The filters were incubated with a 25 sol ution
of 6 ng of a napht hyl acetate (Signge dissolved in 500 pl of acetone), 2.5
ng of tetrazoti zed o-di ani sidine (Fast Blue Salt EN, Sigma, dissolved in
125 pl of PE‘F’P sRels Haledf vere vegdeds siaunt hiek phdt ecdmmieraiably 7, in

order to vhsdalibbget heipsievase e%Qe&%Ts'eV'cBﬁ/ Ry 1C%Prtﬁéaféd-% detivities
were detected in _all .ra psforrrants whi ch_had integrated one of t]h

pl asni ds pERBFSRCBRECER %ﬁ@&ﬁzl%%ﬁlﬁnafbmpzt;\omﬁtﬁpm vk ysospz A
APLE+ER. Tﬁrempr@mdﬂmsexprmpematsﬁnismcbfona&h@rOrpel NS 7 35

estera Vit check, clone with integrated errpty vect or was

al so tg’gt e‘guitﬁuf%g A@r‘?g 8 I]TPaotHﬁpg‘ c3e, %Cs.gﬁ 2ol eRf el activity
was Vi si bltaednumhetmoﬁpar ahtbemreepéi: Of1peilds0dwit b8 hx®ft®) 7which

St |l e t t
5- g[fgfg 2&%1'1&’ vl eeia]h%ﬁ'fe)aé: eh Senﬂea%éf : IC%&’%agt o‘%‘gggfg%nsﬁ‘%rﬁ%ts as
descri bed ¢mpexappheZ 6A el @swidt (et ool \ﬁitD:aui:a)t es with 100 ng/1l zeocin at

30C for 48 fi Thecggl | 5 \g@;l%é]l flﬁaec?t ogég V\h t gtlaetgarggpgd %shl ess 70

rnnD filters and all’-dl’l er
subst £t e Bortniees A litheg 1q@refieiofs ra«tee:m csr@amdted on a 12.5%

5- chl or o- %;&ﬂﬁ@fﬁéﬁ&@'ési (F%%“t%gé@ﬁf%%lﬂm ggt f%olvso 650

phosphat e “buff er 1
gl of HZO)CQQmC'WQJfﬁ sﬁﬁéﬂaﬁétscﬁlﬂm fei324:2Y (dentdertacttl@rsolme OEDA but

enpl oyi ng EIRAY kn6dS, 4E)pRochler ada Hilch: TERDY\stavllo- pepl epgat e | nst ead

of the racer ”?Lr?e) O/vlr}ﬂ? o,the specific esterase tivity ont
subst r at eSPHUR (1 3loniBf tQEI deBAthPdrallysitamg Hehe sp@RrPEuBst r at e
resul1s i mbLDhIdactiensduhimdt iih tﬂHen dopds it Gra-Lhange dl—etbé} color of

t he phenol..red, 20 indicator_ to, | ow., It errerged fromthi s that
N Commercla@th"ﬂe Jéa‘jrgg, PAVETAPEEE BREHRVER P NYRE (yel | ow

transf ormant's containin
col orati oﬁ%%l%doﬁow)ec&dﬁa&usmu@h@we@ e prarelirhobaadsf they

were tested @p.s sgs[bstefg[ gltg'sol %Owg%eﬁg 2%)SI gni ficant conversion

could be found w't |on Transf or mant s obt ai ned
with the plasm ds pGAPZ A PLE-ER or pGAPZ A PLE+ER showed no reaction with

substz@t e Exakpllicons: AR ¢dNdexptdss SHE cFONdi s Angre eJQéfaéQQWEd that
t he reconbi, rt]:?uptt rA%EllEas a substrate specificity different from

r econbi nalt BERPHES ysi s of net hyl
5-chl oro-2- (1-net hyl et hyl )-4- pentenoate using rAPLE takes pl ace

cor ePect BBEL il e ' DEAPE) ATBIEI AT paRBAVR "BLE B, SPeABY VROTY! am de
APLE-ER and PpGAPZ A APLE+ER were cut with the
25 . restriction endonuclease ZXhoI, and the respective
fragments coding for APLE and PLE proteinsg, with or
without ER retention signal, were cloned via the Xhol
cleavage site into the pPIC? vector (Invitrogen).
Correct orientation of the fragments in relation to the
30 AOX1 promoter was checked by means of control cuts with
the restriction endonuclease Ncol. The vectors having
the AOX1 promoter were named, in analogy to the
plasmids named in example 4, pPICS PLE-ER, pPIC?
PLE+ER, pPICS APLE-ER and pPICS APLE+ER, 1linearized
35 with Sall 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




19 bronophenol blue) were added to 10 Al of commercially avail able pig
liver esterase or 10 Al of the 60-fold concentrated (Centricon
Utrafiltrations-Spin Columms, from Sartorius) supernatants of the P.
pastoris 5 cultures (72 h at 100 rpmand 28C in 250 m of YPD nediumin 2 1
Erl enmeyer flasks with baffles) whizth contained either the plasmd pGAPZ A

APLE- ER oragaogagﬁaep%ﬁztlﬁ pLasm (:qﬁ ro [ After t sanpl es had
been heated at 95C for m nut eg?l e prof{él nssﬁge?lrje skelp%lr ate€dn a 12.5%

pol yacryl a?%{l‘zﬁétaeﬁe%w%e@aehtn@rg%l nducedt mn@d M tmetjo@nassuﬁ@rsn | i ant
Bl ue R250 4@rhdetpet tz@@uﬂ&hﬁ g RGeS QW2 aﬁ{ %ﬁg the expected
size for @‘!{’DLEHI(" ? )v n the yeast stral n havi the p APLE
plasmid, b hteheVeomH-shidt, &seat i %1?121)9 Tha esample 4.y

avai | abl e mgringer pst eBschuhicehtwaesal 59 aRal yass s CPHP@ l;kon showed
two protein ban ize range (arrow in figure 50 Exanpl e 9:

d
| nduced expiessi %ﬁ@(ﬁesﬁ‘il&q i V’éaejéstté?edsgé’nﬁrph t /e ,&@Iﬁl E)PéﬁﬁtléﬂeThe
pl asni ds p‘@ﬂZ prein&tER W%Aveb:ﬁﬁa&cm%%hér/m@ ER-ApdrBSARZ A

APLE+ER wey é’idf h t he, 25 restrl |on cgonu |'ease Xhol, and the
respective J1‘ rag s codthg? 'f”o?nAPL 1?% pr 5PBi nsCORFEREBELNRt hout ER
retenti on esinyess iaxer éncl exable & t heARhl.fE:I shepubge adittiriigite t e pPl C9
vect of g (| gyt ) or}l the_fragnents.i ation to
the 30 AO)%Q g:tg?f)l?{]et;’ov\c% c%téLgke ggi?reoﬁtr(grmﬁg}tflglﬁﬁlﬁib

restricti gnReidenagEtease Tsol phEhe'lvecedr scb&mrngchhﬁgéOXlradormber wer e
named, inyanalAgy tead heaptasimps NaPdein &30Pl e 4 ¢ 8P Qi RLELER pPICO
(figure 3). Unexpectedly, the rAPLE activity was
independent of the presence of the ER retention signal

15 HAEL at the C terminus, i.e. even cells which expressed
rAPLE with ER retention signal showed activity. By
contrast, yeast strains for producing rPLE had no
activity in relation to racemic methyl ‘5-chloro-2-
(1-methylethyl) -4 -pentenoate.




PLE+ER, pPI CO APLE-ER and pPI C9 APLE+ER, linearized 35 wth Sail and
transforned into P. pastoris KM/1. Transformation and selection for H's
prototrophy took place in accordance with the instructions of the Pichia
expression kit fromlnvitrogen. Selected transformants and the KM/l strain
were cultured on conplete nmediumin 20 accordance with the Pichia
expression kit fromlnvitrogen overnight and i nduced wi th 1% net hanol for
48 It The resulting cultures were anal yzed by neans of the qualitative
pH shift assay described in exanple 7, 5 testing 2 Al of the cultures in
t he mi xt GE@smen each case. Expression under the control of the inducible
AOX1 pronoter |led to very nuch higher, by conparison with the situation
described for_constitutive expression in exanple 7, rAPLE enzynic
activities i n*1@Y RIS oOF ademcabdnanf Bretsior ohaving netsitgretsiy| ) -

4- pent enoat e. adbevpbenyhdr eghepli einghangamined ake qy lelpwhwasndet egt abl e
the rAPLE activity was

after only a few;m.nutes,(figure. 3). Unexpected|y, ;

i ndependent o%gt %ga%lréeggzan"cel%?nYJfféglERt?ett 7t iad‘?'F'g‘? ghatd 18efagRCat Ofhe C
termnus, i.eSE@veRDeelds Ihich expressed rAPLE with ER retention signal
showed activity. By contrast, yeast strains for producing rPLE had no

activity.,inr Iation to.racemc methyl 5-chloro-2-
(1- met hyf et hy#) P ¥RAPELDSt BT roEorPaRARt 1PTAtpdNy phpEhdexbibibsorbi nant
protein havi nteast ed@seidentvtyyrtandhexhinbhbi BgiansaglBAcaCkHogRAYENCE that

is at |east 989%i [ca t am no. acid sequence of SEQ ID. No. 1. 2
A polypeptidéégé:ggg%%bi%a% dprgfhﬁ%gﬁﬂﬁéﬁrei%?bFFgeﬁﬁL?e§§F°§8§GPHentity
to the anino @ki & seltiehce HemertT SEQd@ koxyl iand elsasract byi t yh&or

racemat e resofaitmory of1)2- al Kyl - 5- hal opent - 4-enecar boxylic esters of the
formula (1) (1)

in which R is a Ci-Ce¢-alkyl radical, Ri is Ci~C4—alkyl
and X is chlorine, bromine or iodine.

3. A polypeptide or recombinant protein having esterase
activity according to claims 1-2, which exhibits an
amino acid sequence modified by a modification selected
from the group consisting of mutation, deletion,
insertion, extension and fusion.

4, A nucleotide sequence which codes for a polypeptide or
recombinant protein according to claims 1 -3.

5. A nucleotide sequence comprising the sequence shown in
SEQC ID No. 2.




in which Ris a G-C6-alkyl radical, RL is G-C4-alkyl and X is chlorine,
brom ne or iodine. 3. A polypeptide or reconbi nant protein having esterase
activity according to clainms 1-2, which exhibits an am no acid sequence
nodi fied by a nodification selected fromthe group consisting of nutation,
deletion, insertion, extension and fusion. 4. A nucl eotide sequence which
codes for a pol ypeptide or reconbinan&zprotein according to clains 1 -3. 5.
A nucl eoti de sequence conprising the sequence shown in SEQ ID No. 2. 22 6.
A nucl eoti de sequence obtainable by isolating nRNA from an organi sm

fol | oned sb.yt ﬁ@phht::vé@:t!ig@ akqaenyel %ﬁ&&%mmmﬁiw rerifA {jﬁton_pri mer
conprising the nucl eoti de sequence . nd a second prj mer
conbr i 51 g 1 hé™h (B Fe CBL HURT e EPPACEARCI L P e Gid 2511 ch

pol ypepti de orfragmeadmisnagt apfotretnpatmer decorget s Th@i thee I8 fegrt irdecem ¢
resol ution of _2- |- 5- rbo i cester f g (r)y o
(1) in which .3%‘1?%‘&- c%%‘?%?%‘g%??g@ Rlél?{(g o éﬁangf%egr

chl ori ne, broﬁpﬁéréﬁlpédﬁﬁé.nBFl%PHé@ﬁoﬂeg%ﬁn$ﬁeﬁﬁﬁq4EFQ§EQQQQQﬁericaIIy
enriched 2-al kyl -5-hal opent - 4-enecar boxylic acids or esters thereof of the
formul a QII)

The use of a polypeptide or a recombinant protein
according to c¢laims 1-3 for racemic resolution of
2—-alkyl-5-halopent-4-enecarboxylic esters of the

formula {(I)

in which R is a Ci-Cg-alkyl radical, R; is C;i-Cy-alkyl
and X is chlorine, bromine or icodine,

8. A method for preparing enantiomerically enriched
2-alkyl-5-halopent-4-enecarboxylic acids or esters
therecof of the formula (II)

X O.
\/\)\r A

O
()

in which R is a C;-Ce¢-alkyl radical, A is equal to H,
Ri, where R; may be C;-Cs—alkyl, or R, where R; is an
alkyl group, but is not equal to R;, and X is chlorine,

bromine or i¢dine, which comprises a mixture of




in which Ris a Cl-05-alkyl radical, Ais equal to H Rl, where RL may be
Cl-C4-al kyl, or R2, where R2 is an al kyl group, but is not equal to Rl, and
X is chlorine, brom ne or iodine, which conprises a mxture of 23

enanti omers of a 2-al kyl -5-hal opent - 4- enecarboxylic ester of the formula
(1) O (lI) in which RR Rl and X are as defined above, being converted by
means of a pol ypeptide or a reconbi nagt esterase according to clains 1-3 in
the presence of water or an al cohol of the forrmula RROH, where R2 is an

al kyl group which is not equal to Rl, as nucleophile, and a) either the
remai ni ng enantntriemecal | yofenra chedal2kgl kyt-hslbptnpettede engsexPoXy| i C
ester of thee%%%?“%% th)fp&ﬁg A ?gyal to RL being isolated or b) if an

al cohol is-enployed as nuc eopﬁlle, the resulting enantionerically enriched
2- al ky1-5- hal opent - 4-enecarboxylic ester of the formula (I1) with A equal
to R2 being isolated, or c) if water ks enployed as nucl eophile, the

resul ting 2-al kyl -5-hal opent - 4-enecaroxylic acid ofthe fornula (11) with A
equal to H being isolated. X .=

(B

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

being converted by means of a polypeptide or a

recombinant esterase according to claims 1-3 in the

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

where Rz is an alkyl group which is not equal to Ry, as

nucleophile, and

a) either the remaining enantiomerically enriched
Z2-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-
halopent-4-enecarboxylic ester of the formula (II)
with A equal to R; being isolated, or

c) 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.




