1 R-Hydroxynitrile |lyases having inproved substrate acceptance and the use
thereof Biocatalytic processes have becone very inportant for the chem ca
i ndustry. The carrying-out of chemi cal reactions with the assistance of

bi ol ogi cal catalysts is in this confecti on of interest especially in areas
of application in which it is possible to exploit the property of enzynes,
which is often present, of preferentially converting or formng one of the
two enantionmers in chemcal reactions with chiral or prochiral conponents.
Essential preconditions for exploiting these favorable properties of
enzynes are their availability in the quantities required industrially and
a Sufklwy@ak*mé%sre%qﬁ\ﬁng intproved si®ktrafsacdephandd snd feeuse thereot t ual
conditions of an industrial process. A particularly interesting class of
chiral chem cal conpounds are cyanohydrins. Cyanohydrins are inportant for
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A particularly interesting class of chiral chemical compounds are cyanohydrins.

Cyanohydrins are important for example in the synthesis of a-hydroxy acids,
a-hydroxy ketones, B-amino alcohols, which are used for obtaining biologically active
substances, e.g. active pharmaceutical ingredients, vitamins or pyrethroid
compounds.

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

tt has been pbssible 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 0276375, 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 kemels (Prunus amygdalus).
Further R-HNLs which have been employed to date are, for example, those from




pl ants of the Rosaceae famly, for exanple from al nond kernels (Prunus
anmygdal us). Further R-HNLs whi ch have been enployed to date are, for
exanple, those from2 |inseed seedl :\{gs (Li numusitatissimum LuHNL) which
were cloned as first gene of an R-HNL and were expressed in E. coil and
Pichia pastoris, or RRHNL from Phlebodi um aureum Advantageous reaction
paraneters described in the literature for obtaining products wth high
optical purity are |low tenperatures (e.g. Persson et al.; Enzyme and

M cr Ollihéé?&' %@amhggxuﬁ%i ),ls:tél‘ﬁs@nﬂaﬁl; L&@M)) whicBHvBf] ensnéd (a5 first ﬁ@aal ofet
., Anna e New York Acad eg B Sci ence; 613 (enzynme_En
S

167 780 FOBINL, andd ware expressed 2inp P8tle Pichia q@ast;aaappé I'EIHT%- 5‘:1mn655)
or of %m .0Ns é’?“?rh EP 1 238 094). Unfortunately, nmpost R-HNLs have

hal f - I an one hour at a pH below 4. EP 1223220 Al descri bes
reconbi nant enzymes which are prepared by cloning a gene from Prunus
anygdal us, which codes for an R HNL isoenzyme, for exanple for isoenzyme 5
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gene from Prunus amygdalus, which codes for an R-HNL isoenzyme, for example for
isoenzyme 5 (PaHNL5), and by heterologous expression for example in Pichia
pastoris, which are distinguished, as is evident from the examples, by a considerably
increased stability at low pH values compared with the other known R-HNLs.

A disadvantage which has been 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 kemneis.

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,



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 convergsions and which have an inproved
substrate acceptance and thus increased activity, 3 increased selectivity,
and an increased stability, it was an object of the invention to -~Y, find
novel nutants of R-hydroxynitrile |lyases fromthe Rosaceae fam |y which
satlsfy t hese reqU|renents It has unexpectedly been possible to achieve
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i nverdind no'aeldnutanh'g of R-bydroxynitrile HN&WE&MMrRO&Gst&m:IyaWhW@ satisfympr oved
substrat e acceptance, increased activity and increased selectivity, which
are cﬁl?gﬁ%eq?'éé)m%ﬁ in that there is replacenent in the anino acid sequence
of R-hydroxynitrile Iyase fromthe Rosaceae famly either a) of the am no
acid residue which corresponds to position 360 of the mature PaHNL5
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appr osmER 1bes220 g . 20 furt her residues in the active center or in the
hydr ophobi ¢ channel |eading to the active center to be replaced. The R HNLs
of the invention are nutants of R-hydroxynitrile Iyase fromthe Rosaceae
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exam thstradtdieseptanse, Ahbfidsed activity and increased selectivity, which are charac-
terized in that
there is replacement in the amino acid sequence of R-hydroxyniirile lyase from the
Rosaceae family
either
a) of the amino acid residue which corresponds to position 360 of the mature
PaHNLS5 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 tol 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).




anygdal us (PaHNL), Prunus serotina (PsHNL), Prunus |aurocerasus, Prunus

| yonii, Prunus arneniaca, Prunus persica, Prunus donestica (PdHNL), Mal us
comunis, etc. or reconbinant R HNLs, as disclosed for exanple in EP
1223220. The native R-HNLs which are preferably enployed are RHNLs from
Prunus anygdal us (PaHNL), Prunus donestica (PdHNL) or from Prunus serotina
(PsHNL). 4 Preferred reconbinant R-HNLs are reconbi nant R-HNLs from Prunus
donmestica (PdHNL), in particular PdHNLI, and the reconbi nant R HNLs PaHNLI
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for reconbinant PaHNL5. The R-HNLs to be nodified may noreover_be in the
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Secl10 sequence trom Pichia pastoris, signal sequence of the 28kD
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the signal sequence of the alpha mating factor from Saccharomyces cerevisiae
(alpha-MF), Saccharomyces cerevisiae invertase (SUC2), Pichia killer toxin signal
sequence, a-amylase, Pichia pastoris acid phosphatase (PHO1), Phaseolus vulgaris
agglutinin (PHA-E); glycoamylase signal sequence from Aspergillus niger (glaA),
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, eic., 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 Heijine 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) efc.

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




Aplicada 10(1), 41-46, (1993), Raenmmekers et al., European Journal of

Bi ochem stry 265(1), 394-403 (1999) etc. The vegetabl e signal sequence is
preferably replaced by the signal seguence of the alpha mating factor from
Saccharonyces cerevisiae. The R-HNLs of the invention are prepared by
site-specific nutagenesis, for exanple wusing the QuikChange (XL) Site
Directed Mutagenesis Kit, QuikChange Multi Site 5 Directed Miutagenesis Kit
(from Stratagene), and kits fromlnvitrogen (e.g. CeneTailor Site-Directed
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polar amno acid. Avaline residue is preseht at position 360 of the mature
PaHNL3ofpaoCAi (WSAnd an asparagine residue is present at position 225. The

resi dues corresponding to this position in other R-HNLs can easily be
determ ned by a nultiple alignnment. Figure 1 depicts such a nmultiple

al i gniEthef Ste-¥patife SmisRREheSN, e 59 eRBorfing o tHRO seRion! Asplacemdrite
sequences are in this case depicted wthout signal sequences. ~ The valine

resi dedther the corresponding anmino acid at this position is thus replaced
a) of the amino acid residue which corresponds to position 360 of the mature

PaHNLS5 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
PaHNL5 protein by another polar amino acid.

A valine residue is present at position 360 of the mature PaHNL5 protein, and an
asparagine residue is present at position 225. The residues corresponding fo 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,



according to the invention by another apolar am no acid such as, for
exanpl e, isoleucine, nethionine, alanine, phenylal anine or |eucine, or by
a neutral amno acid such as, for exqpple, gl ycine or tryptophan.

Repl acenent by | eucine, isoleucine or nethionine is preferred. The
asparagi ne residue or the corresponding amno acid at this position is
replaced according to the invention by another polar amno acid such as,
for exanple, serine, 6 cysteine, |lysine, histidine, glutamc acid,
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Kl uyveronmyces lactis, Aspergillus niger, Penicilliumchrysogenum Pichia
met hanol i ca, Pichia poI ynor pha, Hansenul a pol ynor pha, Pichia anomal a,
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unmodified recombinant R-hydroxynitrile lyase PaHNL5, but the positions can be
shifted according to the abovementioned modifications of the sequence, such as, for
example, fusion, random insertions or deletions, truncation or extension of the
sequence.

{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, Kiuyveromyces lactis, Aspergillus niger, Penicillium ch:ySogenum,
Pichia methanolica, Pichia polymorpha, Hansenula polymorpha, Pichia anomala,
Schizosaccharomyces pombe, etc.

The resufting 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




The resulting RRHNL nutants of the invention are purified by standard

nmet hods, for exanple in analogy to Dreveny at al.; Structure (Canbridge;
MA, United States) 9(9), 803-815; 2001. The R-HNL nutants of the invention
are suitable for the preparation of enantiopure cyanohydrins in a
conversion rate, activity and selectivity which are increased 7 conpared
with the prior art. The invention accordingly relates further to the use of
the RRHNL mutants of the invention for preparing enantiopure cyanohydrins.

The R-ddvhparddenits tid pfiBeaptnvention are enployed in particular with
al i phatic and aromaPi c al dehydes and ketones as substrates. Al dehydes nean

in this connection aliphatic, aromatic or heteroaronmatic al dehydes.

Al i phag ¢ .al d an.in this_cgnnectjon saturated or unsaturated,
21 1 phathe IVelRier 8edraiiin, Tl SHETR K Le8' o theniriabL Prils, atrito
al i phahieniirifon pAesamicenahidhLeb cyafidhyiiriis, br anched al dehydes having in
particular 2 to 30 C atons, preferabl;yufrom4 to 18 C atons, which are

saturated or nono- or polyunsaturated. The aldehyde nmay in this connection
have d b -C triple bonds. The aliphatic, aromatic
or hete %m ﬁﬂﬁéﬁﬁeﬁgﬁ% %%RB r%'gvémp!ﬁy B\, particuar e‘Mﬁh @t“pg'ﬁﬂg @ndut ed
by or citematitisidletfydesi A1 ketonds asididstrafa i on conditions, for exanple by
optionallg substituted aryl or heteroaryl groups, such as phenyl, phenoxy
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aldehyde may in this connection have both C-C double bonds and C-C triple bonds.
The aliphatic, aromatic or heteroaromatic aldehydes may moreover be unsubstituted
or substituted by groups which are inert under the reaction conditions, for example by
optionally substituted aryl or heteroaryl groups, such as phenyi, phenoxy or indolyi
groups, by halogen, hydroxy, hydroxy-C-Cs-atkyl, Ci-Cs-alkoxy, C:-Cs-alkylthio,
ether, alcohol, carboxylic ester, nitro or azido groups.
Examples of preferred aliphatic aldehydes are butanal, 2-butenal, 3-phenyipropanal,
3-phenylpropenal, 3-phenylpropynal, pivéialdehyde, 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, alsb furfural, methylfurfural, anthracene-9-carbaldehyde, furan-3-carb-
aldehyde, indole-3-carbaldehyde, naphthalene-1-carbaldehyde, phthalaidehyde,
pyrazole-3-carbaldehyde, pyrrole-2-carbaldehyde, thiophene-2-carbaldehyde, iso-
phthalaldehyde or pyridinealdehydes, thienylaldehydes, etc.

Ketones are gliphatic, aromatic or heteroaromatic ketones in which the carbonyi-




al dehyde, 4-fl uoro-3-phenoxybenzal dehyde, hydroxybenzal dehydes,

nmet hoxybenz- al dehydes, also furfural, nethylfurfural,

ant hracene- 9- car bal dehyde, furan-3-cayb- al dehyde, indol e-3-carbal dehyde,
napht hal ene- 1 -carbal dehyde, phthal al dehyde, pyrazol e-3-carbal dehyde,
pyrrol e- 2- car bal dehyde, thi ophene-2-carbal dehyde, iso- phthal al dehyde or
pyri di neal dehydes, thienyl al dehydes, etc. Ketones are aliphatic, aromatic
or heteroaronmatic ketones in which the carbonyl S carbon atom has different
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RRC(OBECN). In fornula I, RL and R2 are independently of one anot her
hydrogen or an unsubstituted hydrocarbon group, or Rl and R2 together are
an al kyl ene group having 4 or 5 C atons, with R and R2 not both being
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The substrates are converted in the presence of the HNLs of the invention with a
cyanide group donor.

Suitable as cyanide group donror is hydrocyanic acid, alkali metal cyanides or a
cyanohydrin of the general formuta |

R1RzC(OH)(CN).

In formula I, Ry and Rp are independenily of one anocther hydrogen or an
unsubstituted hydrocarbon group, or R and Ry together are an alkylene group
having 4 or 5 C atoms, with Rs and Rz not both being hydrogen. The hydrocarbon
groups are aliphatic or aromatic, preferably aliphatic, groups. R; and R; are
preferably alkyl groups having 1-6 C atoms, and the cyanide group donor is very
preferably acetone cyanchydrin.

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.




preferably acetone cyanohydrin. The cyani de group donor can be prepared by
known processes. Cyanohydrins, especially acetone cyanohydrin, can al so be
purchased. The cyani de group donor enployed is preferably hydrocyanic acid
(HCN), KCN, NaCN, or acetone cyanohydrin, particularly preferably
hydrocyani ¢ acid. 9 The hydrocyanic acid can noreover be |liberated only
shortly before the reaction from one of its salts such as, for exanple,
NaCN or KCN and be added undiluted or in dissolved formto the reaction

M Xt Urfhe Hydroeganie =vidbar Abreevéerbe libgrated ohgr SHortly Bafire.the qeastioh 6m
2- phase systemor in_enulsion, and w thout diluent. An aqueous solution or
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t trate buff hosphat e buf f tc. It
2 o Lttt e e eiuficnc. v er -1 i sci bl o sligntly

water-m scible aliphatic or aromatic hydrocarbons, which are optionally
hal ogenat ed, al cohol s ethers or esters or mxtures thereof or the

subst riA1eCOREION g3 b@rﬁ?mﬁw%ﬁég AMmEIganic, aqiqaus @f R-phaser systameyr, in

drrso e r et her and ethyl acetate or m xtures thereof are
prefer %@n%ﬁaw'ﬁ%@ﬁwms of the invention can noreover be present

ei t heAresquenis solutionob bUfferegolutubn mompﬂsm&h@mm@frthé drivemtionds aised as
"cross-Ilinked enzyg':gxaggre | uent, but the conversion

e 0
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prefera~l P/ from2.5 tq 3.5. 10
ers or esters or mlxtures thereof or the substrate itself. Toluene, xylenes, methyl
tert-butyl ether (MTBE), diisopropy! ether, dibutyl ether and ethyl acetate or mixtures
thereof are preferably employed.
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 aiso take place in a two-phase system or in an

emulision with nonimmobilized HNL.

The conversion moreover takes place at temperatures of from -10°C to +50°C,
preferably at -6°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 {0 3.5.



Exanple 1: Site-specific nutagenesis In each case 10 ng of the expression
pl asm ds pHI LDPaHNL5a_LI Q (PaHNL5 with al pha factor signal sequence,
described in WO 2004/ 083424 and Ange\go Chem Int. Ed. Engl. 2003; 42,
4815) (rmutants V3601, V360M and N225S) and pH LDPaHNL5a_L1Q A111G (WO
2004/ 083424, Angew. Chem Int. Ed. Engl. 2003; 42, 4815) (nutant Al

I 1 GV3601) were enployed as tenplate for the nutagenesis reaction using the
Qui kChange XL Site Directed Miutagenesis Kit from Stratagene (Cat. #

20051 @yaiple NSi-spadfic Rluthgendsi® mutagenesis priners were enpl oyed for
the reaction. The follow ng Tenperature Erolgram was used: A) denaturation

at 95dnfeachoersent AungeoBihel exprpssion plasmi B RaHBEBn EHQ(EeHNLB®dhand 20

' t ,68C t ' f £ M. ' d of f
W th" e facor SEbA Sedlenc, deeftifed n, 2 2D0A 0B i WBeHE THEE L e ¢
enpl oyl aBngles00%d 41 4846)T anoiants UM36BEONMVEEON Bnd CNRP5SY1@&ndol d
cells. Plasmd DNA vvaswgre ared Tromthe transformants and_ sequenced.

Pl asmiptLDAaNLEa 1 RATTHg VR 2004/Q83d24e fnigawe Ghenn Hat.rkdi Bglo2003e

G115 4 P DBl IR (R0 Soord nbloPB3 %, el oL fiafufenesls”
hi sti ¢eastich ueingefiy QUkChargd danSiter Diredted Iutagaesisy KiteflomnStiatyene |
plates, and the activity of the culture supernatants was determ ned with
r aceni(at.#280p36).t300 ag jof esch\@f the fwgtraytagenesissPimera were egxdayed & t he

hi ghe 1.C Yy QLo (VA ts were selected for
shakeﬁh??%%m&gggﬁ%%{yﬁ t%hﬁe@gﬂgﬁﬁla@rg@ﬂ@%ggf the culture supernatants
was dex)er Mdeeaturation at 06°CJosdné@htnuteandel onitrile. PCR priners for the
site-specific nmutagenesis: For nutation V3601: V360]forw

5' - codbt t t {IgcauClAIita B0aame 8k Co Hlgtsca 8°C and 20 min at 68°C

C) extension for 7 min at 68°C
The template DNA was digested off with Dpnl, as described in the kit protocol, and
2 pl of the mixture were employed as described for transforming ultracompetent E.
coli X.L10 Gold cells. Plasmid DNA was prepared from the i{ransformants 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 culiure supematants was determined with racemic
mandelonitrile in 96-weli 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 -cgacttitgctcatatiattagecaagttccaggace-3”
V360Irev: 5'-ggtcciggaactiggetaataatatgagoaaaagteg-3”




V360l rev: 5'-ggtcctggaacttggct aat aat at gagcaaaagtcg-3' 11 For nutation
V360M V360Morw. 5'-cgacttttgctcatattatgagccaagttccaggacc-3' V3 60M ev:
5' - ggtcct ggaacttggct cat aat at gagcaaaaqi cg-3'" For mutation N225S: N225Sf:

5' -gaagatcctcttctcttcctctacatcaaatttgtcagctattg-3' N225Sr:

5' - caat agct gacaaat t t gat gt agaggaagagaagaggatcttc-3' Exanple 2: Purification
and characterization of the enzyme variants The specific activity of the
respective nmutants with different substrates was deter- mned by carrying
out several shaken flask cultures with each of the expression clones. The
cul ture supernatant was concentrated by ultrafiltration (30 kDa cutoff)
usi ng Foo myitation ¥3GOM:PES centrifugation columms from Sartorius (GSttingen,

D) an Afie mat o ore the purification, the
conce&@%@“@ﬁ @g%gj% %ﬁ@&@éwg‘or ated with j the lowsalt

bi ndi nepeoNrERrs t afhla; ihagfidgaoncentration with binding buffer
A (20 mM ci trat‘(?&ﬁér?ogs%ﬁgct?éeg’%E)i:—ffe?Eg g@H 575) in 30 kDa ultrafiltration
centrifuga- tion nodules (Vivaspin, Sartorius), and then purified on a
QSeptlm_%r?linaE&sr v (QFF) anion exchange colum with a col um vol une of
10 m N Hq ‘ier 10 FPLC system from Amer sham Bi osci ences UK

Limted (Bucki nghamshl re, GB). Elution took place with elution buffer B
(20 i Sfét@aﬁmcﬁiﬁﬁcéﬁcaaﬂtﬁgtﬁﬁm pH 5.5), using the follow ng

gr adi £ LS ALS<Qk-PaHNLS from heterol ogous
productl §f% hgﬁ%&%“a pag#t%&rg‘s&%%a gdg rmm\'/fgl ume as washing step proved

to be ideal for washi ng out all unbound protein constituents. The
concentration of buffer B (elution buffer: 20 mMcitrate 12 phosphate
buffer, 1IMNaC, pH 5.5) was raised in half a colum volunme to 4% and

Example 2: Purification and characterization of the enzyme variants

The specific activity of the respective mutants with different substraies 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 (Géttingen, D) and
then purified by chromatography.

Before the purification, the concentrated culiure 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 ultrafiliration 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 56.5), using the following gradient profile for the different variants of PaHNLS 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-




subsequently increased to 48%in a further columm volune. The next step was
to increase the concentration of elution buffer Bto 70% using 1% col um
volumes in this case. Finally, the ggncentration was raised to the maxi num
of 100%in one colum volunme and was in conclusion |left thereat for a
further columm vol une (washing step without fractionation). Those
fractions which ought, according to evaluation of the chromatogram to
contain protein (depending on the peak position) underwent determ nation

of 't hepHHgBhﬁfé‘ggﬁféhgm\W;l?é?{,] g 58) wha® raded ik Hal £ Tollrin vBIUHE S 4% S

(Bradfiord nmeth enZzymc activity using the substrate
mande|stsequertly Thoseasad fto a8% dnsa furthen erluningielsme. athe wiexy step wasoisl ed

ConcovaBRg g eorantBHaR g St e Bt 0 B Blnec i elfimP kLRI 0. o

( Br adftpigaselhe standard used for producing a calibration [ine was native
PaHNL _from Sigma (M 6782 Lot 41H4016). The culture supernatants were
concerftinallye the conceniratian wes saised (to the maximunpaf 400%: inanecelumrevolume

i  ocer s WS &Y sopilci e iered: FSRE it (ol ypEih sy Rp MBOR

| nvi t FR@EEBhatién), - 500 ng were deglycosyl ated with endogl ycosi dase H
(#P0702L, NEB) (according to the procedure supplied) and then [|oaded. The
st anddmgsedeartipas whiek piught, @agerdipg éo svaluatian of el ahwmatogram; teveantaiien

Concentot Sebendila “Ger abee sRibin) UistRB: sefimiiBion 8 P itk
cul t urentamalsiey ¢id Bisrag (FrasuleedCay phgteimassdy (Bradfardahethbd) s of the
(Hercules, Ca), .and the specific activities were ¢

5. bhe PP ABNGLIDE Eha UbSITRanaNSRIOPLHE 5,218 TeyEtons Wit therhishesi pose,
ety TS BB RS ARHLY 9 shefeind nglenShis BlbHegRi g
K2HPOpfetein @baceniréiian avasp baftiedl bat avifh aaBiorad uiHerodles, €a)l protdin dsgdyer was
agal n(Breu:h‘ord). The standard used for producing a calibration line was native PaHNL
from Sigma (M-6782 Lot 41H4016). The culture supernatants were concentrated
~20-fold by cross-flow filtration and then purified by chromatography. Samples were
faken of the purified enzymes and loaded directly onto a gel (protein gel NUPAGE
4-12% bis gel 1 mm X 17 well; Invitrogen), or ~500 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 conceniration 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 methyl
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 mi, 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 ml of HCN was added with a syringe and




adjusted to pH 3.4 and then mxed with the substrate in MIBE in 20 ml gl ass
vials. The solution was cooled to 10C, and 1.2 ml of HCN was added with a
syringe and 13 stirred at 700 rpm apgl 10C on a magnetic stirrer. Sanples
were taken at various - tines, derivatized with acetic anhydride in the
presence of pyridine and dichloro- nmethane, and anal yzed by GC on.a
cyclodextrin colum (CP-Chirasil-Dex CB) or by HPLC Table 1. Conversion
of 15 mmol of 3-phenyi propional dehyde wi th PaHNL5-L1Q (WD 2004/083424) and
mut ams%irr@ﬂ éthmm ﬁﬂhhe”lO"C o a magnetIB stirfer. Samples were takénegdiaridik tihie
ufi c" .S, 1 rtry 1=tiZyrne Itn~ cnv (%0 :?etr(l)
, on~ rtlmes;edera@tlzed w@h @qetlp anhydﬂdeP@H!m pessengepobpyidipe. andalighlom-8 90. 2

V350t g0 hei 8l By ool it erichuseRc ) .0 .

deter HPled, Tabl e 2: Specific activity and TOF (turnover frequency) val ues
of PaHNL5-L1Q and nmutants of the invention for the substrate

3- phenyi pr opi onal dehyde Specific ct 'y : nol mn.< TQ->. H-L1,Q 2588
215 2497 208 1=11' 601 3501 215 3379 208 UG6.(llyl -"" 7059 867 6812
837 \rabld 1:. Cohverdon 3 133amol M63Tﬂdehyipﬁoplonaldehydanwdh PEHMISL tR

3 Phe ) B 2088 43N Gha ik SRR iV

n.d: not determined

Table 2: Specific activity and TOF (tumover frequency) values of PaHNL5-L1Q and
mutants of the invention for the substrate 3-phenylpropionaldehyde

. Specific-actiity [umol mintmg). " | 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




mutants of the invention 14 Ent Enzyme W4. noF cony; (% ee :%co f ee ~/~
j -1, ;' ;RRHNLS G Q.:.: 22 96.2 30 96.4 2 " Al';1-1 Gv3601 36 96.8 47
96.8 4 V360M 14 92.7 18 92.6 z:~a V3ROT 90 97.9 97 97.6 Table 4: Specific
activity and TOF val ues of PaHNL5-LI Q and mutants of the invention for the
substrate 3-phenyl propenal dehyde Pa NL5 L1Q ~ :> 11420 110+19 ... A:1.1
V369f T ' 15417 14916 :° V 09 475 33 458 32 Exanple 3: Determ nation of
the activity of PaHNL5-L1Q N225S in the cleavage of nandelonitrile
Cultivation of P. pastoris GS115 PaHNL5-L1 Q N225S (as descri bed above)
and a:vestl ng.-of -t he’ cultufe supghnat ant ::)y centsgy-ugat .07 were fol |l oned

by ap "'-"'%‘ﬁfl’lﬁ- I BRI OREE mitrafiltration
(30 k _Eéltg ?%}a ' ggﬂ%ﬂ OV (OR). -feueoyfj.' via the

Br adfc;iu, rethot—ane oSt § -y ndelonitrile
cl eavgg _' =US L lfhﬂ de%iz_l_b%d_afgaue fpﬁv&ipr t he val ue for
the srecidfie #ctiN88OMin(ylng d# enayn®2.7 Repet18 i onl oB2ifhe [conpl ete
proceduré tHred’ tM&ébi ade.li t 98ssi bl e97.8 s} at D%&n  hv&FAe |and a standard

deviation for the specific activity of PaHNL5-L1Q N225S. This was 525 +/-
30 Ung which is about 1.6 tinmes that of the reconmbinant wild-type enzyne
PaHNL5-LIQ 15 dains: 1 R hydroxynitrile |yase having an inproved

Subst r-fbifo 34 C FPRRE ackitity SFETOF values of PaHNL5-L1Q and mutants of the
invention for the substrate 3-phenylpropenaldehyde

DB Heva (oL Ha] | TTOFS
114 £ 20 110+ 19
154 £ 17 149 £ 16
475 £33 458 * 32

Example 3: Determination of the activity of PaHNL5-L1Q, N225S in the cleavage of
mandelonitrile

Cultivation of P. pastoris GS115 PaHNL5-L1Q, N2258 (as described above) and
harvesting of the culture supernatant by centrifugatioh were followed by approxi-
mately 20-fold concentration of the lalter by ultrafiltration (30 kDa cutoff).
Determination of the protein concentration via the Bradford method and
determination 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 fo siate an
average and a standard deviation for the specific activity of PaHNL5-L1Q, N2258S.
This was 525 +/- 30 U/mg which is about 1.6 iimes that of the recombinant wild-type
enzyme PaHNL5-L1Q.
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cysteine, lysine, histidine, glutamic acid, glutamlne or aspartic 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.
R-hydroxynitrile lyases according to claim 1, characterized 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.

~ R-hydroxynitrile lyases according to claim 1, characterized in that the

R-hydroxynitrile 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.

R-hydroxynitrile lyases according 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,
glycoamylase signal sequence from Aspergillus niger, glucose oxidase signal
sequence from Aspergillus niger, Sec10 signal sequence from Pichia pastoris,
signal sequence of the 28kD subunit of the killer toxin from Kluyveromyces



Saccharonyces cerevisiae invertase,, Pichia killer toxin signal sequence,

a- anyl ase, Pichia pastoris acid phosphatase, Phaseol us vulgaris agglutinin;
gl ycoanyl ase signal sequence from Aspergillus niger, glucose oxidase signal
sequence from Aspergillus niger, SeclO signal sequence from Pichia
pastoris, signal sequence of the 28kD subunit of the killer toxin from

Kl uyveromyces lactis or the BSA signal sequence, or by a reconbinant si gnal
sequence thereof, one of the abovenenti ned S|gqal uences W th
point nut afdcs.orghe Rﬁ%’ﬂ%&'ﬁ%‘?’i‘%w ¥ ELECHY B'PBT WY @osegpg

charact eri zggbrédt, bNBY ohé BPfHeddiovBmehfitinsd $lhAslSelMenddsowitiPp6ihf | C rrut agenesi s
wi th subsequent . heterol ogous or secretory expression in a m croorgani sm
fromthe grBUﬁmEP Pichia pastoris, Saccharomyces cerevisiae or Escherichia

col i, 5Baci | lRugydeemfniithited aé%%eé&éafmﬁ@ﬁ; cléth#"l”@fa?@&énzé@ |HMH§F;Q€M§:%§0H1 actis,
Asper gillus niger,” Penicillium chrysogenum Pichia nmethanolica, Pichia

pol ynor pha takeR plang by SIWngnatagﬁn%w with syhegquend helseolpges@c har orryces
pormbe. 6. r@iorﬁeieﬂr%azsw hnhibfdo Og%%ffﬁ B3R Yro% bPPRAK Pstod2i ms 1 - 5

for preparing” enantiopure cyanoh Process for preparing
enant i opur eSaydmwﬁwmereuiﬁ@eam grichia ﬁOIt iRacillug isuptiis, Pecuderaanas c or

het f

Cyani do. or olluTgSedn KiGReRInytRL8a%, ALGerbfl¥ Floek Pednbhif B e2Cn2R, or
claims 1-5 chrysogenugaiitichia anptbandlice; Pichis-psthasepbgstignsenula n an  emul sion or
wi Lhout _dil jeptoBing? AicHP Shathtla® of SchizoMBcchEdinycds halipeand at a pH of from

1.8 to 7.
6. Use of R-hydroxynitrile lyases according to any of claims 1 - 5 for preparing

enantiopure cyanohydrins.

7. Process for preparing enantiopure cyanohydrins, characterized in that
aliphatic, aromatic or heteroaromatic aldehydes or ketones are converted in
the presenée of a cyanide group donor with a R-hydroxynitrile lyase according
to any of claims 1-5 in an organic, aqueous or two-phase system or in an
emuision or without diluent at a temperature of from -10T to +60C and at a
pH of from 1.8to 7.




