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ENZYMATI C ENANTI OSELECTI VE ESTER OR AM DE HYDRCLYSI S
OR SYNTHESI S FI ELD OF | NVENTI ON The present invention
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ter or am-d It also relates to variant enzynes and
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BRIEF DESCRIPTION OF DRAWINGS

Figure 1 shows an alignment of amino acid sequences of known fungal lipolytic
enzymes SEQ ID NO: 1 to 6, as follows:

1. Rhizomucor miehei (SWISSPROT P19515)

2: Rhizopus delemar (1tic)

3: Fusarium oxysporum (US 6,103,505 SEQ ID NO: 2, GENESEQP AAW51767, only
residues 1-273 shown)

4: Penicillium camemberti (SWISSPROT P25234)

5: Thermomyces lanuginosus (SWISSPROT 059952)

6: Thermomyces ibadanensis (WO2002066622A2)

DETAILED DESCRIPTION OF THE INVENTION
Chiral or prochiral reactants

The reactants are chiral or prochiral. The reactants for the hydrolysis reaction are the
ester or amide and water. Ester- or amide synthesis may occur by reaction of an alcohol or an
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5: Thernomyces | anugi nosus ( SW SSPROT 059952) 6:
Ther nomvces i badanensi s (W02002066622A2) DETAI LED
WOERiIBeREARTI ON OF THE | NVENTI ON Chiral or prochi Pel/DK2006/000076
act aHts The reactants are chiral or prochiral. The
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1 tom). Substituents nmay be OH al koxy residues

Ch[orme%?bﬁ&ﬂ'g?tl cularly 1 to 10 C atons, particularly
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may beca ghobilady MRHTer bE QiR RERERE RECR O RER T apd R™
mdepend@ntlygmwe;l amQBg rrhgnt énydrooaibybay defnkgd abvaet IRE, ROEAYIRE may be
t dar K
e 5% (R, 3 e oSSR A o aitren
hydrocaghyé (dptideallysabstitiited)s slaginpeRf chireng H and hydr ocar byl as
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acid), 2R90tmtw|smmlofraydbé-rmthyl datémtaci@;sdwm @21y Icatbopt atomal leyy. 2-methyl-

butyrlc a%i’cpélt gzaeﬁf%a%% '%?l g?hnd ﬁ%%eeMQBEF EX OfO) and the alkyl

|ra are

R may pe methyl s yhetrb yheptlaiteoviiar pagirabhenyl.
QSdn‘?é’@*ta% RECG Bl %ﬂé&lfj Rzzzarjge%%ébd%@t élgoﬁ%zé %ﬁgﬁfmas 2-butanal, 2-

- carbnato yri ¢ aci
hexanol,23-ﬁ@1<q13ql ae é@h@n)d-eﬁtﬂnql e @Omonmmmay eyanbestam(Xes OgrandXhe acyl

R'-CO maﬁ}e a@théﬂj)é%lg,yAt R2 may be methyl, ethyl, 1-hexyl,

or p-nitrophenyl. Sone exarrpl es of
cﬂﬂm%upaalcu I aRgidesr eresemdnedaciy athidesobs dineplidess or N-acetyl amino
acids. 2-butanol, 2- o hexanol, 3-hexanol or
1- phenyl - et hanol . The corrpound may be an ester (X =
Q)he esier er@md@ymayméz ereehjrabmesoderat derbredframpiacdiatie, a diol or a

diamine S‘PH@S RAS trb&AbAm ﬂmé ﬁaﬁﬁcﬁe@%v@ﬁiﬁb@s@@fdaeﬁ1e38-%lester or meso-

i pepti des or am no ac
diamide, or it may be enantloselectlve synthesis from a (optionally activated) meso-diacid, a

meso-diol, or a meso-diamine.

Parent polypeptide

The variants used in the invention may be derived from a parent polypeptide which
has a high degree of homology to Thermomyces lanuginosus lipase (SEQ ID NO: 5) and/or
Rhizomucor miehei lipase (SEQ ID NO: 1). The degree of homology may be at least 50%, at
least 60 %, at least 70 %, at least 80 %, at least 90 % or at least 95 %. The parent polypeptide
may be a fungal lipolytic enzyme, and may particularly have a homology of at least 80 % (or
85, 90 or 95 %) to any of SEQ ID NO. 1-7. SEQ ID NO: 1-6 are identified above. SEQ ID NO: 7
is the feruloyl esterase from Aspergillus niger.

The parent polypeptide has hydrolase activity on a carboxylic ester or amide, and is
typically a fungal lipolytic enzyme. It includes an active site, typically a catalytic triad.
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te covers the active si
lipase (S;&Q i@&&a@dan@ommﬁﬁﬁé@s@ m@str@t@ma@gueoo of SEQ ID
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The alcoh®l 84 489 paHs BPthaGhd residues for substitution is
described below with reference to the B chain in the

tThinedid-isl idefimesd toreplan RBresiduas bwnpnééaﬂﬁet(veefm BR ahl ®@7aThe procedure

csindH b TR PRl BB o 1 S8 am

varian npigingyeT e

part conSiptirgnef residues 9@, 92)98) 9495298 ahd O7at e anal ogue. The
al cohol and acid parts of the lid The lid is defined

Set of rdsfyuspan the residues conprised between 82 and 97. The
procedur e

It is built in the following way. Residues in the lid will not be considered, i.e. residues

15

20
from 82 to 97 are left out from the following sets. Residues having any heavy atom (i.e. an
atom other than H) located within 10 A from a heavy atom of residue A146, D201 and H258
are grouped together with residues located within 10 A from the OLA molecule. (Chain B is
taken from 1GT6). The so obtained set is completed adding the residues in the alcohol and the
acid part of the lid, i.e. 82, 83-85, 88, 90-97. This procedure selects the following residues: 13,
14, 17, 18, 20, 21,79-85, 88, 90-97, 109-113, 143-154, 168-177, 195-208, 211, 213, 215, 219-
227, 246-249, 251-268.

A procedure based on two planes (described below in the section "Derivation of the

25

equation of the planes”) has been devised to unambiguously assign the residues to one of two
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expl ai ned bel ow gi ves an al cohol part consisting of
resi dues 82, 83, 84, 85 and 88 and an acid part
W(amm&mimg of residues 90, 91, 92, 93, 94, 95PCEHK2a00d/000076
7. Set frs'deslt t.jn the follown
space regiTsaeRled: e L RISOPGPAE| B t76cLBAR G Sacen Rosidlies in the
interface’” 66 kiU @fo freGIBhS Awill B9 dsdgred &F bol (THer cmddée $aKdt@niabeve are
Resi dues havi ng any heavy atom (i.e. an atom
ass'gnecg?srépo“l"'han H located within 10 A froma heavy at om of
resi due Al46, D201 and H258 are grouped together wth
memiudatteﬁrdsmmatseﬂ within 10 A fromthe CLA nol ecul e.
Chain B is taken from 1GT6). The sg_obt ai ned set

a0 OB St A Ta Tl 54 ASBARET STORES. 2ia 21 Be21S, 219-

223, 24@g4 opfpE3 gt he 1id, i.e. 82, 83-85, 88, 90-97. This
procedure sel ects the follow ng residues: 13, 14, 17,

%g 2IO 2% 79! 85, t88 90-97, 109-1 13, 143-154,
2 11, 213, 215, 219- 227, 246-249,
3811268, 14 2 4P & H2H801 90115810 'i’ﬁﬁ?édﬁaﬂmb%?o -227, 254-
bel ow i h t'he’'setti’on rivatlono the equation’o
268. the planes") has been devised to unambi guously assign
the residues to one of twospace regions called the
Sub-set ofteSig&d part” and the "acid part” of the space.
Residues in the interface of the two regions will be
dtsis ibgittendl theofoiowing Wiye ResisueRlinsthe ditl edlt edt 2 coresidered, i.e. residues

from 82 3%5'7%85 gefﬁgﬂb@“foc‘tﬁ% fol@ﬁ)g%l%?tg t %%dlf% 4haq/Trg;8§§)%9gavy atom located

within 61595’020813 QLAIMoRERe. KIMgin BlB-taRAB froB 6GSTEY, TS 46 2bijned set is

completgfauaytd HiR18kiaRaLE 1Y aloBid BHE s3eheid Bart b e, 14 Sho -85, 88, 00-
97. This PRBeA@E, seRBH theBBwiNg cesBlubbs: <24, 83185; 88 A8Z "0, 183 busi1ds, 172,
I
174, 20:3. 208 h%)ef %sz %é”%s%ré‘g%’slgd?gé'éé'ée?h%gutﬁé%?# F o] out%?c?part and
the alcomoiomrttahéollbmfsl owi ng sets. Residues having any heavy
atom | ocated wwthin 6 A fromthe OLA nol ecul e. (Chain

%Cigquahadfg&g’éggm éﬁ%@) The so obtained set is

resi dues in the al cohol and the

oigr, peo,t116f 14dre48,i1d2, 174 208220382668 20788, 90- 15 97.
Thi s procedure select the follow ng residues: 21,

85, 88,,90-97. 110 113, 145-148, 172, 174, 202,
m&%—]% . 259, 265, 266. The subset is

395588584, 945he1e2qksl 93T $5:B8s 250, 265, 266.

Derivation of the equation of the planes

Planes 1 and 2 are described below by reference to the Cartesian coordinates of
Chain B in the PDB structure 1GT®6.

Plane 1

4 This is the plane defined by the atoms CA from A146 (atom 1), CG from D201 (atom
2) and C6 from the oleic acid molecule (OLA) (atom 3). We have then:
r = (47.800, 15.573, 30.012)
r,= (41.417, 10.978, 28.949)
r3= (49.353, 11.751, 32.442)
The equation for the plane gives in this case:
0.404x-0.368y-0.837z+11.531=0.000
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t he al cohol part as follows: Acid part of the second
subset 90-97, 110, 113, 146-148, 172, 174, 202, 203,
WQ0B6/02370 20 Al cohol part of the second subsePCRDK2006/000076
%g@%ess 145, 146, 148, 172, 255, 258, 259, 265,
rivation of the equation of the planes Planes 1

&\ﬂdsnau@rsﬁsadﬁ&qzdld?@dobﬁé awid l@ﬁrﬂ’fﬂf (Rl Gt Bné he?vy at?m at position
S coor di structure
r=(cy.2) Jb S SRIEBRa RS ST NG e ML Taa Ty 1 he
at ons  GA0A%-0/B68L-0B37at tN5dY) <0060f rom D201 (atom 2) and
C6 fromthe oleic acid nolecule (OLA) (atom 3). W
\(]e then: = (47.800, 15. 573, 30.012) r2 = (41 .417,
. 28.949) 30 r3 = (49.353, 11.751, 32.442) The

¢ﬁtéa$t |érﬁ¥défih@d rbgmﬁl@aﬂimée@mranmm @ASE 1), CB from 883 (atom 2)
404 368y z+1 531 =0 OOOAC| d part Aresid

and C8 fr%“%%el?amm%?@ﬂq Plihdaion - Pighaveither has at Ieast
one hepvy (47 80D, a55pgssdom) r=(x,y,z), withits

cartesian co di nates_satisfaying the foll ow ng
i nequald T {#%- 04621>§t7§ @‘iﬁ)o 837z+1 1.531 O.000 5 Pl ane

2 Thi sras(wgohmrzggd@jn d by the atons CA from Al46

g{ 0 CE% m883(liH and C8 fromthe oleic
g?&q oB o Beé’ PRIOVESOHIRFS® e have then: M =

(47. 800.04456:0003by-B998¥,2Y .308=G:0¢a#9. 710, 11.872, 29.963)
or3 =(53.679, 11.269, 30.1 15) The equation for the

Ilae| iives in this case:
%*5@5%9%5. . 036y-0.998z+27. 320=0. 000 Al cohol part
A residue is said to belong to the alcohol part if it has at least one heavy atom at

position r=(x,y,z), with its cartesian coordinates satisfaying the following inequality:
0.044x+0.036y-0.998z+27.320 > 0.000

Substitution of selected residue

The amino acid residue to be substituted may be selected in SEQ ID NO: 5 as
described above, or a corresponding residue in another parent polypeptide may be selected
based on an alignment with SEQ ID NO: 5. Fig. 1 shows an alignment of SEQ ID NO: 1-6.
Other sequences may be aligned as described below.

The selected residue may be substituted with a smaller residue or a residue of nearly
identical size, in order to better accommodate the substrate. Amino acid residues are ranked
as follows from smallest to largest: (an equal sign indicates residues with nearly identical
sizes):

G <A<S=C<V=T <P <L=I=N=D=M<E=Q<K<H<R<F<Y<W

The variant may comprise one or more substitutions corresponding to the following in
SEQ ID NO: 5 (Thermomyces lanuginosus lipase): S83T, R84GRWK, 190Q, G911AN, N92TD,
L93T, NO94R, FO5LY, D96W, F113Y, P174C, 1202M, V203SAGTM, L206T, F211E, L227G,
1255N, P256T, L259T, G263Q, L264A, 1265T, G266DW, T267A.

The variant may comprise one or more substitutions corresponding to the following in
SEQ ID NO: 3 (lipase/phospholipase from Fusarium oxysporum). 183NGLSY, D265AGYE,

The notation used here is that S83T indicates a substitution of S (Ser) at position 83
with T (Thr). R84GRWK indicates a substitution of R84 with any one of residues G, R, W or K.



A residue is said to belong to the alcohol part if it
has at | east one heavy atomat s position r=(x,y, z),
WOWRE06/084430 car t esi an coordi nates sati sfayi ng t heBCT/DK2006/000076
Ilo |t 0. 044x+0. 036y- 0. 998z+27. 320 >
Optlonag v\%crig& (ﬁﬁg %f sel ected residue The am no acid
resdditien tto slubstﬁtuuimt oft ones dhareyseheeteske tesidued, the SGaf@nt nay further

I e e 5.
comprlseN8‘1e %r ﬁorg%ﬁ%tgn?ﬂs ac?%gbq[n% gatﬁgﬁé b@?o@@r(bg iy ggb lﬂbggé g D27R,
D111A, S)Zﬂé‘é’nE@ITTgWB@h,tTZ&‘IRhNgEC@I D NGO 5. Fig. 1 shows an

alignnment of SEQID NO 1-6. O her sequences may be
. Parﬂcul%J\P §s as described bel ow. The sel ected residue may
su stltuted with a smaller residue or a residue of
Nedanty mayebr dedveddTone SEQ IR NS by mekingeoneaefctbenielipuing sets of
substitu@ﬁ% substrate. Am no acid residues are ranked as
Jows fromsmallest to |largest: (an equal sign

1202M, TEBARCHPEIR resi dues with nearly identical 5 sizes): G <

Ao Vel < P < LI =NDFMTEBQ I KIS H S RIS F <Y
V203M, @%j@:\gﬁu ant may conprise one or nore substitutions
R84G, FGWY&JOEdingNto the fol | owi ng in SEQID NGO 5

GO1A LI FTORT ORI PP VP RS RETy 3 PO S PO MR, Ay O B RN

D27R GQ’EN)BIMIRW@‘B&@BTMC 82067 252G, RE561L.227G, o | 255N,

F211E, riant nmay conprise ane or nor e suhstituti ons
FO5Y, FZUEmsohdl ng to the foll owi ng in SEQ 1D NO 3

phosphofl Tpase from Fusarium oxysporum
S83T, Ré ﬁ%% ., D?265AGYE, The notatjon used here |s_that

V60G DS&A]SBMD%&M@ZBGDJbSt itution of S (Ser) at p05| t| on

: ; ‘ reS|dues G R Wor KOptlonaI
GhIRS) nfg(ﬁgll_cb:ﬁomfl cati ons In addltl on to substltutl on

S83T, RﬂdﬁxrlBéB EB@ToW&%; tQ(KDJt@BHt,mQZstL%a‘n F%Noﬁdﬂay Fa11E
the ToltTowng in SEQTD NO b DZ7R DITTA — SZI6P,
ES7T, WBOL, T231R, N233R, Partl cuI ar variants Variants
Yayjane refy be,alao pervaddiam BENE NO: Bypyragsingobmel e fellwing sets
10 of substifubh®wW ng sets of substitutions: 1202M T231R, N233R

A29P, 183N

K33N. D265A
K33N, 183G, D265G
K33N, 183L, D265Y
K33N, 183S

K33N, 183Y, D265E

Altered enantioselectivity
The altered enantioselectivity may be an increased enantioselectivity for the R or S
form. Enantioselectivity may be measured as enantiomeric excess, ee = % enantiomer-A - %
15 enantiomer-B. To compare the performance of different enzymes, parallel reactions may be
performed and the enantiomeric excess measured after a fixed amount of time or after a
certain conversion is reached, e.g. 40% product formation.
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V203M T231R N233R R84G, F 113Y, F21 1E, | 255N
GO1AI L93T, FO5L, DI6W E99K, V203S, L206T, G263Q, L264A, | 265T
WO BREHBUTR67A | L269N D27R G91N, N94R D PCT/DK2006/000076
111A P174C.S216P>L227G  P256T F21 1E, F95Y F95Y, F21
“Vdr°'yi'é,°rlsé’§g’ﬁ%%éﬁﬁct'ﬁ§4a | 255N V60G, D62A, S83T, DI6W G266D

s GoDaRieIBaToIlA6 MaGDe @afbBedd in\dBRkoud BGHr, drI8Mixed3d of water

. ES7T. V8OL, 190Q @91l N92D, [ 93T, FI5Y,
and watf{iRgple’ Eanie SguoE L oGP Spe TR B PEOIIR: Pieh SEejnide, the

hydrolysisproiass 3ndy bepkifognennia aofvotghasé @Lﬁggﬂft%s%ﬂh@ Ioggn aqueous phase
[L Ut ] . A29P, .1 83N. K33N. b
and a npiS BRI Bhis sfiese bl K eSS soriantiabasen elonol
ethoxylatél (ecg.cTritemafit 0@)sel @t bicohdly(sildieasMeDiddEtOH and/or i-PrOH) may be
' v e.an increase .
added 1801 BBERETPIPebpe: G767 ARG figuravon.
Estent drosyeidectynthiesis may bd perferasdr dadding ttenémnaymer focthe reactants
. =z 0ne i -A - % e lomer-B. To .
o & soBHAESP 1 Sy o 0 LUy TR o 0on iy g T
synthesis eegstipn hsgmalblepqx@rmed at bwawatet kententintthe mbsércearqresence of
an orgai@??lgérﬁdsﬁt\ta% % ?\gﬁr‘oﬁﬁﬁgoﬁﬁﬁqﬂé ngé-_agpgﬁkfﬁ%rwsa%tgﬁgli)eapolypeptide will

r

I'n conver I'S reached,
generally bgvieghé dd in-pripperyednfigeetigynt hesi s reaction Ester or
am de hydrolysis may be perfornmed in aqueous buffer,

: j ' wat er - m sci bl e organi c
Amino defd io@nmﬁmpﬁ?o?ﬁg; ai‘ﬂ\@taﬁ%?lﬂgﬁt

solvents. In the case wat er -i nsoi ubl e ester or
ahe @aning peid igentibl may be sridadys detarminge by endamsrat ¢oinputer programs

known irf e #01338h RESERP FONH Sl Y G PRoGIHEIAKBE FBgram Manual for
the Wisconsin Package, Version 8, August 1994, Genetics Computer Group, 575 Science
Drive, Madison, Wisconsin, USA 53711) (Needleman, S.B. and Wunsch, C.D., (1970), Journal
of Molecular Biology, 48, 443-45), using GAP with the following settings for polypeptide
sequence comparison: GAP creation penalty of 3.0 and GAP extension penalty of 0.1.

The variant polypeptide has an amino acid identity to SEQ ID NO: 1 or 5 which is at
least 50%, particularly at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, or at least 98%.

To find the homologous positions in lipase sequences not shown in the alignment, the
sequence of interest is aligned to the sequences shown in Figure 1. The new sequence is
aligned to the present alignment in Fig. 1 by using the GAP alignment to the most homologous
sequence found by the GAP program. GAP is provided in the GCG program package
(Program Manual for the Wisconsin Package, Version 8, August 1994, Genetics Computer
Group, 575 Science Drive, Madison, Wisconsin, USA 53711) (Needleman, S.B. and Wunsch,
C.D., (1970), Journal of Molecular Biology, 48, 443-45). The following settings are used for
polypeptide sequence comparison: GAP creation penalty of 3.0 and GAP extension penalty of
0.1.

Alternative computer programs include the following:

ALIGNO, described at http://evol.mcmaster.ca/Pise/5.a/align0.himl

Pearson, W. R. (1999) Flexible sequence similarity searching with the FASTA3
program package. Methods in Molecular Biology

W. R. Pearson and D. J. Lipman (1988), Improved Tools for Biological Sequence
Analysis, PNAS 85:2444-2448
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and a non-m sci ble organic phase with stirring. A
non-ionic surfactant such as an al cohol ethoxyl ate
W@ e00g/084lire t on X- 100) or an aI cohol (such as MeEEH/DEREI6I000076

wid ép‘g ﬁr%&%g?@ﬁ@wcﬁ gﬁl{ egﬁl@ﬁi%gg ]tc§he31:51fetggqegmlanty searches.

In J. MoEsiderzTG(m -@m de synt hesi s may be perforned by addi ng

e enz ants. as a solution, or
Aol ok E bR B dbalinihbmesoho | el nz. R F.
Doolittlebeaac(San Dlegyos pohdesic Preszn266:027-258 general |y perf or ned
at low water content in the absence or presence of an
ani ¢ solvent such as a hydrocarbon. In the
EXAMPE%% aqueous nedi um the polypeptide will generally
have the lid in an open configuration. Amno acid
Example de fynthesisafidybutyy prorioaategnnent The anmi no aci d
R Urahitostet ﬁ%%ﬁ@dﬁo%ﬁﬁ@&%l&”gﬁ@@u@l@%e (SEQ ID NO: 5)
conputer pro nown e art
and F. gxisppaiet hpfms mmmsggﬁﬁa lihé\l@g@) (Theopargni MazpmREgs were also

testedfcfr%m%;@ﬁsowscons' n Package, Version 8, August 1994,
net1cs Conputer G oup, 575 Science Drive, Mdison,

Wnsebiiaeth enaymresseare1ysed te satalyag e tarmesteriticatonst Ninyl propionate
with thé:téecor(o“a?y Oe)lcohbq’uf-ﬁﬁianelf lﬂvq{&?r%% aReEHR NS of ; 8onver3|on and

45),7 usi ng | owl ng settings

enantlorpwq/@e%ﬁﬁ d@e)s‘é’a'@eﬂf@@y?@dn%ﬁh'% gas Ghmr@at@grtapbm (g€nagimjar to the
method 8&scAib&d B\?@ ﬁéﬁa?éfﬁnrﬁ'%npﬂ% tYpigk 1@81 03, &-16¢

varl ant pol ypepti de has an amno acid |dent|ty to SEQ
DNO 1 or 5 whi ch is at least 50% particularly at
MF—%&& 55% at |east 60% at |east 65% at |east 70%

3\%(3 );‘es?t% éaglﬁ p@&fbf%deor m%gmegg?méwg@ﬂﬁas g&Ac%u&ehggl%ropylene in a

concenttaion bb2d o)/ dsictiiedbwas initidlly petied sl ﬂ@ﬁeﬁwendilte&bmm washed with

purified %vﬁ{';er @gbﬁﬂé@@t Lig%@s&lﬁt%ﬁgﬂac thgrtn fh&]éﬂ?\ agﬁell'ass @ 'l\/ggggsphgtg buffer,

quences ure € new Sequen
pH 7, toadiveya &daltvolurhe op i @ sent 25 ing oenrtel. iAfteFiggntlel stiakingsion @8 h at room

P al gk | CEe .
empera 1, T ARSI e b, OBhed OB SRR SHUEDEA s o o
48 h. Neogsidvapdipiragea¢iMity gwasn ivtimdiah ther fiithade Wirsdicaiiggna quantitative
afdsage, Version 8, August 1994, Cenetics Conputer
'mmOb”% up, 575 Science Drive, Mdison, Wsconsin, USA 5371
1) (Needl eman, S.B. and Winsch, CD., (1970), Journal
Reactiorf Mbl ecul ar Bi ol ogy, 48, 443-45). The fol |l owi ng

S PR Ui SR HESEY SRR St 2 e, vy
propionaauamamm pemﬁintcy) ahd aeﬂane%tb@ﬁfmiwe conmput er

I%ea%{lons wer%cmgu técp at 4(9 Lé O%Oragrpm Samples were withdrawn after 1 h or
22 h for analysis by chiral GC (5 micro-L reaction mixture in 1 mL diethyl ether). For some
reactions, samples were also withdrawn for NMR analysis (25 micro-L reaction mixture in 0.7
mL CDCly).

Analysis

NMR was performed on a Varian MercuryVX 400 MHz system. GC was performed on
a Varian Chrompack CP-3800 fitted with a Varian CP-Chiraisil-DEX CB 10 m column. A
temperature program running from 40 °C over 70 °C (2 °C/min) to 200 °C (10 °C/min) gave
good separation of ester enantiomers. Conversions were calculated from NMR results, by
comparing integrals of the Ha (CHOH) proton of the alcohol reactant with -COCH,- integrals
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ALl GNO, descri bed at
http://evol.ncmaster. ca/ Pi se/5.a/align0. htnml Pearson,
WWOOR08{41®99) FI exi bI e sequence simlarity seaPCHDR006/000076
th the ram aqkage Met hods i n
from. 1 34 BW‘@&AEB% PRSI HRHICD be) CalaHiReh from the GC

chromatb@&&&) apbipg v GdteEWHésﬂdhée BhQbrog 6ot eSiefl Pﬁﬂm@ts Hence, with A1

and A2 Eﬁﬁﬁi&l%ﬂ%l& eggql%l%rgﬁ é\éq algéq ?ﬁﬁfzrgph}egq,e %Bg%e%gggg indicating integrals
of the tvm ghtdranahonsersy catdatiohs wére prformBu@k: 276: 71- 84

arso fe otei n sequence
ﬂ%oc)% &ﬁﬁl\%&?ﬁa %ﬁ%“‘%ﬁx%' oI ittle, ed. (San
E&eevgwo%*qﬁﬂ-ém)/ﬁﬂ't:’@s) 266: 227- 258 EXAMPLES Exanpl e 1:
Synt hesis of 2-butyl propionate The enantiosel ectivity
was tested for variants of T. |anuginosus |ipase (SEQ
ID NO 5) and F. oxysporum | i pase/ phosphol i pase (SEQ

I"heNGsul® areTbﬁe@@fseéﬂnv@&?d#@Eéwd’\@é Qeﬁérﬁn@nfeﬂété@eéﬁrfor the lipase
enzymes were used to catal yze

catalyzegﬁggﬁpgﬁﬁchy: yf'isé‘% P'aﬁs%?thw’\f‘ﬁﬂ spsFdipfonate with the

secondary al cohol 2-butanol in hexane. Results in
j ntioneric excess (ee)

Results

Wer e

Parenhlipageed by cRHbslitugigsschr onrReaefierphCome)%) di nidedP)t o
the nethod described by S. thk@gme)t al. in Ghem
lpids 1998, 93, 95-101 hilization Mre
T. largigiostds cal |y, purified enzymes 28ere |i i | i 2ed pis)
s concentration of 20 nglg
T. ’a”AlQ(’?QF‘é? 'S Ruda:t f?ﬁ\(/vetted vv|2t2h Et| OH, 7t3hen filtlelSed
tet IVL{ 1cn Pase
Tlan?fgﬁvg é\ﬂg%qggdggghlas wel 3’Iq/l phd ph@t@)
T. larkidfnb8its DHIZozm@rzghMQ\lz’%sﬁ nal vl Umi' OT o0 M7 ng
rg’gcurej fter gentle shakilng for 18 h at roam &)
T. lartugimpensat Ur &208KIETI31&E2ZER gns \@re fli | t goed, |washige)
vacuumfior 48 h__!No
T. laiglgiifal | i $83E RRAGMPEIN wds 1 @and ijn the fillirats,
(o1 catT g a gquantittattve+HmobjHzat+on—React+ons—Fo
F. O)er 5911 i Zed enzyme (10 ng) |wa gddeqﬂ 2- gat anal (gé%)
F o amL, |2 mmol), vinyl prgpionate ((220ggicro-L, 2
XI%). and hexane (600 ni cr{o- I_)% o
F. oxysporum A29P,183N 22 29 7
F. oxysporum K33N,183L,D265Y 22 28 13
F. oxysporum K33N,183Y,D265E 22 14 9

The results indicate that for variants with substitutions only in the alcohol part, the
selectivity was inverted (from S to R). For variants with substitutions only or mainly in the acid
part; the S-selectivity was retained and increased.

Example 2: Ester hydrolysis

An aqueous solution of lipase (0.1 - 10 mg) is added to a vigorously stirred
suspension of 1-phenyl-ethanol propionic acid ester (1 mmol) in a 10 mM phosphate pH 7
buffer (10 mL) containing 0.4% Triton X-100. Throughout the reaction, pH is maintained at 7 by
automatic addition of 1 M NaOH (pH-stat setup). After addition of 0.4 mmol NaOH
(corresponding to 40% conversion), the reaction mixture is extracted with CH,Cl, (10 mL). The



Reactions were incubated at 40 0OC1 1000 rpm Sanples
were withdrawn after 1 h or 22 h for analysis by
W@biocaB44@C (5 micro-L reaction mxture in 1 mLPdi/BKRy0k6/000076

organic qusm% W%r(g{%o%r%ﬁ;%@&%tr?tﬁgﬁ cﬁyrbesE ? @%nof the residue (2

micro-L) i dissalvediim EQO7(1mhL)GDAal aBglyzédh bl yisirad GOVES desscriped froExeacble 1.
on a Varian MercuryVX 400 MHz system GC was perforned
on a Varian Chronpack CP-3800 fitted with a Varian
CP-Chiral sil-DEX CB 10 m colum. A tenperature program
running from40 O0C over 70 0C (2 ¢ mn) to 200 OC (10
C/'m n) gave good separation of ester enantioners.
Conversions were calculated fromNWR results, by
conparing integrals of the Ha (CHOH) proton of the
al cohol reactant with -COCH 2- integral sfromthe ester
product. The same conversions could be cal cul ated from
the GC chromatograns, applying a detector response
factor 0.6 for ester products. Hence, with A 1 and A2
indicating integrals for the two al cohol enantioners,
and E1 and E2 indicating integrals of the two ester
enanti omers, calcul ations were perforned as: Conv =
10096 0. 6* (E1+E2)/ (0. 6* ( E1+E2) +A1+A2) ee =
100% (E1-E2)/ (E1+E2) Results The results are given as
conversions and ee (enantioneric excess) for the
| i pase catal yzed reactions. Selectivity is (R) unless
ot herwi se specified. The results indicate that for
variants with substitutions only in the al cohol part,
the selectivity was inverted (fromS to R). For
variants with substitutions only or mainly in the acid
part; the S-selectivity was retained and increased. s
Exanpl e 2: Ester hydrolysis An aqueous sol ution of
lipase (0.1 - 10 ng) is added to a vigorously stirred
suspensi on of 1-phenyl-ethanol propionic acid ester (1
mmol) in a 10 nM phosphate pH 7 buffer (10 ni)
containing 0.4% Triton X-100. Throughout the reaction,
pH is maintained at 7 by automatic addition of 1 M
NaOH (pH stat setup). After addition of 0.4 nmol NaCOH
o (corresponding to 40% conversion), the reaction
m xture is extracted wwth CH2Cl 2 (10 nlL). Theorganic
phase is dried (Na2SO4) and concentrated to dryness. A
sanple of the residue (2 mcro-L) is dissolved in Et20
( 1 mM_) and analyzed by chiral GC as described in
Exanpl e 1. CLAI M5

10
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1. A nethod of hydrolyzing or synthesizing a
carboxylic acid ester or amde fromchiral or
w@e@elos4ad reactants, conprising: a) providi ngPCT/DK2006/000076
reactants for the hydrolysis or synthesis, 5 b)
CLAlMSCOﬂt acting the reactants with a pol ypepti de which i)
has hydrolytic activity on the ester or amde, ii) has
an am no acid sequence which is at |east 50 %

1. A metlTRE PIGAES, A giriolila 3 caftyhe Rl BRI Sk R ol o
prochiral reastanisicompiisi®gr r espondi ng to any of 13, 14, 17, 18,
43- 154, 168-177,
DEog s T an e By Lo sl s, or 251
be@ntazting fhe Teectabis voin %p@ynﬂpidwbwéu n the pol ypeptide

s at ) ﬁ%hy&%ly% Q&Rmy 89 Htsekét i@, SEQ I D NGO 1-6.
i s t hod el t her precedi ng cl ai m wher ei

t he pom)mém eu@n@ éﬁ*ﬂ EEg¢aNcy whquf is b loaskR %d‘%%‘?'@ﬂ%ls g SEQID
posi ti QB: §0skEsponding to any of 13, 80, 90-97, 109-1

13, 143-144, 146-154, 168-177, 195-208, 2 11, 213,

215, 2'1!99‘322@9@@&‘655@9“3 g1 QQG‘P”%?S 3 gifferent amjino g Fesidue at a

of ei tb@sﬁu&f&%@bmm t@ldﬁwﬂesam whqesm@l weplasdes 90-97, 109-
conprises a dif

corresbb?noﬁ‘*@gﬁt“o15%317&1915320814?11,1?13 1%'5 %9 2§71 249249, or 251-
80- 85, o&8, 143-146, 148, 20 168-172, 196-201, 220-227,

or 254-268. 5. The nmethod of either preceding claim

wherei n the pol ypeptide conprises a different am no

2. The mathod dilclaimplowhérePnthe polypeptiieds aglchst 801% kdmadgololmy of SEQ
88, 90-97, 110, 113, 145-148, 172, 174, 202, 203, 206,

IDNO: 1457 255, ' 258, 259, 265, or 266. 6. The method of
ei ther preceding clai mwherein the polypeptide

e PR RAoh L EpimPfla 7 AGighetls BoRFELLY St amino
acid at alobéitioR @8rreitididinga6 anpof 28) BO, Y0- |97h®09tnlkg3;dggotf4?:3ﬂs4éi}e5a4 168-177,
105208 (1 31,85 o A L RUB, SHRREG BED  or T eepondi ng to

any of 91,94-95, 174, 202-203, and 206-207.8. The

4. The H@ﬁf&&pepﬁﬁgebggﬁglpg geﬁ‘rﬁ%%ﬁ?lﬁ ltl?é E%l%bﬁi’u@é Q:g@:ﬁﬁs%st a gifferent amino
acid at agsitioh morrespansingdnding @f 118, Hhyi 7oﬂ 8,220, 28273330-88,881443-146, 148,

168-172, 88201320557, or233:26828, 259,

5. The method of either preceding claim wherein the polypeptide comprises a different amino
acid at a position corresponding to any of 21, 82-85, 88, 90-97, 110, 113, 145-148, 172, 174,
202, 203, 206, 207, 255, 258, 259, 265, or 266.

6. The method of either preceding claim wherein the polypeptide comprises a different amino
acid at a position corresponding to any of 90-97, 110, 113, 146-148, 172, 174, 202, 203, 206,

or 207.

7. The method of either preceding claim wherein the polypeptide comprises a different amino
acid at a position corresponding to any of 91,94-95, 174, 202-203, and 206-207.

11



10

15

20

25

30

265, 266. 9. The nethod of either preceding claim
wherei n the pol ypeptide conprises a different am no
w@eood/0s447@ position corresponding to any of 2 RCT/BR2@8%/000076

~267.. 10. The nmethod of an recedin .
8. The rigtisa S-5lnef Breroind Yeimarherdd B Bl G BREG Hiptent amino
acid at apositidn corrgsponding &b aopob2h, &2-85n881 145,Ties, metishad2,ad55a188, 259,
265 266ﬁrecedi ng claim wherein the ester has an acid part
"““"having a chiral or prochiral carbon atom o 12. A

met hod of hydrol yzing or synthesizing a carboxylic
: . I; . s .

0. The n%gﬂé\%t gfélfg\,%r géenc%ﬂngfc%&%e‘?%b ct)@% ggk%agﬂ%?roéﬁ{nses a different amino
acid at apgsijipe geirerPandingo any ohdis 8eedr 85 289a@1265-267. on an

ester or am de substrate, and ii) has an am no acid

se%uence which is at |east 50 % honol ogous to SEQID s
10. The Ryethod of sy q¥eeadingglaim, sieriny thecesten has amalcelg) e hryingea chiral
or prochitdi48sboR2dmand H258 and a residue corresponding to S83

of SEQID NO 5, b) providing a three-di nensi onal

structure corresponding to 1GI6 of the pol ypeptide and

11. The methaldsdframlyepreceding dlbist, [whiefeiR i €eCha0a B6iE Y2/ MirlgOa chiral or
in.,1GT6 which structure conprises a lid region

rochi I(l%l n
prochiral GSrG0 A Mdi ng to resi dues 82-97 of SEQ ID NO 5, o c)
preparing a variant pol ypeptide having an amno acid

12.A maROYEP S SOTRHSE TG SRR A Bl e o e o
prochiralgeaciatiay @mprisiigs not | ocat ed inthe lid region and has
2) BRI B9, AUORREBHER, W Lh D 20 2 0r e
anal ogi}éashydifolaseeactivityainyn esterrdr athidesutistrate), and
o5 el ATl AOF 8 kst 54 BB A6 s o
CG at ohiaisaardLon@Bises e wptalytic iriad)corresparctirieid $ 16t D201 bud H258
o9, 2008 Ao e e, P, 2 o
hi preyviddly @ dreaclimensiariab snantirarvormpepgnuiig 1od€GWH oh thehpolypeptide
SA9S SbFradd B, oo TRe PRBERL B ke T v
structure comprises a lid region corresponding to residues 82-97 of SEQ ID NO: 5,
c) preparing a variant polypeptide having an amino acid sequence which comprises a
substitution of an amino acid residue in the polypeptide which in the 3D structure:
i) is not located in the lid region and has a non-hydrogen atom located within
10 A of a non-hydrogen atom of the substrate or substrate analogue or of the
catalytic triad, or
ii) is located in the lid region on the acid side of a plane defined by atoms
corresponding to $146 CA atom, D201 CG atom and OLA C6 atom, or
iii) is located in the lid region on the alcohol side of a plane defined by atoms
corresponding to 8146 CA atom, S83 CB atom and OLA C8 atom,
d) contacting the variant polypeptide with the reactants, and
e) selecting a polypeptide which has an enantioselectivity which is different from the
parent polypeptide.

13. The method of claim 1 wherein the selected residue is located on the acid side of a plane
defined by atoms corresponding to S146 CA atom, D201 CG atom and OLA C6 atom.

12



parent pol ypeptide. 13. The nethod of claim 1l wherein
the selected residue is |located on the acid side of a
w@b@aesded i ned by atons correspondi ng to S146 EBAI/AKMG/000076
D2Q1 tomand QA C6 atom 14. The, nethod of claiml
14. Tne (felibgior GET s ecoldng SePHE Feovd&IcERtgreh fe SrBisibe of 2
plane definetebyohtomsploarespdatelingte & 18§ Cit atom, 868 IG plondantgOLA CBlatém.
CA atom S83 CB atomand OLA C8 atom 15. A
pol ypepti de which has hydrol ase activity on an ester
15. A polypepiifedwhish bwasr lajtdeglagenactivily carerastad on@imide syesitate and has an
. i A b .'t D
oo s3L A 8 Bt 5l 0 0 R0 2o SN s o s
ID NO: Scenmreispe adiubgtittion cugsp@sting (0 IRORTEI1FOSRTDFFITG ¥ 113Y, 1202M,
V203GM 293¢ o¥gP3GM L269T, 270F. 16. The pol ypeptide of the
precedi ng cl ai mwhich conprises one of the follow ng
sets of substitutions: |1202M T231R, N233R V203M
16. The Eagé%tidwgﬁﬁeqﬁfb@ediﬁ? Tl whiéd c%ﬁagpris@§%ﬂe':3flﬁff%’ foli@wiNg sets of
. F95Y, F21 1E, [255N 186D, WB9L, 190Q L93T S83T, R84
substitutioggp,  E87T, W8IL, 190Q @¥1 I, NI92D, L93T, F95Y, F

1202M, T23TR; N2$3R ~5

V203M, T231R, N233R

R84G, F113Y, F211E, 1255N

F211E, FO5Y

FO5Y, F211E, 1255N

186D, W8IL, 190Q, LO3T

S83T, R84G, 186D, E87T, W89L, 190Q, G91l, N92D, L93T, FO5Y, F113Y, F211E
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