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ENZYMATI C ENANTI OSELECTI VE ESTER OR AM DE HYDROLYSI S
OR SYNTHESIS FIELD OF | NVENTI ON The present invention
relates to an enzymatic nmet hod of hydrol yzing or
-synthesizing a chiral or prochiral carboxylic acid

ENMﬁmOENmrrﬂ@sEL&CﬁVECEmeRSAMmB/avDRmMmsmmﬂssns
to a 5 nethod of producing a variant enzyne for use

t herei n. BACKGROUND OF THE | NVENTI ON Enzynati c
HELD&?%U@@@% ION e known to be useful for the

enp hresett Rubhtith @M@éﬁb%leﬁzﬁﬁatlﬁhém@b oﬂhydﬁcbl@zﬁlhlj biedynthesizing a
carboxylic esters e pr epa[?ztl on

chiral BRBIORAE SETEEAYIS B BESh PLAREE: 1t A5 IS Goitianoprayes and to a

metho@%Fﬂ%@c;h@ﬁ'vH%t%Hf@ﬁé for Up@Ingtdie enzymes such as
| i pases from 1o Thernonyces | anugi nosus (previously

known as Hum gi nosa) and Rhi zonucor m ehei
BACKGRUNR QFe %Egrﬂ\’@gjngﬁienm onal (3D) structure where
t r@xz@ﬁiah&’ Dr&debbed SreCINRED Y uBefaiofor Cled bﬁéhtlobbldctweN‘hydroiysns of
ngui st et al, Journal of Protein

chiral grzpromlrai @arbfgy@ esrgga,eg g7 iothe-ptsparatifng te ?r%wﬂ%qutlgg]s or pesticides.

Enzynfedbeddd Wi eis Qurddie aoune faeh4l !r@@ltldu@wz\f&%s aédo'hr ss tip@ases from
enanti osel ectivit UMVARY OF THE, I

ThermpRyht GRS fIEHaUE R b e S8 TAHTPERe FELS QWPW@ yat Rhizomucor
miehef \M!EIG?h?\}ét PHrod- Hl%ﬁ@l?ﬁ)glﬂqgﬁ)ﬁfﬂm({ﬂﬁe thteﬁma(écb%é site is covered by a so-
ubstituting a suita sel ected ani np, aci
called it Mekp IS 8t He aBY LLREG § 951 Jel dd. NPom {Lbg: pages 74o-
757 inHiegat ki alsObdth@iod Rt ' dteihb beid0ésidiReNVBD 28R tidd Bnatlioselectivity.
ester substrate (or a substrate anal ogue). A residue

' [ elected if it is located close to
Sumﬂ%‘}g%iﬁﬂgﬂ{@%ﬁg@l ose to the al cohol part of an
es‘tfﬁ!lln@élﬁ@r’éd hag@fouﬁd Hes ke mubsilatsivityhe flingdl NEdytierenapytes can be
sel ecte

atered Py SRS LOES B RECLEREITE 85 HRITE PRasor Byeubstiuied is
se!ect&RﬁWnl\@idﬂaQM & fhesBOVEruaturdlof garentyned aadiamoestei dubstrate {or a
nown tic

substrﬂ]@ nf%ggbﬁfrggdw%qnﬂ%%@c? %lfylblg%gl;)éﬁgdfd; IS%%E%SCIOSGQO the acid part or
close 1&% SoBRPpafb9ad Biter %g)sgatleqhi rg%g&@%@e[:dg lﬂ’il\%ld %gtoln(n)laﬁbe selected
... [Fusarium ox sporu 2,
ifitis lpgepetpipps S't%ﬁw'%? gosﬁha&a@‘f%m shown) 4:

Peni ci I [i um camerrberu ( SW SSPROT P25234) 5:
BRIEFTBES(IR[WHGSI ORDEFWIORBS ( SW SSPROT 059952) 30 6

nlll-cs&yvl badane n%l\pé V%%‘ggza%B ggc%uAez es %'tE nown l:?unga] lipolytic

enzymes SEQ ID NO: 1to 6, as follows:

1. Rhizomucor miehei (SWISSPROT P19515)

2: Rhizopus defemar {1tic)

3: Fusarium oxysporum {US 6,103,505 SEQ 1D NO: 2, GENESEQP AAWS51767, 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 reactanis |
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 alcohot or an
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Chiral or prochiral reactants The reactants are chiral
or prochiral. The reactants for the hydrolysis
reaction are the 35 ester or am de and water. Ester-
amineOKitRBicEBo2Yid lRRISIr anRYvAEE barbByylit adial TeNa&hva®a ket acid may
or an 1 amne with a carboxylic acid or an activated
be an@stehokg1 iy @¥fE: The activated carboxylic acid may be

anTRStfer & Smiddi MY} LRSEMILS WItﬁhﬁee@r@Fa]%rﬁmd’@ 0@50( R& X is O
chiral with t h general form

(oryag gy RoAniek: FHe THRToRITRY &1 PR AUIERHBH Fifaly substiuied), 0.

11nearrﬁt‘q{rm%9)é|iky(, %}i'&l?iﬂidr%{ §§bﬁtﬂh tﬂ-!!(ﬁéﬁrbo@aﬂams 522| ik rh%ﬁH when X is
ranche or al ka

0xygeBaRbaRdIk s ChEd) (it aWWéﬁrbRn@éO%&gaEﬂﬁuaﬁis aﬁ'bj/berH alkoxy

residugd vifh ﬁéﬂtélﬁérly(ﬁﬁm@'Cn§toﬁ‘15C%ﬁz@la%@&ﬁxﬁbﬁ%thoxy, aryloxy residues
Substituents ma resi dues wth

with peatiqylalyl @rte y1410t goms. & aevirgar PRPRPYuICArM3Pasat RERIFUIaHY fiuorine,
chlorifd BOX¥mir@l Yl oxy residues wth particularly 6 to 14 C
atoms, in g articul ar phenoxy; or halo part| cul arl

f1 Bomasebe RARRSEi-rie 8RY be anbireary mikor gy fopalirafi R@BB%RB or it
may iEQ ar@é!co@]@a@ é!kwf@ffﬂbr@m&ylcmgﬁ?hem q:lzmﬁaﬁaRﬁCH? @Rﬁlﬁ@? B8d R a

be a secondary al kyl of fornula - CH 5
mdepmﬂenm selﬂstem@mcm Hrgd g acaEbies dsfiged ﬁh@@p&dsnﬁm R" may be
differeye, |tﬁﬁ§ ﬁﬂgkiﬁwghﬁlaﬁﬁ RIVAE GCah Y he Qiﬁer%ﬂf iR el afl RemalfBe different

may fferent, thus making Rl chiral.
hydrom'bylpévptmﬁaliwbﬁ%ﬁyt% eRKTER @ or RO and Rio may be

di EB%eéRBFfm A Bp%ﬁfrem’écy( ®Pid® rlaf?#b | Mu&b@ﬁt (2t(l4t|§69u¢yiphenyl)prOplomc

chiral Sone ex of chiral
acid), R2- tsewtalﬁ@cq% Feish @nmet@yl( ?ﬁith/s%?gf?t ity ﬁe%%)esfroap?femsc e.g. Z-methyl-

butyri@‘ébig)or 2%&&%93@5&%0%1&% nifHé %@un@ﬁ@tﬁyén Eabf aC(D)dénd the alkyl
4-20 carbon atons 2-methyl - butyric acid or

maz h?é’f‘ﬁiiivld@t@ﬁ' bihexdci- Beptﬁh@h%hﬁwﬁﬂoﬂwybe an ester (X

@))mea%rﬁﬂ& %% I&Mural ﬂ@ylr@apﬁ sé@;tnlaﬁrly, alebhols ,su%h rIa%x)Zlb,u’canol 2-
1 hept eny p- ni trophenyl . Sonme exanpl e

hexar@h.&mxyaamwﬂ Wnﬁ’r@h%@éoTﬁGWP@PB%ﬁ@Ysbes%b?ﬁt%rs(x ), and the acy

R'- C@h’%ztb%né’éetatgor&%pﬁﬁé@m' 3- hexanol or
- et hano The conpound may be an ester

0) goaﬁdpawi%{cwdeﬂﬁf@:@%@/ %! avieat 89 SHPRERT &ﬁal’ﬂ -gcetyl amino
acids. Some particular ami des are am no acid am des, eg

di peptides or N-acetyl amno acids. The ester or
anil b ey ObaMidlepal I reaProfisR Meseripdr Al Fep@ dacid, a diol or a

diamift 24, tR LallorOfad bez§né¥|1't1@é'élélﬁive _ﬁ%lz%lystsh& & @&%blc@éhter or meso-
be” enanti osel ecti ve ;/rsn s of 'a neso-di este

may
diamidgy, ords®ay g aariegoselcliyq s%@e%% B (FRSGBAIN ATV Meso-diacid, a

meso%y@tg}easrhésga,gmr@ (optionally activated) nmeso-diacid, a
nmeso-diol, or a meso-diani ne.

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 Aspergiffus 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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Parent pol ypeptide The variants used in t
may be derived from a parent pol ypeptide
a hi gh degree of honology to Thernomyces

ThreeldiRRFRidnaFERriEuNDf @reﬁﬂﬂéweptf&m zonucor

he i nvention
whi ch 30 has
| anugi nosus
m ehei |ipase

NO 1). Th
: o%% e TR % thige-q @sgﬁlow%n?)éf%mﬁ%é@? I@SIJ@femaPolvpept'de
togetI'Ie?@ﬁch a%&b%eﬁé ofth sligRgte 9%aldg. Eﬁbmpﬁafwnﬁomhﬂl@ﬁp&m% (available in

I
the PR TeStaN i Paly SHB Qs b Sl B o 5e 1S5S 05 95

of [SEQ TD NO. ID NO 1-6
SI"'QI‘&%I]I{“ ed..above. . SEQ |0I¥P§ 35 is. the

are
f Q§ it I?str?;e or analog

eRiBg ase f r&lﬁﬁA&pearglolf Mhermmingees lafinginpsuse
pol ypepti de has hyitreet 4SEQARINNIS)Y on a ¢

nt Oleic acid (OLA)
ar boxylic

Q

e, 11| TEPIREE Rre PR T PNERP L

- ngﬂﬁHo%phonate

ctur paI'r:"\IIyI Ester

catalyticltriad. 2 Three-dinensional..stru
1UparemCpol|y pepdryitles Ther femboghéstenmse GGr@4E 0
tihusye- di mensi onal (3D) sirdgture of the p

n &-Acetylglucosamine
ar ent

potypeptidetogether Wth a substrate or

a subsirate

anal 0%9 Exanpl es of known 3D structures (available in

t héhe
correégBﬁIingeIotéIﬁlﬁf PJaW,ng H2§I3I6IC§EQGI[P9IO' P&k

1 GI6 S146A variant of Thernomny

frustuse gemerely Behkeaantadiye pilawhartielly ot gripliy friad, e.g.

| feTSUR 6BL&@ure also

ces

generai@nu@udﬁﬁs@go@@ddzdat@ B (evable pprt B@g@ in SEtYsep skite cgyers the active
site, e%_TgI:r %]:J mg@@émn%hﬁm Heb.@éé@&( %#éﬁ@'@a N@ 5in 1GTS.

honate Ethyl Ester 1UZA,
Asper gi I l'us nigerferul oyl esterase (SEQ I
Residue g€t yl gl ucosanine 1 USWNO 7) 5 The 3

D
D structure

ge‘ﬂﬁé %I(Idédurﬁcfb!“gééctﬁ@ &b \é%[dsﬂe%@ueé)ﬁfrtéu%'ﬂitéﬂ‘ drﬁ’ls&iescrlbed below
catalytic triad, e.g. corresponding to S146,

and
with refesEncer toste BshRi; in5then thresrdimengienal; PUBt %IFL@IL&FSI&'TG (available at

http: /AQ%%@A I:@é/;ijd 5! \HHIS!% Iﬁclé&sCﬁIeI 89464 daribni€of

I'h a closed state covers the a
inpaseésga IDIP 3 pod dlaigadid (@RS avybsiratearalegs
SEQIDNGO 5in 1 GI6. o Residue sets Th

The alcBholSBH @6l J3gts dMHBigaci d residues for sub
described befow wih reference to the B

FhERYARIRs lanuginosus
ctive Tsite,

€81- 100 of

e procedure
stitution is
chain in the

t hTeeid isndfiised fraspaRDBe segidies woaplikbbdtaean Balahd 9t The procedure

expEamecI B%IH\%VI@(I)%S %SA?CO%E)QFI&II‘EI%I'ISESYI’I?@[] SIIreIsircI%éngfSSSI %2 8%14@688 and an acid

varl er nonyces | anu
part consisting of residues 90, 91 92, 93, 94, 95 96 and 97.

Set of residues

it is built in the following way. Residues in the lid will not

from 82 to 97 are left out from the following sets. Residues havi

be considered, i.e. residues

ng 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 1GT8). 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, 1
227, 246-249, 251-268.

95-208, 211, 213, 215, 219-

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

equation of the planes”) has been devised to unambiguously assign the residues to one of two
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lipase (SEQID NGO 5) and oleic acid (OLA) as a
. substrate anal ogue. is The al cohol and acid parts of

the lid The lid is defined to span the residues
spaceC GIrsSEleHaRARRBoRR AR 8d - thd NECIBTRECHENRe sBER. FRWMlies in the
) bel'ow gi ves an al cohol part consisting of residues §2,
interfapg ofgifie b sepdonsgwWilhbe AFsi9eed to ptgqﬂf. E%g@ggqﬁgs%facte above are
assigh@FhesyY0, 91, 92, 93, 94, 95, 96 and 97. Set of

residues 20 It is built in the follow ng way. Resi dues

inthe lid will not be considered, i.e. residues from

g2A¢ig pgrt obiegidueget out from the fol | owing sets.

Resi,d [ | 468 43N h

Chai B Touk B8R APEE RIS, 0R720 08088 S %ra. 215, 210
223, 246s149285A28% 260201 and H258 are grouped together with

residues |ocated within 10 A fromthe CLA nol ecul e.

(gl Ry h%frgﬂhg { rom 1GI6). The so obtained set is

corr%lge%—ggwdérng’g%e residues in the al cohol and the

251acid 1patg, 20f 21 e, Bo®s, 83 €143825, 845, 888-188, 18020((.220-227, 254-

This procedure selects the follow ng residues: 13,
268. 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,
Sub-s2bdf-ré&8uesA procedure based on two pl anes (descri bed

below in the section "Derivation of the equation of

t hi iphaligsthe foltpvit way dResidied in Sﬁediﬁa\fﬂﬂir@tjb@@i)@ﬁi@%@@dr@- residues
from éf‘ﬁ) @ﬁ%ll(éj%?tsmh(?roﬂpﬂ]eofollé\}m 3tsS RACRLEL L ARG abRhbse) bldf located
al cohol part™ and the ac?é part of the space. ' )
withinFfe i tawsthe ot enoléavleer(Cheie Biis takentfign r&gfiddnshansp |obirined set is
compRER! LGH he r%%QHés i di@hbOMREnS SLRGIPhrARONE i 8! &2, 83-85, 88, 90-
as follows: Acid p t 51

assi gne art of residue se 3,
a97. ng@proggdlga,selggtghgicglpwmgegjdwgs: 2&68215&,881@@91,7171’0, 113, 145-148, 172,
5 2 9 5 : - ;
174, 525268 oo i, 22h aser b3g, 2851208 e SbeId syt 6 e acid part and
the algghol g9t ag®iless: 88, 143-146, 148, 168-172, 196-201,
220-227, 254- 268, i0 Sub-set of residues It is built
I NaALRSaft OF e W AghdWalsetResi dues in the [id will not be
considered, i.e. residues from82 to 97 are |eft out
f r oorov het of olf 3 oMiBigss €15 .1 7Rexi2dned 2A08ve0vg any heavy
atom|located within 6 Afromthe OLA nol ecule. (Chain
B i ken om 6 he so obtained set is
Q5eR ol e Ml E;{i dues in the al cohol and the

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 1GT8.

Plane 1

This is the plane defined by the atoms CA from A146 (atom 1), CG from D201 (atom
2) and C6 from the oleic acid molecuie (OLA) (atom 3). We have then:
ry = (47.800, 15.573, 30.012)
r,= (41.417, 10.978, 28.949)
r;= (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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i

15 97. This procedure select the follow ng residues:

21, 82-85, 88, 90-97, 110, 113, 145-148, 172, 174,

202, 203, 206, 207, 255, 258, 259, 265, 266. The

SURS8aktS assigned to the acid part and the al cohol

part as follows: Acid part of the second subset 90-97,

118 reddB; is k4id-td 48lond T@thelagl] p20Rit h29 3t leasi®ne2@Avy al2® at position

o f 8 88 145,
=y Py MY bodrlRaB SRR BOBR oY ReqBING T | on o
t he equald #todx-0B6& W@ SPpTATEDIPI<dh@¥ 1 and 2 are
descri bed bel ow by reference to the Cartesian
co é ates of Chain B in the PDB structure 1GT6. 25
This is the plane defined by the atons CA from

Alms (Phe ks, de@ﬁ%cﬁ b;omem&ihs Cat fedin AZ)%6 2atgmQ0, €B BNt B83 (atom 2)

ol eic acid nolec have then: ri =
and Cg rprrpihg olq%a%ekglole@@'ed@éﬁ <a§*@ﬂ35n(\’§&haﬂerfhemo 978,

28.949) 13947300( #958530.043) 751, 32.442) The equation

for the pl ane78|ves In this case:

0. 404x- OF2356Ey- 100887364 2998¢0. 000 4 Acid part A

resi due 3 gaigrot p1.bed @og1kp the acid part if it has
at_| east one heavy atom at position r=(x,y,z), with

i tgh%ﬁﬂ%aé’gi‘g?ﬂ%@?ﬂ‘? AixeeY BiIgcPsF ayi ng t he foI | owi ng

i nequal i ¢ Pa4x+0.050¢0-dde368y3H=BI0+11. 531 5 0.000 5
Plane 2 This is the plane defined by the atons CA from

A146 (atom1), CB fromS83 (atom?2) and C8 fromthe
ceh nol ecule (COLA) (atom 3). We have then: rl =

Kgré%?ue 503, Ao o g o
posmcfrur— X he), pitaite cgitesian ¢aerdinates satiséaying the following inequality:

0. 044x+0, 828400387 8 %682+ 328> 8%8o

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 1D 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<8=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, R84GRWHK, 190Q, GO1IAN, NO2ZTD,
L93T, N94R, FI5LY, D9sW, F113Y, P174C, 1202M, V203SAGTM, L206T, F211E, L227G,
255N, 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.



Al cohol part Aresidue is said to belong to the
al cohol part if it has at |east one heavy atomat is
position r=(x,y,z), Wth its cartesian coordi nates
Opt.oﬁaiarﬁ‘fnaydcfwmbamcfaﬁbhew ng inequality:
0. 044x+0. 036y- 0. 998z+27. 320 > 0. 000 Substltutl on  of
selNead iy ks FeRFblUTAG ChrAROEE 1P deRiOYes. Bae variant may further
comp@ébé%é bukeh mtlmOssse!:&Fésggndilﬁlg &FRe! BIdhg ™ 8EQ ID NO: 5: D27R,

descri bed above, or a correspondi ng residue in another
D1114a3246F. B8I Ty ML de3thyN%BRsel ected 20 based on an
alignment with SEQID NGO 5. Fig. 1 shows an alignnent

s ParticQlarSGRzhid NO 1-6. O her sequences may be aligned as
descri bed bel ow. The sel ected res

b .
c uVaTAR ed B Ge 80 G PR 1DINDGE 6Y draking e gl e dplowing sets of

subst,ﬂgaﬁgy identical size, in order to better accommvdate
he substrate. . Anmino.acid-resi.dues are ranked...as

E202N_f, 623@5\12‘33&m _snel |l est to largest: (an equal sign
V2030 R R s D | o N DM OSICUH<REPSYAW._The vas i ahi
R84Gnﬁyl3pfoﬁpﬁ?l§e2sﬂme or nore substitutions cor respondi ng
G91A 31 & PRnLea R 03I T Gntarhe AN geir] CEET AR 7A L200N

D27RMID\194FLQBW,1Al‘ﬂgllFRC,S:IeﬁSE,YLZIMWQSEH.13Y, P174C, 1202M

-~

AGTNM 12067, F211 E, —1t227G 30 1255N,P256T,
FZ”%%@? 263Q L 264A, 1265T, G266DW_T267A. The variant
FO5Y,IFM 1EOIZESNSEe one or nore substitutions correspondi ng

tothe foltowng i nSEQ1TD NO 3
883T*(é)§46%i%$5§nosohol i pase from Fusarium oxysporumn:
VGO@@QM\Q,T @ggﬁﬁ@!&sDThe not at i on used here is that

a-substitution—of—S—{Ser)—at—position

V60@8@62/9\433$TTD@@M()326@MG?\/\K i ndi cates a substitution of

186D. Wl ghpyspne of residues G R Wor K 5 Optional
L "amno acldmodifications ln-addi-ti-onto-substi-tution

S$83TpR846e 36D, =87, 4VBEH, 1066, @, N92e, M3 T, drtd eyl 13071, FREM E
conprise~one or more subsStitTutions corréesponding to
the following in SEQID NO _5: D27R, D111A, S216P,
EgVarianiBey by ZpRierNed SR SE@AP NG A i making gRe §f the following sets

10 Ofsubgﬁﬂjh%t_s may be derived from SEQ ID NO 5 by making
ing sets of substitutions: 1202M

A29P TE3 R, N233R

K33N. D265A

K33N, 183G, D265G

K33N, 183L, D265Y

K33N, 1835

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 T231 R, N233R R84G F113Y, F211E, 1255N (@1
A L93T, F95L, D96W E99K, V203S, L206T, &63Q
L264A, 1265T, &66D, T267A, L269N D27R, 81 N, N94R, D1 1

Hydmys,g%rg fthedik6Rack2 7G P256T F211E, FO5Y F95Y, F211
S83T, R84G 1255N V60G D62A, S83T,

DQEVKP@WE m;@'o@slsm/ e psgigime Wue@%@qﬁer,lggrbmlxtures of water

and M@r%ls&gl@%rghﬁégoﬁ%ﬁfg IR8GcadB86Pa FBBLinsYBBk, cX90Q amide, the
L93T, F95Y, F1 13Y, F21 1 E Variants ma

hvdfOB@S@r%Saww\P@@Wm%E@ fry-RiegseSVBIPThaNISIRGN® A 2B AApFRYS phase

and & QM A SRIaRic brﬁ)as@fw%\lgﬁrtnh%luh\' rﬂﬂﬁlonmiﬁactéﬁﬁ%cmaé’"\én alcohol
65A K33N, 183G D265G K33 183L, D265Y K33N,

ethoxst@anie.c1 J3en ¥ISECT An(arsel AR R ddEPBe ERGH 3 IRe- PTOP) may be

addePbleRE§E BRI b&;»&épﬁeé hé(é ih)é 1.&%@@;@%%95@@@@
enanti osel ecti vi ty

EnBer-o8 anide ﬁmth@slwy@@ F??éfééfﬁ%éy égd'@aé*ﬂﬂ POHEIS to the reactants

as a SHGETS or ﬁaedr\] franaptl QRS ofArmdKilizéd LRANE] 8B onBesifObeads. The
compare the performnce of different enzymes, paralle

el
synthesisateeicinsis e tsdy parforpiadert lamaaleicosieahin VBreisens@eyssence of
an ordBAS Gt 3LLEhs @ fyKKArRMP N heHort 4dTR oGS rr%fdts_% tﬁe polypeptide will

certain conversion is reached, e.g. 40% produc
generpipyhpeitiomlid i aH;ﬁmeawyaﬁgslr@ﬂonsynt hesi s reaction Ester or
am de hydrolysis may be performed in aqueous buffer,

Amm@%cid‘idﬁh%ﬁ;ul‘l&%oﬂfgy%fdedhfgnﬂ{%t\/\ﬂt er-m sci bl e organic
solvents. 'In the case wat er -i nsol ubl e ester or

ant @ amingeacichifigRigy yRaypepiiaBly Setripingg RyereaiinFoputer programs

knowrt WOthBNRE 8u&Y 84 SIRFC PRDIEHTIM theOh CRNpRGHR® BackIIBIPrdyrafi Manual for
a non-m sci bl e organi c phase with stirring.

A
the WigsqDsip i ackagsg f\é@ﬁ;lgﬂtB AHaNsth 399, Genalipg|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 1D NO: 1 or 5 which is at
least 50%, particularly at least 55%, at least 80%, 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, 5.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 foliowing:

ALIGNO, described at htip://fevol. mcmaster.ca/Pise/5.alalign0.html

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

W. R. Pearson and D. J. Lipman (1988), Improved Tools for Biological Sequence
Analysis, PNAS 85:2444-2448
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et hoxyl ate (e.g. Triton X-100) or an al cohol (such as
MeOH, EtOH and/or i-PrOH) nmay be added to ensure that
the pol ypeptide has the Iid in an open configuration.
ESU\F?VR P%brs%m @@@Eﬂ{mﬁ\‘él Stalifi¥a Retipafek 36 MRQubiceaddtiifngy searches.
rre to the reactants as a solution or in dry
InJ. M%f%*f’* 8 by 8tse of immobilized enzyme, e.g. on resin

beagdssor, fw Rt @@wtﬁsanv% dr6R61 iRflehe 88ABArAbLhYIN Meth. Enz., R. F.
er f or ned 'ow wat e ontent in the absence or

Doolitie, esle frad @Pg%ri\‘:é?@'ﬁ’ﬁlpée%%lz@@ﬁw $88h as a hydrocar bon.
I n the non-aqueous nedi um the pol ypeptide wll
Exangemy ally have the lid in an open configuration. Am no
acid identity, honol ogy and alignment The am no acid

i dep na suitably determ ned by neans of
Exame&ﬂi yée{h?ﬁ'%ﬁfgr‘i’é’tyll%"ﬁ'ﬂﬂé\ﬁ in the art, such as GAP
Pr Ne BRshtioBelbiRitvEs RIseQr RAVARBKATE. (a%g@bam IMaselgbEQ ID NO: 5)

for the Wsconsi n Packag August, 1994
and. Foehedm dbRpRipBTsREPlEse BT By 51 G s gRpvalsis, were also
tested\%ﬁmﬁﬁdrﬁon USA 53711) (Needl eman, S.B. and Winsch,
C.D., (1970), Journal of cul ar. Biol 0 /, A48, . . .
a4450aghilizeg Sngymeswel 1953 SO O gSat L ayen o yiny! propionate

with @@l Béékﬁiﬁﬂér@ealcﬁﬁﬂuﬁ%%%nﬁpﬂ@a{dxﬁﬁ@ RGARtC e abingd dpeddiveision and
0 and GAP extensi on enalty o

enanta?meﬂarﬁxcm \FBe PEr 8N AlEEeda ahlf%&aacqh&om%rawtaiv?xf?‘?@ Sgigylar to the

methddRe¥ibell 1S Panktr ehall & Ghem.|FegstLHOYd ogmoB] @uler| y at
| east 55% at |east 60% at |east 65% at |east 70%

| east 75% at |east 80% at |east 85% at | east
———@E%»—B'mmo OBt | east 95% or at |least 98% To find the
hom‘aa{g&ée%.caﬂﬁ phhf?&asew nldsRASE R RIAGE Sy r):@cuﬁehemgpao ylene in a

t he se uence of Iinterest is
concentrationed] @@rm@zfg At wag irfiigiymetted with éft@blvﬁ@écildéwéémﬁshfashed with

purtﬂe%%rvﬁ&@ﬂg%a ). ﬁ_ﬁ%sé’ggltﬁ I wad i %H d 143 Jdiths o1 Wpl‘ﬁ%pﬂg’te buffer,

t to e nost O ous seqguenc
pH 7, togive adjnal heuGAR! P ol 4AFO @gchgrqd;rftﬁﬂr@éaﬂe 2408 fe0ts h at room

tempeggtg%g B%ggr%ggns \gglr ﬂ{e?é'e I\@ég%&l W ﬂrMé%tW %ﬁg%ba in vacuum for

Fsion netics
48 hei\mmemsl?a Bmsen@etwm wes foedé son thanfitesiasiindicatisp, a quantitative
(Needl eman, S.B. and Winsch, C. D., (1970),
nnmo@@%%%%l of Mol ecul ar Bi ol ogy, 48, 443-45). The
follow ng settings are used for 30 pol ypeptide
Reactissguence conparison GAP creation penalty of 3.0 and

AT T RS 3 o R YRS e, i

propidntiep22evidronT faeh @y, aod/hekae/ Goatatbgn0. ht ml Pear son,
w ﬁ?é‘itﬁég;%’g E§S élggtlif gl]. ggqg ?(g@cr’%lgg]e a%iyléc%%\g%]%avrv&dra\gn after 1 h or

22 h ﬂMbIateyhtarbyBimeGSZ M/ migro- E’eaacslon ram’nﬁrd)m J. mil_ldmmyh ether). For some

reactién%?gg%blels rJvF)erre?\é sg wi %lraswnf %rr I\R}I Iyglgl 25Se P& “Eaction mixture in 0.7
mL CDCl).
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-Chiralsil-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 enaniiomers. Conversions were calculated from NMR results, by
comparing integrals of the Ha (CHOH) proton of the alcohol reactant with -COCH,- integrals



Anal ysi s, PNAS 85:2444-2448 7 W R. Pearson (1998)
Enpirical statistical estinmates for sequence
simlarity searches. In J. M. Biol. 276:71-84 '
from ?g%{) g%@g o%%du'%t (ﬁﬁ%ggam%f fc%ﬁ&éré’i@n@@iugd "I%etser,‘la%l 2 gbgé‘d féom the GC
[ .
chronpitegyams Asrriang & @t%%@) reawszz‘act%g BsfoERARPRRSIUESa sNee. with A1
and AY: m@ééﬂngqﬁtb a%ffo?thg%é!|aIcBﬁ&|%'n9%n?er§_%d E1 and E2 indicating integrals
tivity was tested for variants of T.
of th8|t\aﬁ@gteﬁ@@@ﬁzlomeﬁﬁagéic@%@wvwm\l@erf@)ﬂeda?ﬁd F. oxysporum
s Ll easpLobasphelEnres, 0 BEQILENAAY  The parent
enzymes were al so ted for® comparison. 10
Inﬁ@ﬁ’lqo%etﬂeﬁ%)%ﬁéﬁ@\)ere used to catalyze the
transesterification of vinyl propionate wth the
Resyfecondary al cohol 2-butanol in hexane. Results in
ternms of conversion and enantioneric excess (ee) were
anahgzreshltbyare hiiveml agasnwihsiommbod)eapleyartet)eric stxaessarfot the lipase
Pat kar et e%l in Chem

Cata'yéﬁiéeanﬁ?rﬁ' gggi@@% . @% béés\??@fm'??rﬁ%eocq Pzation 15 More

10 specifically, purl fied enzyrres were i nmobi | | zed on

/\r-r-nr al nnl \lnr anbhvl ane contr
AECECU-E1 +eRe—+h oncentrati-on UI u §io]

Papent |m@Fe nas .n.$#%tutwt=%ted RSaRteR GHCoRY k)i | ¢ 42
and washed with purified watefimglh} water). Lijpase

. solution was then added, as well as 0.1 M phosphate
T. lntigieosus pH 7, to give a final v ume of 20 nl] / 2%98)
rm Ar\r\nral A'chr nanf!a c-h':(i ng for 18 h at—rHooem
T. F‘éH@i@@%{Sur e, thﬁzbﬁeﬁﬁﬁﬁtl ons wete fillteréd, washEd®)

th VO Wouel T acug for—20; 48 H
T )rlgn SRAIEN paPsgeS‘?aEgﬂv% ?%/JSS\A'\/LS foﬂ%ﬂd in th;é?i | t rat\\ézb
T. Jaﬂggfﬁ%dsng a|pant2ial NygRr | o2 | Zé\}tl orpz Regcti gns)
To i mmobiliized enzyme (10 ng) was_ added 2-butanol (183
T. Rnogioedus 2 | MaBOIN, TQBTWINZS@Ropl on2Z e ({220 @ crg- L,14(S)

mol \ and lhexane (600 M-tk \ 25 e act-i-ons—were
YL AU UT UTTrI

T. 43ﬁ(a‘@!6@ftuéd at QWTCR\Sf@Ot?—ﬁE’Hm San%ﬁ es wer e3vvithdr aw?
r—22hfor—anatysis l,iy chiral

T G
F. r?’i’%sipgr{mredcti on mxture in L nlL diethyl e2t her . E(S?)

F%Q%ordn‘?ac“ ons, sanples werg algp Wt hdrgwn for NVR
analysis (25 mcro-L reaction mxture in 0.7 L

F. CR&p3yum Anal ysi sA29P,183N 22 29 7
F. oxysporum K33N,183L,D265Y 22 28 13
F. oxysporum K33N,183Y,D265k 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.

15 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

20 (corresponding to 40% conversion), the reaction mixture is extracted with CH,Cl, (10 mL). The



30 NVR was performed on a Varian MercuryVX 400 MHz
system GC was perfornmed on a Varian Chronpack .
CP-3800 fitted with a Varian CP-Chiralsil-DEX CB 10 m

organ%bh‘cé?(%zlspdnetje@f @,%Lgn% &:Tn%gﬁt?é’férrclﬁ %Gh@\g}gi W'@aﬂ'm@ﬂecopth%r residue (2

microdg fradlisgahed oL erl) efwéranaum By chighGerasi fgﬂﬁéﬂbﬁéirle Example 1.
calculated from NVR results, by conparing integrals
of the Fla (CHOH) proton of the al cohol reactant with

-COCH2- integrals 8 fromthe ester product. The same
‘conversions could be calculated fromthe GC
chromat ograns, applying a detector response factor 0.6
for ester products. Hence, with Al and A2 indicating
integrals for the two al cohol enantioners, and El and
E2 indicating integrals of the two ester enantioners,
cal cul ations were performed as: 5 Conv =
10096 0. 6*(El +E2)/ (0. 6* ( El +E2) +A1+A2) ee =
1009% (E1- E2)/ (E1+E2) Results The results are given as
conversions and ee (enantioneric excess) for the
| i pase catalyzed reactions. Selectivity is (R) unless
ot herwi se specified. 10 Parent |ipase Substitutions
Reaction Conv. (% ee (%9 tinme (h) T. lanuginosus 22
23 7 (S) T. lanuginosus F211 E, F95Y 22 18 11 (S) T.
| anugi nosus F95Y, F211 E, 1255N 22 31 10(s) T.
| anugi nosus 1202M T231R, N233R 22 27 8(S) T.
| anugi nosus V203M T231R, N233R 22 10 14(S) T.
| anugi nosus S83T, R84G 1255N 22 3 9 F. oxysporum1l1
22 3(S) F. oxysporum 22 91 F. oxysporum A29P, |1 83N 22
29 7 F. oxysporum K33N, 183L, D265Y 22 28 13 F
oxyspor um K33N, 183Y, D265E 22 14 9 The results indicate
that for variants with substitutions only in the
al cohol part, the selectivity was inverted (fromSto
R). For variants with substitutions only or mainly in
the acid

10



part; the S-selectivity was retained and increased. is
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
CLAIMBI) in a 10 mM phosphate pH 7 buffer (10 niL)
containing 0.4% Triton X-100. Throughout the reaction,
pHis maintained at 7 by automatic addition of 1 M
1. A md¥aédbf(Hytirodizindg o3 @intpesiziky & earbagic ticidrestdr ob adidenedm daitator
hi %110 %%orrgs%adi ng to 40% conversion), the reaction
prochirghrieaqards i OMYPPGct ed with CH2QI 2 (10 nL). The 9
a) provigrr@&@éfﬁarﬂhaﬁ@hé ?yﬁ@z%@ﬁ%(wam) ang concent rL ated to
ryness. sampl e of t resi due m cr o- is
o) conteglaNS EaORRISEDG RVRAPTSE GRGN anal yzeq by chi ral GC as
) haﬁ&g@r’fofyb@_ﬂcﬂvﬂy B(ﬂtﬁésﬁerbr afeCLAI MBS 1. A net _hgd of
. rolyzing or synthesizing a ¢ oxyl. id_ester or
i) haR AN TS GRRRAYSIFe o s sl SPb s e SECORGNDSS 8k
i) c@hp@ﬁm@ SEQQD;h&astcambﬁsefscﬁ ditfe@nhatding lags rsgiolf]e at a position
synt hesi s, cont ac e react ant t
conPIBaRts 4 MEcH 1) haS. Bl GL) 15 daer ot PR % as-208.
211,68Be21NR1MIRAR46144p, bregs1azegam no aci d sequence whi ch

has at |east 80% identity to SEQID NO 5, and iii)
conpared to SEQ ID NO 5 conprises a different am no

2. The ReiHddiobslaiii @ Herdin BERSHIN Iptide PEY SS9 dONgdémitarySEd ID NO:5.
13, 14, 17, 18, 20, 21, 80, 109-113, 143-154, 168-177,
195-208, 211, 213, 215, 219-227, 246-249, or 251-268.

3. The rhethbl®f sRIM 0 dvitdrei tidd FalpepHehad At 1t 0Pl @) o BEQES NO:5.
at |l east 90% identity to SEQID NO5. 3. The nethod

of claim1l, wherein the polypeptide has at | east 95%
4. The m@giatiiof ¥itHed pReHihE ch Whereth thEhwlyiBptRGoaiprieés Balfferent amino

s B A B BT 5.0 R TEL NP0 OB B 5

208, 21any1DD14RN10803 1489249 351.043-drdb1. 146- 154, 168-177,
195- 208, 211, 213, 215, 219-223, 246-249, 251-253, or

261. 5. The nethod of either preceding claimuwherein
5. The nB@ioR @F ¥iERP bicdeding R $B8reth theftbgbepideadtniiBisedd iddfetdnt amino

ot ot B oS ST A% 12 A0l Bt g 1dy48mn 12

196-202 5950208, 062547483, met hod of either preceding claim
wherei n the pol ypeptide conprises a different am no

acid at a position corresponding to any of 21, 110,
6. The rhéfhod bi8ithHed Brecddidg cbitd whafédh thdQdlypepide cihbrises a different amino

acid at a position corresponding to any of 21, 110, 113, 145-148, 172, 174, 202, 203, 206, 207,
255, 258, 259, 265, or 266.

7. The method of either preceding claim wherein the polypeptide comprises a different amino
acid at a position corresponding to any of 110, 113, 146-148, 172, 174, 202, 203, 206, or 207.

8. The method of either preceding claim wherein the polypeptide comprises a different amino

acid at a position corresponding to any of 174, 202-203, or 206-207.

9. The method of either preceding claim wherein the polypeptide comprises a different amino
acid at a position corresponding to any of 21, 145, 146, 148, 172, 255, 258, 259, 265, or 266.

(N



255, 258, 259, 265, or 266. 7. The nethod of either
precedi ng cl ai mwherein the pol ypeptide conprises a
different amno acid at a position corresponding to
any of 110, 113, 146-148, 172, 174, 202, 203, 206, or
10. Theéthod &f eiliee praekbind clfm ahtiar thppelypeitidg cohdrisesd differemt amino
.. the pol ypeptide c ri LEfer ino acid at a
acid at e P KO ERPPRSRO RN Lo 2y 261 51702800 203 or

206-207. 9. The nethod of either preceding claim

wherei,n_ the pol ypeptide, conprise different i_No :
1. Theeliog of 2 ered OBl PESEOh TP gt B28A) 5 partfigiina a chiralor
prochirdédfrbohdlom172, 255, 258, 259, 265, or 266. 11 10. The

nmet hod of either preceding claimwherein the

pol ypeptide conprises a different amno acid at a

12. Th@BgiHod @ apopreesianclaing whersimihe@bte? has 2bacid 2a8,haoing a chiral or
h.265-267. 11. The method of any preceding claim
prochirghfaranAloHe ester has an al cohol part having a chira

or prochiral carbon atom 12. The net hod of any

13 TfRER] R e bioH e RS SRl e A 5ol of a lane
definedBt dt66ls @brrédpahdng tob 4ECA atdhe, [0 ant atbni &5d dua Gesatom.

| ocated on the acid side of a plane defined by atons
corresponding to S146 CA atom D201 CG atom and OLA C6

14. Th@h@!ﬁgd bﬂplafﬁ’lﬂem&tdlmMeQéieCﬂea:rmidue}%&fogidd (Ttrhﬁe &lesloﬁﬁits*ﬁ:té of a plane
. esidue is |ocate t C ide o
defined 515125 <ByesROnRS i MATS Al i R o QLB den. op
atom and OLA C8 atom 15. A pol ypeptide which has
hydrol ase. activity on an .ester or am de, subsfrate nd
15. A AYEESIE i o SR AGRT v e e e T bk Ss e Rt an
amino A¢k@Bédueyicé Whﬁﬁgaé B 1IR3t 8BYAiaENtRPIISHE @ WD NO: SEAd ddmpifd fo SEQ ID
~_ conprises a substitution cor p )
NO: 5 QuErS Fouepition s espandng o GORaGH | N3bS, P FI0RT. 1202M,
V203GMEL2897e opRforpept i de of cl aim 15, which conprises one
of the follow ng sets of substitutions:

1202M+T231R+N233R;, V203MkT231 R+N233R;
16. TheSehipeblids Mt L5+ hBkb Nomphedsldrerd 16 folfidiang bt bEslid%iaMons:

‘202M+§§g%§§2§%ggg£ﬂ;v§g|_+190Q+G91
V203MEFADEONSIR+FO5Y+F113Y+F211 E. 12
R84G+F113Y+F211E+I255N;

F211E+FO5Y:;

FO5Y+F211E+/255N;

186D-+WB9L+I90Q+L93T; or

S83T+RB4G+86D+ESTT+WEOL +190Q+GY1 1+N92D+LI3T+FO5Y+F113Y+F211E.
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