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These cyanohydrins are prepared by addition of hydrocyanic acid onto the carbonyl
group of a ketone or aldehyde.

It has been possible to achieve the industrial preparation of chiral compounds such
as, for example, (S)-cyanohydrins by making the enzyme (S)-hydroxynitrile lyase
from Hevea brasiliensis available, as described for example in WO 97/03204,
EP 0951561 and EP 0 927 766.

However, there is a multiplicity of interesting chemical compounds for which the R
enantiomers are important for industrial applications. To date, only processes for
preparing a number of products which can be employed only on the laboratory scale
have been described (e.g.. EP 0276 375, EP 0326063, EP 0547 655). The
enzyme preparations employed in these cases were mainly those obtained from
plants of the Rosaceae family, for example from almond kernels (Prunus amygdalus).

Further R-HNLs which have been employed to date are, for example, those from
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A disRheRtads Whih Iﬁé@ﬁéen found is that the substrate acceptance is unsatisfac-
tory, because conversion of some substrates in the presence of, for example,
recombinant PaHNL5 takes place at a distinctly lower reaction rate than in the
presence of commercially available vegetable, native (R)-HNL preparations from

almond kernels.

WO 2004/083424 describes mutants of these recombinant HNLs in which a residue
from the group of alanine, phenylalanine, leucine or isoleucine in the active center is
replaced by other residues, resulting in an increase in the substrate acceptance in

particular for substituted benzaldehydes. One example is A111G mutant.

However, since there is still a great need in this area for enzymes which firstly can be
provided on a sufficient industrial scale and cost-effectively for technical conversions

and which have an improved substrate acceptance and thus increased activity,
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a) of the amino acid residue which corresponds to position 360 of the mature
PaHNL5 protein by another apolar amino acid or a neutral amino acid and/or

b) of the amino acid residue which corresponds to position 225 of the mature
PaHNLS5 protein by another polar amino acid,

it also being possible where appropriate for 1 to 20 further residues in the active

center or in the hydrophobic channel leading to the active center to be replaced.

The R-HNLs of the invention are mutants of R-hydroxynitrile lyase from the
Rosaceae family.

It is possible to employ-as initial basis for preparing the mutants of the invention
native R-HNLs from the Rosaceae family, such as, for example, R-HNLs from Prunus
amygdalus (PaHNL), Prunus serotina (PsHNL), Prunus laurocerasus, Prunus lyonii,
Prunus armeniaca, Prunus persica, Prunus domestica (PdHNL), Malus communis,
etc. or recombinant R-HNLs, as disclosed for example in EP 1223220.

The native R-HNLs which are preferably employed are R-HNLs from Prunus
amygdalus (PaHNL), Prunus domestica (PdHNL) or from Prunus serotina (PsHNL).
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glucose oxidase (GOX) signal sequence from Aspergillus niger, Sec10 signal
sequence from Pichia pastoris, signal sequence of the 28kD subunit of the killer toxin.
from Kluyveromyces lactis, BSA signal sequence, etc., or a recombinant signal
sequence thereof. The signal sequences may moreover comprise point mutations.
Suitable signal sequences and their mutants are described for example in Heijne G.
et al., FEBS Letters 244 (2), 439-46 (1989), EP 19911213, Paifer et al., Biotecnologia
Aplicada 10(1), 41-46, (1993), Raemaekers et al., European Journal of Biochemistry
265(1), 394-403 (1999) etc.

The vegetable signal sequence is preferably replaced by the signal sequence of the

alpha mating factor from Saccharomyces cerevisiae.

The R-HNLs of the invention are prepared by site-specific mutagenesis, for example
using the QuikChange (XL) Site Directed Mutagenesis Kit, QuikChange Multi Site
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A valine residue is present at position 360 of the mature PaHNLS protein, and an
asparagine residue is present at position 225. The residues corresponding to this
position in other R-HNLs can easily be determined by a multiple alignment.
Figure 1 depicts such a multiple alignment for various known HNL sequences of the

Rosaceae family. The sequences are in this case depicted without signal sequences.

The valine residue or the corresponding amino acid at this position is thus replaced
according to the invention by another apolar amino acid such as, for example,
isoleucine, methionine, alanine, phenylalanine or leucine, or by a neutral amino acid
such as, for example, glycine or tryptophan. Replacement by leucine, isoleucine or

methionine is preferred.

The asparagine residue or the corresponding amino acid at this position is replaced

according to the invention by another polar amino acid such as, for example, serine,
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(Heterologous or secretory) expression then takes place, preferably secretory
expression in suitable microorganisms such as, for example, in Pichia pastoris,
Saccharbmyces cerevisiae or Escherichia coli, Bacillus subtilis, Pseudomonas
fluorescens, Kluyveromyces lactis, Aspergillus niger, Penicillium chrysogenum,
Pichia methanolica, Pichia polymorpha, Hansenula polymorpha, Pichia anomala,

Schizosaccharomyces pombe, etc.

The resulting R-HNL mutants of the invention are purified by standard methods, for
example in analogy to Dreveny et al.; Structure (Cambridge; MA, United States) 9(9),
803-815; 2001.

The R-HNL mutants of the invention are suitable for the preparation of enantiopure

cyanohydrins in a conversion rate, activity and selectivity which are increased
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or SUQﬁﬁtLﬁﬁg Hygrereg ,m)/rgq:m Breatnied!, under the reaction conditions, for example by
optionally substituted aryl or heteroaryl groups, such as phenyl, phenoxy or indolyl
groups, by halogen, hydroxy, hydroxy-Cq-Cs-alkyl, C4-Cs-alkoxy, C4-Cs-alkylthio,
ether, alcohol, carboxylic ester, nitro or azido groups.

Examples of preferred aliphatic aldehydes are butanal, 2-butenal, 3-phenylpropanal,
3-phenylpropenal, 3-phenylpropynal, pivalaldehyde, hydroxypivalaldehyde, etc.
Examples of aromatic or heteroaromatic aldehydes are benzaldehyde and variously
substituted benzaldehydes such as, for example, 2-chlorobenzaldehyde, 3-chloro-
benzaldehyde, 4-chlorobenzaldehyde, 3,4-difluorobenzaldehyde, 3-phenoxybenz-
aldehyde, 4-fluoro-3-phenoxybenzaldehyde, hydroxybenzaldehydes, methoxybenz-
aldehydes, also furfural, methylfurfural, anthracene-9-carbaldehyde, furan-3-carb-
aldehyde, indole-3-carbaldehyde, naphthalene-1-carbaldehyde, phthaialdehyde,
pyrazole-3-carbaldehyde, pyrrole-2-carbaldehyde, thiophene-2-carbaldehyde, iso-

phthalaldehyde or pyridinealdehydes, thienylaldehydes, etc.

Ketones are aliphatic, aromatic or heteroaromatic ketones in which the carbonyl-
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whi ch are |ner_t under the reaction conditions, for
exanpl e by optionally R4R.C(OH)(CN).

In formula |, Ry and Ry, are independently of one another hydrogen or an
unsubstituted hydrocarbon group, or Ry and Ry together are an alkylene group
having 4 or 5 C atoms, with Ry and Rz not both being hydrogen. The hydrocarbon
groups are aliphatic or aromatic, preferably aliphatic, groups. Ry and Ry are
preferably alkyl groups having 1-6 C atoms, and the cyanide group donor is very
preferably acetone cyanohydrin.

The cyanide group donor can be prepared by known processes. Cyanohydrins,
especially acetone cyanohydrin, can also be purchased.

The cyanide group donor employed is preferably hydrocyanic acid (HCN), KCN,
NaCN, or acetone cyanohydrin, particularly preferably hydrocyanic acid.
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and R2 together are an al kyl ene group having 4 or 5 C

The cﬁh%&oﬂ‘%&ﬁ R catedBiR%h QPEQ&Q‘% NOLUBHC ?FQ :phH88 system or in

groups are al I'C’or aronm
emulsmrefemdalvitbomldllpbatl c, groups. R and R2 are preferably

An aqQgAUF SPGBy utier SpaiY CoBaToNa Bz bibyeiriia Mysnaon is bsed as
aque S%QEQ%,@gnohy Féliﬁ%rgﬂaoéiﬁ‘rﬁgq’ ﬁ@ffé’ry ghgﬁp‘éﬁbte buffer, etc.

processes S, especi y ac
It is popainddtdrise, asargahisodihenpuweterseunisdibée oy atighty graiepmiscible

) onor enpl gyed i s pr.eferab dr ocyani Ci
aliphaingr NarORIA TG, NYREBIoNy B AT, OF) @P@ﬁxﬂla‘,{w%@% alcohols,
ethers%?%@feﬁ‘@'o\‘ rﬁ?kﬁ{l)'%)fﬁ&'g%f %f kil §08s Ry Fé%'és methyl
nor eover er at only short before t e re ctlon
tert-butyloethen éMEHBEi)t diisoprogylsatbér, aisbutyloethex anglaghylNecetateror mixtures
adde unddi luted or in dissolved formto the

thereq?%lgt%?%f P%t?lxlem oye

The HNLs of the invention can moreover be present either as such or immobilized,
for example on a carrier or as a “cross-linked enzyme aggregate” in the organic
diluent, but the conversion can also take place in a two-phase system or in an

emulsion with nonimmobilized HNL.

The conversion moreover takes place at temperatures of from -10°C to +50°C,
preferably at -5°C to +45°C.

The pH of the reaction mixture can be from 1.8 to 7, preferably from 2 to 5 and
particularly preferably from 2.5 to 3.5.



The conversion can be carried out in an organic,
aqueous or 2-phase systemor in enulsion, and w t hout
wdi2basanéoes An aqueous sol ution or buffer sol uti 8AT/EP2005/014080
conprising the HNL of the imvention is used as aqueous
system Exanples thereof are Na citrate buffer,
phosphate buffer, etc. It is possible to use as
organic diluent, water-immscible or slightly
wat er -m sci bl e al i phatic or aromatic hydrocarbons,
Exampie thSie-speeific snuiapgnesifogenat ed, al cohols, ethers or

in eafF EES 10 ndlok ik BplduRlihiadinidd BLADPAERL B LIG! (PaHNLS with

alphadbt®PRighay keglibete, dhdevibyll iIPVIOr20840083424 a6 #rajed. Ghem. Int.
m xtures thereof are preferably e on/epl. The HNLs of

Ed. {5Rgli ndeotsi ofi2cadOnb) eeveiamie piatiknt VAOONer a8 sNRRSS) and

leL[&’/baﬁﬁEBB?riﬁ' A1 148y ngﬁé%dzﬁoébfehﬂi, éwe.rcﬁém?‘c t3d. Engl. 2003;

CF 0SS~ ed enzy aggrega n e ‘or gani

42, 4815y enutartual 11@VB60N ewnsicoampioyedl a9 temiptatel faeethenmatagenesis
t wo- phase systemor in an enul sion with noni nmobilized

reactipRusing dhe JAwiki-bapge i editge Pirealeds Mytagenesgis Kit from Stratagene

u f = ;
(Cat. 4ARRITE). 50T 8 of &) L PRI LB eoht BlificR2 Wer8 amployed for
the relaction. ITHe fallowingterhperalurg grogran?wiae useaind particul arly
preferably from2, 5 to 3.5 Exanple 1: Site-specific

A)  ndergfErEonat Sy Exlon ongdBinute ng of the expression
B) gfl gﬁg}lﬁ vt 5@5@5‘3‘%5%%@3&5 a@%mpgg@ﬂa{ &t or

sequence, described I'n and
C) Aedensiofitfeny niintat @83C Engl . 2003; 42, 4815) (nutants

V3601, V360M and 25S). and pHI LDPaHNLS a L1 111G
The (eIt INBeNas AIoSTER T Bla HPies derorlesigii Mapb Prascol, and
2.l o‘fEiﬂé)rﬂ&fU#éaﬁéreAeW 9% Hedefise® R R¥RFoARIHLIMaBbMpetent E.
for the mutagenesi's ‘reaction using the Qui kChange XL
coli itk ®dideceksl NiasugdnONA was freparest ifegnaglee transformants and
~ sequenced. Plasmids from mutants having the correct sequence in the region of the
coding DNA insert were replicated and transformed into Pichia pastoris GS115 with
the aid of the standard Invitrogen procedure.
Several histidine-autotrophic Pichia transformants were cultivated in deep well plates,
and the activity of the culture supernatants was determined with racemic
mandelonitrile in 96-well plates. Clones having in each case the highest enzymic
activity of the individual mutants were selected for shaken flask experiments. The
enzymic activity of the culture supernatants was determined using the substrate

mandelonitrile.

PCR primers for the site-specific mutagenesis:
For mutation V360l

V360Iforw: 5 -cgacttttgctcatattattagccaagticcaggace-3°
V360Irev: 5'-ggtcetggaacttggetaataatatgageaaaagteg-3”



(Cat. # 20051 6). 200 ng of each of the two
mut agenesi s priners were enployed for the reaction.
woheosfogédedpWi ng t enper at ure program was used: APCT/EP2005/014080

denaturation at 950C for ong mnute B) 18 cycles with

50 sec at 950C, 50 sec at 600C and 20 min at 68C C)

extension for 7 mn at 680C The tenpl ate DNA was

di gested off with Dpn\, as described in the kit

protocol, and 2 ml of the m xture were enployed as

descri bed for transform ng ultraconpetent E. coli XL10

C Plasm d DNA was prepared fromthe
Fornﬁ%tﬂo&@?ﬁ@%s and sequenced. Plasmids fromnutants
V360M@Vﬂv\ﬁg “hettiptcaatiatpSLsItiecdggatdi® r egi on of the
ding DNA insert were replicated and transformed into

V360Mrr% |5ag5@§ﬁg5aao§tg%g_q%atgﬁgqaam@ga3 d of the standard

I nvitrogen procedure. Several histidine-autotrophic
Pichia transformants were cultivated in deep well

For muitaticesN2268: t he activity of the culture supernatants
was determned with racem c mandelonitrile in 96-well

N225% 8t géagagc{e&@%g&?_%%%dgﬁtgg@%tg@%sg t he hi ghest enzynic

activity of t s were selected for
N225S$hakemntddctpakaaitigtgtappgpagagdagaggutotiviX activity of the

cul ture supernatants was determ ned using the

substrate nmandelonitrile. PCR prinmers for the

site-specific nmutagenesis: For nutation V360 1:

V360l forw. 5'-cgacttttgctcatattattagccaagttccaggacc-3
Example@(s Rurification gydohargeterizatign ebthecenzyyag vasiands cg- 3

"For mnutation V360M V360M orw.

5'-cgacttttgctcatattal gagccaagttccaggacc-3 ' V360M ev:

The dpectftt 66H\YaET tHed Bedpertifd trali@nes damagiffetert substrates was deter-
mined by carrying out several shaken flask cultures with each of the expression
clones. The culture supernatant was concentrated by ultrafiltration (30 kDa cutoff)
using 20 ml Vivaspin PES centrifugation columns from Sartorius (Goéttingen, D) and

then purified by chromatography.

Before the purification, the concentrated culture supernatant was equilibrated with
the low-salt binding buffer A by repeated dilution and concentration with binding
buffer A (20 mM citrate-phosphate buffer, pH 5.5) in 30 kDa ultrafiltration centrifuga-
tion modules (Vivaspin, Sartorius), and then purified on a Q-Sepharose Fast Flow
(QFF) anion exchange column with a column volume of 10 ml in an AKTApurifier 10
FPLC system from Amersham Biosciences UK Limited (Buckinghamshire, GB).
Elution took place with elution buffer B (20 mM citrate-phosphate buffer + 1M NaCl,
pH 5.5), using the following gradient profile for the different variants of PaHNL5 from
heterologous production with Pichia pastoris:

one column volume as washing step proved to be ideal for washing out all unbound

protein constituents. The concentration of buffer B (elution buffer: 20 mM citrate-



For mutation N225S: N225Sf:
5'-gaagatcctcttctcttcctetacatcaaatttgtcagctattg-3 '
wWOR2BH76965 PCT/EP2005/014080

5' - caat agct gacaaat tt gat gt agaggaagagaagaggatcttc-3 '

Exanple 2: Purification and characterization of the

enzyne variants The specific activity of the

respective nutants with different substrates was deter

m ned by carrying out several shaken flask cultures
phosphateu beffeh, i1 NBEI,ephhBeB)swas raisedds .hatha oowmnurvelume to 4% and

nat ant S, C entr by ultraf] Itr 0
subsqRUBR Y B PRSHE R T 2 (oaeprallpiesTebid. g Berbatep was to
incredsd Wéoﬁdé?ﬂ?a%@ht&f éluorl Gefret BW?O@ u%ﬂfb tWéel%lumn volumes in

purified by chromatography. Before the purification,

this casss concentrated cul ture supernatant was equilibrated

v B b e B0 o voloms

and waY il dorl Sioh RSP fidreatfof BefurtheHcSlumin IBluAfe shing step without

ultrafiltration centrifuga tion nmodul es (Vivaspin,
fractim@tion).i us), and then purified on a Q Sepharose Fast

Tros ST A AERTE0D S ATRAE e SHTBRUAAAT conr

proteiiTRIcpeatirg @FC RN peak WoditidA t@lﬁ’dé@@ﬁ'd&lbl&ﬁﬁbtléﬁ of B protein

El ution took place with eIutlon buffer B (20

contegi uslagethgr%gpacb(léer@ufasepa% pPrefeid essay KBrsdigrd m@thcgi tanel of the

e AU SRRl bRy T A S R st
actlvmga\‘&ém ipdoleth@ndoémployed! foreareadyziag the terstyee chavasiettistics. The
e ideal for washing out al] unbqQund Froteln

proteipopRAGaNAHPS. waﬁésaseﬁ‘éémtr%t. &h Bigragytiereulssy &ay prgiein assay
(Bradgﬂé; ®fhe Hafidd '&é%?@?ﬁ?&&f‘u@@ Quéél at.&r{\/'nhg‘j\/ ﬁ{étive PaHNL

was rai se a co unreto
from SidreeqgiM467182 Lat 4&&!@6(16) oTIZI@%ulhura s&.lp]errmiantsoh/@m concentrated

vol.une. The n e s to i the
~20-1QIF e FiasarTosh TR AN ey pytiocB] P tageanty- Bamples were
takenC&! HENpYFHRRZYMe ikl 2884 directly onto a gel (protein gel NUPAGE
4-12% bis gel 1 mm X 17 well; Invitrogen), or ~5600 ng were deglycosylated with

endoglycosidase H (#P0702L, NEB) (according to the procedure supplied) and then
loaded. The standard used was "SeeBlue Plus2 Pre-Stained Standard" from
Invitrogen (Carlsbad, USA).

To compare the substrate specificities, the protein concentration of the purified
enzymes and the protein content in the culture supernatant were measured using the
Biorad protein assay (Hercules, Ca), and the specific activities were compared with
3-phenylpropionaldehyde and 3-phenylpropenaldehyde by GC:

for this purpose, 15 mmol of substrate were dissolved in 2.1 ml of tert-butyl methyi
ether (MTBE). Various amounts of the appropriate PaHNL were diluted with 50 mM
KoHPOu/citrate buffer of pH 3.4 to a final volume of 3.6 ml, the buffer was again
adjusted to pH 3.4 and then mixed with the substrate in MTBE in 20 ml glass vials.
The solution was cooled to 10°C, and 1.2 mi of HCN was added with a syringe and



Finally, the concentration was raised to the maxi num

of 100% i n one colum volunme and was in concl usion
woebde/orépss eat for a further col umm vol une (wasRCTEP0E014080

wi t hout fractionation). Thase fracti ons whi ch ought,

according to evaluation of the chromatogram to

contain protein (depending on the peak position)

under went deternination of the protein content using

t he Bi orad (Hercul es, roteln assay (Bradford

stirredrgt O8) rran @nglf 10He oghgyﬁagnqtg stiirery Sﬁgnp,lgstw;@re taken at various

times? Hgﬁgé&egdcmld?&%%@hg %3prf95€ﬁ g?sp(})f’fd ik GR8 dichloro-

meth&@eland agallred byz@@mmbajyamemm d:cﬂanT@H:’-iQTmfasillDex CB) or by
concentration was carried out with a Biorad (Hercules,

HPLCCa) protein assay (Bradford). The standard used for
producing a calibration |ine was native PaHNL from
Sigma (M 6782 Lot 4 1H4016). The cul ture supernatants

rane! RIS B b 57l SRl B M1

(WO t@éﬁ@@ag&zA%@H{mémt@%f%mﬁn@wd | oaded directly onto
a gel (protein gel NuPAGE 4-12%bis gel 1 mm X 17

vveII Inwtroqen) or -500 ng were deql ycosyl at ed W|th

b e “[]}L
Her 8 es.| C.d and 9&@ S|
w8l 34 ph82ypl pi de&X/de 94.6

|

‘Hant 3~pBetyl pr dpergs.dehydegby GC. 959 t hi 96p6Ir poses.015| 96.7
mTDI oT substrate were dissolved in 2.1 nl of

tert-butyl nethyl ether (MIBE). Various anounts of the

n.d: n%PHE%?Hiﬁéoe PaHNL were diluted with 50 nM

Table 2: Specific activity and TOF (turnover frequency) values of PaHNL5-L1Q and

mutants of the invention for the substrate 3-phenylpropionaldehyde

|- Specific activity [umol min mig] [ _TOF[s']
2588 + 215 2497 + 208
3501 £ 215 3379 + 208
7059 + 867 6812 + 837
14918 + 431 14397 £ 416

Table 3: Conversion of 15 mmol of 3-phenylpropenaldehyde with PaHNL5-L1Q and

mutants of the invention



K2HPO4/ citrate buffer of pH 3.4 to a final volune of
3.6 M, the buffer was again adjusted to pH 3.4 and
woOhers/oms96ed With the substrate in MIBE in 20 nPCOIERS®S5/014080
vials. The solution was coadked to 100C, and 1.2 m of
HCN was added with a syringe andstirred at 700 rpm and
100C on a magnetic stirrer. Sanples were taken at
various tinmes, derivatized with acetic anhydride in
the presence of pyridine and dichl oronet hane, and
analyzed by GC on a cyclodextrin colum _
‘ (OP- Chirasi|-Dex |GB) or- Bfi HPLC. Table  1:3hConversijon
Entrtyf “Enzymel [00f nﬁgﬂDhEdiw 7001 eedtdehydav Wi RaHskp{L1Q
1(VVD aﬁg}mgg;myf) land gput arjt sg@b the Tgyent)i opgy dj not
2 USTeT A TRQ/ NI © 27 ReTT {7 Coglgl! VT T30 T0hg 5
4kl :‘uzv\ﬁ@ ‘;CMUCI €y ﬁ;u ”hg27 NESE 8.1.\{ culb2 BAL ant s

ion fnr
LY A= 4LI P T

~

5 ;1 hpmllvrﬂﬁf hi anal dph)ﬂ@p Tahl Q nm&yr sian 19176“% mol
of 3- phenyl propenai dehyde wi th PaHNL5-L1Q and nutants
of the inventionTable 4: Specific activity and TOF
val ues of PaHNL5-L1Q and nmutants of the invention for

Tabld He Spdsific addtivily RN YTOF opgloed dshPdeINDsanPQeadd mutants of the
Determ nation of the activity of PaHNL5-L1Q N225S in

inventing fer thaaupsirate mhesythiependldetnge: i vati on of P.
pastorl s GS1 15 PaHNL5 LlQ N225S (as descrl bed above)

, thp Iattp“%"-\?épltraflItratlwroi‘iﬁ kDa
[ ~'}CLA1df11C3V3QQit “hation of t3fefdvotein conterft4at16n
. “via VBBOBr a met hod am¥5e88r m nati on| of458he 32
activity in the mandelonitrile cl eavage reaction using
the method descri bed above afforded the value for the
specific activity in Ung of enzynme. Repetition of the
conpl ete procedure three tines nade it possible to

Exan%l%tf: 38termination of the activity of PaHNL5-L1Q, N2258S in the cleavage of

mandelonitrile

Cultivation of P. pastoris GS115 PaHNL5-L1Q, N225S (as described above) and
harvesting of the culture supernatant by centrifugatioh were followed by approxi-
mately 20-fold concentration of the latter by ultrafiltration (30 kDa cutoff).
Determination of the protein concentration via the Bradford method and
determinétion of the activity in the mandelonitrile cleavage reaction using the method
described above afforded the value for the specific activity in U/mg of enzyme.
Repetition of the complete procedure three times made it possible to state an
average and a standard deviation for the specific activity of PaHNL5-L1Q, N225S.
This was 525 +/- 30 U/mg which is about 1.6 times that of the recombinant wild-type
enzyme PaHNL5-L1Q.



average and a standard deviation for the specific
activity of PaHNL5-L1Q N225S. This was 525 +/- 30
woOhow/ombbiesh is about 1.6 tines that of the recedbiERa095/014080
wild-type enzynme PaHNL5-L1Q5C ai nms: 1.
R-hydroxynitrile |yases having an inproved substrate
acceptance, increased activity and increased
selectivity, which are characterized in that there is
. replacenent in the am no acid sequence of
ClaimR: hydroxynitrile |yases fromthe Rosaceae fanmily
either a) of the amno acid residue which corresponds
to position 360 of the mature PaHNLd protein by
1. Rayardemitileollyiseanmhavingciad impvedubulbdtratei aoc@stafce, increased
and/ or b) of the anino acid residue which corresponds

actiitypy incepspasebectivii, waichrare paaracerzest & thaby
, . | 3 .
tnf 35 JEPIABBEn AP SR8 add sBhalnlF R R APIR RS Ses from
thecRobateaw fanilyt he hydr ophobi ¢ channel |eading to the
.active center to be replaced. 2. R hydroxynitrile
elﬂl"%"ases according to claim1, characterized in that the

a) 'ofRhac akid Fegmgdee%rgaﬁ éoPre@'gBH@s‘ %y&giﬁéﬂ 260Y86f% mature

rom Prunus anygdal us, Prunus serotina,” Prunus
PaHNlcEﬁpMeia,byR;ndmher apalar iar,ninl?r acid orar meutral caninBracidiand/or
persi ca, , Prunus donestica, Ml us communis,  and_in

b) {0 dBRbAINY aﬁdhgﬁﬁ%@mm&? |09rr|e§a%§s @ ghesiion %.25 of the mature

r Lt I LRgy to claiml,

?ﬁ%?é#éz@g yll aﬁ”‘#ﬁ%’f&?ﬁ@sﬁ%@ﬁ?‘gky nitrile lyases to

it digo eiid peskibleewhere appirfopriateofort héo 20nfprtbee residues dethe active

f.1 dified b | t h
celffer & i fheer sy haadReiiede e RENE Cattegts b feplaced.
or of the sequence truncated by deletion of the first

am no acid(s) or the sequence extended by attaching
2. R-hyarokgnitrienlyasescaapording 39 claigi breharacterized in that the replacement

is carried out in R-hydroxynitrile lyases from Prunus amygdalus, Prunus serotina,
Prunus laurocerasus, Prunus lyonii, Prunus armeniaca, Prunus persica, Prunus

- domestica, Malus communis, and in recombinant R-hydroxynitrile lyases thereof.

3. R-hydroxynitrile lyases according to claim 1, characterized in that the R-hydroxy-
nitrile lyases to be modified are in the form of the complete sequence or of the
sequence modified by a replacement of the first amino acid(s), random insertions
or deletions, or of the sequence truncated by deletion of the first amino acid(s) or

the sequence extended by attaching further amino acids or by fusion.

4. R-hydroxynitrile lyases acco'rding to claim 1, characterized in that before the
mutation the natural or vegetable signal sequence is exchanged for the signal
sequence of the alpha mating factor from Saccharomyces cerevisiae,
Saccharomyces cerevisiae invertase, Pichia killer toxin signal sequence,

a-amylase, Pichia pastoris acid phosphatase, Phaseolus vulgaris agglutinin,



4. R-hydroxynitrile |yases according to claiml1,

characterized in that before the nutation the natural
wonosagetsabl e si gnal sequence i s exchanged f or PCIAEP2005/014080

signal sequence of the al pha mating factor from

Saccharonyces cerevi siae, Saccharonyces cerevisi ae

invertase, Pichia killer toxin signal sequence,

a-anyl ase, Pichia pastoris acid phosphatase, Phaseol us

vul gari s aggl utini n; gl ycoanyl ase signal sequence from
glybsamytsisel signal gequeptacihom Aspeigiliss nigesl géapsenosidase signal

<c RCHREL el . S0P SBRMSRE Bk i pstons

sighbl 588udtidel & theOXBHKD sUBTNKIO NS kMY ¢66n |fﬁﬁﬁii§luf?\Verbhﬁ/ces lactis
BSA si gnal sequence, or by a reconbi nant signa

or e BSAcsignakseqignas; asbyoadeedmbinant Bignehsaduenesithereof, or by

ong Ryt aRgrer Tt idad sl S boifmptation
characterized in that preparation takes place by

site-specific nmutagenesis wth subsequent heterol ogous )
. R-bydroxynitilerlyasapraesordingita eaim ctoehajastesizedr inthaiepreparation

roup of Pjchia or | ar, C | S|
ta SCWZEH@C[HB}a %tgr?éje Gi %ﬁ@%ﬁ%gl |V\9@/ %ioes%g@%h alg@t%ro%gous or
sedretsty esgsessiokl Wy e mityS&gahieed iflom AtheeIgrolb UST Rigeia, pastoris,
Peni ci |l I'i um chrysogenum Pichia nethanglica, Pichia
Sapeha/aayera, calgHisiaeI08 bseharishian golipiBaciliysasubidisa, Peaudomonas

| a e. 0XYN y
MuGES67 B ns DR AL, PR Ao Y 08 eblelfunY 87 Sogenum,
Pidhés imbthanblich Richiaesalpmdsofia) Harssenutan pdbenarphah@ichia anomala,

mat ure PaHNLS protein is replaced by an apolar am no
or §6NEosReARANBYERPDARMI®- i sol euci ne, met hi oni ne,
al ani ne, phenyl al ani ne or | eucine, or by a neutral
amno acid fromthe group of glycine or tryptophan. 7.
. FRhydrdxnitring tlyades hyesrdingata ataiinng, thamicténnet, in that the residue
characterized in that e, residue [ orresponds to
wh,!féwsmrr%woz@ﬁ%wﬁ@nr%édk@hsm.r%wwﬁ RrqtET g SpRlaggd by an
apBiar anfkb %E]daf%MQh@fg Qu{)5)?‘iﬁdlélﬁ:ir%,%éthﬁniﬁ&rélﬁﬁi’ne, phenylalanine
cysteine, lysine, histidine, glutam c acid,
or leucine, or by a neutral amino acid from the group of glycine or tryptophan.

. R-hydroxynitrile lyases according to claim 1, characterized in that the residue
which corresponds to position 225 of the mature PaHNL5 protein is replaced by a
polar amino acid from the group of serine, cysteine, lysine, histidine, glutamic acid,

glutamine or aspartic acid.

. Use of R-hydroxynitrile lyases according to any of claims 1-7 for preparing

enantiopure cyanohydrins.

. Process for preparing enantiopure cyanohydrins, characterized in that aliphatic,
aromatic or heteroaromatic aldehydes or ketones are converted in the presence of
a cyanide group donor with a R-hydroxynitrile lyase according to any of claims 1-7



glutam ne or aspartic acid. 8. Use of R-hydroxynitrile

| yases according to any of clains 1-7 for preparing
wenerstwregesir e cyanohydrins. 9. Process for prepacrmg2005/014080

enant i opure cyanohydrins, cdharacterized in that

al i phatic, aromatic or heteroaromatic al dehydes or

ket ones are converted in the presence of a cyanide

group donor with a R-hydroxynitrile |yase according to

any of clainms 1-7in an organic, agueous or two-phase
in &ty stganigraqueons of bgihasewysidn s in adienigaionaar without diluent at
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