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TECHNICAL BACKGROUND

10
Additives are widely used within the food industry in order to improve the quality of
the food product. One of the most widely used food additives is the emulsifier and in

particular monoglyceride.

15 Monoglyceride was originally produced as a mixture of mono-, di- and triglycerides.
However, later technology was developed to produce highly purified monoglyceride
by molecular distillation. Monoglyceride is traditionally produced by a glycerolysis
reaction, wherein triglyceride and glycerol are reacted at high temperature above
200°C using alkaline catalysts. '

20

| As an alternative to using alkaline catalysts and high temperatures many attempts have
been made to use enzymes such as lipases in the production of monoglycerides. In a
review article, Bornscheuer (Enzyme and Microbial Technology 17:578-585, 1995)
mentions the enzymatic glycerolysis of triglycerides in the presence or absence of

25 solvents and that monoglyceride can be produced by enzymatic glycerolysis in a solid
phase.

Monoglyceride can be ﬁsed as an emulsifier for many food applications. Within the

baking industry, monoglyceride has been used to improve bread sofiness by

30 complexing with starch and thereby retarding the crystallisation of amylopectin and
| the onset of bread staling.




The present invention relates to dough manufacture and flour dough based
products 5 and in particular, but not exclusively, toNeRmEbErngos he
strength and machinability of doughs and the vol une, softness and crunb
structur read and ot her baked products. TECHN CAL_ BACKGROUND 10

Addi ti ve?vgtrué@ﬁmﬁ“gel y used wthin the food industry in R R e nprove the

quality of the food product. One of the nost widely used food additives is

~the emulsifier and in particular nonogl yceride. 15 Monoglyceride was
originally produced as a m xture of nono-, di- and triglycerides. However,
| at er technol ogy was devel oped to produce highly purified nonoglyceride by
nol ecul ar distillation. Mnoglyceride is traditionally produced by a

| ycerolysis. re i erei.n triglyceride and glycerol are reacted at
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made to use enzynes such as lipasés in the production of nonoglycerides. In

a revi ew afuthe piistalieg effech duisrsugmesteq that a diglaskobtabisl ftonT 8hkepol otyizas7: 578- 585,
1995) nt | e LGl 0 | trialvgeri.d in_the presence
or absente. SPetbuiBf BTk GiolE BT ol e ik e e F, P
enzynmat i ¢ gtonthenatibyy with shorteningthti AVORHO435 td¥bins dhay ar implovebdibes uged as an
emul sifier for. . many foad applications, Wthin the _baking indusiry,
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onset of bread stalin Novenber 2005 WD 021094123 PCIT/1B02/02792 2
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Li pases (EdiPan?Sl‘.’aE.189£f}’ab@a@ﬂ‘@bm§eeﬂ“h%é@a@$ r@¢| 3:1il3) byldeid hpdrolgisect i on.  For
instancgy i# b 1ol ' i Sirfd st gn to dough
resulted in ‘aﬂ@%%‘r"?%‘gﬁgn Ovb%tr?t{%ﬁgér%t\ag?és&fg{}?‘%\eginé%agc qﬁ‘# IS suggested that
a | i pase obtained from Rhi zopus arrhizus
It has been shown in WO 98/45453 that the level of monoglyceride in doughs treated
with lipase only increases very slightly, as the lipase added to the dough easily

' degrades monoglyceride to glycerol and free fatty acids. This is explained by the fact

15  that lipases recognise the fatty acid part of the molecule in the active site and as
monoglycerides and diglycerides are more orientated at the interface where the lipase

is active, monoglycerides and diglycerides are easily degraded during lipase addition

to a matrix containing fat/oil emulsions. Even with regard to 1.3 specific lipases,
which only hydrolyse the fatty acids of a triglyceride in the 1 and 3 position leaving 2-

20 monoglyceride as the reaction product, the resultant 2-monoglyceride easily rearranges

to 1-monoglyceride, which can be hydrolysed by 1.3 specific lipases.

Dwing enzymatic degradation of friglycerides by conventional lipases
monoglycerides, diglycerides, free faity acids and glycerol are formed.
25
Typically, the increase in monoglycerides in dough treated with one or more lipases is
less thap 0.1% (based on flour weight) with or without added fat or oil. However, the
conventional dosage of monoglyceride required in dough to result in an improvement
in, for instance, softness of the resultant bread is typically about 0.3-0.8% based on
30 . flour weight (Krog, N. Cereal Food World, 24, 10, 1979). Thus, any beneficial effect
of adding conventional lipases to dough, as suggested in EP 0 585 988 and

W094/04035, is not a result of an increased monoglyceride content alone.




5 when added to dough can inprove the quality of the resultant bread when
used in conbination with shortening/fat. W94/ 04035 teERHeheshdrheds an

i nproved softness can be obtained by adding a |ipase to dough wi thout the
addi tion dditional fat/oil to the dough. Castello, P, ESEGP 89-10
Dec. 1995’9@?@%{% i, shows that exogenous |ipases can WHP?’S‘L"Z@Fead vol une.
Thus, lipases (E.C. 3.1.1.3) which hydrolyse 10 triacylglycerols were

"known to be advantageous for use int baki ng industry. It has been shown

in WD 98/45453 that the | evel of nonogl yceride in doughs treated wth

| i pase only increases very slightly, as the |ipase added to the dough
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fatty acid : f TRl ' '
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about 0. 3- GuiliPhifipsefcOmtidily &t ety MR whit fded B.dofg. €al Food World, 24,

10, 1979). Thus, any beneficial effect of adding conventional |ipases to
dough, as suggested in EP O 585 988 and W94/0403 5, is not a result of an

ncreased TPRAGkUS RRbAGoReRL ARk Al ARG IRANOVERDET 1 3900000, 024 (423

PCT/ 1 B02/ 02792 3 Some 11 pases In a gl'yCeride
hydr ol ysi ngexdifi sonditiense hewpdéstimenthl cinpelueiops i moh poltiar pioipitids Fudh as
gl ycol IR d%‘lavgmg,' a gét%%le%glt 23 clztdérg lyga%te E.éﬁ%ﬁy,( 3[1)1%%; )a’ neaggt?ve effect on bread

volume. The negative effect on bread volume is often called overdosing. Overdosing

can lead to a decrease in gluten elasticity which resulis in a dough which is too stiff
and thus results in reduced volumes. In addition, or alternatively, such lipases can
degrade shortening, oil or milk fat added to the dough.

20
SUMMARY ASPECT

A seminal finding of the present invention is that, surprisingly, the use of an enzyme,
which under dough conditions is capable of hydrolysing a glycolipid and a

25 phospholipid, but which is incapable, or substantially incapable, of hydrolysing a
triglyceride and/or a l-monoglyceride, is advantageous, and overcomes the
disadvantages associated with the use of lipases (E.C. 3.1.1.3) which are capable of
hydrolysing non-polar lipids in a dough,

30




phosphol i pids (see for instance WO01/39602). 5 The substrate for |ipases in
wheat flour is 2-3% endogenous wheat |ipids, which areRov&GREeRheys M xture
of polar and non-polar |ipids. The polar |ipids can be divided into

gl ycol i pids and phospholipids. These lipids are built up of glycerol

esterifiedwd dhaediyp fatty acids and a pol ar group. ThepgpimboSsLuUp
contributes to surface activity of these |ipids. Enzymatic cleavage of one

~of . the fatty acids in these lipids leads to lipids with 10 a nmuch hi gher
surface activity. It is well known that4enul sifiers, such as DATEM wth
hi gh surface activity are very functional when added to dough. It has been
found, however, that the use of |ipases (E.C. 3.1.1.3) in dough may under
certai n condDETAMLED ASEEQESr i nent al consequences, such as the production of
off 15 flavours, a detrinental inpact on yeast activity, and/or a negative
effect on bread volune. The negative effect on bread volunme is often

cal I ed overdqse ﬁﬂsenﬁtﬁéxﬁi@ﬁlpﬂﬂuddéa@a e dspect fmdthod @R ppiringgl fitue dowghast i ci ty
whi ch results in a dough which is too stiff and thus retsnlt ég}reduced
vol unes. I'n &démefhed W%ﬁnswgtaéfiwam the dgugh.GeapopsTi s ﬁﬁ@a?

shorteni ng.  Girifihs & e o 308662 o AGedtpolia 2BrMBRY ASRECEIA sem na

finding of the present inventfon’ist rs the use of an

elnzynF_ \é\hl ethzymademcap@UgrDr@Dbmmﬂimmcambbaqfaﬁyﬂ@thngwbﬁEbPWb ﬁg(ljolgr & y
Pnoapable. of afsrSr A6 Gutife iy ol Srpillie POGRRRRE (0 Poe T 0

advant ageous and overcones the disadvantages associated with the use of

l'ipases (E.C_3.1.1 3) which are capable of  hydrolysi ol. ar | i pids
in a dough. e erorpsiasheste! %e@@smnwfm@ i3 pomed p rﬁ%@éﬁ%@ﬁ?@

PCT/ B02/ 0279 r first aspect a rret hod of
preparing a gﬁ(rargaﬁgﬁl%udtg%g%tﬁﬁlg%dg\gﬁpﬁ&sﬁﬁggaddl ng to the dough

conponents an éaztysting ehiztst onel enzyohe digthits hydrolytic activity towards a triglyceride, a
1-monoglyceride, a phospholipid and a glycolipid;
(b) selecting an enzyme having hydrolytic activity towards a phospholipid and a
glycolipid and having no, or substantially no, hydrolytic activity towards a
triglyceride and/or a i-monogtyceride; and |
(c) adding the selected enzyme to the dough.

The present invention provides in a third aspect a dough improving composition
comprising an enzyme that, under dough conditions, is capable of hydrolysing a
glycolipid and a.phospholipid, wherein said enzyme is incapable, or substantially
incapable, of hydrolysing a triglyceride and/or a 1-monoglyceride, and one further dough
component selected from the group consisting of cereal flour, yeast, a chemical

leavening agent, a dough strengthening agent and an emulsifier.

In a fourth aspect, the present invention provides a dough obtainable by the method

according to the first and second aspects.

In a fifth aspect, the present invention provides a baked product obtainable by baking

a dough according to the fourth aspect.




conditions is capable of hydrolysing a glycolipid and a phospholi pid,

wherein said enzynme is incapable, or substantially incRBakhser 2065

hydrol ysing a triglyceride and/or a 1-nonoglyceride, and m xi ng the dough

conponents to obtain the dough. In a gecond aspect of the present

invention, there is provided a nethod of preparing a dough or baked

- product  pr epaieded: GEh@orAHA pr IR Bia"\Gkth bdbet! £7JdGrBduct B3R rORE enzyne
“for its hydrolytic activity towards a triglyceride, 'a 1-nonoglyceride, a

‘phosphol i piadicagitaceo@ingeetie@belih 4spdctsel ecting an enzyme having hydrol ytic
activity towards a phospholipid and a glycolipid and having no, or
substantially no, hydrolytic activity towards a triglyceride and/or a 1
nonogl ycer ilne; seaerdh (aegeciadis pgsdnh énweli@c pediden 2\pasta tpoduee rddeidlom dhe present
invention provides in a third aspect a dough inproving conposition

conpri si ng daveheaseyrdimgtidithe founthdepecdough condi tions, is capabl e of

hydrol ysing a glycolipid and a phospholipid, wherein said enzyne is

i ncapabl e, or substantially incapable, of hydrolysing a triglyceride

“and/ or a 1imoReGMpedmente thiaAgs@hanveatemary quengde acarirshehpregaingceed from

~ the group consisting of cereal flour, yeast, a_chem cal . | eavening agent, a
dough st redgt ﬁ??@ggée?ﬂmp&ﬁﬂo’énwg‘?‘?ﬂpsg? j@gymg jaying o'EP?iF‘HY"é% P& Y t he

Phe tirst SRaeo pRaMEUREGeE « RSP Ph O pBe oY b ARS8 o PR GRcf on
g BecES” _ ) 0 |
Pour th-aspaer s & REDHERMEILBLRFY &1 RonbBRR: R GRUANCRHAIN D Ges,

in a ijthﬁggagﬁhglgmﬁgggke product made from a dough according to the
fourth aspect. In"a séventh aspect, the present invention provides a pasta
product made from a dough according to the fourth aspect. In one

embodi ment n hitghep leRBEiiHnert MHE PrdsOil iNEMtIGH Yy GRvile BBAGH of sddcBRakh N a

dough i nproving conposition wherein an enzyne having hydrolytic, activity
towards a pivysp kdichmiag camphisa tiglsyepobft pi d and havi ng no, or substantially no,
hydrol ytic activity towards a triglyceride and/or a 1-nonoglyceride is,
opt i onal | y{a)adniesient atileabt ane enzyme for its hydrolytic activity towards a triglyceride, a

1-monoglyceride, a phospholipid and a glycolipid;
(b) selecting an enzyme having hydrolytic activity towards a phospholipid and a
glycolipid and having no, or substantially no, hydrolytic activity towards a

triglyceride and/or a 1-monoglyceride.

The present invention provides in an eighth aspect thereof a method of preparing an
enzyme having hydrolytic activity towards a phospholipid and a glycolipid and
having no, or substantially no, hydrolytic activity towards a triglyceride and/or a 1-
monoglyceride, comprising:
(a)selecting a lipase having hydrolytic activity towards a phospholipid, a
glycolipid and a triglyceride and/or a 1-monoglyceride,
(b)modifying by insertion, deletion or substitution of at least one amino acid in the

amino acid sequence, so as to alter the



further dough conmponent. In another enbodinent, the present invention nmay
provide a nethod of selecting an enzynme which may compKbaenHeReo® eps o (a)
testing at |east one enzynme for its hydrolytic activity towards a
triglyceride, a 1-nonoglyceride, a plospholipid and a glycolipid; (b)

sel ecting an enzyne having hydrolytic activity towards a phospholipid and a
gl ycol i pid and hatrvitygotitbe liprse subshantdyahdtythalipastisdnadifitd © lact ny,idry t owar ds
a triglyceride and/or_a 1 -nonoglyceride. The present invention provides
in an eighth as ﬁé'&gﬁa“t“ﬁ]é}‘ BOfCHVIREISTHT! ditighrsfds g an -meRosiyRstiRavi ng

hydrol ytic activity towards a phospholipid and a glycolipid and having no,
O SunSt anth Bht ¥nfifim B Ao/dikin BGICEY il MG AS1cfod b1 AhUEGRLEG gnd/ or a1~
nonogl yceride, conprising: (aj se ec%lng a I pase %aV|ng yéro ytic
activity tousr dfe amplrosqbak itppichilyancar @l yckiftite ané oft thé iaghincesiide and/ or
a 1-nonogl yceride, (b) nodifying by insertion, deletion or substitution of
at | east onfedwR¢o acid in the amno acid sequence, so as to alter the 9
Novenber 2005 6 activity of the |ipase in such a way that the |lipase is

dified tg h bstanti al | . activit inst a .trigl id
and o a1 hanugn o dae BIRRS AVebf ot © sptathesmRgRion hupuetsihe

i nsertion, dehBiMedfaiOlindH RSt dohiliBBnOfis &:pablle ggﬁf/drgﬁ}ﬁngm 2R oBFidDnk S

typically near "or in the active site of the amno aci sequence. In a

ni nt h aspeetphosfhelipide sdntein midrhzyome prinvipdble, ar ehsghtiglnprespabiegfconpri si ng
an enzyne that, under dough conditions, is capable of hydrolysing a

gl ycol i pi dhudralysiephsdpibenridsi snd/arhe rlemanaglycridn z3nde optioriay Ao Awther or
substantial,l v . i ncapabl e, of hydrolysing a triglyceride and/or a
1-nDnogIycg?%gggggﬁﬁﬂ%ptionalIy a further dough conponent. In one

enbodi mrent of the present invention, there may be provided the use of an

enzyme t hat oreReB6JiIMBM SN HE R idBSioh Sh&a RaPbepalidbsls et bighzgm@! ycol i pi d
and a phospholipid, wherein said enzyne is incapable, or substantially
i ncapabl e, thef under dough conditions is capable of hydrolyzing a glycolipid and a
phospholipid, wherein said enzyme is incapable, or substantially incapable, of
hydrolysing a triglyceride and/or a 1-monoglyceride, in the preparation of a dough to

provide a dough with increased bread volume and/or increased gluten strength as

compared with a dough without said enzyme.

In another embodiment of the present invention, there may be provided a method for
removing polar lipids from an edible oil, said method comprising adding to an edible
 oil an enzyme that is capable of hydrolyzing a glycolipid and a phospholipid, wherein
said enzyme is incapable, or substantially incapable, of hydrolyzing a triglyceride

. and/or a 1-monoglyceride.

In a further embodiment of the present invention, there may be provided an edible oil,
such as a soyabean or rapeseed oil, obtainable or obtained by the method according to

the present invention.

In yet another embodiment of the present invention, there may be provided a protein

which under dough conditions has one or more of the following characteristics:




hydrol ysing a triglyceride and/or a | _nonoglyceride, in the preparation of
a dough to provide it dough with increased bread vol WEoagahaR005Cr eased
gluten strength as conpared with a dough w thout said enzynme. |In another
enbodi ment of the present invention, ghere may be provided a nethod for
removing polar lipids froman edible oil, said nethod conprising adding to
an edible oil an enzyne that is capable of hydrolyzing a glycolipid and a
phospholi pid, wherein said enzynme is incapable, or substantially

i ncapabl e, ipfs dayableobfylmidadysingt« plgdogfids ardlea plasplotipidawheraiiaid engeid de. I n a
further enbodi ment of the present invention, there may be provided an
edi bl e oi | ,incapapidh s subsiguiiadil eimpapabler ap dydetysiog| 2 toblyedridabénd/oora obt ai ned by
the nethod according to the present invention. In yet another enbodi nent
of the preé@ﬂ?gWﬁW@%tion, there may be provided a protein which under

dough condi.ti ons _has. .one . or re.of .the fol |.ng characteristigs: 9
Novenber 2 8§ rgae‘f")%ari‘gel%éﬁ)zgﬁ %utgsf7 3}%19}8%"8 (i}lgighg(\ﬂéi o] eﬁocgeéeﬁnﬁlgd gﬁ?})?
phosphol i piphgpifiyekn said enzyme is incapable, or substantially

i ncapabl e, of hydrolysing a triglyceride and/or a 1- nonoglyceride; ii) a
mol ecul ar  weteghi saidfpr@éif il obinabie tofy Vighubui8dakDa wWhen determ ned by SDS-
PACGE anal ysis; wherein said protein is obtainable from Vi gna ungui cul at a.

In yet a further enbodi nent of the present invention, there may be provided
“a net hod ofln ygpdther ergbadinhand off theiprasght inveatioh, thetdrody eamrpridediangetiaddifng to t he
dough conponents an enzyne conprising_ the am no acid sequence shown in SEQ
D No. 12, PEParpeaiiqupdeug =W%ﬁ’?n%@ﬁéo%ﬁ’“%‘?}d\%’tgit%hq‘l?é‘glé&‘?m%ﬂﬁ'ﬁmﬁrﬁi ng the

dough co nents to obtain the dqugh. 9 venb 02/ 094123
PCTT | Bal 00 F59 S piE pi dipienc HOLE FaNER A e ErbStFRencs of the
present inygatibaR &a&va%%&é&gﬁ@mggﬁ@&hgmp%&m& b Gld @ggl{)eadl ngs.

However, the teachings under each section are not necessarl imted to
each particul ar section.




PREFERABLE ASPECTS Preferably the enzyne capable of hydrolysing a
glycolipid and a phospholipid, wherein said enzyne i Ng&agrRbPbegs or
substantially incapable, of hydrolysing a 10 triglyceride and/or a

1-nonogl yceride is a lipolytic acyl hyrolase (LAH (E. C 3.1.1.26). Please
not e t hat Wh&M&133/me nunber E. C. 3.1.1.26 accordi ng to PCHaBO2/272 nat i onal

Uni on of Biochem stry and Ml ecul ar Bi ol ogy (1 UBMB) reconmendations for

- Enzynme 15 Nonencl ature (1992) refers tg a "gal actoli pase” which also acts
on 2,3-di-Cacyl-1- O(6-OCa-D galactogyl-(B-D-gaIactosyl)-D—egceroI, and
phosphati dyl choline and other phospholipids. In the literature (such as,
for exanpl e, Biochem ca et Biophysica Acta 1215 (1994) 66-73) enzynes
falling under the enzyne nunber E.C. 3.1.1.26 have been referred to as

| i pol ytic adyr cappdfarigmrase, (thespiond dyrthen embedimguth of dhfopresenh EVERIOREAID 0

gal actol i pase apd |lipolytic acy] hydrol ase (L as used herein are

consi dered *8%b Sc“é%?ﬁdﬁg%aﬁp&prlﬁﬁe%§%g@rqf§qﬁé&%wv§5 %ﬁéeaf’glf‘gﬁ %Under the
E.C. classif] j - V| i Vi bot h gal actol i pids and-
~ phosphol | i&é&a%étg@‘é‘g%%?t%‘e%g%ngﬁ%’%% tég%é’%%gic\é’fa%?g?%| ysing a glycolipid .
and a phespholipid, 25 wherein said enzyne is incapable, or substantially

i ncapabl e, r I riglyceride and/or a 1l-nonoglyceride is
i sol at ed fr?%@?ﬁt’}gl‘é%& a |leaf extract and/or is isolated from wheat

| eaf thyl akoids. Suitably, the enzyne capabl e of hydrelysing a glycolipid
and a phosphol j pj.d, wherein 30 saj nzyme is_ingapable, or bstantially
i ncapabl e, B’feflﬂ%yoihﬁsqwﬁ caPﬂ%FegP’}g'%&Péyé‘ngn%/ggfw]éPl -%n%@g%@_ﬂ% may have
the am no agjmdreH GHANERyHE CMNinkdpatdEQr RiNatidll . dea eogflﬁo ﬂ%ﬁ@b,

~ honol ogue or deriyvative thereof. 9 Novenber 2005

capabl e of @ﬁ¥ ysing a glycolipid and a phospholipid, wherein said
enzyme i s incapanl e, or substantially incapable, of hydrolysing a
triglyceride and/or a 1-nonoglyceride nmay have the am no acid sequence
shown in SEQ. I

oW1 1 SEQLD N B i s &) TP S35k SSLEASS M Bih®
of Biochemistry and Molecular Biology (IUBMB) recommendations for Enzyme
15 Nomenclature (1992) refers to a “galactolipase” which also acts on 2,3-di-O-acyl-1-
0-(6-0-o~D-galactosyl-B-D-galactosyl)-D-glycerol, and phosphatidylcholine and
other phospholipids. In the literature (such as, for example, Biochemica et Biophysica
Acta 1215 (1994) 66-73) enzymes falling under the enzyme number E.C. 3.1.1.26 have
been referred to as lipolytic acyl hydrolases (LAHs) and other such names. The terms
20  galactolipase and lipolytic acyl hydrolase (LAH) as used herein are considered to be
synonyms for the same enzyme, i.e. one falling under the E.C, classification 3.1.1.26

and having activity on both galactolipids and phospholipids.

Preferably the enzyme capable of hydrolysing a glycolipid and a phospholipid,

25 wherein said enzyme is incapable, or substantially incapable, of hydrolysing a
triglyceride and/or a 1-monoglyceride is isolated from soluble cowpea leaf exiract
and/or is isolated from wheat leaf thylakoids.

Suitably, the enzyme capable of hydrolysing a glycolipid and a phospholipid, wherein
30 said enzyme is incapable, or substantially incapable, of hydrolysing a triglyceride
and/or a 1-monoglyceride may have the amino acid sequence shown in SEQ ID No. 1

or may be a variant, homologue or derivative thereof.




85% nore preferably at |east 90% honol ogous to SEQ ID No. 1. Suitably, the

enzyne capabl e of hydrolysing a glycolipid and a phosgh®lvepibds 2083€er ei n

said enzynme is incapable, or substantially incapable, of hydrolysing a

triglycetgjde 1 nd/ or a 1-nonoglyceride nay be encoded b he nucl eoti de

sequencewgﬂ%ﬂﬂgfﬁ SEQ ID No. 2 or maybe a vari ant, hdﬁ%ﬂﬁ&@%”&r derivative
thereof. Suitably, the enzyne capable of hydrolysing a glycolipid and a

- phospholipid, wherein said enzyme is gncapable, or substantially

i ncapabl e, of hydrolysing a triglyceride 15 and/or a 1-nonoglyceride may be

encoded by the nucl eoti de sequence shown in SEQ ID No. 2 or may be encoded

by a nucl eotide sequence which is at |east 75% nore preferably at |east

85% nore p ef% aR%y at lea 90% honmpl ogous . to SEQ | D No, 2. Suitably, the

enzyme capaBLH; ?W&%P%&f of ngs Hyeshpidang g pbpspbeinid.gvherier ei n - 20

sai d enzymeg; h?ﬁ@ 1l I q@hﬁ ing a

triglyceridgmgﬁd orqgg%ﬁﬁ%%%d?ﬁgg%idelﬁé$%%gmgq%r tePﬁﬂﬁggﬁgﬂﬁ%ﬁétular

wei ght of aw¥ar ad7mpglycenids/may have the @inddid seuemcel storminu$EQ BYNSDS- PAGE

anal ysi sg an ' [ bt ai I fr Vi gna iculata. .25 Rreferably,
The oy oty nor 8 flle:s s A alonel AT 1 Gk PO SHnd bt rpt oS! FLA1 L
i sol at ed. usB5tg, thdre prfenablynattidasicb0a6halaslogdueth S8 B) No. IThe term "an enzyne that

under dough conditions is capable of hydrolysing a glycolipid and a
phosphol i pid, wherein said enzynme is incapable, or substantially 30 .

i ncapabl e, OiitaBlytHhe eXSRE Jdd ' : 3 ' i ncl udes
an enzyne thatwgtrllldgr douaﬁab}:oérfg{iy ?ﬁgﬁisdéﬁay ro{@gggd épg%g%}%%ﬂe%ﬁ‘d a

phosphol i pi 8id gugymghis derapaide o1 rivbstansiallyl desepablsy of diydwobisiigad Iglyoesidiy ol yse a

triglycegid ) - eride v 2005 02/.0 3
per1 Bob) 029531 Rapibale BRI b6 ot AEUETRR: SRIRRERIT e (orm
of -a conposID Nos2 oraaaybe ia eutint, hehdlopne yinderivaiivithesdfof ect i ve anount of the
enzyme shoul d be added, such that the enzynme, under dough conditions or
degunmi ng conditions, is capable of hydrolysing a glycolipid and a _
phosphol i pi SuitaBgtht sndyhe BeHBlcCof h?ﬂroﬂéﬁxgta%cbﬁﬂihﬁnd ORI, Hhetdr Ol ysi ng
a triglyceride and/or a 1-nonoglyceride.”’Alternatively orf in addition, an
effective sald enzyme is incapable, or substantially incapable, of hydrolysing a triglyceride

15 and/or a 1-monoglyceride may be encoded by the nucleotide sequence shown in SEQ

ID No. 2 or may be encoded by a nucleotide sequence which is at least 75%, more

preferably at least 85%, more preferably at least 90% homologous to SEQ ID No. 2.

Suitably, the enzyme capable of hydrolysing a glycolipid and a phospholipid, wherein

20  said enzyme is incapable, or substantially incapable, of hydrolysing a triglyceride
and/or a 1-monoglyceride may be a protein has a molecular weight of about 57 kDa
and/or about 87 kDa when determined by SDS-PAGE analysis and which is obtainable
from Vigna unguiculata.

25  Preferably, the protein having a molecular weight of about 57 and/or about §7 kDA ié

- isolated using the same method as detailed herein.

The term “an enzyme that under dough conditions is capable of hydrolysing a
glycolipid and a phospholipid, wherein said enzyme is incapable, or substantially
30  incapable, or hydrolysing a triglyceride and/or a 1-monoglyceride includes an enzyme
that under dough conditions hydrolyses a glycolipid and a phospbolipid, but which
does not, or does not substantially, hydrolyse a triglyceride and/or a 1-monoglyceride.




anount of a conposition containing said enzynme nay be added to the dough
either 10 directly to an already m xed dough or as a eoogpeadat2@fs one or
nore dough conponents. The term "effective anount” herei n neans an anount
of the ﬁﬁﬁ@z nz%rre which is sufficient to effect, under dough conditions
or degu EHAYi ti ons, detectable 15 hydrolysis of " BR%H2e |

gl ycol i pids and one or nore phospholipids present in the dough, whilst the

- added enzyne does not affect, or does ot significantly affect, R
triglyceride and/or 1-nonoglyceride | évels. Mire specifically, the term may
relate to an anount of the added enzynme which does not only result in
detectable hydrolysis of a glycolipid and phospholipid, whilst not
substantially affecting the level of 20 triglycerides and/or

1- nonog| ycdfor deme embodimenis Hhe ienzyagdimey dis, edded i the fommt ofea fcompRMiticsn  of
enzymatic e o] @ : hydrol ysis of glycolipids and phospholipids, or

t he | ack o@%%&'%&%‘%ﬁ e'enzymati c end products by no, or substantially
no, activity on triglycerides and/or 1-nonoglycerides, at a | evel which
results in jnproved propertjes of th ou r if .the.dough is  baked, an

i nprove qu’g‘F F&?F“B? aﬁ”ﬁ%‘ﬁlﬂ;@ VB Pﬁdgqﬁcar%g%g sych @‘ﬁhﬁﬁ?c % dmdeny ol unre,
enhanced sqfshBesshaftiond RIcEMEHInG cBAons] ik Walable @ f R¥drblpfing b BB &id pol ar
lipids froman edible oil. Theterns "substantially incapabl e _of

hydr ol ysi ngt ®hesphelipj&eatddés anvepabie, aorlsubmn@élwe@apaé@' q;”ngwdrcpimgqg

subst anti al,l.y; no. hydr.al yiic I Vi t [ I ceri d/or a

1- nonogl ycehrjgI %&dgsa%&g%aa %g?tgn:ﬁ%b%%ﬁgﬁ éﬁﬁé@m‘?ﬁe}j‘ é’%fb%ﬁdﬁj@) i gﬁy%%gﬁ‘g
triglyceri dencantdétds camposition eghiyinmpisdid enryrye tay o addrsli tgrthé damhteitherd/ or

undet ect abldﬁﬁ §,tiiegr ee. .9 vemher 2005 WO 02/ 094%20? PCT/ 1 BO2/ 827 2 10
Advant afeo ety 18 ap Alepdyo RExegs dQusl qry 2P yROBPPRRIL of S| O B8R 4PV i de, the
gl ycolipid coﬁifnGnén&? phospholipid in the dough is a naturally occurring

| i pid component occurring in flour used for the dough. 5 Suitably, the
phosphol i pid is phosphatidyl choline (PC) and/or the glycolipidis

di gal act osyjyi,gl yEfl AR i diFFherein means an amount of the added enzyme which is
sufficient to effect, under dough conditions or degumming conditions, detectable

15  hydrolysis of one or more glycolipids and one or more phospholipids present in the
dough, whilst the added enzyme does not affect, or does not significantly affect,
triglyceride and/or 1-monoglyceride levels. More specifically, the term may relate to
an amount of the added enzyme which does not only result in detectable hydrolysis of
a glycolipid and phospholipid, whilst not substantially affecting the level of

20 triglycerides and/or 1-monoglycerides, but which, in addition, results in the formation
of enzymatic end products by hydrolysis of glycolipids and phospholipids, or the lack
of formation of enzymatic end products by no, or substantially no, activity on
trigtycerides and/or 1-monoglycerides, at a level which results in improved properties
of the dough or if the dough is baked, an improved quality of the baked product, such

25  as enhanced bread volume, enhanced softness or improved crumb- structure or the

 removal of polar lipids from an edible oil.

The terms “substantially incapable of hydrolysing a triglyceride and/or a 1-
monoglyceride” and “having substantially no hydrolytic activity towards a triglyceride
30 andfor a I-monoglyceride” as used herein mean that the enzyme hydrolyses a
triglyceride and/or a 1-monoglyceride only to an insignificant and/or undetectable

degree.




When it is the case that a polar lipid is added, suitably the polar lipid
may be a 10 phospholipid, such as one or nore sel ect edN§viBet Bgos0r oup
consi sting of phosphotidylinositol (Pl), phosphatidylglycerol (PG,

phosphat i ¥Ichollne (PO and phosphatldylethanolanlne(é%g%. Preferably,
the dough'?¥8"Ndast | eavened dough. Although, it is pt ¥8®% 0 use the
15 net hod of the present invention for the manufacture of yeast |eavened
“bread products such as bread | oaves, rglls or toast bread, the use of the
nmet hod for any other type of dough and dough based products such as noodl e
and pasta products and cakes, the quality of which can be inproved by the
addition of the enzyne according to the present invention, is also
contenpl ated. 20 Preferably, the enzynme is added in an anount which is in

the range oAdpmiageeuslyp apleashiope; of @lﬁmmemge,fth@&ﬁnonvelﬁreeqﬂﬁéhesb[mlwdt he

22%%/ Ikz ?%ﬂ. b%ﬁ%)rlg’?@rﬁgg? y, Bihe Aﬁ?thﬁu%oug reélél&goug , Ihfasmet hod

conpri ses am fiouf usetlimrthsdmigh. t hat t he dough is baked to obtain a baked
product. .One particularly desired property of baked bread products is a

hi gh speél fic volume as defined in the exanples. Accordi ngly, the addition
of the enzygwt8ly, tthe phamaﬁplms RékRBIcholi@s (PLP ahdlofhe ERESIDABPSs Of the
speci fic vol ume of the ked product that is at least 10% relative to a 30
baked produéigal ﬂ“é@?é’lmml ¢ ftal conditions except that the enzyme is not
added. Mre preferably, the increase of the specific volune is at |east
20% such as at | east 9 Novenber 2005 WO 02/094123 PCT/ | B02/ 02792
........... When it is. the .case. that. a palar Bfi¥lis @dded, atitdbbathe pbORolipAl ey rtetd vel y, the

dough i h.sel ected fromthe gr onsi stjing of a ta dpugh, a
nood! e ggugﬁﬁ) &’r‘i’&pﬁ Hofgh B W ‘g? EeCte‘é g‘i‘) ‘fygm‘fﬂwecog%sj’?ﬁeo s added
i n an anmounphdsplfid 1ﬁﬁ>mlt61 hafigy181360l0{P)N ph&spRiidilcEolin® (PO} wite of the
baked product thatyl s at SﬂPeast O%yglg atlglPeG)tg ap akgd proéﬂcit made under

i denti cal cBaphatidyl mt the enzyne is not added. The addition of
the enzyne of the |nvent|on preferably results in an increase in the

Preferably, the dough is a yeast leavened dough. Although, it is preferred to use the
15 method of the present invention for the manufacture of yeast leavened bread products
such as bread loaves, rolis or toast bread, the use of the method for any other type of
dough and dough based products such as noodle and pasta products and cakes, the
quality of which can be improved by the addition of the enzyme according to the
present invention, is also contemplated.
20
Preferably, the enzyme is added in an amount which is in the range of 0.1 to 1000 units
enzyme/kg flour. More preferably, the enzyme is added in an amount which is in the
range of 1 to 100 units enzyme/kg flour.

25  Preferably, when the dough is a bread dough, the method comprises as a further step
that the dough is baked to obtain a baked product. One particularly desired property of
baked bread products is a high specific volume as defined in the examples.
Accordingly, the addition of the enzyme of the invention preferably results in an
increase of the specific volume of the baked product that is at least 10%, relative to a

30  baked product made under identical conditions except that the enzyme is not added.

More preferably, the increase of the specific volume is at least 20% such as at least




gluten index in the dough of at |east 5% relative to a dough w thout

addi tion of the 10 enzynme, the gluten index being deteripngthePyoseans of a
G utomatic 2200 apparatus. The gluten index nay be neasured by neans of a
Gutomatic 2200 from Perten Instruments (Sweden) using the nethod detailed
bel ow. | MW Bty after proofing, 15 g of dough shod'd™B¥%¥3| ed and

placed in the dutamatic 2200 and washed with 15 500m2% NaCl solution for

10 min. The washed dough shoul d t hen transferred to a d uten I ndex
Centrifuge 2015 and the two gluten fractions should be scal ed and the
gl uten index cal cul ated according to the follow ng equation: G uten |Index =

(wei ght of @b%uf e d e 4095 GAlidindtively SThe \dBugh i?sQO&duh@kélkcta@fr@ﬁtth@éroeﬁb uten. 20
It has been found that the enzyne of the invention may be particularly
active agai fsistingofppsia deughor Rooudieslongly andia cake doegbpibpitergal act ol i pi ds

i ncludi ng digal actodi gl yceride (DGDG which is converted into

di gal act ononogl yceride (DGVI5) that is an effective surfactant. Preferably,
~at | east 25Psafdrably) ¢hegngyoad isjpiddediiniat Ambling thet eesdtstin bm incleasedf uigghspedific

hydrol ysgd and pref.eraply at | east 35% of the. qglycolipjd is. hydrqlysed,
nor e 25§pr g&g@ﬁgf&eﬁaﬁ?cgggﬁu%g%% 1%1?1:519%9249%65%%% %9;1? h{)ak%ijs]?m%rq‘aﬁ%r eof .

Al ternati vebydepidentitaltRddditibextdpe it Be chdynleadsndda@dedf ound that the enzyne of
the invention nmay be active against certain phospholipids which are

converted into |ysophospholipids. Preferably at |east 25% of the

phosphol i pi gyd Qafit Al I%gﬁt [ ; ?&Hg]gi : referably
at | east- 353?%?“%1 %Agﬁ%és)% Ppoifém:i %Q%/t%rgg yse ?Iésnuggg{%éé%gerq%eg@&hgt | east
50% at | eagluteB(sdeniin the dopgs ol sideast Ay ealdtive G0 Mdoeghbeitha eddition®iGh¢ 094123
PCT/ 1 BO2A02792 ..\ o oy s 12 Th tivi a_lipase on

ri ol yolf | dEums: et inge boies fetpriediy ogtrat aibiometl 2410 B e "anzy e
has hydrol ytic activity agai nst a phospholipid and a glycolipid but no, or
subst anti al no, hydrolytic activity against a triglyceride and/or a |-
monogl ycer | 48¢ Eiitepriadesmay by duespurad Hygneans mf p @M@raag]cy%%@r@%r?ﬁ% as

gg;ggf chﬂ gigﬂurhémi B6EARAP LS he MUHOR MY SHADeRw: ihBbAEESy @6 praditpOls @ 1
g of dough should be scaled and placed in the Glutamatic 2200 and washed with
15 500ml 2% NaCl solution for 10 min. The washed dough should then be transferred to
a Gluten Index Centrifuge 2015 and the two gluten fractions should be scaled and the
gluten index calculated according to the following equation: '

- Gluten Index = (weight of gluten remaining in the sieve x 100)/total weight of gluten.

.20 It has been found that the enzyme of the invention may be particularly active against
certain glycolipids such as for example galactolipids including digalactodiglyceride
(DGDG) which is converted inio digalactomonoglyceride (DGMG) that is an effective
surfactant. Preferably, at least 25% of the glycolipid initially present in the dough is
hydrolysed and preferably at least 35% of the glycolipid is hydrolysed, more

25  preferably at least 50%, at least 60% or at least 75% thereof.

Alternatively or in addition thereto, it has been found that the enzyme of the invention
may be active against certain phospholipids which are converted into
lysophospholipids. Preferably at least 25% of the phospholipid initially present in the

30  dough is hydrolysed and preferably at least 35% of the phospholipid is hydrolysed,
more preferably at least 50%, at least 60% or at least 75% thereof. |




Preferably, the enzyne is incapable, or substantially incapable, of

hydrol ysing both a 10 triglyceride and a 1-nonogl ycerg deventicebesabl y the
enzyme i s incapable of hydrolysing both a triglyceride and a

1-nonogl yceride. Alternatively, the enzyne may be capabl e of hydrolysing a
triglycerVU®8HE a diglyceride, but be incapable, or FUIBERARI?al1y

i ncapabl e, of hydrol ysing a 1-nonoglyceride. Suitably, the enzyne is

i ncapabl e of hydrolysing a 1-nonogl y_ceiﬁi de. 15 1t is known in the art that

enzynes ot her than |ipases may contriblte to i nproved dough properties and
quality of baked products. It is within the scope of the invention that,
in addi ti onTheadtivily T2y WBase fon! #i@lycBN® Ha§ Hepdld beaR! pIRNeT thllshibhteeNZyNe nmay
be added to the dough or may be present”in the dougpn_l nproving

conposi t i onPrefsiadly, de wmm@siwgbm@cﬁmm ageistat phospholipd erdia algcémzcy mes such
as endo- or anyl . I Si.a adl No . € S

debr anchi ngbig)r(]ﬂz?)y%ss?ﬁﬁ%rr?‘lauc)g%’uﬁ%@@gﬁg?ﬁ%ﬁ%d%%%%‘sggﬁégg‘l‘é%@fa %é%?ﬁ %‘s es;’

| i poxygenasmencgiydernide id dreepflratgesdd,5-8€5.9. gl ucose oxi dase, phosphol i pases
and hex%se oxi dase. 25 Preferably, the further dough conmponent in the
conposi tion, when one is present, is selected fromthe group consisting of
cereal fl oUPrefey®BSithe enz§ieah Aefincd SRYER g theARBIR of HydrolRkidNa BigiRRAENENI Ng
agent, an enulsifier, a sugar, an acylglycerol, a phospholipid, a
glycolipid @ a 1gngnoglygaidsyi t abl y, the dough can be a fresh dough,
optionally packed in a controlled atnosphere. The dough may be frozen. 9
Novenber 2005 WD 02/094123 PCT/ 1 B02/ 02792 . ... . .. e
13 Sui t abl yPreferablyp thenmrpneis iyoapsble oc sutdtantiallydntdpable rof hpdrblyking @othizon may be

added tgo, the . dough and/qr_be present in.th ough i npr.ovi n 0 sition
and/ or lg)e a%‘glgﬁeq%g f“i’fg a g?ﬂl?ﬂo g’S‘?er%' Su# ’F@ﬁb@, OB ?é}‘cﬁ%ﬂﬁégg I nore,
or four or lyafdysifboyHEsighE& e dhd g 1-idhoklyeeridb £ A RBhatlvaNCIE e niBRay0e added

to the dougjh and/ or be present in the dough 5 inproving conposition and/or
be added t etF@a‘élaiqﬂ@dmlysmgméﬂélmady,an@h@d@xcng& dut de|ineaprble, ehzynes

accordi ng t@ndehifially SREMbld, BY BREbBBIRY 1-monoglyceride. Suitably, the enzyme is
incapable of hydrolysing a 1-monoglyceride.

15
It is known in the art that enzymes other than lipases may contribute to improved
dough properties and quality of baked products. It is within the scope of the invention
that, in addition to the enzyme of the invention, at least one further enzyme may be
added to the dough or may be present in the dough improving composition. Such

20  further enzymes include starch degrading enzymes such as endo- or exoamylases,
pullulanases, starch degrading enzymes, debranching enzymes, hemicellulases
including xylanases, cellulases, lipoxygenases and oxidoreductases, e.g. glucose

oxidase, phospholipases and hexose oxidase.

25  Preferably, the further dough component in the composition, when one is present, is
selected from the group consisting of cereal flour, yeast, a chemical leavening agent, a
dough strengthening agent, an emulsifier, a sugar, an acylglycerol, a phospholipid, a
glycolipid and a salt.

30  Suitably, the dough can be a fresh dough, optionally packed in a controlled
atmosphere. The dough may be frozen.




conprise screening the activity of enzynmes on agar plates each containing
either galactolipids, phospholipids, triglycerides o0 Novabegiooseri des as
the substrate. 10 Enzynmes which are active towards phospholi pids and

gl ycol i pi whi ch have no, or substantially no, activi t owar ds
triglyce?? ggéﬁﬁ/or 1- nonogl yceri des are sel ected. R FﬁBf% step (a)
and/or (b) of the nethod of selecting an enzyne according to the 15

present invention is carried out at ajgH of 4.5-6.5. Preferably, the enzyne

tested by the method of selecting an enzyne according to the present

invention is a lipase (E.C. 3.1.1.3) or a lipid acyl hydrolase (E C

3.1.1.26). SGitdBlyeher@bore elhzl?ﬂeh@ccﬁﬁiﬂ@@dt‘@fpr@élﬁﬁwmﬂ@l Rhy baddbdpithg an

enzyme accor.di 0 the esg}ﬁndﬂ invention the insertion, deletion or
&

substi t uti oA°Y8 %5 oy E%B"tes%‘ﬁ Reh-impepving gompogifien padforrbeided t9the or near
the active §dl151@ oﬁ”%ﬂblf‘tt\ﬁohﬁ ngc‘)ré t ed&arg @fortfﬂrﬁ AR, Anks ag&?cﬁﬁgnce' 25

Preferably, the region is del’e ui tabl e enzynes nay prepared by
modi fyi ng | tqpthe @mSQIE iyenBonl may dp added b itheoflgugh @nd/ac h¢ pteget il theaslougic. C. .

3.1.1. 26 uce W\ ITES ve.towards phospholipids and

gl ycol i pi dsﬁgégéggv%?ogw%géé%mﬁ mgﬁd%e &@Sﬁ%ﬁh no, activity towards 30
triglycerides and/or 1-nonoglycerides. 9 Novenber 2005 WD 02/094123

PCT/ 1 BO2/ 92% % Jb4 5 10 tge%lt bl.e .am no acid substlti?utl ons .i ncl ude

subst i t ut | RSO, M eRed 9F seleptig chzymes pprording:to the PESSER IHERIHR BMange t he
hydr ophi |'i ccqfiRRe stleffin@ HRURGivit) Of R8s ot by éﬁafes\ﬂ@a)éh%n tafiit3 g Onl y, the
am no acid substitutions may increas€ the nunb polar amno acids in
or near thesetalipidss |ph@sph@1nmqlsertaglbr9er1dgm %nbmoglﬁcepdﬁpﬁ dle ismbsieisor dance

ol yeol 15" BRGREs SRKEU Rl WNEH BORYRel S0CARRGs Bl BHF BTN °
subst ant i al biy submtaaﬁﬂtyi @p, abtitiyd tcﬁwl'ay(hl ﬁiglj&eﬁddsghn&(&l’ i1 dgondfil§iécpides are

1- nonogl ycerlldtedl n the pH range 4.5-6.

Suitably, step (a) and/or (b) of the method of selecting an enzyme according to the
15  present invention is carried out at a pH of 4.5-6.5.

Preferably, the enzyme tested by the method of selecting an enzyme according to the
present invention is a lipase (E.C. 3.1.1.3) or a lipid acyl hydrolase (E.C. 3.1.1.26).

20  Preferably, in the method of preparing or developing an enzyme according to the
present invention the insertion, deletion or substitution of at least one amino acid is in
the lid region and/or near the active site and/or at the C-terminal of the amino acid

sequence.
25  Preferably, the lid region is deleted.

Suitable enzymes may be prepared by modifying lipases (E.C. 3.1.1.3) and lipolytic

acyl hydrolases (E.C. 3.1.1.26) to produce enzymes which are active towards

phospholipids and glycolipids but which have no, or substantially no, activity towards
30 triglycerides and/or 1-monoglycetides,




Sui tably, the enzyne according to the present invention may have a greater
activity towards glycolipids as conpared with phosphg Npisisher 2004 abl y, the
ratio of the %of hydrolysis of the initial glycolipids (i.e. DGG in the
dough : the % hydrolysis of the initial phospholipids
phophat i df ¢8t fg in the dough nay be nore than 10: 1, c%@?“"i“%”éxarrpl e, such
as nore than 15: 1 nore than 20:1, nore than 30:1, or nore than 40: 1.
~Alternatively, the enzyne according t34t he present invention may have a
greater activity towards phospholipids as conpared with glycolipids. For
exanple, the ratio of the %of hydrolysis of the initial glycolipids (i.e
DGDG) in t heyiflpk Ghhino édi@s%b&@t:&iﬁ%&h&édu%stﬁﬁﬁén@%f'a&iﬂd AidsAR Qs pbelthPi ds (i . e

phophati dyl cholin) in the d % more than 1:3, such as nore than
1:5, nore t#dNe alteafvhwhwl@ngmﬁxn Idmpﬁ/lbqa prepeées #rawndi the Botivecite.dioanpr ef  Most

cereal floug Iy g r| g! ﬁ pol ar
lipids 25 | nc UW@ p?hcélfzﬁo&l S an%g {ﬁ%co I pl g] o‘l%za? I pt ds can
serve as suhsdsnmbmaﬁthﬁactti‘veSmﬁzyne of the invention. Accordi ngly, in one
enbodi meg t of the nethod, at |east one of the glycolipids, such as a

al act ol di ng di gal act osyl di gl yceri de of the
ghosphol : B: gtgferagw e%éﬁ%%ﬁ%@@y‘%&%‘%ﬂ%@eC’ili‘@!)thel(l%esant)lﬁ‘éﬁnﬂ?%lwedbccur ring
(or endogengise kd Qi Qalégffﬁgd}& GOcblifd ahd atghBsphbRitll aH$ SMhelef said30 the
dough. 9 Novenbeer 05 WO 8§94§ %WF?C'IIS]I BOZ/ar(.JIJii Sd%l%% Howevgre ?‘all our dough
may not contuEyme §uﬂ¢apdmlerqr sehstotally infapeliie f hydrplyding eisglyeeride asdier a t he
enzyne of t refore within the scope of the invention
to suppl engﬁjfc’h%%%%euﬂﬁh%h‘{ﬁaigéﬁseégj;t one of a glycolipid and a

phosphold pid to provi de sufficient substrates for the enzyrre It will be
appreci ated,t.hat the expressipn S "sufficjent, substrate" lies, that

nel ther of DHELY &Pﬂ"‘g%%?ﬁdalget% thes present ﬁvwmdpayolbavetaawﬁ Fi¥Hough

i mprovi ng %wm@@cmﬁw&tcoaﬂpafeawmfhgplﬁégr@ﬁﬁ@%lﬂtsﬁ?rm%ama&%@% b1 addition

or alternatlvely thereto, a Suppl enentary nonpol ar id such as an

acyl gl ycer by drlysisd thedetisial glywlla@éﬁredﬁ i the dpﬁﬂl |th@/ Ydenlysis ofdliei ety of
such 1ipi dsmﬂtﬂh@ﬁﬂ%ﬁﬁg@? ?1%3 gﬁiﬁ:ﬂaﬁl oith) in/fid %fn;ﬁbﬁ%f ﬁxg{evtﬁ&e dﬂap g Tats,

animal oils or exa §horten|ng
| n t hi sl onmeamplepsuch as maretthanulSdr mgrethaf 26t 1, hmm ttlat 30:1, or more than 40: 1.

Alternatively, the enzyme according to the present invention may have & greater
activity towards phospholipids as compared with glycolipids. For example, the ratio
of the % of hydrolysis of the initial glycolipids (i.e. DGDG) in the dough : the %
20  hydrolysis of the initial phospholipids (i.e. phophatidylcholin) in the dough may be
more than 1:3, such as more than 1:5, more than 1:8, more than 1:10 or more than 1:15

- for example.

Most cereal flours contain nonpolar lipids including triglycerides and polar lipids
25 including phospholipids and glycolipids. The polar lipids can serve as subsirates for

the enzyme of the invention. Accordingly, in one embodiment of the method, at least

one of the glycolipids, such as a galactolipid, including digalactosyldiglyceride

(DGDG), and one of the phospholipids, such as phosphatidylcholine (PC), is a

naturally occurring (or endogenous) lipid component occurring in the flour used for
30 the dough.




an oil or a fat derived fromcereals such as oat oil. Cat oil typically
contains, in addition to triglycerides, 5-25% phospha)ijpidsheadgose-12%
glycolipids. Cat oil can be fracti onated to yield fractions having a high
content of 5)O| ar lipids (EiG Hammond in 15 Lipid in Cereal Technol ogy
edi ted byVPIH0M4B3 nes, Academic Press). It is thus onPFEPEEE™3f t he net hod
of the invention that one or nore phospholipids can be added to the dough.
~I'n this connection, useful phospholi pi ﬁs i ncl ude phosphati dylinositol

(P1'), phosphatidyiglycerol (PG, phosa atidyl choline (PC), 20 lecithin and
phosphati dyl et hanol amine (PE). At least one of the triglyceride, the
1-rnonogl yc i d to the
dough. 25 Sﬁ?gﬁféglflr]ogﬁd&igﬁ?xﬁgng éei)élr?ﬁ?%%fﬁ el%t%g{aﬁﬂﬁ gggq |onb§$at%ﬁg§nzyne
capabl e of thgdneynys of gheainvepitipn.olt i ipitierefiont mtbhdbphmpemfothe \hwenidomtesai d

. bl | |
Cr ol ycer i cuogRaRettne ok S o eartng bt o SEPRAR =5y ¢ RhorMefefl e |
particul ar giffdtmaciubsithadi Bt e ehglend DERE, bé appredisted Rhdt e catptés@dszead

vol unme 2Snd/ or crunb structure. The.i rovemsntd{s1 observed wi.th_ the enzyne
pl us the 30 yffirist ﬁl&s@a‘%r@m@%ﬁhﬂgﬁw@a@r&f thesg i BOSERNSOY ddinesfoB88er ved wit h
the enzyne ghpne, %}ﬁﬁb ic properties
defined herein m@ou%ﬂﬂ% erQ:Qﬂ:é& | na a{% d%/%% @Ba?gﬁ 9 November

- 2005 WO 02/094123 PCT/ | 802/ 02792 16 Ed| bI e oils, such as vegetable oils,

for exanple S ean_ Q ed o] | | rise tri cherldes
wth a | ower %‘#@% OBTait%"f&g’F fs’I {ﬁgfe E%ené%%ﬁﬁ 5%05% g?rfg ush ang

gl ycol i pi dsacylglydes] efay &8 addedi ThesdcdrBarie Rlihethd hﬁemhaarvahewlodslxdhrlmmﬁ he
vegetab{e oil in 5 order to pr%w de a clear, high quali,t 0|I product. The

processibf FaBMEWSGHFuENgS 9 Vegetable; qliswegpiable fats Animal elfsy aimplfatgSuglgiunni ng.
Thus, in aCfb?EQ&E}ﬁ@bﬂﬂeEﬂ&t Eﬁlﬁshﬁhér%@gg'i‘% Ihu@&%ﬁsaﬁgn of dpa&t!fb%m&%&mthpla\zsentl on the

edi bl e oil, for exanple a vegetabl gurmed by uUse of an

enzyme accowupigr taofat Idermgﬂéw@mereaiwmhn amoat[oelg@atrp dypieallypontainssin step  of
the edible %idiuoilgf)?z" Tyt ,°§§§ﬁ gh@%ohﬁ@?éﬂ%sq {he 55’35 idd OB &Fc Shich as

phosphol i pi rOoT cru uning i's Hore by water
- or a wet prﬁmamted:tomekiaﬁmﬁipﬁﬂaﬁn@a hidtosonteat oﬂjmmr tipds GOGvHammond i

vater- SPA u btlpl(f 1%%%1:6%19 ecﬁx?o?(;[éyd i%edbt}gr I?IP Barnes, Academic Press).

Tt is thus one aspect of the method of the invention that one or more phospholipids can

be added to the dough. In this connection, useful phospholipids include -

phosphatidylinositol (Pl), phosphatidylglycerol (PG), phosphatidylcholine (PC),
20 lecithin and phosphatidylethanolamine (PE).

At least one of the triglyceride, the 1-monoglyceride, the glycolipid and the
phospholipid may be added fo the dough.

25  Surprisingly it has been found that the addition of an enzyme capable of hydrolysing a
glycolipid and a phospholipid, wherein said enzyme is incapable, or substantially
incapable, of hydrolysing a triglyceride and/or a2 1-monoglyceride together with a
glycolipid, in particular digalactosyldiglyceride (DGD@G), results in improved bread
volume and/or crumb structure, The improvements observed with the enzyme plus the

30 glycolipid are even greater than the improvements observed with the enzyme alone.
Thus, suitably, an enzyme having the specific properties defined herein may be used in
combination with a glycolipid.




enzymati c catal ysed hydrol ysis, the water sol uble |yso-phosphatides are
then separated fromthe oil by centrifugation. The resnguahbephogPhor ous
content in the enzymatic degumred oil can be as | ow as 2 ppm phosphorous.
15 Preferably, the edible oil according to the fourteenth and fifteenth
aspects OYOPHE412Hresent invention is a vegetable oil . PAHIBMOAIEES OF THE
PRESENT | NVENTI ON 20 An advantage of the present invention is that the
~enzyne of the present invention, mhiq is active against glycolipids and
phosphol i pi ds, but which is incapable, or substantially incapable, of
hydrol ysing triglycerides and/or 1-nonoglycerides, when used in a dough,
produces pol yunsaturated fatty acids, because the endogenous wheat 25

gl ycol i pids and phospholipids contain high levels (>70% of linoleic acid
( C18: 2) -andEdiblerds.emtlcasaesgetalpleids, $or. exampls soyaheanyoiber rapeseadenils tipirallnt es f or

| i poxygenase_an ri ' . iter
crunb. A fu?‘f”ﬁ*er egl?rgln};ﬁe?ﬁe)elréhxglﬁ %@V"Sﬂg‘é‘ﬁk@gg&‘g‘%ﬁﬁ%’ %lﬁcfég’gﬁ%&?%&gﬁ? i% IS that
endogenous piytalipids3Qt isi gftefisdesiood thaemowdi the @dlayipide diont the vegashlecdil an of
excess fatty acids. ,Thus, the doygh js prevented from becom ng too stiff
andior 1 Ssuliae Pk by igh agalin gl P@agréﬂpr%ﬁﬁ/‘?rm@%n%bgﬁﬁﬁ{ion of
of f - T | avour g,ia&f olten fefoME 6flasHREdRhInk NerHiE §Rhdo¥Rakdei il the RilecRibhipyREDer 2005
WO 02/ 094123 PCT/ 1 B02/ 02792 17 yeast activity can be alleviated or

over come. Aoljibe presant inwention thel adédnaeil.ifercexampls ntvageialdé oilinay Yerdsgemmed nvent i on
Is that sho i 1) 0 Jyd .t h augh | rol ysed.
5 DETAI LED &M&F@ﬂ’m&:{%éﬁ%@éﬁ%ﬁw&%@w tilad %&%ﬂ TO THE
PRESENT | Nved\ht eliblEld refiiygprobay ilagreioeesshe palat liids, aschds fphospbolipddsei n may be
derived froma variety,of . 10 saources, i ncl.udi ants, animals_and

m cr oor 4an B 6 Eras il AeEENE eGP iy APics BERPEL OF AcFAdTIIESy Edby

speci es. ThgewBRky MR Sloshiifidés %8 tohRited By R ISIubNMEFsolFHRBpIARdes Bydani sm t hat

natural ly produces the enzyne or it may be produced r'econbi nantly by
enzymatic catalysed hydrolysis, the water soluble lyso-phosphatides are then separated

=

from the oil by centrifugation. The residual phosphorous content in the enzymatic
degummed oil can be as low as 2 ppm phosphorous,

15
Preferably, the edible oil according to the fourteenth and fifteenth aspects of the
present invention is a vegetable oil.
ADVANTAGES OF THE PRESENT INVENTION

20 '

An advantage of the present invention is that the enzyme of the present invention,
which is active against glycolipids and phospholipids, but which is incapable, or
substantially incapable, of hydrolysing triglycerides and/or 1-monoglycerides, when
used in a dough, produces polyunsaturated fatty acids, because the endogenous wheat
25  pglycolipids and phospholipids contain high levels (>70%) of linoleic acid (C18:2) and
linolenic acid (C18:3). These fatty acids are substrates for lipoxygenase and contribute

to increased gluten strength and a whiter cramb.

A further or alternative advantage of the present invention is that endogenous polar
30 lipids can be modified without the production of excess faity acids. Thus, the dough is
prevented from becoming too stiff and/or resultant bread volume can be increased

and/or the production of off-flavours can be reduced and/or the negative effects on




transform ng an appropriate host cell with a gene coding for the enzyne.
The enzyne can be an enzyne that conprises 'in itsel fo RgtdmiRr S0des for al
of its enzynme activities, 15 but it is also possible to construct hybrid
enzynmes havi the enzyne activities as defined herein by synthesis or by
usi ng reaﬁﬁ%ﬂﬁﬁﬁ% DNA technol ogy. Alternatively, an eﬂ??ﬂ%mﬂﬁﬂ?h does not,
initially at |east, have the specific properties as defined herein can be
‘nodi fied, for exanple by altering the fyhrm>acid sequence 20 thereof, in
order to provide an enzyne having the properties as defined herein and
having the desired substrate specificity. It is known in the art to nodify

enzymes by vEANGRMLLBSBALS b BefoRkdASH o SUGAIER 0l S/ 22015)

and to nodi i pol ytic enzymes b;/3 site-specific nutagenesis | 97/ 04079)
to obtain i Heressat inpentipw risrghat sharteningo il of milkgfeheddad| tp the dovghoisowpt has
been to insgg&ml Qe?ll ete or 25 substitute amno acids within the structural
part of the am Ko acid chain of a li polytic enzyne in question. A suitable
enzynme for nodification is one that can hydrol yse ester bonds. Such

enzynmes Lnc ' h riacyl glycerol |ipase
(E.C. 3.1. 1%&@%%&%2@%&ﬁﬁpﬁcmnogl yceride |ipase
(E.C 3.1.1.23), |I|ysophospholipase, ferulic acid esterase and esterase
(B.C. 3.1.1.1, E.C. 3.1.1.2) and 30 lipolytic acyl hydrol ases (E.C.
3.1.1.26) aRNZYMEEHAGEOBPINGIX) THE PRES MIéN 3.11.52). 9 Novenber
2005 WO 02/ 094123 PCT/ 1B02/ 02792 18 Suitable enzynmes for nodification may

be derived froma variety of sources including plants, animls and
m cr oor gani Theenzgme havisg tha prepeitial aadddinbd hgeih nsyaei degiveddm divagety pyRast

speci es, . Exanpl es of.. suitable,enzynes .for npdi ficatiqn are the Pseudononas
P ee 101 o SOUReS it WhtE, B S FiIGTEGE 6% Mot AU onken N

et al 5 (199gkieAMRhdinER¥st spelMes: TR BdymeDsT iR/ B¥endién Kay bR deRPRURRRACal | genes
(EP O 334 462) = or Pseudonbnas sp. Strain SD 705 (W95/06720, EP 0 72198 1,

WO 96/ 270020rgampsip thagnaiurgtly produges drerpagynyepnit mey be pioiduced ipspmbinapidy by
modi fi cati og, may.b ﬁﬁé{p ohdROLVL | :
l'ipolytic eﬁzymes gfaht%h%rg um ié(gsf gapg’%ﬁgéﬂgncgh%%g& %go%%’er{%? am |y and
fungal cuti cemstesan chiypmdihat cmhpmisésaini itsplf adtive isites! fipt alt o i1 yigme activities,
15 but it is also possible to construct hybrid enzymes having the enzyme activities as
defined herein by synthesis or by using recombinant DNA technelogy.

Alternatively, an enzyme which does not, initially at least, have the specific properties
as defined herein can be modified, for example by altering the amino acid sequence

20  thereof, in order fo provide an enzyme having the properties as defined herein and
having the desired substrate specificity. It is known in the art to modify enzymes by
random mutagenesis (US 4,814,331, WO 93/01285 and WO 95/22615) and to modify
lipolytic enzymes by site-specific mutagenesis (WO 97/04079) to obtain improved
performance thereof.  The generally used concept has been to insert, delete or

25  substitute amino acids within the structural part of the amino acid chain of a lipolytic
enzyme in question, A suitable enzyme for modification is one that can hydrolyse ester
bonds. Such enzymes include, for example, lipases, such as triacylglycerol lipase
(E.C. 3.1.1.3), lipoprotein lipase (E.C. 3.1.1.34), monoglyceride lipase (E.C. 3.1.1.23),
lysophospholipase, ferulic acid esterase and esterase (E.C. 3.1.1.1, E.C. 3,1.1.2) and

30 lipolytic acyl hydrolases (E.C. 3.1.1.26) and phosphatidylinositol deacylase (E.C.
3.1.1.52).




10 consists of the lipase fromH. |anuginosa strain DSM 4109 and |i pases
having nore than 50% honology with this |ipase. The lgpasgbler 2005H

| anugi nosa (synonym Thennonyces | anugi nosus) is described in EP O 258 068
and EP 05’9??% 216, and has the am no acid sequence shown in (%ositions 1- 269
of SEQ | 9928t US 5, 869, 438. 15 Wthers- Martinez HCTAPYY®R{% ct ure 1996,
4:1363-1374) studied a guinea pig pancreatic |ipase-related protein 2

(GPLRP2) which has activity on gal act qlsi pi.ds and phospholipids and reduced

activity on triglyceride. The crystal "structure of this enzyne is shown
and conpared with a human pancreas |ipase (HPL) with only activity on
triglyceri dguiBe edzfhds oY hbdifidhtian inaf be HePREFroneh MiRel dfrseitésinaudifd’ RP2)
consisting 20 of the catalytic domain_of GPLRP2 and the C.termninal domain
of HPL ( GPrlems,/ agimyls amhanigroergrisnapisrahoasHpcteriak andcifongal tspecigg dpoiuding
phosphol i pi .. ga eIl ' f d I LY on
triglycerid édzsatggﬁg%?r%airae p\?\%st(ﬁ S"?i?]ag lé)%h%%ﬁér%%}%ﬂ %g o‘gsr‘fg%o\gﬁ%m (PLAL)
was anal yzelpdhex faoegamplestom ANcepreis (USVER200,684), &t ghinaé ErenlehuN er 8096 Nov

L 15; 4(11): “74) studied th ed 25 above t tive site of
‘the gl(Ji néa é%g%p‘gﬁ’éré%% éﬁF”Pé‘agég ﬁg?fﬁjé‘?ﬁi?%as@ “Ig‘,' ! V{'ﬁHﬁﬁ 0;@#1:%2&8 : c
| i pase and Q&L BE ; f rmn}ys | HPQYTY Fwongk/z00z BP9 On
be'ltovveen I ooarj?gnf |gg%%??§ﬁm§|r§g 7;0& | Vi tg/%'?%wt ri glz?l?egrli de arlld hosphol i pi ds.
05

I n GPLRP2 t REX 910y Aleraativelyssuitable enrgmenios modificatiqnapaycberfer eipmpledwegabnl v t he
(3 9 loop | Rggﬁ % andy: d fﬂé&] : Q%g,'ig, fiace around
the active g{g%lgét&i g sg’r \E/‘]&eLg &?'H?@%n%f xpﬁga{nﬁ%tﬁhgy‘?lgecg@ge ct%il.l"{/ittﬁf/ on
triglyceri dgyghycRisiadilpac fuGE REMapRL The iharieds familyrf lipglytibueyies 2005 WO
02/ 094123 PCT/1B02/02792 19 Merely.by wa |l e,..a vari.ant |ipase with
no acti i&t y OISt dhe Yease %‘8@% m&é”o\é%ﬁ?%‘}? ﬁ@ﬁ ggdgs)ﬂ‘glslfﬂafeﬁ Pohe Bt peci fi ¢
anm no aci dsthah 50% HoLWPy Wit €3¢ Apidel ThéilmaseOfrom H il@ﬂ@ﬁzossz’an' e the

| i pase from Aspergill us tubingensis acid 5 seguence as

which h h
Shown i n' SLEhBoNERes raainons) § deribed 1 15,9 dSLAGH Pt BhD JBaBi Bt en No. . o
977 869, anﬂlg\eamcfomcﬁsgs&ﬁe&%wga eﬁd@ﬁoﬁ@ﬁb@&f%ﬂgm@ﬁ@g@% rb,mm) SEQ ID

No. 4, nmay altered™to provi such a vari l'i pas use in
accordance with the present invention.

15  Withers-Martinez et al (Structure 1996, 4:1363-1374) studied a guinea pig pancreatic
lipase-related protein 2 (GPLRP2) which has activity on galactolipids and
phospholipids and reduced activity on triglyceride. The crystal structure of this

enzyme is shown and compared with a human pancreas lipase (HPL) with only activity

on triglyceride and a chimetic mutant of lipase-related protein 2 (GPLRP2) consisting

20 of the catalytic domain of GPLRP2 and the C-terminal. domain of HPL
(GPLRP2/HPL). The mutant GPLRP2/HPL has activity against phospholipids and
galactolipids, but with further reduced activity on triglycetide as compared with the
GPLRP2 enzyme. Also horet venom (PLA1) was analyzed for comparison. Withers-
Martinez et al (Structure 1996 Nov 15; 4(11): 1363-74) studied the loops located

25  above the active site of the guinea pig pancreatic lipase-related protein 2, human
* pancreatic lipase and a phospholipase Al from hornet venom and found a relation

- between loop configuration and activity to triglyceride and phospholipids.

In GPLRP2 the lid domain is reduced in size compared to HPL, and only the B 9 loop

30 is conserved and therefore a less hydrophobic surface around the active site is
observed. This may explain the reduced activity on friglyceride of GPLRP2 and
GPLRP2/HPL compared to HPL.




10 The catalytic triad of SEQID No. 3 is Serine 173 (Serl173), Aspartic
acid 228 (Asp228) and H stidine 285 (H s285). Suit ablgmoRpgheppogor e of
these ami no acids of the catalytic triad may be substituted to change the
hydrophi | ic properties of the catalytic triad. 15 One or nore of the

fol | owi név%?#"ﬁ‘gl cids in or around the catalytic site TSTEESPH No. 3 may
be substituted to change the hydrophilic properties around the active site: |
PhelO7 - Phel23; Glyl71 - Qyl175; Tyr498 - 11e203; Thr224 - Gly239; Ser270
- Leu297. 20 For exanple, the procedure for nutating a "parent” lipase to
provide a variant |lipase wth altered substrate activity in accordance
with the present invention may include the follow ng steps. A Expression
Vect or Construcfti on 25 A vector, for exanple pYEL, nay be constructed by
repl aci ng t Mershnbiwahrlexamplept wriant lipgsq with pe eqhivity an exeheglycetids &y b onot er
ADHH, and a ki : = b erqil | us
LDl Gent si o Rane o ARRFipE of SEEER il ) B o, LhARCHRE Ve

r ecombi nat i Bpest.nF@ exemple dhedlipase frdth gepreegilits wbhiogensis wdfichahas dk pméwsdodh vect or
30 derived frompYES2 B. t agenesi.s. Error, Pr .P P-PCR) 9
Noverber > 20080 G Pu5 n SEORETIA BB 0586 nHunbpéel batchFiGidah o
........... 0 977 869, and which is enceded by the nucleotZd? s &Rhowh AYER@IDNJ. 4prari es
may then be created, for exanple, usipg two EP- PCR procedures; GeneMor phTM
PCR Mit agen®Y E@ plieredstgroyidecyush # yananblpaseies dshin apperdenss dth dhagresent

hencef orwar gyvkgibhgrred to as Genenorph and Diveresify, respectively.

Mut ati on frequency may be optim sed in order to obtain 1-2 amno acid
substitutions per |ipase gene, for exanple per LipA gene. Optimn sation of

mut at i o fr . r by var yi-Ag.d it anount.s tenpl ate
ona (- 0185 T8 El¥ed B RESBOTIS NI R B TRl e B A
(élgng(agt rati O!rdJ;§2Z$D %Hﬂbﬁdifl_@-z_ﬁﬂ(}ﬁplﬂg).. %:gtablydoﬁbcﬂiﬁnéré(bf ihege Mind Beilk wrsify

) Pr Ocﬁe uc;&yﬁc tﬁa(i) Frjnagrrges seu(lj')stlFfut:ag) to change the hydrdphﬂic properties of the

catalytic triad.

15 One or more of the following amino acids in or around the catalytic site of SEQ ID
No. 3 may be substituted to change the hydrophilic properties around the active site:
Phel07 - Phel23; Glyl71 - Gly175; Tyr198 - 11e203; Thr224 — Gly239; Ser270 —
Leu297.

20 For example, the procedure for mutating a “parent” lipase to provide a variant lipase
~ with altered substrate activity in accordance with the present invention may include

the following steps.

A. Expression Vector Construction
25
A vector, for example pYEL, may be constructed by replacing the inducible promoter,
Gall,, with the constitutive promoter, ADH,, and a lipase gene (for example the lipase
gene from Aspergillus tubigenisis as taught in EP 0 977 869) may be incorporated by
in vivo recombination in S, cerevisize. Figure 11 shows such an expression vector
30  derived from pYES2 '

B. Random mutagenesis by Error Prone PCR (EP-PCR)




procedures may contain contain: 0.65 ng DNA tenplate, 2.5 U Miutazyne DNA
Pol ymerase, 125 ng of each prinmer, 1xMitazyne reacti o) Neddnsfer angs 200 pM
dNTP m x in the Genenorph EP-PCR procedure. In Diversify EP-PCR procedure
| ng DNA_tenplate, 2 U Titaniuml' M Tag DNA Pol ynerase, 10 pM of each
primer, 3QUHRFE Nyoi2, 480 . M ViS04 200 gM dNTP mi x BESHIB¥PZRRAGTP wer e
applied. Both EP- PCR procedures were executed in a total volune of 50 L.
“Prinmers designed for both EP-PCR pr003§ures are shown in the table bel ow
The prinmer JOM additionally introduCes three A s (underscored) upstream
of the start 20 codon. PrinmerNucl eotide sequenceTm Priner site [bp] CSC|
JOML5' CAAGCTATACCAAGCATAT77. 6380-398SEQ | D No. 5 CAATCAACTCCAAAATGTIT( ADHp) 4
CTCTGGACGGTTTG3' 1-20 (LipA) JOW 5' CAAACCTCTGGCGAAGAA 69. 3 400->428 SEQ ID
No. 6 GrCCRvsconagagensaH-ibryries may G be czaed foeemple agipg kP8R / 02792 21

condi t1 one: s CREMAT P CRMMARLAINR LR I CHIBLED" PER Midddal 0 ) OIL00
by 30 cycl kmtapénesid Kitf nmcdOrwaabefisd «biGdnamorph andDivantsify nebpatiCelfor 2

mnutes..Finally an additional extension of 10 m nutes at 72C was appli ed.
Di versi fy PCR Random Mutagenesis Kit: 94C for 30 seconds, followed by 25

cycles of Oishien BAGRAESe ottt sd@Bf of R tolotRiA W Ramite adid 3AFRAKRY | On and

Expression 10 Transtormed and ‘conpetent cells may be prepared by a
nodi fi cat i oberdipasergsne, foronanple pat Lo gspo Ontimisstierealomitgien equerty PVES?

protocol (G 39l by 8aRufe initial amounts of template DNA (~0.65-40 ng) in
Genemorph EP-PCR procedure and by varying concentrations of MnSOy (0-640 pM)
~-10---and-dGTP-(40-120 pM) in Diversify EP-PCR procedure. The optimised EP-PCR
procedures may contain contain: 0.65 ng DNA template, 2.5 U Mutazyme DNA

Polymerase, 125 ng of each primer, 1xMutazyme reaction buffer and 200 pM dNTP

mix in the Genemorph EP-PCR procedure. In Diversify EP-PCR procedure 1 ng DNA

template, 2 U Titanium™ Tag DNA. Polymerase, 10 pM of each primer, 3.5 mM

15 MgCl, 480 pM MnSO;4 200 pM dNTP mix and 40 pM dGTP were applied. Both EP-

PCR procedureé were executed in a total volume of 50 pL.

Primers designed for both EP-PCR procedures are shown in the table below. The
primer JOM1 additionally introduces three A’s (underscored) upstream of the start

20  codon.
Primer Nucleotide sequence Tn Primer site [bp]
[°C]

JOM1 5'CAAGCTATACCAAGCATA 776  380-398 SEQID No. 5
CAATCAACTCCAAAATGTT (ADHR)~>
CTCTGGACGGTTTG3' 120 (Lip4)

JOM2 S'CAAACCTCTGGCGAAGAA 693  400->428 SEQ ID No. 6

GTCCAAAGCTG3' (ADH3")




I nvitrogen, CA, USA), for exanple. A single colony of Saccharonyces
cerevisiae CEN. PKI13-5D may be inoculated in 20 nL YRDNgWGhik: ongs over ni ght
at 30C with shaking at 200 RPM The overnight culture may be diluted with
YPD to an_ OD600 of 15 0.2-0.3 and incubated for an additional three hours
at 30C andO3¥H*BAM cCells nmay be harvested by centri fRgEBI¥R™ 4750 g and
20C for 5 mnutes. The pellet may be washed by resuspension in 1 nL

~AXTri seDTA (1xTE), pH 8.0, and centri rged for 5 mnutes at 10000 g. Cells |

wer e made conpetent by adding 0.5 niL IXTE and 100 nM Lithium Acetate,
pH 7.5. 20 Transformation may be performed by gently mxing 100 g DNA with

50 L conp . i ﬁﬁmﬁﬁ! p Carrier
DNA and SO?ISfERo %ilgg W@ﬁahiﬁg{ é/ﬁé’g‘% at e, &%é/lgelg%fle% i/el}lgﬁig{ g%{é'g{g 3350 and

1XTE. The nionditions; GeneMdrph T RGTOMingemssis BRCO4GC for 3hsecomly, fatlow@ily 39PM f or 30
m nutes foll owed by 25 incubation at _42C for moutes. Afterwards cells
may be trarf'éff’lé‘??feot% ¢ &1 0gse s,t‘igé}g%r B%?qcé?éémﬁz Elfgbéﬂﬁmﬁﬁrﬁ@algg@onds. The
pel |l et may bai: [ : N | .0e -ed . Idhes at 30C
and 200 Rphﬁagﬁbﬁlsé%%%sl?‘gﬁf\}@lnﬂ’?r‘géso?\{p%g%v@gﬁé&?}ﬁéﬁg?m elgiltiogﬂpqdat es

cont ai nilhg MGiagsnasiakil: H4rOUfbaB@skchals, Bllokaybbvls Sles of 4dhft 00 sabhdn i nto
conpet ent Sacchoarorrgce.s cerevisiae cells was furthernore 30 utilised for

cl oni ng puraﬁé§§§f?§' HYO¥e vi vo recombi nation, in which 100 ng of the |ipase
9 Novenber 2005 WD 02/094123 PCT/1B02/02792 22 (for exanple LipA) or
variants thereof may be co-transfornmed with 50 ng of BanH |inearised
PYEA. D. DNA Tmosfatmation SndEqsession DNA from Escherichia col! may be isol ated

by al kaline lysis using Hgh Pure Plasmd Isolation Kit. Plasm d DNA from
Saccharonyces cerevisiae may be isolated as follows: cells may be pelleted

by centxg funﬁssmﬁe@tanalg&%%ténprceﬁé Hayngé eﬁr%ﬁ?éh 9- & UndRsHEdn i 6F thenl STET 10
and 1.5 nL gl ass beads (425-600 mcrons). Additionally a volume of 1 nL
STET was deraeiarmation tiecedug tdepcaibeddn ithechB¥% arasacol (Baalppmos ViRidles. The

~solution may,tHeR B USA), for example. A single colony of Saccharomyces cevevisiae
CEN.PK113-5D may be inoculated in 20 mL YPD and grown overnight at 30°C with
shaking at 200 RPM. The overnight culture may be diluted with YPD to an ODggg of
15  0.2-0.3 and incubated for an additional three hours at 30°C and 200 RPM. Cells may
be harvested by centrifugation at 4750 g and 20°C for 5 minutes. The pellet may be
washed by resuspension in 1 mL 1xTrisEDTA (1xTE), pH 8.0, and centrifuged for 5
minutes at 10000 g. Cells were made competent by adding 0.5 mL of 1xTE and 100
mM Lithium Acetate, pH 7.5.
20
Transformation may be performed by gently mixing 100 pg DNA with 50 pL
competent Saccharomyces cerevi&iae cells, 5 pl. Yeastmaker Carrier DNA. and 300 pL
of 100 mM Lithium Acetate, 40% Polethylene glycol 3350 and 1xTE. The mixturemay
be incubated at 30°C with shaking at 1000 RPM for 30 minutes followed by
25  incubation at 42°C for 15 minutes. Afterwards cells may be transferred to ice and then
pelleted at 11300 g for 5 seconds. The pellet may be resuspended in 1 mL YPD and
incubated for 45 minutes at 30°C and 200 RPM. A suspension volume of 150 pL, was
transferred to plates contaiming SC-ura and incubated for 3 days at 30°C.
Transformation into competent Saccharomyces cerevisiae cells was furthermore

30 utilised for cloning purposes using in vivo recombination, in which 100 ng of the lipase




centrifuged for 15 mnutes at 6500 g and supernatant may be transferred to
an eppendorf tube, which was centrifuged for an addi tgdQpambkp200snut es at
27000 g. DNA nmay be extracted and purified fromthe supernatant using
Qagen-tip 20 fromPlasmd 15 Muni Purification Kit. E. DNA Sequenci ng

Li pase (OF9%R4%DI e LipA) variants may be sequenced adédfB¥#37%o the

di deoxy chain 20. term nator procedure [Sanger et at., 1977]. Plasm d DNA
for sequencing may be prepared using a?%(mdi fication of Plasmd Mni '
Purification Kit. Hereby a standard alkaline |ysis may be perforned
instead of using Q agen-tip 20 a. Wen using PCR anplified DNA for

sequenci ng, T(faNexamﬂe o0l of otida (MirddFrmly be EiRnEToRRSd %Som%rdffﬂaﬁﬂﬂl on
System 25 The seguencing reaction nmay be perfornmed using ABI Prisn(r)

Bi gDyeTM TedipfaiisebP¥EAv3. 0 Cycl e Sequencing Kit (Danisco Biotechnol ogy) or
ABlI Prisnmm dRhodam ne Term nator Cycle Sequenci ng Ready Reaction Kit (AAU)
with DNA tenplate _and, priner concentrations of 500 ng and 3.2 pnol,
respectivel y- ENa I ncing reactions 30 may be carried out using a
~progranmabl e thermal cycler with follow ng conditions: 25 9 Novenber 2005
WO 02/ 094123 PCT/1B02/ 02792 23 cycles of 96C for_30 seconds, 50C for 15
seconds and PlaseidINALrom Hephardchia ealimay kedsoleiad by albamedyssousmedlighuse

performed byig Ludyegi pitation and the pellet may be resuspended in 12
pL H DI formam de (Danisco Bi otechnol ogy) or 12 pL tenplate suppression
‘reagent (AAU) and may be transferred to a CGenetic Anal yser 5 sanple tube

W th septa. z5a ran on an ABT Prism(r). 3100 neti ¢ Anal yser
(Dani sco. b1 SRR BRATHm AcdiBionfPesheriias iy Bh g ired A S50 SRy

Sui tabl e  pik pellefed MY ceteifigativh HY160 pRdF | RitindidsPAd fd-suspen@eEinti eall STEThe tabl e
bel ow. These priners anneal interpally in Lip A PrinmerNucleotide

sequencefr i Adf 1 Smleglpieadh ((25-6Wanmnsictddtmaty eactmreddacS 3ET 36 326
(Li pA) 68. 2 a4ded and the mixture was incubated at 100°C for 5 minutes. The solution may then be

centrifuged for 15 minutes at 6500 g and superpatant may be transferred to an
eppendorf tube, which was centrifuged for an additional 15 minutes at 27000 g. DNA
- may be extracted and purified from the supernatant using Qiagen-tip 20 fiom Plasmid

15 Mini Purification Kit.

E. DNA Sequencing

Lipase (for example Lip4) variants may be sequenced according to the dideoxy chain
20 terminator procedure [Sanger eg‘ al., 1977]. Plasmid DNA for sequencing may be
prepared uéing a modification 6f Plasmid Mini Purification Kit. Hereby a standard
alkaline lysis may be performed instead of using Qiagen-tip 20 a. When using PCR
amplified DNA for sequencing, DNA was isolated by Wizard® PCR Preps DNA
purification System.
25
The sequencing reaction may be performed vsing ABI Prism® BigDye™ Terminators
v3.0 Cycle Sequencing Kit (Danisco Biotechnology) or ABI Prism™ dRhodamine
Terminator Cycle Sequencing Ready Reaction Kit (AAU) with DNA template and
primer concentrations of 500 ng and 3.2 pmol, respectively. The sequencing reactions

30 may be carried out using a programmable thermal ¢ycler with following conditions: 25




(SEQIDNo 7) . 5 GOCGGTGCAGAGGTCGTCG 3' 399-381 (Li pA) JOVA(SEQ I D No
58.1 8) . JOWb5' CCTCGAATCGGAAACTATGCCC 3' 601-622 ( Liopdyvamber 4&sQ | D No.
9) JOML35' TGTCACGGCGICGGATATCG 3" 768787 (LipA) 78 (SEQ ID No. 10) JOwvi4s!
CTCATCCAACGIGGAAGTCG 3" 108-89 (LipA) 77 (SEQ ID No. 11) 10 F. Screening for
Li pase (SYRP#BfY31ipase 3) Vvariants: Al tered Substrat BRIty 15

- Variants displaying DEA@G and phosphol i pase activity, but no triglyceride

‘activity may be identified using, for,gxanple, a prelimnary high
t hroughput plate screen followed by a quantitative screen, in which the
enhancenment is verified and quantified. 9 Novenber 2005 WD 02/094123

PCT/ | B02/ 023902 066 1P SGAds0-810 Rldsé id g 85 aniiBgi@yed Variants A

singl e colony of selected variants may be Inoculated in 50 nL of SCura
medi um and Purificatiar etPGR pre0@tsunaly BSperfopmed yrethanol miepipitation amskthevpélieh 25 nl

TRy e 5 L Sel 20 [ B TE AL Ahe) BENDRE S O 15 T on2l 1Y
template suppression reagent (AAU) and may be transferred to a Genetic Analyser
5  sample tube with septa. Samples may be ran on an ABI Prism® 3100 Genetic Analyser
(Danisco Biotechnology) or ABI Prism® 310 Genetic Analyser (AAU). Suitable

primers for sequencing a variant LipA are presented in the table below. These primers

anneal internally in Lip 4.
Primer Nucleotide sequence Primer site [bp] Tn
I°Cl

JOM3 5§ GCTCGTGGTCGCCTTCCGGGG 3' 306-326 (LipA) 68.2
(SEQID No. 7) ,

JOM4 5" GCCGGTGCAGAGGTCGTCG 3' 399-381 (Lipd)  58.1
(SEQ ID No. 8)

JOM5 5 CCTCGAATCGGAAACTATGCGC3' 601-622 (Lipd)  61.6
(SEQ ID No. 9)

JOMI13 5 TGTCACGGCGICGGATATCGY  768-787 (Lipd) 78

| (SEQ ID Ne. 10)

JOM14 5 CTCATCCAACGTGGAAGTCG3'  108-89 (Lipd) 77
(SEQ ID No. 11)

10

F. Screening for Lipase (suitably lipase 3) Variants: Altered Substrate Specificity

15 Variants displaying DGDG and phospholipase activity, but no triglyceride activity
may be identified using, for example, a preliminary high throughput plate screen
followed by a quantitative screen, in which the enhancement is verified and quantified.




and 200 rpm The |ipase produced nmay be separated fromthe culture by
centrifugation for 15 mn. The supernatant may be st anesieather AGS until
further use. Hydrophobic Interaction Chronmatography 10 A vol une of 250 nL
supernatant may be equilibrated with (NH4)2SO4 to obtain a final .
concentré‘(?%“%‘fz?’ 1.0 M (NH4) 2SO4. The suspension was iHGT882¥3™Bnt 0 a

SOURCE15PHE col uim cont ai ni ng phenyl hydrophobic |igands coupled to a 15 m

- nonodi spersed rigid polystyrene/diviny)Jjenzene matri x. The colum may be
packed to a final bed volune of 5.1 . Elution may be perfornmed with 20
mM NaAc buffer 15 pH 5.5 and a |inear decreasing gradient of 1.0 M- 0 M

(NH4) 2SS4 aG, PrédilcBoindPurifibdtioh afinqum;éavﬂjiantsl dentification of fractions
containing lipase (for exanple lipase 3) and variants thereof inaccordance

with the present invention rmay be perfornmed by applying 15 pL of each 20
fraction into, of Wl ) b ;4 iﬁ)m%creen for
phopshol i paéﬂkeS J(::%: ?‘8?’?9{3"65&5? g??‘gcaﬁ%%g)gbgc °?@?t%§maﬁ°dﬁ’¥"r?¢f§f%‘gr§?é e hyrol yses.
Desal ting Senhd dicabatéd at 30%Whandra@§0 bhpmdfes aivd edhysisafteg Wiiehl Q5 dek ahdy bg col umms
containing a 25 Sephadex G 25 nmatrix ,packe(cli to a final bed volupme of 8.3

nL. The éol Gawsisred 0% mb R mednpnnddngbeted Ky adtlitiopallydwerdays $1304 3, after

which a sa OOQ!: : ' ' eperf or med by
appl yi ng SNE'JM?L 0 ngghﬁﬂa‘%é%o%% ieé\fra?b%%%{a%gﬁ %%%b@x&ém%%&%%%t ogr aphy
30 9 Novenbéor 13660, ThO st 23y RCGTorkBot2] FTAGEI Rith&Galsect ed fracti ons may be
injected onto a SOURCE15Q col umm contai ni ng quaternary anmmoni um | i gands

coupled to 5 . nodi spersed rigid polystyrene/divinyl benzene matri x.
The col um %ﬂémBgo %@%é%g?%ia&owtﬁgﬁap%éd volume of 5.1 nL. Elution may be
performed with 20 nmM TEA buffer pH 7.3 and a |linear increasing gradient of
OM-1 M a rate of i.n_f.or o) . r erdsation of
| mpr ovegig Vaﬁl\%%“%e b R0 @ s‘:ﬁpgmat%lt %We eqlLﬂbrai%&) with V(‘Nm'is&'l%‘ oBGInS firif
* concentration of 1.0 M (NHy);SOs The suspension was injected onfo a
SOURCE15PHE column containing phenyl hydrophobic ligands coupled to a 15 pm
monodispersed rigid polystyrene/divinylbenzene matrix. The column may be packed
1o a final bed volume of 5.1 mL. Elution may be performed with 20 mM NaAc buffer
15 pH 5.5 and a linear decreasing gradient of 1.0 M — 0 M (NH4);SO;4 at a rate of 5

mL/min for 20 min.

Tdentification of fractions containing lipase (for example lipase 3) and variants thereof

inaccordance with the present invention may be performed by appljing 15 pL of each
20  fraction into wells on a plate containing suitable substrates to screen for phopsholipase
| activity, galactolipase activity and triglyceride hyrolyses.

Desalting

Selected fractions may be desalted using PD-10 desalting columns containing a

25  Sephadex G-25 matrix packed to a final bed volume of 8.3 mL. The column may be
pre-equilibrated with 20 mM TEA buffer pH 7.3, after which a sample volume of 2.5
ml, was applied. Elution may be performed by applying 3.5 mL of 20 mM TEA buffer
pH 7.3,

Anion Exchange Chromatography
30




SDS- PAGE/ Native gel 10 Proteins may be separated according to size by

SDS- PAGE using I xrunning buffer, a 12% separating gelg anadnth siggcki ng gel
prepared according to Laemmi (1970). Equival ent anmounts of sanple and SDS
sampl e buffer, containing 2-mercaptoethanol, may be incubated at 95C for 5
mn. As SYGJft a'~‘ a | ow range nol ecul ar wei ght marker PSTHBROZMA| oyed
containing 0.64 gg Phosphorylase b, 0.83 pg Bovine serumal bumn, 1.47 gg
- Oval bunin, 0.83 gg Carbonic anhydrase, 0.88 jig Soybean trypsin inhibitor
and 1.21 gg a-lactalbumn. Protein bafds were visualised usi ng Coommasi ee
&50 Stain. 20 For Nati ve PAGE Protei ns may be separated according to

mobi lity bygd R#Ip tahﬁﬂéatﬁﬁérdﬁﬂal h only
activity agaﬁgd\fg‘gﬁact Pi p| dzﬂjt@ﬁosglﬁﬁol I pl 3’9 ave not eviously 25
been used famméminng lighixsse a)ygderls ob | igpasks anm ranmio;hspmedl omegill i n the
literature. However os AR et al FEBS ett 2001 r.2;. 491(3):
188-92) i sobkxsbaens/divinydpepzens pitd. e el pag %@%ﬁk@%ﬂp@%i ch was
expressed i 5 BACHEIRn Hey 65k RMhed M%O%EMYIE& shawadl prefe el | y

gal actol i pid acyl hydrol ase aCtIVIté and some phospholipid activity but no

activitys orﬂnGrpasmgﬁgilWefQ)Mﬂﬂ%N ﬁéﬁ?Ofm&/@meOamnd 30 sequence of
this enzyme is shown in SEQ 1D No. 1 and the nucleotide sequence 9 Novenber
2005 WD 021094123 PCT/ 1 BQ2/ 02792 26 encodl ng this enzynme is shown in SEQ ID
No. 2. Thesd EhuaderisetiomofimproyedVerianiserent from normal |ipases (EC.
3.1.1.3) and the termlipolytic acyl hydrolase (LAH) (E.C. 3.1.1.26) is
usually applied to these enzynes, which enzynes have only been described
in the plant_kingdom  The gal actolipid acyl hydrol ase described in Matos et
5al is swﬁ%?é%ﬁéﬂaq)@ée]i n accordance with the present invention. The
enzyme according to the present invention may be either a |lipase (E. C
3.1.1.3) or a lipolytic acyl hydrolase (E.C. 3.1.1.26), as long as it

possessHp H6teib ety UeteparRédR6HIng %o sizdby SDS-PAGE using lxrunning buffer, a
12% separating gel and 4% stacking gel prepared according to Laemmli (1970).

Equivalent amounts of sample and SDS sample buffer, containing 2-mercaptoethanol,
may be incubated at 95°C for 5 min. As standard a low range molecular weight marker

15 was employed containing 0.64 pg Phosphorylase b, 0.83 pg Bovine serum albumin,
1.47 pg Ovalbumin, 0.83 pg Carbonic anhydrase, 0.88 pg Soybean trypsin inhibitor
and 1.21 pg o-lactalbumin, Protein bands were visualised using Coommasie® GﬁSO
Stain.

20  For Native PAGE:Proteins may be separated according to mobility by native PAGE, in
which no SDS was applied. '

Lipases with only activity against galactolipids and phospholipids have not previously
25  been used for baking. These types of lipases are rarely mentioned in the literature.
However, Matos A.R. et al (FEBS Lett 2001 Mar 2; 491(3): 188-92) isolated a 43 KDa
protein from drought-stressed cowpea which was expressed in a baculovirus system,
This enzyme showed preferentially galactolipid acyl hydrolase activity and some
phospholipid activity but no activity on triacylglycerol (triglyceride). The amino acid
30 sequence of this enzyme is shown in SEQ ID No. 1 and the nucleotide sequence




Sahsah et al (Biochem Bi ophys Acta 1994 Nov 17;1215(1-2):66-73) isolated a
i polytic acyl hydrol ase from sol ubl e cowpea | eaf extraghvenltte 20y5irol ytic
activity of this enzynme on different substrates showed the foll ow ng
relative activity

di gal act J¥QPHPI2ycer i de>nonogal act osyl di gl yceri de>phosg§HaBIA#2T%hol i ne>phosp
hatidy 15 Iglycerol. The enzynme had no activity on triacyl gl ycerol
~(triglyceride). The enzynme taught in %%hsah et al is suitable for use in
accordance with the present inventi on.2% sul livan et al (J. Plant Physiol.
Vol . 131, pp 393-404 1987) disclosed a nenbrane- bound gal actol i pase

associ ated w th. A %8!{2 Wﬂ? es. Eiﬁﬂgm ve
illustrate }éilléﬁglsngg%gr | pé?%/i{oi c ag%/?hgﬁr‘ %’I gﬁgsg%iae% HP%C Vi t;aff(f)e?]&?
-phosphol i pi demamamghbligas¢so{EICPBAd. A land éhe taint lpalgic auybhydroibdey(LAR) €E.Cexi st i n
t he nature be used .in accordance wth, fhe present invention. In
addi £ on or a2 velt et B hEien e archukhih PR CE e PK R vi ¢y
agai nst phogeRabédindite g kiBtiam! Thd -ﬂ&&ﬁp@a@%&d@aﬁ%ﬂcﬁb&dﬁn RSPt
triglycerides, and/or 1 -nonoglycerides exist. As nentioned above,

W t her s- far ¢f ia spitgbltforese i eccardgwe wish fipguesetanyeniolowed that a gui nea pig
| i pase-rel ated protein 2 (GPLRP 2) had activity on phospholipids and

gal actol i pids and reduced activity on triglyceride. It is also indicated
t hat the 30Thyeraypisiabeordinhy toethopmastnt ineention mag bs ieitier edipase (B.Cr Bll.1tNeracti vity

on triglyceride, This n I sibility aQf substitutions of am no.
oci ds In”or sraiiEnah Bt B A uat o Bt eRseRe BE-e0Er 02/ 054193
PCT/ 1 BO2/ 02 gfdgertiés. further reduce the triglyceride activity by changing the

hydrophi |l i c properties around the active site. It is well known that the
activi t>100f | i pases can be altered by changing specific amno acids in the

enzyme. COr diBlerl @lonthPhilyESad 9384 368y 916840 244800 Ryusys 1t od

tyrosine wt e nore po rtic aci tarn a’‘reduced activity
on | ong chipolyticasdy) hpdrolise fr@aroluele eowpeadeaf] Bitracth®he bydrolyticO&Tivitanf 7 36( 1) :
239-48) renpved the lid af.a human . 10 .pancreatiC. |i.pase |.n order to
ol i minate i Fiorouane o AR, GHOHAS + HONGC Fiky TPl Jelelive, Slvy,i oy
t ﬁwar dht r i gligslaéibs@tiglvedsidarmdmtl stdshiighRetidePhosphdtilyRhdlins fhogdhsdy eport s
t hat the

15 lglycerol. The enzyme had no activity on triacylglycerol (triglyceride). The enzyme

taught in Sahsah et gl is suitable for use in accordance with the present invention.

O’Sullivan ef &f (J. Plant Physiol. Vol. 131, pp 393-404 1987) disclosed a membrane-
bound galactolipase associated with thylakoids of wheat leaves.

20
As the examples above illusirate lipases or lipolytic acyl hydrolases with activity on
phospholipids and galactolipids alone, although apparently rare, exist in the nature and
may be used in accordance with the present invention. In addition or alternatively
other means of making a lipase with activity against phospholipids and galactolipids

25  but no activity against triglycerides and/or 1-monoglycerides exist.

As mentioned above, Withers-Martinez (Structure 1996, 4:1363-1374) showed that a
guinea pig lipase-related protein 2 (GPLRP 2) had activity on phospholipids and
galactolipids and reduced activity on triglyceride. It is also indicated that the
30  hydrophilicity around the active site can control the activity on triglyceride. This opens

up the possibility of substitutions of amino acids in or near the active site which would




C-termnal of a human pancreatic lipase is inportant for the interfacial
stability. A preferred |ipase for baking with activitywRQevdimsphes | pi ds and
galactolipids but with 15 no activity on triglyceride can al so be obtai ned
by nodifying the pH optimumfor the triglyceride activity. Under nornal
condi ti orYSO P93 3 dough is in the range of 4.5-6.5. RGAIRGOII92HouU.

(Journal of Industrial M crobiology, 13 (1994) 242-248) screened a nunber
of different Iipases and found a nunbe i | i pases having triglyceride
activity at pH 7.5 but no activity at 7H 5.5. 20 By selecting a |ipase
with no activity at say pH 5.5 and rmdlfyl ng the area around the actlve

site by sit | o

hydrophi I i C%Eglre{)%g{rl dﬂelslino%l?c(éﬁgé %ﬁ?’# ngﬂﬁgﬁggﬁt?ﬁh?@hﬁ vée} gehie@ m)di fying
the Iid by shetaetieiditected or | ocalised random nut agenesis, it i s possi bl e
to obtain a lipase with activity on 25 phospholipids and gal actol i pids and
with the remaining triglyceride activity being active at a pH 7.5 or

above, but \NIEmen%@&ﬁth\étwaaﬁmyldfﬁpa‘?se@éanhﬁla%ed% %Har%ﬁlgﬁgecﬁli‘éﬁnﬁe Li pases
can have different types of specificity (Inform 640- 650). The

fatty acyl ﬂﬁiétlnfth%ﬁwﬁmc@dllelebds@ Lipid|Ren kP8 Sap 6?:{93ci758r67l ﬁ@sw}lﬁ@@ of fatty
d d 0 { tt
Sot ds " it cmosiitow T oRARAa Rpkd G M RPlalie o SUURIAHAS Gflon Y

acid is a smhzﬁmfaa:’graciﬂmr endogenous or added |ipoxygenase. Preferably, the
enzyme according to the present invention preferentially 9 Novenber 2005
WO 02/ 094123 PCT/ 1B02/ 02792 . . . . 28

hydrol yses \Rgatd!sal eBidcRdrhivr? 0999 Jan FW6(BPL3S-48)rehbredBE HOdf @fhupkepari ng or

developlng an enzyme according to the resent invention the insertion,
del et i of0or pansesstis lipasp dmorden toshineiednterincisl agdyation pad found fheditvipeeifie enzyne,

T the 11 pi GG SR B EAES Wg@?f%lﬁ%@ﬂi%ﬁ&édn%%e@@%%ﬁ’ i
~activity toWaeosing o;ﬁhhsqnbmﬂazinmeahcehpdseas irgpoytent] forpthelindanthciabsiabilgy.no, or -

substantially no, hydrolytic activity towards a triglyceride and/or a
1-nmonogl yceride are presented in the section entitled Exanpl es herei nbel ow.

A preferred lipase for baking with activity on phospholipids and galactolipids but with
15 no activity on triglyceride can also be obtained by modifying the pH‘ optimum for the
triglyceride activity. Under normal conditions pH in a dough is in the range of 4.5-6.5.
Ching T. Hou (Journal of Industrial Microbiology, 13 (1994) 242-248) screened a
number of different lipases and found a number of lipases having triglyceride activity
at pH 7.5 but no activity at pH 5.5.
20
By selecting a lipase with no activity at say pH 5.5 -and modifying the area around the
active site by site-directed or localized random mutagenesis to alter the hydrophilic
properties of the surface around the active site and modifying the lid by site-directed or
localised random mutagenesis, it is possible to obtain a lipase with activity on
25  phospholipids and galactolipids and with the remaining triglyceride activity being
active at a pH 7.5 or above, but with no activity at pH 6.5 or below, such as af pH 5.5.

Lipases can have different types of specificity (Inform Vol. 8, No. 6 640-650), The
fatty acyl specificity of a lipase will have an impact on the type of fatty acid produced.
30 Some Iipéses are very specific to unsaturated fatty acids, which in a dough system is
preferable, as the polyunsaturated fatty acid is a substrate for endogenous or added

lipoxygenase. Preferably, the enzyme according to the present invention preferentially




10 CLONI NG A NUCLECTI DE SEQUENCE ENCODI NG AN ENZYME ACCORDI NG TO THE
PRESENT | NVENTI ON A nucl eoti de sequence encodi ng eit heyNgvngyg 085 Whi ch has
the specific properties as defined herein or an enzynme which is suitable
for nodification may be isolated from 15 any cell or organi sm produci ng

sai d enzyYRO2Z0H2} ous nethods are well known within tRETABRARHER t he

i solation of nucl eotide sequences. For exanple, a genom c DNA and/ or cDNA
library may be constructed using chrogpsonal DNA or nessenger RNA fromthe
organi sm produci ng the enzynme. If 20 t am no acid sequence of the enzyne
is known, |abelled oligonucleotide probes may be synthesised and used to

or gani st * ALY EOHEE ey aed SRS b PintRTARAGY blplihe o ARRRERE oM 1N

sequences h@nwhz;gmmcmdmgrtotﬂmprekm\mvemmythe ngentlen,cdﬂldtrdmlm substitiition | denti fy

enzynme- encodj.n es e larter case, sation and hi ng
~ condi tions &ff rgé}ge %MPY‘S%PF? 8tib§r%’zﬂ§%cfu%ﬁ{a{eﬂﬁ r} -encodi ng
cl ones coul q,rmcdsggl@{msﬁmmt@g@@r@uﬁglpimﬁgg@nts of genom C DNA into an

expressign vector, such as a plasmd, transform ng enzyne- negative
bacteriawith the resultl ng genomic DNA |ibrary, and then plating the 30

bhosphol | pi daale oupREbEaaaft SR Bole HAMTRNALR MREIRIIRLE | e

enzyne to belycolgid am‘dlhaving ﬁo,l‘ckn\selndtﬂnalbﬂﬁﬁhm@w ﬂsﬁmﬂ)mﬁisla(ﬁigly&@ﬁé 02792 In

e’ “pr epar 044G FEPRENCRA) BRI K aoLPAHTA G R REUE A iy

phosphoroam dite rret hod descri bed by Beucage S. L. et al (1981) Tet r ahedr on
Letters 22, p 1859-1869, 5 or the nethod described by Matthes et al (1984)

EMBO J. 3, - 805. | md| d, oI| ucl eoti des
are syntlﬁeshgg‘ﬁNg M%QF[@ glé(g éﬁﬁg‘ﬁ’&@é anneal ed,
l'i gated andA@@m@m@mmeN The nucl eot i de sequence may be
of mxed genom c and synthetic origin, mxed 10 synthetic and cDNA origin,

or m xed genom c and eDNA origin, prepared by ligating

A nucleotide sequence encoding either an enzyme which has the specific properties as
defined herein or an enzyme which is suitable for modification may be isolated from
15 any cell or organism producing said enzyme. Various methods are well known within

the art for the isolation of nucleotide sequences.

For example, a genomic DNA and/or cDNA library may be eonstructed using
chromosomal DNA or messenger RNA from the organism producing the enzyme. If
20 the amino acid sequence of the enzyme is known, labelled oligonucleotide probes may
be synthesised and used to identify enzyme-encoding clones from the genomic library
prepared from the organism. Alternatively, a labelled oligonucleotide probe containing
sequences homologous fo another known enzyme gene could be used to identify
enzyme-encoding clones. In the latter case, hybridisation and washing conditions of

25 lower siringency are used.

Alternatively, enzyme-encoding clones could be identified by inserting fragments of
genomic DNA into an expression vector, such as a plasmid, transforming enzyme-
negative bacteria with the resulting genomic DNA. library, and then plating the
30 trausformed bacteria onto agar containing a substrate for enzyme (i.e. phospholipids or
galactolipids), thereby allowing clones expressing the enzyme to be identified,




fragnents of synthetic, genomc or cDNA origin (as appropriate) in
accordance wth standard techniques. Each |igated fragNerdmbeppo@sponds to
various parts of the entire nucleotide sequence. The DNA sequence may al so
be prepared by polynerase chain reaction. (PCR) using specific primers, for
i nstance V¥@0HB¢2%i bed in US 4,683,202 or in 15 Sai ki HRTABeYF2( Sci ence

- (1988) 239, pp 487-491). NUCLEOTI DE SEQUENCES 20 The present invention also é
~ enconpasses nucl eoti de sequences encodi ng enzynmes having the specific o

properties as defined herein. The ter@"nucl eoti de sequence" ‘as used herein
refers to an oligonucl eotide sequence or pol ynucl eoti de sequence, and
variant, honol ogues, fragnents and derivatives thereof (such as portions
thereof). The nucl eotide sequence may be of genom c or synthetic or

reconbi nant 1Pk ived Rurthh bldindi9y, 1BS ndelbdHde sediRnsd ERBEAE tRY eidyie| Bayshd anded
whet her represénting the sense or antisense strand. The term "nucl eoti de

sequence” | mepasehsydieticalln he epatdishas standardnmetads, ¢ (ere phesEhespAmditoNA,  cDNA,
synt hetic DAY % Yol nﬁtgﬂ?a e cDNA for
t he coding s&ﬂ%ﬁ%& 0 ?ﬁﬁe&%%gsgﬂﬁ'taiaagggﬁi on. Oﬁét%rsgjrzégggz%i g’rrbodi ment ,
t he nucl 2ot bdthe mathpdedaseritpd royMdatthes @tlinh o(1984) EMBOE]. Bapi $03-806hdnsheci fi c

.properties efi nedq. herei oes .not, cover the native nucl epti sequence
in9 Nov_enbgli%‘)sé%%m%‘é%‘?ﬁg@l; ngﬁe&g@ﬁ:f’weﬁ‘f%?gi PAn R 'fb_g]z\/i ronment
when it is LinfegiGer! Mnified, aRfdaletAigaied andalohalliR dpOilaenReR) that is/are also
inits/their natural environment. For ease of reference, we shall call this
preferred enbodi nent the "non-native nucl eotide sequence”. In this regard,
the term"naf | I ' epCE N RN bRl WelpROhidgs sequence
that is in i és}ﬂﬁ%ﬁ%l{\c}g sg&‘leeh%e%ﬁ%nggﬁ?ﬁe e?nm%paerrﬁa%l vepg%lilgﬁjkte[%_to an
entire pd onpmehetievand KA ®higing or rsixad penomid and AR ofiginguteparddi hyHigetegot er i s
also in its.native environnment .Thu he. enzynme of.the resent_.Lnvention
can be expr SeEM Sgn%téq’ gm%%ﬁ‘&éﬁg@%@ﬁ@g@{ﬁeﬂ%aggpgs S h‘Dut

wher ei n t hegiidalde@blinttfies Sabie NEfed Sadiht euiebefontii® wpidLY PlrtsQff thidentipr oot er

with which it _is_ naturally associated w thin that organf' sm i
nucleotide sequence. The DNA sequence may also be prepared by polymerase chain

reaction (PCR) using specific primers, for instance as described in US 4,683,202 or in
15  Saiki R K et al (Science (1988) 239, pp 487-491).

NUCLEOTIDE SEQUENCES

20 The present invention also encompasses nucleotide sequences encoding enzymes having
the specific properties as defined herein. The term “nucleotide sequence” as used herein
refers to an oligonucleotide sequence or polynucleotide sequence, and variant,
homologues, fragments and detivatives thereof (such as portions thereof). The nucleotide
sequence may be of genomic or synthetic or recombinant origin, which may be double-

25  stranded or single-stranded whether representing the sense or antisense strand.

The term "nucleotide sequence” in relation to the present invention includes genomic
DNA, ¢DNA, synthetic DNA, and RNA. Preferably it means DNA, more preferably
¢DNA for the coding sequence of the present invention.

30
In a preferred embodiment, the nucleotide sequence per se encoding an enzyme having
the specific properties as defined herein does not cover the native nucleotide sequence in




10 Preferably the enzynme is not a native enzyne. In this regard, the term
"native enzyne" neans an entire enzynme that is in itsRNatdnyiere0ys r onnent
and when it has been expressed by its native nucl eotide sequence. 15

Typi cal ly, the nucleotide sequence encodi ng enzynes having the specific
properti 80 8H0942af i ned herein is prepared using reconbfGIABIZRMNX t echni ques
(i.e. reconbinant DNA). However, in an alternative enbodi nent of the

“invention, the nucleotide sequence could be synthesised, in whole or in

part, using chemical nmethods well knd#in in the art (see Caruthers MH et al
(1980) Nuc Acids Res Synp Ser 215-23 and 20 Horn T et al (1980) Nuc Acids

Res Syrup Ser 225-232). AM JAC, EQUENCES The present invention al so
enconpasses AR A ISEHALEE L&FEW é‘é%"ﬁ'gfeﬁ ﬁeéluenfggs’%g 5t Fc
properties ag, dehiBEH nifheifirofiSent! TR 38 O kdforerichBwd SHall) calt Hid Preffrtd

sequence” is synonynous wth the term "pol ypeptide" and/or r;e term
"protein". embeiinentiths {‘eonerative mhaleotide sequeamseholnalbisdregadqtheferar "1aive y nony nous

with the term,” tide". ,1n.s i .ot "ap no: aci d
sequence” | émcéVﬁg VITBIE Wi @ﬁmg@ £ %hrsi %n%g@?/dﬁe&iu%u%gnger %g% :

02/ 094123 PeliloBaBit @Ry Rendberhtielydlifkedioan icttis ot evitheyhidhdt is naturally
prepared/isol ated, froma suitab) e, source, or it may, be _ nmade s hetically
or it may b@speidsrhMbirhgyomter i§ plsy Bty anike FRVIPRIRY e JRPS G502 AiiPS apl y, the
amno acid ?ﬁ%@ﬁﬁ&ﬁoﬁ%&h bRkl B9 @ dublestide Requem@! i it6 daifyd LipaBEm kAt ght
herein by standard techniques. One suitable nethod for detern ning am no
aci d sequenudsreitormuiclsotidstseqnenssisynas yndes the genifob pf thogromptsr pith whick i ienzyme may
be freeze-dr] j.o] reeze-dried material may be dissolved
in 50 jl of H‘ét&%hﬁ%g?c}e&%f%%%ro' 5’%‘(1 0.4 M amoni um hydrogen car bonat e,

pH 8. 4. 1fhe di ssol ved protein may be denatured and reduced for 15 m nutes

S} t ﬁ?gtc hr ];io!}’l e%b&?@g\énzymer | %%s %ttar})atrilwlleter oytoe. ]gnﬂgjls ?eggrld} the Pengf"na%vg lenzymOf e‘flS ™

means an entire enzyme that is in its native environment and when it has been expressed

by its native nucleotide sequence.

15  Typically, the nucleotide sequence encoding enzymes having the specific properties as
defined herein is prepared using recombinant DNA techniques (i.e. recombinant |
DNA). However, in an alternative embodiment of the invention, the nucleotide
sequence could be synthesised, in whole or in part, using chemical methods well
known in the art (see Caruthers MH ez of (1980) Nuc Acids Res Symp Ser 215-23 and

20 Homn T et al (1980) Nuc Acids Res Symp Ser 225-232).

AMINO ACID SEQUENCES

The present invention also encompasses amino acid sequences of enzymes having the

25  specific properties as defined herein.

As used herein, the term “amino acid sequence™ is synonymous with the term
“polypeptide” and/or the term “protein”. In some instances, the ierm “amino acid
sequence” is synonymous with the term “peptide”. In some instances, the term “amino

30 acid sequence” is synonymous with the term “enzyme”.




15 cooling to roomtenperature, 5 Al of 100 nM i odoacetam de nmay be added
for the cysteine residues to be derivatized for 15 m 9Noe&mBdr 2009M
tenperature in the dark tinder nitrogen. 20 135 }tl of water and 5 g of
endopr ot %Q%?’ﬁg Lys-Cin 5 Mof water may be added to the above reaction
m xture a d'%i gestion may be carried out at 37C i nPRI/IBOYRER for 24
hours. The resulting peptides nay separated by reverse phase HPLC on a
VYDAC C18 25 columm (0.46x15cm 10ym _JThe Separation G oup, California,
USA) using solvent A: O It TFA in wat et! and solvent B: O 1k TFA in
acetonitrile. Selected peptides may be re-chromatographed on a Devel osil
C18 colum using the same solvent system prior to N -term nal sequencing.
Sequenci ng may be done using an Applied Biosystens 476A sequencer using
pul sed | i quiTte fuabib acid céqmenca crayrbe ipregrated/idottedrfromud suitble souree, oS miapder uct i ons

(Applied Bigsystens,. lifornia, USA), 9 venber % Q2/ 094123 32
VARY ANTS/ HORREE SRR ot A AYEE bropind PBis 0 SPaB0iRHE LIVA By ont 1 on al 50
enconpasses the use of variants, honol ogues and derivatives of any amino

aci d sequence, of an enzyne. having the specific properties defined herein
or “of any neuitdb theamiutaridsequanessamnbe Shiripeddipme the ysplated qappmes taeeht t er m

. "honol ogue” h&%ﬁﬁygsﬁﬂdaﬁﬁ'% Jaaving a certain honmology with the subject
am no acid sequénces an t%e subj ect nucl eoti de sequences. Here, the term

"honol ogy" can be equated with "identity". 10 The variant, honol ogue and

. derivative 1 Nna id ence and/ or.nucleotide eque shoul d provi de
~and/ or encodé®i m@%ﬁﬁﬁ%ﬁ{ @%erfné?]% ﬁ’%’npﬁé’ldfm‘ﬁ]f:e&r%mls @feﬁmm?iﬁﬂ/ or
enhances thesfllbwyity of the enzyne. in the present context, an honol ogous

sequence_is taken to include an amno acid 15 sequence which may be at
least 730 85 or 90% i denti cal , preferably at |east 95 or 98% i dentical to

e SubL e oo PO R oLl R RS st SOIEE SoTe
al so be dissolved in 50 pl of a mixture of 8 M urea and 0.4 M ammonium hydrogen carbonate,
pH 8.4. The dissolved protein may be denatured and reduced for 15 minutes at 500°C
following overlay with nitrogen and addition of 5 pl of 45 mM dithiothreitol. After
15 cooling to room temperature, 5 i of 100 mM jodoacetamide may be added for the
- cysteine residues to be derivatized for 15 minutes at room temperature in the dark

under nitrogen.

20 135 pl of water and 5 pg of endoproteinase Lys-C in 5 Hl of water may be added to
the above reaction mixture and the digestion may be carried out at 37°C in nitrogen for
24 hours,

The resulting peptides may separated by reverse phase HPLC on a VYDAC C18
25 column (0.46x15cm;10ym; The Separation Group, California, USA) using solvent A:

0.1t TFA in water and solvent B: 0.1k TFA in acetonitrile. Selected peptides may be

re-chromatographed on a Develosil C18 column using the same solvent system, prior

to N-terminal sequencing. Sequencing may be done using an Applied Biosystems

476A sequencer using pulsed liquid fast cycles according to the manufacturer's
30  instructions (Applied Biosystems, California, USA).




considered in terns of simlarity (i.e. amno acid residues having simlar
chemical properties/functions), in the context of they N Noegakdr2005ention it
is preferred to express 20 honology in ternms of sequence identity. In the
pr esent Q@ﬁ%gﬁa an honol ogous sequence is taken to include a nucleotide
sequence WRIEI*H8y be at |east 75, 85 or 90% i dentical PCHBE¥& %I y at | east
95 or 98% identical to a nucleotide sequence encodi ng an enzyne of the
present invention (the 25 subject seqq£$ce). Typi cal ly, the honol ogues wil |l
conprise the sanme sequences that code“for the active sites etc. as the
subj ect sequence. Al though honol ogy can al so be considered in terns of

simlarity 4 ! idﬁ[ﬁ@é’bﬂﬂ?@A isng simlar chem cal
properties/functlonsg, in the context of the present invention it is

preferred to express honology in ternms of sequence identity. 30 9 Novenber

2005 WO 02/ Q094123 PtCT/IBtg)Zl (f’)lﬁ?gz 33 Horm{hog%s cox{rpar.i On@ﬂ?in be conducted
by eye, or rof P HEUal W £1° t HEORPH Gt o r E&dPH &GP | AR e fBhce
conpari son @e@gtiwtof ahi @EEnCandEBIgaénk lof a@ ¢y HaRing & bific pReREfedNs Can
cal cul ate % hompl ogy between two or nore sequences. 5 % honol ogy may be

cal cul at 8d 8¢ed dsrein guelaysaiglsetidectequence enaing sueluah erzyms. Je.gtied wi t h
the other seguefga-IBRL "SRG 41 Iﬁﬁi@ i e b Ehh

conpared with the %ogl%espond%nﬁgym no éc%gﬁgﬁoﬁﬁggg%rtbi%ﬂ%nce,yone

resi due at acidis¢quenced hidsthe subjest hunlkotide Saqnepagsp didkre,dhd grméhamolagyFiceml | y, such
ungapped al i gnnents ... ak esformed only over a relatively short nunber of
resi dues. 189 ‘Fﬁ%d‘a‘i‘f f’cﬁf“gtyi's a very sinple and consistent nethod, it fails
to take into consideration that, for exanple, in an otherw se identical

pai r -of sequences, one insertion aor deletion _wll cause the follow ng
amno adld d8siauey. hemplosyr,and, deriprive) siRereeid sequgree prkanaRagofide resul ting
in alarge sl HBulhidhiie TR0 e inle i baknial LARIEHMe Iihofdhapor f OF med:
Consequent |l y,” nost sequence conpari son net hods are designed to produce

optimal al i getivisyegi/eteabancesdbe aatividy efthserdmat i on possi bl e insertions and

In the present context, an homologous sequence is taken to include an amino acid
15  sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98% .
identical to the subject sequence. Typically, the homologues will comprise the same
active sites etc. as the subject amino acid sequence. Although homology can also be
considered in terms of similarity (i.e. amino acid residues having similar chemical
properties/functions), in the context of the present invention it is preferred to express

20 homology in terms of sequence identity.

In the present context, an hon'iologous sequence is faken to include a nucleotide
sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98%
identical to a nucleotide sequence encoding an enzyme of the present invention (the

25  subject sequence). Typically, the homologues will comprise the same sequences that
code for the active sites etc. as the subject sequence. Although homology can also be
considered in terms of similarity (i.e. amino acid residues having similar chemical
properties/functions), in the context of the present invention it is preferred to express
homology in terms of sequence identity. |

30



del etions without penalising unduly the overall honol ogy score. This is
achi eved by inserting "gaps" in the sequence ali gnmend NoQerhlier 2005 maxi mi se
| ocal honol ogy. 20 However, these nore conpl ex nmethods assign "gap

penal ties; h gap that occurs in the alignnment so that, for the same
number %N?g@%ﬁﬁgal am no acids, a sequence al i gnmentPGIBR/BP ew gaps as
possible - reflecting higher rel at edness between the two conpared

- sequences - wll achieve a higher scohe than one with nmany gaps. "Af ine
gap costs" are typically used that charge a relatively high cost for the
exi stence of a 25 gap and a smaller penalty for each subsequent residue in
the gap. ThizgmbRgy BénpERRéns GABERLIucHASS) GRAP oS AREd NghaBy,SkitiThe HidSE gap
penalties will of course produce optim'sed alignnents with fewer gaps.
Most al i gnrsadilyp evrilablasseabensey qompasep Progiaaist (1hese; gommensisHy favaipbleapwever

it is prefe t bt M%‘W}bﬁd ftware for
sequence co%@%ﬂggrﬁgﬁ%gﬁgﬁgﬁn%?é%%%gyng t he %)r%géﬁ%bg%sgnsi n Bestfit
package the default.gap penalty for amno acid sequences is -12 for a gap
and -4 for 9aﬁh Xt ensi qn. Novenmber 2005 WO 02/094123 PCT/ |1 B02.L02792 34
Cal cul at? on o RORUSEYNIFAY o eh??i‘ﬁ"”&ﬁﬁ"’t’%e‘i”@'f‘%’togs FEPERTS He e r EIPHe Sor oduct i on
of an opti fedned kit 1A Bther ki@ dndt Qclt ARSiodid@in Qe SafchRNg| die@E. A

sui tabl e conputer _program for_carrying_out such an alignment is the GCG

W sconsi n Bexstrrred witicihe gerresperdiag aiko agd i thegwher gpquence persTepiddetidich 12

p387). Exa S %0) q%@qg; . | . f %Bﬁéa arisons

I ncl ude, bzﬁﬁgrgﬁ%&&]ﬁ?%mt?e t ,"@tﬂ@ﬁ%@sﬂ‘aﬁ%gﬁé %?eg}é%%g el EEEt al 1999
Short Pr ot omrepefirmedvmle over arel@ivelyshyrt ndmber BiresidugShapt er 18), FASTA

(Al tsch& et al 1990 J. Mol. Biol. 403-410) and the GENEWORKS suite of
conpari son tools. Both BLAST and FASTA are available for offline and online

sear chi ng ( ARBoubR &Sk vely sehpld 32Pconfaee SnefhodBit Bl fo B9 intd-Euned@itionf or sone
10 applications, it is preferred to use the GCG Bestfit progh%m A new

tool , cal | et ®r pemple, o ethewise identigal painol-seaueness. pusrinweinF el ot ei n and

W o obi of LAy a5y STERGIE Y SR ek 1 be H ot 08 Slgnuely fpy. FHIO

potentially resulting in a large reduction in % homology when a global alignment is

15 performed. Consequently, most sequence comparison methods are designed to
produce optimal alignments that take into consideration possible insertions and
deletions without penalising unduly the overall homology score. This is achieved by
inserting “gaps” in the sequence alignment to try to maximise local homology.

20 However, these more complex methods assign “gap penalties” to each gap that occurs
in the alignment so that, for the same number of identical amino acids, a sequence
alignment with as few gaps as possible - reflecting higher relatedness between the two

- compared sequences - will achieve a higher score than one with many gaps. “Adfine
gap costs” are typically used that charge a relatively high cost for the existence of a

25  gap and a smaller penalty for each subsequent residue in the gap. This is the most
commonly used gap scoring system. High gap penalties will of course produce
optimised alignments with fewer gaps. Most alignment programs allow the gap
penalties to be modified. However, it is preferred to use the default values when using
such software for sequence comparisons. For example when using the GCG

30 Wisconsin Bestfit package the default gap penalty for amino acid sequences is -12 for

a gap and -4 for each extension.



15 Al though the final % honol ogy can be neasured in terns of identity, the
alignnment process itself is typically not based on am Hblefllernododi ng pair
conparison. Instead, a scaled simlarity score matrix is generally used

t hat assigns. scores to each pairwi se conparison based on chem cal

simlari tYORRZ) utionary distance. An exanple of sURGFBOMRI® x commonl y

used is the BLOSUWMG2 matrix - the default nmatrix for the 20 BLAST suite of -

prograns. GCG W sconsi n prograns genergl |y use either the public default
val ues or a custom synbol conparison S4ble if supplied (see user manual for
further details). For sone applications, it is preferred to use the public

defaul t val r : o ' . re, the
dof aul t mat & sulaldof Mkl RAGIRE aferkd ol ERE: Mo MABHOFBAT ",
opti mal al i optiseahtalighmeritstaRing Sihfol eonkideratidrc ghia pens¥bes.hoAodudighle comehier abl y %
sequence identity, The software typicall 0 I.s as, part.,of . the
sequence. coPFB%‘ian@ﬁ cﬁlﬁ‘ﬂn%@ﬁé“% @%%]ggqﬂﬁ%ysl t@a&(&&ﬂp@n&g@f P@%%Fenpes may
al so have dg@ieRbrle@sr al 1 961Ntcl ABiEs REseidR$2 p187. PREngMs FtHRPsRGIafh thareSi dues
whi ch produce a silent change and result in a functionally equival ent

" subst anck. BaPEHeIHIAUNGe PRINRIESS inebie, butare atlimityd thaheBHAST padkhge basi s of

simlarity M%at_lg‘gje 4: : e ry | larity,
char ge, SO|§%JI\$I Y, r%?%ghs&mcﬁ%?&%élﬁ S%E%%IF@%’%n%oﬁalﬁgr ﬂg’r’rphi pat hi c
nall;u; e of _t]FyieST:&i{Attsnh' Hsohsl ats! ﬁﬁﬂﬂgl.&&;lt Bbl.s@ﬁ?yid}amﬂl the GEN@@RJ(S\shitwg)ﬁ(;f _thel .
substance is__ retaiped. X e, N i vel v. char ged..amn n i ds include
aspartic acideaHP? @Pﬁt a]g‘?% %aﬁp%gﬁgg eftg %%%Gef?gé’g@ﬁ% agcgio % ncl ude
lysine and @u@higN@ee AnSULRITENAl 5991 PieiLiB ¥ b0y JeHioheYed! fitesshedr OUPS
having simlar hydrophilicity values include_1|eucine, isoleucine, valine,
gl yci nel® a applipations dip iy prgfored touge e BEC Bevtfiharopeny ebmewetool, salklady| al ani ne,

and tyrosi : ' | ' , : accordin
Fo thy TablSeaSP 2RakisAe s Rt i ofplR Gl mbSdtafiE Botor (10
and pr ef er dis¢eyFEMS tMisrobinirbett il 29 174(2)t 24Y-5(0 iFEMS Miarobiohibeit 99sITBA):i. t ut ed f or

each other:, Aty kg A Akiehy).

15  Although the final % homology can be measured in terms of identity, the alignment
process itself is t)fpically not based on an all-or-nothing pair comparison. Instead, a
scaled similarity score mafrix is generally used that assigns scores to each pairwise
comparison based on chemical similarity or evolutionary distance. An example of
such a matrix commonly used is the BLOSUM62 matrix - the default matrix for the

20 BLAST suite of programs. GCG Wisconsin programs generally use either the public
default values or a custom symbol comparison table if supplied (see user manual for
further details), For some applications, it is preferred to use the public default values
for the GCQ package, or in the case of other software, the default matrix, such as
BLOSUMS&2.

25
Once the software has produced an optimal alignment, it is possible to calculate %
homology, preferably % sequence identity. The software typicaily does this as part of

the sequence comparison and generates a numerical result.

30 The sequences may also have deletions, insertions or substitutions of amino acid
residues which produce a silent change and result in a functionally equivalent

substance. Deliberate amino acid substitutions may be made on the basis of similarity
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The present invention al so enconpasses honbl ogous subsd Nbwdmissr 2005
(substitution and replacenent are both used herein to nean the interchange
of an existing amno acid residue, with an alternative residue) that may
occur i .eWOI“?’%élZPor-I i ke substitution such as basic fRET/IBAYEY2 acidic for
acidic, polar for polar etc. Non-honol ogous substitution may also occur
i.e. fromone class of residue to another or alternatively involving the 20
i nclusi on of unnatural am no acids sucf’ as ornithine (hereinafter referred
to as Z), diamnobutyric acid ornithine (hereinafter referred to as B),

nor | euci ne . LEhi ( I, ‘ t0:. iyl i ne,

bt eny! a1 aniheoith e, RO b Gt S, BRGobRyR, Bou W tBeflbo0: wo

- 02/ 094123 hathtel 60RE 02TRBs 3610ng pb decwemidarybiyidiag aciviig ofabesubytatianiat ur al

am no acids include; al * and, a] pha- di sybstituted am no, aci.ds, N al kyl
ani no aci d s Fetaip p?@r 8%4‘)]6‘3?: q‘?ﬁ?tl"gllé( 3@1‘5_33%@“‘@ Ing Flﬁﬁ%ﬁf“‘hf‘i‘i‘g&m&ci ds such
- as trifluor ghygs 'aél@fposﬁl@‘cﬁﬁlﬁé&’a{rﬁh@@biﬂ@fncluﬁe Bisine BAE Bpindle 2 d Enin

p-|-phenyl al"ani ne*, L-ally/l-glycine*, 13-alanine*, L-a-am no but y?i c 5
aci d*, L3 yaeids withimocharged nebar dicad groups dwaving sinsibb hydrophilicityivdtues Inclideni no

caproi c aci . 7T-am anol. Ld*, L-nethi oni.ne sul.f one#* .

L- nor | euci ngéf:mﬁ’-lﬁ%%%%i Hagﬁ%, %géugﬁ’t ro-r %h%%?a%“ﬁ?‘ﬂ’g%ﬁeﬁen%?‘&’ﬁfpr ol i ne#,
L-t hi opr ol i pkénylataninbydnddavéinat i ves of  phenyl al ani ne (Phe) such as

4- et hyl - Phe*, pent anet hyl - Phe*, L-Phe (4-am no)#, L- Tyr (nethyl)*, L-Phe
(4-isopropyl)*, L-Tic (1,2,3,4-tetirahydroisoquinoline-3-carboxyl 10

aci d)*, L- dicamieRRRVORibMuGorA Dhef ¢ BRI, For RRENHIE -DRRAN 0" the THRe Bek@L i ON * has
been wutilised for the purpose of the discussion above (relating to

‘honol ogdlls éminmaridstis fhsisere bisclsinhg secend colimn and prefrihiningthe ssenetipgiophobi c
nat ur e of tE%@%&Yﬁ#ﬂ%ﬁﬁyﬁ@ﬁ%&ﬁﬁeqﬁr%ﬁ#&%gn utilised to indicate the
€ 0 e der

hydr ophi | i ¢ natur Irvative, I'ndi cat es

ALIPHATIC Non-polar GAP
ILV
Polar — uncharged CSTM
NQ
Polar — charged DE

KR
AROMATIC HFWY

15. The present invention also encbmpasses homologous substitution (substitution and
replacement are both used herein to mean the interchange of an existing amino acid
residue, with an alternative residue) that may occur i.e. like-for-like substitution such
as basic for basic, acidic for acidic, polar for polar etc. Non-homologous substitution
may also occur i.e, from one class of residue to another or alternatively involving the

20  inclusion of vonatural amino acids sucia as ornithine (hereinafter referred to as Z),
diaminobutyric acid omithine (hereinafter referred to as B), norlencine ornithine
(hereinafter referred to as O), pyriylalanine, thienylalanine, naphthylalanine and
phenylglycine.




anphi pat hic characteristics. 15 Variant am no aci d sequences nay i nclude

sui tabl e spacer groups that nmay be inserted between anyot#aba?no® acid

resi dues of the sequence including alkyl groups such as nethyl, ethyl or
propyl groups in addition to am no acid spacers such as glycine or (3-

al ani ne r¥9PHWAL3 A further formof variation, invol veBCHIO2PI¥sence of one
or nore 20 amno acid residues in peptoid form wll be well understood by
those skilled in the art. For the avo'ggance of doubt, the peptoid fornt is
used to refer to variant amno acid residues wherein the a-carbon
substituent group is on the residue's nitrogen atom rather than the

a- carbon. Pr f ERAkL L ' he: oha k& e known
in the art, %ﬁ%ﬁ%ﬁp@ alé% non hI'«’(.ij&:jbt aaﬁ@?%@a&%g@?ﬁé&l% %ﬁ‘gglgﬁla?%?l and
25 Norwel | DifsubStiteedisanBne reid$ Malkyl 48106 )acidS dictid 3ddH, Jahlideld edivartivds chef
sequences e [{n n enzymne, havi ng, the ecific erties defined herein
may i ncl uderh\%&%]f%i %m?(’en%gédéntsﬁrg{ i# o %&%?qs@ﬁl’nﬁﬁgﬁ%“ﬁ . ﬁqn%}grér of
different t 10dnire Gp-f-iphéylahite®, Dlal] 2O Blathamear B-okaRinh thirikhe art.
These i ncl uéﬂg_&?o met hd%jpﬁo?ghpnate and p j(;tssiﬁlohor ot hi gateogackbggiggaand/ or
the addi t5i orfcidf, Ixt-emigiorhwtysic acids] IHoyamine isobuyrivsacid*, Livear@ino aamidioncis’, ends of
t he nol ecul For .t he pur of. .the 9 venper. .2005 02/ 094123
PCT/ 1B02/ 02765 hﬁ?q%%“z%?&ﬁﬁ\?@'ﬁﬁ%ﬂ?n‘f SUlRe't oL BETIHTST s L9y ieh 7 he
nucl eoti de seeERRGSlatamer, b dhﬁ@ﬁﬂoﬂne#,”&ythiaﬁrbdlm@,fm@&kygweﬁ{?éﬁv&%@d

e

available in the art. Such nodifications ma carried out in order to

" enhance the Pﬁ?ﬁywaﬁ@eﬁlﬁ@\FP‘%hyaso‘i‘methUbP]@ﬁaPPD@léﬁhYbPhﬁt Lefheddgqminnd'es- 5 The
t i | ' : t hat
Conpt erent ary [ ARk SLPEECLARASEAT, [0 (oA et AR SBRETIERART 1 Mt o

f r agmentlQor acidpy Lydidniinepropierie atid*fant ePlke@tenad)*i STHROMRARIENhAMéed O a
fragnment ther. ofetth n that . sequence can _be used as a probe to identify
simlar codiuHEseg BB 3EPqsh, obthe discusigh baves(relpling toobeselpgavs| waides whi ch

are not 100%eReREue SdEmtieh)! Ben@EARE EiGoftbbit AR #H deriv! %%egp but fall
w thin the scope of the invention can be ‘obtained in a nunber of ways.
# has been utilised to indicate the hydrophilic nature of the derivative, #* indicates

amphipafhic characteristics.
15
Variant amino acid sequences may include suitable spacer groups that may be inserted
between any two amino acid residues of the sequence including alkyl groups such as
methyl, ethyl or propyl groups in addition to amino acid spacers such as glycine or -
alanine residues. A further form of variation, involves the presence of one or more
20  amino acid residues in peptoid form, will be well understood by those skilled in the art.
For the avoidance of doubt, “the peptoid form” is used to refer to variant amino acid
residues wherein the o-carbon substituent group is on the residue’s nitrogen atom
rather than the a-carbon. Processes for preparing peptides in the peptoid form are
known in the art, for example Simon RJ et al., PNAS (1992) 89(20), 9367-9371 and
25  Horwell DC, Trends Biotechnol. (1995) 13(4), 132-134.

Nucleotide sequences encoding an enzyme having the specific properties defined

herein may include within them synthetic or modified nucleotides. A number of

different types of modification to oligonucieotides are known in the art, These include
30  methylphosphonate and phosphorothioate backbones and/or the addition of acridine or
| polylysine chains at the 3' and/or 5' ends of the molecule. For the purposes of the




O her variants of the sequences described herein may be obtained for
exanpl e by probing DNA libraries nmade from a range ofg Nodenbagaabs, for
exanpl e individuals fromdifferent 15 popul ations. In addition, other
viral /bacterial, or cellular honologues particularly cellular honol ogues
found in WRMHEH%BN cells (e.g. rat, nouse, bovine and }FWREYB%el | s), nmay
be obtai ned and such honol ogues and fragnents thereof in general will be
- capable of selectively hybridising to the sequences shown in the sequence
listing herein. Such sequences may be3Tobt ai ned by probing cDNA libraries
made fromor genomc DNA 20 libraries fromother aninml species, and

pr obi ng suc ' ' WMt fal Si I . one of
t he sequencgrseg‘%n?[n[%%ﬂet%g’t ﬂggﬁggﬁg%g%%ﬁggﬂ@eﬁu?n @e& ﬁﬂ%&ceggést Fp%do}%gé{%f medi um
L o h: gh str hﬁg&jaﬁyoc}iﬂdnw ay methed ]Eh@ﬁiﬁﬁbleomlstha[anl ySJiCb mhﬁﬁdaﬁbm;g;n?pbe:i es

onol ogues an elic variants of the paql ypepti de or nuc| eoti de sequences
of the i nvERFRR ipesdierds paignes the iy vg*toraaﬁw»ys%@% P pHEleBHsedIrBsFsal so be
obt ai ned usi ng degenerate PCR which will use priners designed to target
sequences within the variants and honol ogues encodi ng conserved ami no acid
sequence8 wlhé preserit aneratiore alse enedmnastes fhe gemof mwnlestide eequen@s ibsrared
sequences cC l.cted . al | ani . ] Ld 30
sequences fF&gin gré‘\g/}%r It8 t@%rs? Eﬁ'ﬁ"s‘?;%%dgﬁg%%“’ g}e%nerqllgre“tfaag?’gfr%é%flg%%an be
perforned daivagvecthagod df tleakiwaceiskompienientatyn® aaftdgmendthemsfitiph éhat he GCG

W sconsin Pil ey rogram.is w dely used,. 9 Novemher 2005 WD, 02/094123

BT | 5021 02995488 Ry st FEO fon B P R FREb IR AT one. or
nore degenepghfsP&htions and w |l be used at stringency conditions |ower
than those used for cloning sequences with single sequence priners agai nst
known sé@uences. 5 Alternatively, such pol ynucl eoti des may be obtai ned by

site direct Yol P C ' e Thi usef ul
where for eggﬁﬁdfe Sl Pg’?ﬂl&c glfg o%o(i g@gﬁ’eiﬁ%&g&@% zﬁg%s 9@?‘%“"‘?%95 i%%ererﬁpé §e§f9 opti m se
codon - pr ef einventios bitdall witiia fisiscape af thh dstntivalckn bapbidinedlin & hember of ways.

Other variants of the sequences described herein may be obtained for example by probing

DNA libraries made from a range of individuals, for example individuals from different
15 populations. In addition, other viral/bacterial, or cellular homologues patticularly cellular
homologues found in mammalian cells (e.g. rat, mouse, bovine and primate cells), may
be obtained and such homologues and fragments thereof in general will be capable of
selectively hybridising to the sequences shown in the sequence listing herein. Such
sequences may be obtained by probing cDNA libraries made from or genomic DNA
20 - libraries from other animal species, and probing such libraries with probes comprising all
-or part of any one of the sequences in the aftached sequence listings under conditions of
medium to high stringency. ~Similar considerations apply to obtaining species
homologues and allelic variants of the polypeptide or nucleotide sequences of the
invention,
25
Variants and strain/species homologues may also be obtained using degenerate PCR
which will use primers designed to target sequences within the variants and homologues
encoding coﬁserved amino acid sequences within the sequences of the present invention.
Conserved sequences can be predicted, for example, by aligning the amino acid
30 sequences from several variants’homologues. Sequence alignments can be performed
using computer software known in the art. For example the GCG Wisconsin PileUp
program is widely used.




pol ynucl eoti de sequences are being expressed. O her sequence changes may be
desired 10 in order to introduce restriction enzyne regughehber0gstes, or
to alter the property or function of the pol ypeptides encoded by the

pol ynucl eoti des. Pol ynucl eoti des (nucl eoti de sequences) of the invention
may be ust¥®4BPoduce a priner, e.g. a PCR priner, aP@Ba#R™Ror an
alternative anplification reaction, a probe e.g. labelled 15 with a
reveal i ng | abel by conventional means using radi oactive or non-radioactive
| abel s, or the polynucl eotides may beéScloned into vectors. Such priners,
probes and other fragnments wll be at |east 15, preferably at |east 20,
for exanple at least 25, 30 or 40 nucleotides in |length, and are al so
enconpassed by the term pol ynucl eotides of the invention as used herein.
20- Pol ynucl gnd piéegs G3¢dhin ﬁ?e%{ﬁe PQRWﬂH@é:ﬁQﬁbH@&rzﬁ&@d@%@&ﬁ@p@ﬁmﬁdhmg to the
i nvention may . be produced reconbinantly, synthetically, or by any neans
avai | abl e t ¥ boused g stapgepgy mdm?wéo‘&ffrttgamth@f ysed fop cloping sequenspiatithy

~standard teghpi i s will be produced by synthetic
GBEL Se4fishoe é‘%ﬁ‘? ey by S

means, involving a s act'ure of the desired nucleic acid
sequencedone nucl eotide at a time. Techniques for acconplishing this using

autonmat ed techni.gues are readily available.in,th rt. longer .

ol ot vot fiagadlesy sEhrhiflode oA he dhGined bkt Hboied MARERILAL for 30
exanpl e usi Bigraetc6R seqRbes MBS EAy 66 adeful Mbak! foP BanPleOdileGol@CRbu@bes . Thi s
will involve nmaking a _pair of priners of about 15 to 30, nucl eoti des)

A f (e.g. ) . 30,
flanki ng a fhegessarededauited tq epiimépe cedon gesfirensosslor p ppti@larhpst gell in whichdesi red to
cl one, bringi i j t ol v, 02/ 094123
T/ 1502/ 02800 IERRAEEES sl ERNGAR, (ot el GHANES mePfodentfd 071
per f or milfg @ @dérytoentaxisce reaitiotionr enapnd cacognifiher sites; rati to iabbersthevipiopertibei ng about

anplificatign of e sir.ed reqion,..isolati the anplified fragnent
(e.g. by puﬁ’i“?‘%PPr?EH‘Fﬁ’adﬁP“é’&@ ieg‘f?gmﬂﬁer%)?%'ﬁdgﬁ%gsgar ose gel) and recovering
the anplified DNA. The priners may be designed to contain suitable
restriction_enzyne recognition sites, so that the anplified DNA can be

cl oned i nt oPﬁmugl?ptiJ&Mr@glewﬁﬁwaewg?%ﬁ@ inyepeR pPBRerysesio produce a primer,

e.g. a PCR primey, a primer for an alternative amplification reaction, a probe e.g. labelled
15 with a revealing label by conventional means using radioactive or non-radioactive labels,
or the polynucleotides may be cloned into vectors. Such primers, probes and other
fragments will be at least 13, preferably at least 20, for example at least 25, 30 or 40
nucleotides in length, and are also encompassed by the term polynucleotides of the
invention as used herein,
20
< Polynucleotides such as DNA polynucleotides and probes according to the invention may
. be produced recombinantly, synthetically, or by any means available to those of skill in
the art. They may also be cloned by standard techniques.

25 In general, primers will be produced by synthetic means, involving a stepwise
manufacture of the desired nucleic acid sequence one nucleotide at a time. Techniques
for accomplishing this using automated techniques are readily available in the art.

Longer polynucleotides ‘will generally be produced using recombinant means, for
30  example using a PCR (polymerase chain reaction) cloning techniques. This will involve
making a pair of primers (¢.g. of about 15 fo 30 nucleotides) flanking a region of the lipid
targeiing sequence which it is desired to clone, bringing the primers into contact with




10 The present invention al so enconpasses sequences that are conpl enentary
to the sequences of the present invention or sequencesNbhhaibeangosapabl e of
hybridising either to the sequences of the present invention or to
sequences that are conplenentary thereto. 15 The term "hybridi sation" as
used her YR 9%¥4128 i ncl ude "the process by which a straREBH2/02f3c] ei c acid
joins wwth a conplenentary strand through base pairing" as well as the
process of anplification as carried out in polynerase chain reaction (PCR)
technol ogi es. 20 The present i nventi on’4l so enconpasses the use of

nucl eoti de sequences that are capable of hybridising to the sequences that

~are conple : j e 1S enein, ok .any
Gerivatfve, TS YA DB by 1R RER QUIRIRERe R Rese ni ]

enco lr:)rlpassfes reaeﬁnmamb mande sonditins ﬁrhieh bﬁjlrpﬁtﬁm riifiyation osmqg@ne@&gio%a%amg are
capable o ridgi.s to the nucl eqti de sequences di scusse rein.

Hybri di sat-igﬁ/?fmiiéﬁi ﬁgﬁ@%ﬁe@-@w@&%@% &CARRN; RO %ﬁ%@&%fﬁﬁeéeg'ﬁﬁii of the
nucl eotide  hbpghpne AAPiRY DRA. t il f b " Bair( Cui de to
Mol ecul ar C1Ioni ngé] Techni ques,ﬁl\/b?%g S iefr%lg zgﬁodle%)?{)}?%ol . 152, %\gadem o

Press, San DisbigborCayyme metogrdfonceiies oo that diesf ampdidied SINA. wgre be yloned inkixpl ai ned
below. 9 No r 02/ 094123 PCT/ 1 B02/ 02792 40 Maxi mum stringency
typically oé@%c%@gg%$Tm 5C (5C below the Tm of the probe); high
stringency at about 5C to 10C below Tm internediate stringency at about
10C to 20C below Tm and | ow stringency at about 20C to 25C below Tm 5 As
w Il be understood by those of skill in the art, a maxi mum stringency

hybri di sat i %nm_q can be used to identify or detect identical nucleotide
sequences - RIDBATIONer e di at e (or low) stringency hybridisation can be
used to identify or detect simlar or related polynucleotide sequences. 10
Preferably, the term"variant" enconpasses sequences that are conpl enentary

to sequencehe phadnt dvenEaPaAR) @uaimpaydes iseiushda® thif A8y chthflbméitiry N8 ahs Y
conditions or intermediate, strjngency conditions to nucl eoti de sequences

encodi ng ensSARESesehinspresenhEvenion oF sedugncss Bt gre sapghle pd by bridisipg:eittier,

to the sequences of the present invention or to sequences that are complementary

thereto.

15 The term “hybridisation” as used herein shall include “the process by which a strand of
nucleic acid joins with a complementary strand through base pairing” as well as the
- process of amplification as carried out in polymerase chain reaction (PCR)

technologies.

20 The present invention also encompasses the use of nucleotide sequences that are
capable of hybridising to the sequences that are complementary to the subject

sequences discussed herein, or any derivative, fragment or derivative thereof,

The term “variant” also encompasses sequences that are complementary to sequences

25  thatare capable of hybridising to the nucleotide sequences discussed herein.

Hybridisation conditions are based on the melting temperature (Tm) of the nucleotide

binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning

Techniques, Methods in Enzymology, Vol. 152, Academic Press, San Diego CA), and
30 confer a defined "stringency” as explained below.




15 More preferably, the term"variant” enconpasses sequences that are
conplenentary to sequences that are capabl e of hybri di Rbixgnstadens hi gh
stringent conditions (e.g. 65C and 0.1xSSC {IxSSC = 0.15 M NaCl, 0.015 M
Na-citrate pH 7.0}) to nucl eotide sequences encodi ng enzynmes having the
speci fi c BP8EYPes as defined herein. 20 The present PGRABAY2H al so

rel ates to nucl eoti de sequences that can hybridise to the nucleotide
sequences di scussed herein (including %ﬁnplenentary sequences of those

di scussed herein). The present inventi al so relates to nucl eotide
sequences that are conplenentary to 25 sequences that can hybridise to the
nucl eoti de sequences di scussed herein (including conplenentary sequences
of those discussed herein). Also included within the scope of the present

i nventi on alMexpoty rstridgemyi teicalyonens es abididim-8PE ($°apbdldw tief TR ST thdi sing to
t he nucleotiqﬁ%f guences di scussed herein under 30 conditions of

i nt er medi at & sanzeney dtragewcy’C 1o 146G dwlear Trp beprmediaty Sogancy 3t

PCT/ 1 B02/ 02 o _ : i '
nucl eot | de_ S0 1808 el beb R hR e BRE Shinelnd s ASHEFC AP PET Wi IR e
di scussed heweiill be anderdieddyridse O BKill idhe effa maiMeR striigthdy BOBHdiSMERI t 1 ons

(e.g. 50C and 0. ZXSSC .Ih a nore preferred aspect, the present _invention
covers nucl &5t bwsed &, 8" et 1denfical gydleqtide ssauenses waillggeintssnedidte sequences

di scussed heqrqbw : ' I

condi tions ?de. g. ) %iélﬁéa?ﬁ%hﬂ%ﬂ%ﬁé&éﬂé@ HSeP%EE@%{ I&E%%%?Hﬁﬁ%&%logq%g@%wce an
enzyrre-encoﬁ?lﬁﬁlﬁm@dw&ﬂ@eﬁssequence and/ or am no aci d sequence of the
enzyme has been isolated, it may be desirable to nutate the sequence in
order to prepare an enzyne having the desired properties of the present

inventi @0 oPrefaatdyhibecerm Vezianit ancahpapsespegicnes bt &b ecoiplontentaryl %o Mut at i ons
may be introduced ﬁ%n rs%gébﬁlet i ﬁié'%l'i ,g_onucl eot | des., These ol i gonucl eoti des
cont ai n nucfEYticEe q%% & 1°f IRPHISInE cunders ihighy stripgerey gendifiprss or
' mtermediate stringency conditions to nucleotide sequences encoding enzymes having
the specific properties as defined herein.

15 More preferably, the term “variant™ encompasses sequences that are complementary to
sequences that are capable of hybridising under high stringent conditions (e.g. 65°C
and 0.1xSSC {1xSSC = 0.15 M NaCl, 0.015 M Na-citrate pH 7.0}) to nucleotide

sequences encoding enzymes having the specific properties as defined herein.

20  The present invention also relates to nucleotide sequences that can hybridise to the
nucleotide sequences discussed herein (including complementary sequences of those

discussed herein).

The present invention also relates to nucleotide sequences that are complementary to
25  sequences that can hybridise to the nucleotide sequences discussed herein (including

complementary sequences of those discussed herein).

Also included within the scope of the present invention are polynucleotide sequences
that are capable of hybridising to the nucleotide sequences discussed herein under

30  conditions of infermediate to maximal siringency.




A suitable method is disclosed in Mrinaga et al (Biotechnol ogy (1984) 2,
p646-649), 20 wherein a single-stranded gap of DNA thEoe&asyEFeoencodi ng
sequence, is created in a vector carrying the enzyne gene. The synthetic
nucl eoti de, bearing the desired nutation, is then annealed to a honol ogous
portion oVOPH®IRBngl e-stranded DNA. The remnining gapPGRABOHEMA i || ed in

with DNA polynerase | (Klenow fragment) and the construct is ligated using

T4 ligase. O her suitabl e nethods incl #Ifje the nega prinma 25 mut agenesi s
met hod of Sarkar G & Sommer S.S. (19907 Bi oTechni quesi 8, 404-407) and the
Qui ckChange net hod of Papworth et al (1985 Nucleic. Acids Res. 13: 8765-
8785). US 41{60n0fR5cqias S s j ' ot i.des encodi ng
multiple 30 nggati ons %é;ef)tgr %érgfgrllﬁnlgwrlrllﬂg%(r%g#{]gﬁ%ﬁéﬂgﬁg&%%%%e&%tas ette.
However, an hgbrslisegiocthe encloctide sequenées riiscadsed haremaior tigs soniplaghuc édredf, any one

time by the nent | oned r WO 02/ 094123 PCT/ | B02/ 02792 42
Mor i naga rretuﬁoeg?ét%g%%ﬁ%@%onﬁ%'mﬁﬁﬂn%%@fﬁggébonucI eoti des, of various
| engt hs, can be introduced. Another nethod of introducing nutations into

enzyne-e co?IiBng]enucl otide sequences 5 is described in Nelson and Long
(Anal yt i Cal "Bf BOFRIFSHEY 23pecigty preseny invgntiopcoyes puclyutids seavenvesithoaol ves t he

3-step genengkridd #9fme nﬁg&édél%%ﬂ%ﬂées q&@ﬁ&wgé}%ﬁ? AR e f%;;f on

i ntroduced by using a chem ca synt hesi se strand~as one of °t he
~primers in thder pigk sitegenticordtions (ogn6s 1andORx§86%r at ed fragment, a DNA
fragnent carrying the nutation nmay be isolated by cl eavage with
restriction endonucl eases and 10 reinserted into an expression plasmd.
Fur t her nor e SITR-BIRBCEED MUTAGBNRISN Eng (1989) 2, 621-625 and Protein Eng
(1990) 193-198) describes site-directed nutagenesis inAspergillus
glucoanjpase. 15 Suitably, a nucl eotide sequence encoding either a |ipase

(E.C 3.1 103 8 eRzhlePQl¥dihe nudttie @yﬁéﬁef%gmﬁ Faggm §ci&-s%qu%%/&% be

subjected to site-directed nutagenesis in regr on*and/ or fear the
active sit ecagymediasdeen ksola®d; érminb¢ desfirablado amitate the sojuaee e pedr to

Pr ef bly, i di ither.a |i .C. 3.1.1.3
or e 20 11 BisPee REaI0k e fRUERCT pRRENE! PSRl oo R BT By bl o
Si t e- di r ect te namtahpepatiesof the enzyme.

15

Mutations may be introduced using synthetic oligonucleotides. These oligonucleotides

contain nucleotide sequences flanking the desired mutation sites.

A suitable method is disclosed in Morinaga ef al (Biotechnology (1984) 2, p646-649),
20 wherein a single-stranded gap of DNA, the enzyme-encoding sequence, is created in a
~vector carrying the enzyme gene. The synthetic mucleotide, bearing the desired
mutation, is then annealed to a homologous portion of the single-stranded DNA. The
remaining gap is then filled in with DNA polymerase I (Klenow fragment) and the
construct is ligated using T4 ligase. Other suitable methods include the mega prima
25 mutagenesis method of Sarkar G & Sommer S.8. (1990 BioTechniques] 8, 404-407)
and the QuickChange method of Papworth ef af (1985 Nucleic. Acids Res. 13: 8765-

8785).

US 4,760,025 discloses the introduction of oligonucleotides encoding multiple
30 mutatioils by performing minor alterations of the cassette. However, an even greater

variety of mutations can be introduced at any one time by the above mentioned




near the active site to alter the hydrophilic properties of the surface
around the active site. RANDOM MUTAGENESI S 25 Error po ®lagedibdr 2085 be
performed, for exanple by using the Diversify PCR Random Miut agenesis Kit
from CLONTECH. LOCALI SED RANDOM MUTAGENESI S 30 A mut ageni c pri nmer

(ol i gonucVB8¥AY may be synthesised which correspondsPEBIHR2part of the
DNA -sequence to be nutageni sed except for the nucleotide(s) 9 Novenber
2005 WD 021094123 PCT/ 1 B02/ 02792 43 cprresponding to am no acid codon(s)
to be nutagenised. The priner will, in“the 5 and 3' end, contain

nucl eoti des correspondi ng to the sequence surrounding the sequence to be

mut ageni-sedmdrmaémffﬁ&eﬁa@éméegma{amﬁbu{e&etgﬁsﬁ nfGrfibd bPVERus RAEEE W gES Of the

four different nucl eoti des resent at each posi n,” giving the
possi bi | i t yiftwdueeddons 5 for different amino acids in the sel ected
positions. Subsequently, the resulting nutagenic prinmer may be used in a
PCR reaction with a suitable opposite priner. The resulting PCR fragnent
may be cl onéglothpembtapbofihtr@iucing efifatidgintd GRphe-BRAHME @atibMiAe sbdiked Sui tabl e
vector, gontaining.the rest of the codi n% 10 region of the 1aene of

i nterest? Sifi 4aprtyd i Nelsen aed Lo Guglydnel Sieshemitni( 123D nt80. n 14V 9abe (E. C.
3.1.1.3) or This iRl idalives t&cyétgﬂﬂg%@a%iﬁrgsﬁéfel@-ﬁs%éntﬂwg%we BRIl ect ed

to localised random nut agenesi Id regfon an near e active
- site and/ or matatiph dnt@diesdnhyhudingoé chemicallyi spntimeivad DNA. steqdename dPrikd er abl y,

| pol yii - acoifaSgs RN FRsRss S MIRhcR eoh BRSE ridmert DNA fedlost s o
random nut egyshegshe muetion iMag badblawd 181 d@vige with REtribie deieRNek b&d

pr opert'h?s of the surface 20 around the active site. EXPRESSI ON OF ENZYMES
- reinserted into an expression plasmid.

Furthermore, Sierks ef al (Protein Eng (1989) 2, 621-625 and Protein Eng (1990) 3,
193-198) describes site-directed mutagenesis in dspergillus glucoamylase.

15 Suitably, a nucleotide sequence encoding either a lipase (E.C. 3.1.1.3) or a lipolytic
acyl hydrolase (E.C. 3.1.1.26) may be subjected to site-directed mutagenesis in the lid

region and/or near the active site and/or at the C-terminal of the amino acid sequence.

Preferably, the nucleotide sequence encoding either a lipase (E.C. 3.1.1.3) or a
20 lipolytic acyl hydrolase (E.C. 3.1.1.26) may be subjected to site-directed mutagenesis
near the active site to alter the hydrophilic properties of the surface around the active

site.
RANDOM MUTAGENESIS
25 :
Error prone PCR can be performed, for example by using the Diversify™ PCR
Random Mutagenesis Kit from CLONTECH.
LOCALISED RANDOM MUTAGENESIS
30

A mutagenic primer (oligonucleotide) may be synthesised which corresponds to the
part of the DNA sequence to be mutagenised except for the nucleotide(s)




A nucl eoti de sequence encodi ng an enzynme having the specific properties as
defined herein can be incorporated into a reconbi nantg Nepdmisses vect or.
The vector may be 25 used to replicate and express the nucl eoti de sequence,
in enzyne_form in and/or from a conpatible host cell. Expression my be
control | P IEPHI control sequences which include proRSTAB®RMRancers and
ot her expression regulation signals. Prokaryotic pronoters and pronpters
functional in eukaryotic cells may b% used. Tissue specific or stinuli
specific pronoters may be used. Chi rrer?c pronoters may al so be used 30
conpri sing sequence el enents fromtwo or nore different pronoters described
above. 9 No&,g@%h 129 BPamil %Fé : pr oduced
by a host reconbi (ril]g%t Ceﬁ‘?&c@%é@%ﬁ%ﬁ%ﬁ%ﬂt#@ﬁ%@%ﬁ@ e%}tv?;g’gn%g%%gigdnce may be
secreted or3 meds cogainaneladtiesicdrespanding ffeithastqreniesemaindipgdhe soqeence équence

and/ or the yec : [ S ence n pe designed..w th signal
sequences V\%ei @% 'é?n:f%@?ms%gr%% O%gﬁg%fe n;%ﬁ‘%l eg%%iggﬁgcgpggﬁniﬁg%ggggn%& t hr ough
<\31/E C?’ Op?a_rr ti cdiffeentuoketides tilt bopresmk atreyeh Hitivg) divieg ltﬂerp%Mbiliﬁerf;)Eéﬁa]?EaSﬂ N

e ferm "expr.essi,on vector" neans a construct capable of in vivo or
in vi trﬁex%?é‘&?%’rfgnm@ﬁ% on H1sglectedRosiioBs-essi on vector is incorporated in
t he genone of the organism The term "incorporated" preferably covers
stabl e incorporation into the genone. Preferably, the vector of the present
i nvention CS}I%WG@Q’ thegonling matageois prighen guay detused inlEPGRasastion withent i on.
Alternativ d. rabi.: ugl eot i de _segyence ding for an
enzyne h-av?gﬁléab'? gf’ pgo %@%3’%‘?1% g%%ﬁ%ﬂ#%?cg{sﬁ@ﬁnkgﬁy%ggz?% ’i%c%%lpéfgﬁrt in a
vect or and sombeeddiiionad hedificaionpinisle surblsercior, icontaipiap Al jesd dffikecbding
regul at@ry seglge es sugﬁh that the regulatory sequences are capabl e of
provi di g t"H& 9%‘?‘%5%‘?8 mfFesthe nucl eoti de sequence by a suitable host
organism i.e. the vector is an expression vector. 20 The vectors of the
present invention may be transformed into a suitable host cell as

descri bed bultahly Hnyslesiiiel seqpence enprdingstibier dlipase (BICy BdpitI)de 2okipadytieynme havi ng
the speci fdpl RRRRE (BRS 325 55 ) Nfelibd o HMRed kidadn "ilthiRLsARPECT the

i nvention pr
: the lid region and/or near the active site and/or at the C-terminal of the amino acid

15  sequence.

Preferably, the nucleotide sequence encoding either a lipase (E.C. 3.1.1.3) or a
lipolytic acyl hydrolase (E.C. 3.1.1.26) may be subjected to localised random
mutagenesis near the active site to alter the hydrophilic properties of the surface

20  around the active site.

EXPRESSION OF ENZYMES

A nucleotide sequence encoding an enzyme having the specific properties as defined
herein can be incorporated into a recombinant replicable vector. The vector may be
25  used to replicate and express the nucleotide sequence, in enzyme form, in and/or from
a compatible host cell. Expression may be controlled using control sequences which
include promoters/enhancers and other expression regulation signals. Prokaryotic
promoters and promoters functional in eukaryotic cells may be used. Tissue specific
or stimuli specific promoters may be used. Chimeric promoters may also be used

30  comprising sequence elements from two or more different promoters described above.




process for preparing pol ypeptides for subsequent use according to the
present 25 invention which conprises cultivating a hostNe&nbet p@gssf or med or
transfected with an expression vector as described above under conditions
to provide for expression by the vector of a coding sequence encoding the
pol ypept iYREL0944 recovering the expressed pol ypepti RE/MBRP2Me vect or s
may be for exanple, plasmd, virus or phage vectors provided with an

origin of replication, optionally a prqnmoter for the expression of the said
9 Novenber 2005 WO 02/094123 PCT/IBOZﬂ82792 45 pol ynucl eoti de and
optionally a regulator of the pronoter. The choice of vector will often
depend on t gﬁgE i i b oSt i tors may
contain oneﬁgﬁ rgﬁggl%%?ggfﬁﬁ%grcg?wgéﬁé%uqﬁhgﬂﬁ%ggﬂgﬁﬁ?ﬁé?%hﬁggseIection
syst ens f or saqnehes tmdyabe seareted or guayi bersomsined mbmeclfuderiyedepoydisghen ghoup of

sel ection markers ich do not reguire.a nutation in the host oQrgani sm

Sui tabl o SBREGPF il frabs arest et pits dndick PicBis Oon b dbigned (il 980 0, °5

| i cheni for Misuen@és GRARh dHRicE heGOIMICES tRNbitkiaAtd CodiRS| RhRACH ffilhap

anmpi cill{n, kanamycin, _chloranphenjcol or tetracyclin resistance.

Al t er nat ? veP& iUt prokarypiis erevkaryelic cgb membrangper gi | | us selection 10 markers
such as andS, argB, niaD and sC, or a marker giving rise to hygronycin

resi stance. Exanpl es of other fungal selection markers are the genes for
ATP synthetase, subunit 9 (oliC), orotidine-5"-phosphate-decarboxyl ase
(pvrA), phEEBRESSION WHT@RBnony| resistance (benA). Exanpl es of non-funga
sel ection markers are the bacterial (418 resistance gene (this nay al so be
used in yeast, but not in filamentous 15 fungi), the anpicillin resistance
gene (E. cofje) ' i n S ARG 88 gL .fﬁﬁh E. col

ui dA gene, %J?%Q&ﬁgﬁgﬁtﬁcﬁl?%?dase E%ﬁ%@eggﬁﬁ gyﬁ,)siﬁtlrta egeslﬂﬁa'sel ection
mar ker s1@ ncl ude the dal genes fromB subtilis or B. licheniforms.

Gescrfbed | T SoRSbE el REBERE TPl ol ¥ p B PR vt ¢ or

t he product fimorpofatddNpreferablis@etert stablé inedtpdiativh i tHercammfieor m a host cel | .

Preferably, the vector of the present invention comprises a construct according to the

15  present invention. Alternatively expressed, preferably a nucleotide sequence coding for
an enzyme having the specific properties as defined herein is present in a vector and
wherein the nucleotide sequence is operably linked to regulatory sequences such that the
regulatory sequences are capable of providing the expression of the nucleotide sequence
by a suitable host organism, i.e. the vector is an expression vector.

20
The vectors of the present inveﬁtion may be transformed into a suitable host cell as
described below to provide for expression of a polypeptide or enzyme having the
specific properties as defined herein. Thus, in a further aspect the invention provides a
process for preparing polypeptides for subsequent use according to the present

25 invention which comprises cultivating a host cell transformed or transfected with an
expression vector as described above under conditions to provide for expression by the
vector of a coding sequence encoding the polypeptides, and recovering the expressed

polypeptides.

30 The vectors may be for example, plasmid, virus or phage vectots provided with an

origin of replication, optionally a promoter for the expression of the said




Thus, nucl eoti de sequences encodi ng enzynmes having the specific properties
as deflned 25 herein can be incorporated into a recombNaaaﬁbaemgpr
(typically a replicable vector), for exanple a cloning or expression
vector. The vector nmay be used to replicate the nucleic acid in a

conpat i bl WOREYH2Ze| | " Thus in a further embodi nent, thRCTEBB®RE20n provi des
a net hod of making nucleotide sequences encodi ng enzynes havi ng the
specific properties as defined herein fy introduci ng a nucl eoti de sequence
encodi ng 30 such an enzyne into a replicable vector, introducing the vector
into a conpatible host <cell, and growi ng the host cell under conditions
whi ch bri ngpgi

PCT/ 1802/ 0259 %eoegf%%d?%'?ﬁ@y\%g%m%% B FREGoC TR chofld SEvcBE WP o1
Sui t abl e hosftencdspenst @rtbehwb@ﬂnntb@dhldbatlewlnmntmatt ion with expression
vectors. The procedures used to |ligate a DNA construct of the invention
encodi ng an enzyne 5 which has the specific properties as defined herein,
and t he reg(l‘hatvastqrs mmﬁﬁ&sonea&dnm deleo@ble mhd¥RdP defiés) Thé idkl Ritdet ors

cont ai nlg e i nf or mat ecessary for, repli catlg) are well known to
per sons ki F§ ?é’&o’il SYSighes th MifIP-greapisme ateskns: faRek by she gopR oL ar

Coning: A taabRherrerdRiidRldo bt ret%ﬁe a(ﬂi%éﬁa& in tHd hbSCort&hR! SWRbId ar t her

conprise a nucl eoti de sequence enabling the vector to replicate 1n the
host cel | i felegtion tagers E%ah@ﬂ&yfabge@acﬁ’@nséqm%w &r Gchengoronis, 9t se of

pio70p. recHiR SEeihis e Rl b bl Aok BT b "Cequence

encodi3 Ing ante&m?yhmrdsmatmg Albegnatipe seldction nﬁﬂ@mﬂaﬁﬁy B.ﬁthaﬁs_ﬁh?l;%ﬂlﬂﬁ?tld&ﬁéﬁi 3 mayf be
oper a n toare e e which is, .capable of providing for
t he expi/% Tnﬁ‘ﬁ‘ ersesupth as ’ﬁ‘ﬁ@# ’dléa%gaﬁéﬁc%r a SpEpr gAving, Tist I hygFHIRH host

cell. By wajsigfan®@XaiRhfples Of oﬂfeﬁﬁgal lsE1¥&H0h | MRERVAL Shéd ghf “tfaf IA?]‘%"W i sing

20 the nucl eotide sequence of present 1 nvention operably nked to such

a regul at or @@ﬁié‘l‘h‘)@ltgl("l@)s thiédmfe&’ phosphateaiccahouyliss (pord )y pldeamycitiThe t er m
"operably | jnk u - AR0SI he ¢ one ts
descri bed ég{rﬁeﬁ‘eﬁln gle Fa?l onshi pxﬁp‘)e' eﬁﬂ*ﬁ’gn?@%ﬁf e&ec%l%g{a]r eir

i nt ended mabacterial Bd18 resistance gene (this may also be used in yeast, but not in ﬁlamentous

q

15 fungi), the ampicillin resistance gene (E. coli), the neomycin resistance gene (Bacillus)
and the E coli uidA gene, coding for S-glucuronidase (GUS). Further suitable

selection markers include the dal genes from B subtilis or B. licheniformis.
Alternatively, the selection may be accomplished by co-transformation (as described in
WO091/17243).

20
Vectors may be used in vitro, for example for the production of RNA or used to
transfect or transform a host cell.”

Thus, micleotide sequences encoding enzymes having the specific properties as defined

25 herein can be incorporated into a recombinant vector (typically a replicable vector), for
example a cloning or expression vector. The vector may be used to replicate the

nucleic acid in a compatible host cell, Thus in a further embodiment, the inveniion
provides a method of making nucleotide sequences encoding enzymes having the
specific properties as defined herein by introducing a nucleotide sequence encoding

30  such an enzyme into a replicable vector, introducing the vector into a compatible host
cell, and growing the host cell under conditions which bring about replication of the




25 regul atory sequence "operably linked" to a coding sequence is ligated in
such a way that expression of the codi ng sequence is ashvauss 2ander
condition conpatible with the control sequences. The term "regul atory
sequences” i ncludes pronoters and enhancers and other 30 expression

regul ati olC Y YALPs. 9 Novenber 2005 WO 02/094123 PCT/REUBIM2TE2 47 The
term"pronoter” is used in the normal sense of the art, e.g. an RNA

pol ymerase binding site. Enhanced expression of the nucleotide sequence

encodi ng the enzyne having the 5 SpEéIi6fi c properties as defined herein may

al so be achieved by the selection of heterologous regulatory regions, e.g.

pronoter, s ti 1N . REGH QRS, ; i ncrease
expressi on gér% . imd%eg?oggg%fg%f:re e;i]‘:!(‘)-'{nﬁ @v%?g%%}wphesmﬁ;)%[hg?ﬁé%g e‘l&%t er est
from t he chdssenibedbplowsiaicamettivatwithredpressidroveptossvi de f or t he induci bl e

control of the expression of the enzynme having the specific properties as
defined 10 herein. In eukaryotes, polyadenylation sequences may be operably

connect ed t Thd p@ceditkes el th digats QUIIACROnLAGOSH M ilvBRicR taYiihg fir @pnabl y, the
nucl eotlge sequence of the present invention nay be operably linked to at

| east a pr ofrpicl has thesspesifig propertien as Hetingd emsine And the regelaipry seqiendgs,fdd &hcodi ng
; Ry : . ; g !
the nuc emﬁ%?ﬁ&ﬂﬂg?ﬁgmﬁ@%%&&mﬁ%ﬂﬂgmﬂ%ﬁ% Igégesg%?ffoﬂ)&ﬁﬁtfoﬁ, g operties

as defined el n, r pronoters nay be Use ect “expressi on of the
enzyne. Thewgll énptreto pasend ekiied inchedrt (for nstamce sfef Sapibeyokyer iah Mtilacelat | ng t he

expression gf the, nucl eot.jde : f the present 20 invention in the
desired exp@gglg '%Paﬁ%r§@WW%§gﬁﬁg‘g?e odi nent, a constitutive pronoter may
be selected to direct the expression of the desired nucl eotide sequence.

Such an_expression construct may provide additional advantages since it
ci r cumvEht sThereeciemay fither sompriss 4 pslestids sequsnsmenabiing he vectes fo BphissR um

contai ni ng @Afhd RS EANG ubdidh Bafiples of such sequences are the origins of replication
of plasmids pUC19, pACYC177, pUB110, pE194, pAMBI and pIJ702.

REGULATORY SEQUENCES
15

In some applications, a nucleotide sequence encoding an enzyme having the specific
propetties as defined herein may be operably linked to a regulatory sequence which is
capable of providing for the expression of the nucleotide sequence, such as by the
chosen host cell. By way of example, the present invention covers a vector comprising
20 the nucleotide sequence of the present invention operably linked to such a regulatory

sequence, 1.e. the vector is an expression vector.

The term "operably linked" refers to a juxtaposition wherein the components described
are in a relationship permitting them to function in their intended manner. A
25  regulatory sequence "operably linked" to a coding sequence is ligated in such a way
that expression of the coding sequence is achieved under condition compatible with

the control sequences.

The term “regulatory sequences” includes promoters and enhancers and other

30 expression regulation signals.




Exanpl es of strong constitutive and/or inducible pronoters which are
preferred for use in fungal expression hosts are thoseNehéefiberanos

obt ai nabl e fromthe fungal genes for xylanase (xInA), phytase,

ATP- synt Q‘gﬁase, subunit 9 (oliC), triose phosphate isoinerase 30 (pi),

al cohol VPéYenase (AdhA), a-anylase (any), anyl oglRTIBIHRIR (AG - from
the gl aA gene), acetam dase (amdS) and gl ycer al dehyde- 3- phosphat e
dehydrogenase (gpd) pronoters. O her anpl es of useful pronoters for
transcription in a fungal host 9 Novenber 2005 WD 02/094123 PCT/1B02/ 02792
48 are those derived fromthe gene encoding A oryzae TAKA anyl ase, the

TP (tri OSG%F%DE@%@'SQ%%%eBB&IEPE&?e Bf%@m% e.g C8l RNWShlfindAt ber et al
(1982) J'. . Appl. Cenet. 1, p419-434), |zorm%or m ehel” aspartic
prot ei nase, bixdingsitpger neutral o - anylase, A niger acid stable a-anyl ase,
A. niger glucoanyl ase, Rhizonmucor mehei 5 |ipase, A oryzae al kaline
prot ease, A oryzae triose phosphate isonerase or A nidulans acetam dase.

Exanpl es of Eahdnodleip@sasibn f AR hadléotids Sequtfceenbling nied klzytiediavingethgenes f or
al cohol _dehydrogenase, |actase,, 3-phosphogl ycerate_ Kkinas

: e and
t ri osephéspRRRCEIc) HepRiticisas defnegybprsin duayo alse theo phuqyad t by |S%&B%1°Er s are
the a-anyl aggeR ousSPég%laaﬁg BLighs &2 pg)hj}oter,%eo%ifaﬁvfesae? daomrsihfoace! | ul ar

prot ease genes. anples of ot her able promters for directing the
transcripti oagioss, which servé dwitciess expuessior apd p€ degitetly sacretion hevelserfithe host

are the pronoters..of the |ac eron of . E.. coli he .

coel i col or gboieﬁ%é%mtf Stgigo eﬁlc?a""gﬁsef)lr%ﬁ%?s}eorn sh,ogtta}lulg/ of)ioo?‘}:gi’lg% gO%ﬁeoﬁ% aci |l | us

li cheni for rrb@g@li aﬂyﬂea‘?@r@ﬁm of (ﬂwydz)wml etﬁaeingrtmmp( eeifie mopdrtie Baddﬂnéctlsf )

st ear ot her mpphj | us nal t ogenj c _.anyl ase gene (a , e pronoters of the
Baci | | uggaggPrG’Ini ﬁh@#%P@g@O -aQ?P;Y%&@% St‘g'ﬁ%i may %I\QPSWEE‘O‘P@PWM Baci | | us
subtilis  x%hdeBsseq¥enBe GR0&Re 1e@nids | d pronoters may al so be used to

i nprove inducible regulation of the expression construct. The pronoter can

additionally include features to ensure or to increase expression in a

sui t abl e NOpfor iR @XM sddiEnde SR pRSenEAVenliGn AP BELNERY BRLARS, Such as a

Pri bnow _
least a promoter.

15
Aside from the promoter native to the gene encoding the nucleotide sequence encoding
an enzyme having the specific properties as defined herein, other promoters may be
used to direct expression of the enzyme. The promoter may be selected for its
efficiency in directing the expression of the nucleotide sequence of the present

20  invention in the desired expression host.

In another embodiment, a constitutive promoter may be selected to direct the
expression of the desired nucleotide sequence. Such an expression construct may
provide additional advantages since it circumvents the need to culture the expression

25  hosts on a medium containing an inducing substrate.

Examples of strong constitutive and/or inducible promoters which are preferred for use
in fungal expression hosts are those which are obtainable from the fungal genes for
xylanase (x/nA), phytase, ATP-synthetase, subunit 9 (oiC), triose phosphate isomerase
30  (tpi), alcohol dehydrogenase (4dhA), a-amylase (amy), amyloglucosidase (AG - from
the glaA gene), acetamidase (amdS) and glyceraldehyde-3-phosphate dehydrogenase
(2pd) promoters. Other examples of useful promoters for transcription in a fungal host




25 Box or a TATA box. The pronoter nmay even contain other sequences to
affect (such as to nmaintain, enhance, decrease) the |eweksmbdr 208pr essi on
of the nucl eotide sequence of the present invention. For exanple, suitable
ot her seqﬁﬁnces include the Sht-intron or an ADH intron. O her sequences
i ncl ude iMAMPHIZR el ements - such as tenperature, cheXRTEBIZO2IRght or
stress inducible elenents. Also, suitable elenents to enhance 30
transcription or translation may be prgsent. An exanple of the latter
element is the 9 Novenber 2005 WO 02/ (5184123 PCT/1B02/ 02792 49 TW 5'

si gnal sequence (see Sleat 1987 Gene 217, 217-225 and Dawson 1993 Pl ant
~Mol. Biol. : ‘@ﬁ%mﬂg@n o @quu Tl i i ynonynous
with terns asg%c 0?“gl)sjeqconj ugate',"55‘:'51;(??%%1 ?%g)'yzg?rfl‘ " %ﬂ?ﬁ"meﬁél ucsjeZs a

nucl eot i de pegplatecisoraeressy progroten feomy §fneerévisidenglben ef ahbdOBL) & Malr dplrti es as
defined hergin for e.according to.the present invenfiqgn directly or

Cndi rect 'y GrtkcheattPed it Midhen sie arpnat vhd IR Fehnent | s
t he provi si f i i r _ Ak ence,
Uch a8t he ) B T B e e and

t he nucl &ot liphse, sk quercadkadine proteass; dswyrae irivsephdasphte isdtheaasanmd. ridulprsue for t he
term"fused’ jn.relation to the present invention which includes direct or
i ndi rect at%cglcaﬂ]flf{eaﬁ In some cases, the terns do not cover the natural

conbi nati on of the nucl eotide sequence coding for the protein ordinarily

associated wth_ 15 the wld type gene prompter and when they are both in
thei 1 nat ur BFaies of SHpRETCtTHRREER SRS tore phignabinRomahe aps dor 4ithpless a

mar ker whi clpy o RbtadeD8ph r@PtelfindsDsnd tA6RBAdsPhAORShEHRE! 1N, for
exanple, a ba?#dgg‘?éﬁ%n’ pr ef of ab 56\82# t he genus Bac?lji;l |SES, such as Bacillus
subtili¥) or plants into which it has been transferred. Various markers
exi st 20 iLch may .be used, .such as for, example t encodi n

mannose- 6. oGRS el Herlid BRtela el et AR A PG BEPRRROS rar ker s
that provi dg gréo@Rifidl] Sldabel iR pfotedBs fenes. Extnpled S50tBdrARMId Frofadibi,
hygronyci n, bl eonyci n, kananyci nh and_gentanycin. For_sone appl.ications,

pr ef er abl y Poréirecdng theepsceiptinn efdbanypleofidesoqionen eppeelly e bagkridldgsience
encoding ang gy fiBmdi' didnt e GRAR If £ dNORE SlefonPdes ABLEORA BEAE! N

15 gene dagd promoters, the promoters of the Bacillus licheniformis a-amylase gene

{amyL), the promoters of the Bacillus stearothermophilus maltogenic amylase gene
(amyM), the promoters of the Bacillus amyloliquefaciens o-amylase (amy(), the

promoters of the Bacillus subtilis xylA and xylB genes.

20  Hybrid promoters may also be used to improve inducible regulation of the expression

construct.

The promoter can additionally include features to ensure or to increase expression in a
suitable host. For example, the features can be conserved regions such as a Pribnow

25 Boxora TATA box. The promoter may even contain other sequences to affect (such
as to maintain, enhance, decreasc) the levels of expression of the nucleotide sequence

- of the present invention. For example, suitable other sequences include the Shil-intron

or an ADH intron. Other sequences include inducible elements - such as temperature,
chemical, light or stress inducible elements. Also, suitable elements to enhance

30  transcription or translation may be present. An example of the latier element is the




operably linked to a pronoter. 9 Novenber 2005 WD 02/094123 PCT/1B02/ 02792
50 HOST CELLS The term "host cell” - in relation to theNpyageRt200mnventi on

i ncludes any cell that conprises either a nucl eotide sequence encodi ng an
enzynme having the specific 5 properties as defined herein or an expression
vector asV@&&¥2ped above and which is used in the rc¥FHBIMEM production
of an enzynme having the specific properties as defined herein. Thus, a
further enbodi ment of the present inv i on provides host cells transfornmed
or 10 transfected with a nucl eoti de sequence that expresses an enzyne
havi ng the specific properties as defined herein. Preferably said

~-nucl eoti de SRANIENEgnal Sequencei(sd Sldat B98TEGdne217f PI7-136ink ERdws6 1999 PLamd
expression of the nucleotide sequence. The cells will be chosen to be

conpat i bl e WalPphedHd vector and may for exanpl e be prokaryotic (for
exanpl e bacterial), fungal, yeast or plant cells. 15 The gram negative
bacteriumE. coil is wdely used as a host for heterol ogous gene
expression. However, |arge amounts of heterol ogous protein tend to
accunul at e GOVSIRUGHE cel|. Subsequent purification of the desired protein
fromthe_bulk of E. coil intracellular proteins can sonetines be
difficul®. 20 In contrast to E. coif, Grampositive bacteria fromthe genus

Baci | | us, SuRbieaR "Bonstrdtl whilis hGRARIH B Sich B rcBsedfevi s, B.
st ear ot her nophi | us, n% al kal opﬁigﬁr%n;’dla anyl ol qﬁhef aé;i @Eés#s’BFﬁg%tggul ans, B.

~circul ars, Bad "hybiid"usincigles gageleatide saqpenBe encofling ian ghzynsi levinSthespedfiy ces

i vidans or i ‘e i I 25 het erol ogous hosts
because of f @B?rﬁy%:gga ?ﬁ“%a?%f’fgg f}s{re{(i:‘c%ée gdr%@gttgitﬁé pfeﬁ% l?‘f?gt?o 4 ﬁ% % redi um
Qt her bact eirdaedlpattached toeprembte:a ncexanpls 0f iisindirest hitobaerd: isahe frbasigener a

Pseudomypas. ., Dependi ng on the nature of the nugleotide sequence_encodi ng an
enzyme. flvi REA SHAPLS e gihup SHob 5 FojpiEvn 0esTse, SERErS Hehiaston 4 O MDD t he

desirabi | i t hirb@)indetiddRd P pRERES bitBthe hucleotide sequence of the present invention.
The same is frue for the term "ﬁlsed" in relation to the present invention which includes
direct or indirect attachment. In some cases, the terms do not cover the natural
combination of the nucleotide sequence coding for the protein ordinarily associated with
15  the wild type gene promoter and when they are both in their natural environment.

The construct may even contain or express a marker which allows for the selection of the
genetic construct in, for example, a bacterium, preferably of the genus Baciltus, such as
Bacillus subtilis, or plants into which it has been transferred. Various markers exist

20 which may be used, such as for example those encoding mannose-6-phosphate isomerase
(especially for plants) or those _;markers that provide for antibiotic resistance - e.g.
resistance to G418, hygromycin, bleomycin, kanamycin and gentamycin.

For some applications, preferably the construct comprises at least a nucleotide
25  sequence gncoding an enzyme having the specific properties as defined herein
operably linked to a promoter. ' |




t he expressed protein, eukaryotic hosts such as yeasts or other fungi may
be preferred. 1In general, yeast cells are preferred ovgsvdmbrgabosel | s
because they are easier to 9 Novenber 2005 WD 02/094123 PCT/|1B02/ 02792 51
mani pul ate. However, sone proteins are either poorly secreted fromthe
yeast celWOOHP4128n sone cases are not processed properRGI/ABe2/g792

hyper gl ycosyl ation in yeast). In these instances, a different fungal host
organi sm shoul d be selected. 5 Suitable yeast organi snms nay be sel ected
fromthe species of Kluyveronyces, Sattharonyces or Schizosaccharonyces,
e.g. Saccharonyces cerevisiae, or Hansenula (disclosed in UK Patent
Applicati Onfﬁﬁl‘ 75801. 2). Suitable filanmentous fungus may be for exanple
a strain bel'ongin 0 a species of 10 Aspergillus, such as Aspergillus
oryzae or Aspergillus niger, or a strain of Fusarium oxysporium Fusarium
gram nearum (in the perfect state nanmed G bberella zeae, previously
Sphaeri a. zedbs teyndmshred”t -hinGrakisioneto| the possentrinveatidn Gidiiles ahy @ell dbadum f .

sp. Cerealis or Fusarium,sul.phureum (in . the perfect,statg n

S bberet ta Spiies oEE" & BRIRGR AR, chibalnk o] ShavBie bR Rsc @B 1 um
bactri-di 6i degopedips hdidefined/ioreia ob ua iekiffessfod S@ttb1R dedsibietnabiid dnd Saiidhlis r oseum
var. gram nearum Fusariumcereali s (synonymw th Fusagrium ctokkwel | nse)
or Fusari umayesniarhg rrepmbpan) ppoduction, glzyme dewag thepnoedici pPeHSE 38 may be
sel ected fropmfpamees | | us niger, Aspergillus niger var. tubigensis,
Aspergillus niger var. awanori, Aspergillus 20 aculeatis, Aspergillus

ni dul ans, Aspergillus oryzae, Trichodernma reesei, Bacillus subtilis,
Bacillus |i [ ] ' L gue ' I | acti s,
Sacchar owcggﬁgggfﬁ%\{?&%%béﬁgﬁ# éﬁﬁgg{ﬁlﬁ%ﬂgmﬁ% LV&@%E%%&#@%!@% 'miségi%f abl e host
cel | s - 18uckrassfeciedasith a huobgiitle sdeiealit ehmsdsecal bilryme Haying tievipdeific 25 f or

post -transl ati onal i ficatians g..nyrjistoylatian, glycosylation,
truncati on, PFORBIEEAS ﬁnférm_reeﬂy?%sfe%g!y Ssgirr?uaf_sot&ﬂe SPaHeResS ﬁ@nﬁfﬁ%‘ﬁfﬁw ati on)
as may be ”%‘cﬁ%‘éjre}%lﬂ:ati&rpiﬁﬁ%kp@ﬁﬁn@kheﬁiu@ﬂe&ﬂ!e%@dueﬁ&t. ITHE LYY € RSEEA Nant
expressi on products of theetgresent invention. 30 The host cell may be a

prot ease defd bp epmpgibley pithcthe saigi yrgor sand dangy, forhexempley be prokamygtignbfoe be t he
pr ot ease defeﬁzﬁﬁﬁ@ﬁacﬁﬁﬁﬁif&gﬁ‘?9@39&];11%%&1@}'2% JaL 125 having the al kaline

15

The gram negative bacterium E. coli is widely used as a host for heterologous gene
expression. However, large amounts of heterologous protein tend to accumulate inside
the cell. Subsequent purification of the desired protein from the bulk of E coli
intracellular proteins can sometimes be difficult.
20
In conirast to E. coli, Gram positive bacteria from the genus Bacillus, such as B.
subtilis, B. licheniformis, B. lentus, B. brevis, B. stearothermophilus, B. alkalophilus,
B. amyloliquefaciens, B. coagulans, B. circulans, B. lautus, B. megaterium, B.
thuringiensis, Streptomyces lividans or S. murinus, may be very suitable as
25  Theterologous bosts because of their capability to secrete proteins into the culture
medivm. Ofher bacieria that may be suitable as hosts are those from the genera

Pseudomonas.

Depending on the nature of the nucleotide sequence encoding an enzyme having the
30 specific properties as defined herein, and/or the desirability for further processing of
the expressed protein, eukaryotic hosts such as yeasts or other fungi may be preferred.
In general, yeast cells are preferred over fungal cells becanse they are easier to




prot ease gene naned "al p" deleted. This strain is described in W97/ 35956.
9 Novenber 2005 WO 02/094123 52 ORGANI SM PCT/ 1B02/ 027 S2Ndh@nte€200S Or gani sni
in relation to the present invention includes any organi smthat could
conprise a nucl eoti de sequence coding for an enzyme having the specific
properti e¥08¥0%Yaf i ned herein and/or products obtai nedPGBI¥RIBM Suitabl e
organi sns may include a prokaryote, fungus, yeast or a plant. 10 The term
"transgenic organism in relation to tsie present invention includes any
organi sm that conprises a nucleotide-sequence coding for an enzyme having
the specific properties as defined herein and/or the products obtai ned
theref rom  Aasdpahie ARG, Bl RTEShre CRRLr BbI WA RSO DRl cdifif:
nucl eot i de seqhence codi ng of an enzyme havi'ng the specific pfoperties as
def i ned- her izi somaicases aret Hoe pocersstl moperFr{efgehpistglycospdation dh gerst)ddn Sespience i s

15 incorpora LN e none of the or l,Sm term"transgenic
- organi sm d’&é@‘q"ﬁ%ﬁ"%‘g‘v&‘g%ﬁﬁg%%F&?S&bilﬁ%ﬁ@bésﬂ?% "sequences in their
nat ural environnment when they are under the control of their native
pronoter_which is also in its natural environment. 20 Therefore, the
transgem c oWEhISi ¥oaslopraapiamy, TeayeRe selected i rom the speries oh Klwrganesh
conpri sing P TaT-Nelo) SN al¢ TRaT =Y Of gy @ | dence,coding for
‘ﬂ‘% Biaydds » of' S Pdrbmis.Ote g3 Sggﬁ?{aﬁag@c CePEVATAC € of

an enzyme Ing the specitic properties erein, constructs as
defi ned her Bamsgnuie tisstosedhin UKdRAtem dghplication No. PRANTL s as defined herein,
cells as defined herein, or the products 25 thereof For exanple the
transgeni c organi smcan al so conprise a nucl eoti de sequence coding for an
enzyne havi fgtabledilapaidsi fangds aRgTEd 8 ctdmslehi shedl fiumging tvrdgecither cont r ol
of a hg(fjer Io?gg]rs g)r not er . TRANSFORMATI ON_ OF HOST CELLS/ ORGANI'SM 30 As

i ndi cat sefetiius. $4cR 2p dspergliggrvae & Hre el pieei aF § sE3iB o Fusgrgfikar yot i ¢
organi sm APES Fokarih brblimeaPln? 6RT thO (eRedl Qe ndhi BBb&relif 2k, 2Nd

Baci |l | us subfilis. Teachings
previously Sphaeria zeae, synonym with Gibberella roseum and Gibberella roseum f.

sp. Cerealis), or Fusarium sulphureum (in the perfect state named Gibberella
puricaris, synonym with Fusarium trichothercioides, Fusarium bactridioides,
15 Fusarium sambucium, Fusarium roseum and Fusarium roseum var. graminearum),

Fusarium cerealis (synonym with Fusarium crokkwellnse) or Fusarium venenatum.

By way of example, typical expression hosts may be selected from Aspergillus niger,
Aspergillus niger var. tubigensis, Aspergillus niger var. awamori, Aspergillus
20  aculeatis, Aspergillus nidulans, Aspergillus oryzae,. Trichoderma reesei, Bacillus
subtilis, Bacillus licheniformis, Bacillus amyloliquefaciens, Kluyveromyces lactis,

Saccharomyces cerevisine and Hansernula polymorpha.

The use of suitable host cells - such as yeast, fungal and plant host cells - may provide
25 for post-translational modifications (e.g. muyristoylation, glycosylation, truncation,
lapidation and tyrosine, serine or threonine phosphorylation) as may be needed to
confer optimal biological activity on recombinant expression products of the present

invention.

30 The host cell may be a protease deficient or protease minus strain. This may for
example be the protease deficient strain dspergillus oryzae Jal. 125 having the alkaline
protease gene named “alp” deleted. This strain is described in W097/35956.




9 Novenber 2005 WD 02/094123 PCT/ 1B02/ 02792 53 on the transformation of
prokaryotic hosts is well docunmented in the art, for exsePmEher266s Sanbr ook
et al (Mol ecular doning: A Laboratory Manual, 2nd edition, 1989, Cold
Spring Harbor Laboratory Press) and Ausubel et al., Current Protocols in
Mol ecul arVeI¥%8Ey (1995), John Wley & Sons, Inc. 5 |fPGE/IBIMRE2yOti c host
is used then the nucl eotide sequence nmay need to be suitably nodified
before transformati on - such as by renmpval of introns. In another

enbodi ment the transgeni c organi smcan“be a yeast. In this regard, yeast
10 have al so been widely used as a vehicle for heterol ogous gene
expression. The speci es Saccharonyces cerevisiae has a |ong history of

i ndustrial use, including its use for heterol ogous gene expression.
Expressi on ORGMNIBMD| ogous genes in Saccharonyces cerevisiae has been
revi ewed by Goodey et al (1987, Yeast Biotechnology, DR Berry et al, eds,
pp 401-429, Allen and Unwi n, London) and by King et al (1989, Ml ecular 15
and Cel | Bi gho@n Wrgal@atis reidhomto R ir&entFention inclddet i R hnisBidBat cftild 107- 133,
Bl acki e, 4 asgow). For_ several reasons Saccharonyces cérevisiae is well
suited fér PEREsdpaydendidgseauence cpting B am enzyme daving the) speqifinrprepertisdgeni ¢ to
humans "and [jie 1 Sy d 1 certain endotoxins. Second, it
has a | ong H%??%%%aggﬁggﬁgmﬁé%Bﬁgﬁ#ggﬁﬁg%genturies of commerci al
exploitation for various purposes. This has led to wide public
acceptability,,Third, the extensive c rcial use and research devoted to
t he organiS%F%§§“¥3§@FF@ﬂnphﬁ%?9¥£%¥ > PSR SRF 38 bout t he genetics and
physi ol ogy as well as large-scale fernentation characteristics of

“Sacchar onyces cerevisiae. 25 A review of the .principles of heterol ogous
gene expf esIhotam rivagigenin aresnisi cis relgion & the prasentinvention inglufies AnAreaiisie pr oduct s

i's given by Wale i g%g] " %@&t Qi t he
expressi on o ‘?@?@%@F%%ﬁ%tﬁae gés}%? egg rsafl © ,a@%%t e\éﬁy Iﬂﬁ)ﬁ%@es and J
St uart Har r asdefineddubssin Swicbr éiedi rodorts oainalicherefrdn, eamd/ot ttlerpin a pBmoter can

allow expression of the nucleotide sequence coding for an enzyme having the specific

properties as defined herein within the organism. Preferably the nucleotide sequence is

15  incorporated in the genome of the organism.

The term “transgenic organism” does not cover native nucleotide coding sequences in
their natural environment when they are under the control of their native promoter which
is also in its natural environment.
20
Therefore, the transgenic organism of the present invention includes an organism
comprising any one of, or combinations of, a nucleotide sequencle coding for an enzyme
having the specific properties as defined herein, constructs as defined herein, vectors as
defined herein, plasmids as defined herein, cells as defined herein, or the products
25  thereof. For example the transgenic organism can also comprise a nucleotide sequence
coding for an enzyme having the specific properties as defined herein under the control of

a heterologous promoter.

TRANSFORMATION OF HOST CELLS/ORGANISM
30 |
As indicated earlier, the host organism can be a prokaryotic or a eukaryotic organism.

" Examples of suitable prokaryotic hosts include E, coli and Bacillus subtilis. Teachings




9 Novenber 2005 WD 02/094123 PCT/1B02/02792 '54 Several types of yeast
vectors are available, including integrative vectors, 9RbGdmbdregos re
reconbi nati on with the host genonme for their maintenance, and autononously
replicatin | asmi d vectors. 5 In order to prepare the transgenic

Sacchar orﬂ/"g 094¥%pressi on constructs are prepared by RGRIBPYQ2H3 t he

nucl eoti de sequence of the present invention into a construct designed for
expression in yeast. Several types of gonstructs used for heterol ogous
expressi on have been devel oped. The cOnstructs contain a pronoter active
in yeast fused to the nucleotide sequence of the present invention,

usual l'y a p@ﬁ@@%ﬁh&éﬁﬂ%@ﬂi&é@bﬁbho%té%“%ﬁg AR e £f MUcihple| S Used.

Usual |y a signal sequence o st origin, such as guenc ncodi ng
the SUC2 si gerabampapeki efeq! (Molepslad Cloning rArilabdrainryaivianned, 2mil oditiost 1280s  t he

expression . For .th ransf armati on,of ast , several. transf.ormation
protocol s h?i%gé gg}énrg by gﬁécg%%ryl rn’gr ARP i,ee‘;a{"r gﬁgﬁtgrﬁregoc"ral%\d’&haronyces
accordi ng t dMdiéveiapBizdepyt(1995y,dotin Wileg &'Sohg Iy, epar ed by fol | owing the
t eachi ngg of Hinnen et al (1978, Proceedings of the National Acadeny of
Sci ences”of the USA 75, 1929); Beggs, J D (1978, Nature, London, 275,
104): and | 10 pliciofd hdsl Bibed todiht GLAEIR0%eckthe HEPdRE) bedlhi
transformed yeast Cells are selected using vatious selective markers. Anmong
the mar ker odified before trapsforptatiprasich as by rmavalofitgonof auxot rophi ¢ mar ker s
such as LEU2, H S4 and TRPI, and domi nant antibiotic resistance markers
such as am nogl ycoside antibiotic markers, eg (418. 25 Fil anentous fungi
cell's may bén trodes tmbedbde theotrakganisrganivnotal thga peast, Ol 8IS repafd yo@t | on and
transforlgat oné&f t he .darot pl asts f IIovve¢ii by regeneration of t he cell
wal | in Arzaro Prwidelypsed as @ vehicle forheiermlogons segs exprassion. FhesrseiFyani sm i s
descr i bed . SgeckioRy33e@Adine 38 M B0l WHindHRN LA Pl forl € basi ¢
principle in the CJ(;I’]S'H’UC'[ ia‘(g)_n of I1]"cgrgﬁegne.t ?ljgglqll?/ modi f 1 eﬁuﬁgﬁ%s |sf01io i nsert
geneti ¢ i nf beteralogens gene exmessioantExpendercofhetarslopouscgenes in Saccistanigices
mai nt enance alyikdithal BRA bRV Bddael B 7 (158, vERVELRbREID RiEELPXT ST Tor
ef al, eds, pp 401-429, Allen and Unwin, London) and by King et af (1989, Molecular

15  and Cell Biology of Yeasts, E F Walton and G T Yarronton, eds, pp 107-133, Blackie,
Glasgow).

For several reasons Saccharomyces cerevisiae is well suited for heterologous gene
expression. First, it is non-pathogenic to humans and it is incapable of producing

20 certain endotoxins. Second, it has a long history of safe use following centuries of
commercial exploitation for various purposes. This has led to wide public
acceptability. Third, the extensive commercial use and research devoted to the
organism has resulted in a wealth of knowledge about the genetics and physiology as
well as large-scale fermentation characteristics of Saccharomyces cerevisige.

25
A review of the principles of heterologous gene expression in Saccharomyces

 cerevisige and secretion of gene products is given by E Hinchcliffe E Kenny (1993,

"Yeast as a vehicle for the expression of heterologous genes”, Yeasts, Vol 5, Anthony
H Rose and J Stuart Harrison, eds, 2nd edition, Academic Press Ltd.).

30



WO 02/ 094123 PCT/ 7B02/ 02792 55 inserting the genetic information, the two
mai n principles being direct introduction of the genetNgvdnifeppoms i on and
i ntroduction of the genetic information by use of a vector system A
review of the general techniques nmay be found in articles by Potrykus
(Annu ReWPOEMH12Physi ol Plant Mt Biol [1991] 42: 205- Z2CIIBAIME792Chr | St ou
(Agro 5 Food-Industry Hi -Tech March/ April 1994 17-27). Further teachings on
plant transformation may be found in EP-A-0449375. Host cells transfornmed
wi th the nucl eotide sequence may be c ured under conditions conducive to
t he production of the encoded enzyne and which facilitate recovery of 10
~the enzyne t C u I : ard] o]
cultivate tﬁgﬂ%%I Sn@i&%%agﬁéﬂi%%VgﬁgggﬁgﬁgkégkJ%@%ﬁ?%%g%%hgiﬁﬂmgromﬁng
t he host celdquiraregombinatomsviteritie dst génvinregfor their esdritenanef addwitmmompnsdy Sui t abl e
medi a are avai.l able, fr commercial suppliers or may be prepared accordi ng
to 15 publigﬁ’h&i1 E@Pﬂ&gﬂ%@?ﬁ: as described in catal ogues of the Anerican
Type Culture Collection). The protein produced by a reconbinant cell may
be displgyed on the surface of the cell. If desired, and as wll be
under st odd Byodfoledreparesthe fransgeniq Procharomy s, RXpLeSTios CORETUFBAID PREPEShE ai ni ng
codi ng sequ ; L i i ls i L rect
cecr ot on of R e o o e i A P b B dcs b
~eukaryot i c foekpressiminyoast. Saviwal typecaidunstaucts wehfor hetetolagoss expyesfion n t he

codi ng sequgnce to. nucl i de_sequence. encodi . pol ypeptid mai n whi ch
will facili ﬁ%ﬁeg"eﬁ‘hf‘?"ﬁf@%‘ﬁ?@ﬁ S %Pf8ﬁ8&ﬂ§§tvgﬂ%¥$“%’s tofhe’ '1993)
DNA Cel | Bi phclebBidd dehuénity of o prebent @RZiith, MRMIPE pfdsoid o Jedst SigihRchost cells
and nay}éonveniently be recovered fromthe culture nmedium by well-known

procedul®s, a5 #ie GadilRyoraepraisdesd Iyually 8 sienal sequense of preasherdgin pehyas the '

cent 11 fuGal ket hdoih Ut AR ARG IsB] ARk hORE Gaponent s
of the nediu %y ﬁ?ansﬁof a sa:";la%il s]i%’ﬁ as %Smmlﬂ?eum s{l?rp at Z‘?%?gﬁenggmrgd 30 by
the use of tlcsprassegsygdm.c procedures such as i on exchange chromat ography,
affinity chromatography, or the |like. 9 Novenmber 2005

For the fransformation of yeast several transformation protocols have been developed.

15 For example, a transgenic Saccharomyces according to the present invention can be
prepared by following the teachings of Hinnen et al (1978, Proceedings of the National
Academy of Sciences of the USA 75, 1929); Beggs, J D (1978, Nature, London, 275,
104); and Ito, H ez ol (1983, J Bacteriology 153, 163-168).

20  The transformed yeast cells are selected using various selective markers. Among the
markers used for iransformation are a number of auxotrophic markers such as LEU?2,
HIS4 and TRP1, and dominant antibiotic resistance markers such as aminoglycoside

antibiotic markers, eg G418.

25 Filamentous fungi cells may be transformed by a process involving protoplast
formation and transformation of the protoplasts followed by regeneration of the cell
wall in a manner known. The use of Aspergillus as a host microorganism is described
in EP 0238 023.

30  Another host organism is a plant. The basic principle in the construction of genetically
modified plants is to insert genetic information in the plant genome s0 as to obtain a

stable maintenance of the inserted genetic material. Several techniques exist for




WD 02/ 094123 PCT/ 1B02/ 02792 56 SECRETION Oiten, it is desirable for the
enzyne to be secreted fromthe expression host into theNogstedPg)3Rdi UM
fromwhere the enzyne may be nore easily recovered. According to 5 the
present invention, the secretion | eader sequence nay be selected on the
basi s of WREM9RE| r ed expression host. Hybrid signal SWHUBHRM®2nay al so be
used with the context of the present invention. Typical exanples of
het er ol ogous secretion | eader sequencgﬁ are those originating 10 fromthe
fungal anyl ogl ucosi dase (AG gene (4l - both 18 and 24 am no acid
versions e.g. from Aspergillus), the a-factor gene (yeasts e.qg.
. Sacchar onyc : Hans la), : |
(Baci | lus). %%flrglll Eﬁg%ﬁﬁﬁﬁﬂ%ﬁ enzlglFrtr‘i\:g1 Fﬂ%ﬁ? %a%%iﬁ%ﬂlsr%ée?gr ?ga%gggert i es as
~ defined her diergenaiip ifermmtiod wod intmdudion blithe genepic rfeimmtioh by uexefapleetot 0 ai d in
extraction ang purificati t her eof , Exanpl e f fusion protein partners
" include gl utath ofee8s r%éﬁ@'f’é%% tﬁ@%‘ﬁ?@”@%@%%&‘&ﬁﬁﬁib}b?m@g and/ or
transcripti g Ret Phad Plgriol Pt Mol Bisd[1681106): 2054 15) das Chribtbu [BYroal SO 20 be
conveni ent i:o%d"n | ude_a_pr.oteolytic cl eava%fe site between the fusion
protein par tAXFNdusy Hidedhy MauriyAprlyd8icd 79)-i nFuaithes teachings | dwplastoval  of
fusi on prot &Mf&ﬁ%ﬁﬁﬁ%efoﬂcﬁﬁgp%@mﬁ? fusion protein will not hinder
the activity of the protein sequence. e fusion protein may conprise an
antigen or an antigenic determnant fused to the 25 enzyne. In this

enbodi nent, i rotaipn na a non-nat yral ccurri f usi on
protein corrpﬂﬁ)lggle%ség %&gﬁ%%f%ﬁ%%eﬁﬁ%ﬁﬁﬁﬁvu%? may %ﬁﬁu%f"g%é%’ﬁ cqnﬁr%pﬁ% sense of
provi di ng ac@eudvedol the prodidtion of theodhesfed tehgymeaidnGhisly fdciitate a6vednbf gen or
antigeni8 et er m nant maé bed/attached to either the ami no or carboxy

term nudlof ¥ ﬁ%zyg}’?%ﬁ”ﬁﬂa'ﬁheﬁ lsjaqd/grelitiEmediibdi nent of the invention, the

am no aci d sequence of an enzyne having . the specific properties as defined

herein may be ligated to a heterol ogous sequence to encode a fusion
protein. 9 Tesmediem usgio culfivni® 2h08ls 8@y PCTty) BO2EMRAMAnedium suitable for

growing the host cell in questions and obtaining expression of the enzyme. Suitable

media are available from commercial suppliers or may be prepared according to
15  published recipes (e.g. as described in catalogues of the American Type Culture
Collection).

The protein produced by a recombinant cell may be displayed on the surface of the
cell. If desired, and as will be understood by those of skill in the art, expression

20 vectors containing coding sequences can be designed with signal sequences which
direct secretion of the coding sequences through a particular prokaryotic or eukaryotic
cell membrane, Other recombinant constructions may join the coding sequence to
nucleotide sequence encoding a polypeptide domain which will facilitate purification
of soluble proteins (Kroll DJ et af (1993) DNA Cell Biol 12:441-53).

25
The enzyme may be secreted from the host cells and may conveniently be recovered
from the culture medium by well-known procedures, including separating the cells
from the medium by centrifugation or filtration, and precipitating proteinaceous
components of the medium by means of a salt such as ammonium sulphate, followed

30 by the use of chromatographic procedures such as ion exchange chromatography,
affinity chromatography, or the like.




57 EXAMPLES The present invention may now be described, by way of exanple
only, in which 5 reference nmay be nade to the foll ow qgo{émiresgs Figure 1,
whi ch shows a native-PAGE gel; Figure 2, which shows a gal actolipid (DGDG
zynogram__ 10 Figure 3, which shows a SDS- PAGE gel; Figure 4, which shows a
graph of ‘Fﬂ@’-"‘?é’f”fzgct of cowpea LAH 1 in dough; 15 Fi gurBCHBOR/MRI®h shows a
graph of HPLC anal ysis of galactolipids in dough treated with cowpea LAH,
Figure 6, which shows a graph of HPLCS%naI ysi s of phospholipids in dough
treated wth cowea LAH 20 Figure 7,”"which shows a graph of G.C anal ysis
of non-polar lipids in dough treated wth cowea LAH, Figure 8, which
shows a phogggmﬁm\pf m ni bread wherein | oaf 14 had 2% soy oil and 25 | oaf
15 had 2% soy oil + 1.07 Units/ kg of cowpea LAH added; Figure 9, which
shows a phot ograph of m ni bread wherei nloaf 9 is the control; loaf 10 had

1.07 Units/ dded: 07, Units/ k LAH + 0.1
5 Vol nct of Pk X8 SRt a5 8 Shaya T v 5t Bppene Brasesio A5 1B Tus

~gal actol'i pi eulmedaetivm IRmeREert €Rfendsn Bo Bdre\datitySekiee@ VPR w* 0. 4%
gal actol | pi d added; 9 Novenber 2005 02/ 094123 PCT/1BQ2/ 027 58 Figure

10, whi ch sHeReesent Brentisgr Be recstionileaies seqgnegesydienclegiad on thpba%%f ntrol ;

| oaf 2 had /}%gggl—?b Q@g@ wpea LAH
added,; and &?8 hadr? %g?qg}r'#r@% §1C%@/{)‘i;ea %; ﬁ?a%r‘éﬁ@%%&ﬁpshom an
expr essi on theptesent wventlonnas der i ved frompYES2. The Gall pronoter of pYES2

was renpoved and replaced by the constitutive ADH pronoter. LipA was
i ncorporated by in vivo reconbination in Saccharomyces

Typical examples of heterologous secretion leader sequences are those originating
10 from the fungal amyloglucosidase (AG) gene (glaA - both 18 and 24 amino acid

versions e.g. from Aspergillus), the a-factor gene (yeasts e.g. Saccharomyces,

Kluyveromyces and Hansenula) or the a-amylase gene (Bacillus).

FUSION PROTEINS
15
An enzyme having the specific properties as defined herein may be produced as a
fusion protein, for example to aid in extraction and purification thereof, Examples of
fusion protein partners include glutathione-S-transferase (GST), 6xHis, GAL4 (DNA
binding and/or transcriptional activation domains) and (B-galactosidase. It may also
20 be convenient to include a proteolytic cleavage site between the fusion protein partner
and the protein sequence of interest to allow removal of fusion protein sequences.

Preferably the fusion protein will not hinder the activity of the protein sequence.

The fusion protein may comprise an antigen or an antigenic determinant fused to the
25 enzyme. In this embodiment, the fusion protein may be a non-naturally occurring
fusion protein comprising a substance which may act as an adjuvant in the sense of
providing a generalised stimulation of the immune system. The antigen or antigenic

determinant may be attached to either the amino or carboxy terminus of the enzyme.

30 Inanother embodiment of the invention, the amino acid sequence of an enzyme having
the specific properties as defined herein may be ligated to a heterologous sequence o

encode a fusion protein.




cerevisiae. Abbreviations: Anmp, anpicillin resistant gene; ADH3', al cohol
dehydrogenase 3' region; ADHp, al cohol dehydrogenase geNev@hresopes; bps,
base 10 pairs; CYCJ, Transcription termnator; fl on, fl origin; Gllnp,

gal act ose gene pronoter; LipA, |ipase gene from Aspergillus tubigensis;
MCS, nul tYBPEY%I8ni ng site; pMBI ori, pUC derived oriRfHBO2URER, gene
encodi ng uracil, 211 on, 2g origin; Figure 12, which shows a Ml di-TOF
profile fromthe Lipolytic Acyl Hydrolase 15 Enzyne from cowpea identified
using the nethod detailed herein; and "Figure 13, which shows a peptide
profile for VUPAT | (Matos et al FEBS Letters 491 (2001)188-192).
Materials and Methods 20 Enzynes: Purified cowpea |ipid acyl hydrol ase
(LAR) Isol ated nmenbrane-bound gal act ol i pase from wheat thyl akoids Flour:
25. Dani sh EKOMPLES| virel ' nr. 2001084 Substrate: Digal actosyl di gl yceri de,
DEDE 55% pure) batch KG.01013, from Lipid Technol ogi es Provider,

Kar| sham, Sweden. 9 Novenber 2005 WO 02/094123 PCT/I1B02/ 02792 59

: I\P/traocegjulr e; iﬁet)mm]mt lifyeatign imay/hwrl ?d—ﬁ&bﬁtﬁibbyemygife)(aﬁx horgy,lirllwﬁﬁﬁ Pl ant
terial. i pol ytic a ol as \H) " capabl e of hydrolysing a
gl ycol i p’?d e e’%’ﬁé’gﬁfﬁ"g%/f“dg%ghﬁ‘ﬁlpg%ﬁéﬁbabl e, or substantially incapable,

of hydrolysing a triglyceride and/or a 1l-nonoglyceride, was isolated from
cowpea. The_lipolytic acyl hydrol ases were obtained by a nmethod based on
that descr i bigareilnwhichsbovsanative-PAiBerkni ca et 10 Bi ophysica Acta 1215
(1994) 66-73). An alternative suitable nethod may be that

Figure 2, which shows a galactolipid (DGDG) zymogram;
10
Figure 3, which shows a SDS-PAGE gel;

Figure 4, which shows a graph of the effect of cowpea LAH 1 in dough;

15  Figure 5, which shows a graph of HPLC apalysis of galactolipids in dough treated with
cowpea LAH;

Figure 6, which shows a graph of HPLC analysis of phospholipids in dough treated
with cowpea LAH;
20
- Figure 7, which shows a graph of GLC analysis of non-polar lipids in dough treated
* with cowpea LAH;

Figure 8, which shows a photograph of minibread wherein loaf 14 had 2% soy oil and
25 loaf 15 had 2% soy oil + 1.07 Units/kg of cowpea LAH added;

Figure 9, which shows a photograph of minibread wherein loaf 9 is the control; loaf 10

had 1.07 Units’kg cowpea LAH added; loaf 11 had 1.07 Units/kg cowpea LAH + 0.1%

galactolipid added; loaf 12 had 1.07 Units/kg cowpea LAH + 0.2% galactolipid added;
30  and loaf 13 had 1.07 Units/kg cowpea LAH + 0.4% galactolipid added;




described in Matos et al (FEBS Letters 491 (2001) 188-192). Cowpea beans
wer e obtai ned from Morel os, Mexico. The plants were grovevenibel20® St ones
and watered with mneral nutrient solution according to Ellfolk, Biochim
15 Bi oph;w Acta 192 (1969) 486-493 (enriched with 6 mM of potassium
nitrate), 412 owt h chanber, in pots of di nensi on ECTBRP2E (approx. 50
plants in each pot), under terrperature and light controlled conditions (16
hours daylight at 22C and 8 hours dardgness at 18C with a relative air

hum dity of 72% . The | eaves were harvested after 21 days of cultivation.
At the harvest tine the plants had 4-7 fully . 20 expanded mature | eaves

and 3-8 youRguled8y®hich Ehowsacttotarph othmﬁbﬁéad G‘vhﬁsi}i'lodfMdi% WA SNEMTES from
Leaves 215 gpé)dquiresh |l eaves frozen in liquid nitrogen were honogeni sed in

an industri TahliErC added et é@@%@t“%@@@@ 4 Bpitgg Wﬂ'ﬂl@ﬂi@ﬂl&egr (pH

7.0), usi ”garﬁrlodf"!ﬂihﬁt(ﬂﬁiuts%c (3 mnutes mxing). The insoluble
materials were renoved m ut es centrifugation at 15000 g. The

resul ting supernatant was finally f||tered through a 0.45 pmfilter (605

PCT/ 1 B02) 02780° u BB SBLeT SO RECE: By P SHEH R PSERL T2y s

Step 1. UI t Gall fprbrhoted werEszsm eEmy@E &l fepadedouy thé JoRdingiveOAsHa Am con
ultra filtration unjt. 122 m i concentrated crude extract was coll ected.

Step 2. AMDRPYE: s AiPphates Brewpmicdaby dn 1w rerombination, i Surqanycdsss. 5 )
vas added (QrbifeC! Ao RMIdaC ALS, Sulitith &P GG I ADHAY oo
t Stl rrng or n

saturation. The m xture was |e ites at’ room
t enper at ur edehipBogepaseTHeregioni #Pif.atlechop ﬂdtydrqgems genr! peotot; by, base

centr| or, 20 mn he. tant was re-dissolved
in 30 15 a%% %#J%ﬂ?ﬁ%@ T e ppmator ! eH ?f’gfp FiPSe 2H%s renoved
by centri f qgahotemL&iA, 1ip430 Qe froxh .Q%rgﬁlﬂslh@%ens% Nm@mauplpemﬂinglsﬂa (GFQ) The
super nat ant éed on,a Sephadex G 25 col um X

Phar nnaci a,P i}F ehiMeerigim dradegane ergoding ragili n @ (pH 7.3) at a
flow rate of 15

Figure 12, which shows a Maldi-TOF profile from the Lipolytic Acyl Hydrolase
15 Enzyme from cowpea identified using the method detailed herein; and

Figure 13, which shows a peptide profile for VUPAT 1 (Matos ef al FEBS Letters 491
(2001) 188-192),

Materials and Methods
20
| Enzymes:
Purified cowpea lipid acyl hydrolase (LAH)
Isolated membrane-bound galactolipase from wheat thylakoids
Flour:
25  Danish flour “‘Sglvmel’ nr. 2001084

Substrate:

Digalactosyldiglyceride, DGDG(55% pure) batch KGLO01013, from Lipid
Technologies Provider, Karlshamn, Sweden. '




m /mn. The fractions containing gal actolipase activity, (protein peak)
were pooled 20 (100 m). Step 4. lon exchange ChromatogipaahyerCobs) The
desalted sanple was then applied to a Q Sepharose Fast Flow (5 x 6 cm 25
Phar maci a, Sweden), equilibrated with 20 MM TEA (pH 7.3) at a flow rate 16
m / m nut 0948423 hpye the unbound proteins, the col unPCEABIME®Aed with 250
m of the sanme buffer, and bound proteins were eluted out by a |linear,
gradient of 0-0.6 M NaC in the sane @uffer. Fractions of 16 m were

col l ected and assayed for galactolipase activity. The fractions which
cont ai ned gal actolipase activity were 30 pooled (128 m ). 9 Novenber 2005
WO 02/094123 PCT/1B02/ 02792 61 Step 5. Utrafiltration This step was
carried out as described in step 1. A 16 m desalted/ concentrated sanple
was collected (V..: 5.6 nODmn. or 0.010 5 Um). Baking trials were
performed wPrecedusanpl e fromthis step. Step 6. lon exchange Chromat ography
(IEC) 10 The desalted/concentrated (11 m) sanple was then applied to a

Poros QL0 (Q, 5 x b, cm i ed. Bi osystem _ USA), equilibrated with the sane
buf fer as ug:@&p%f@f’&ﬁc$éﬁ§%y‘§°l#??}W%@Cﬁ-@-lmrri nute. Bound proteins
were eluted by a linear gradient of 0-0.65 M NaCl in the sane buffer.

Fracti ons oEla}1 Piafdriager e collected and assayed for 15 gal actolipase
activity. The %ractl ons whi ch contained gal actolipase activity were pool ed
(6 mM). Lharacterisation of Cowpea |lipolytic acyl hydrol ase enzynme SDS- PAGE
anal ysis, determ nation of purity and nolecular weight: 20 Purified

lipol ytic abylpelytis erdsbydrelase (1) sapables pf kxdrolysivigi edglyenlipidyend (aNU- PAGE,
4- 12% MNES; ; v : . s d.hen,coomassi e stained. The
gel r evealsglgﬂﬁg’gb 1&?&%%@@31%@Ss@ﬂ\}garng%lﬁ(bgﬁ%gmgscgtehy AFme ﬁgl‘YRF‘P ts to
further purfdortahlemonoglyceride, was isolated from cowpea. The lipolytic acyl hydrolases
were obtained by a method based on that described in Sahsah er af (Biochemica et
10  Biophysica Acta 1215 (1994) 66-73). An alternative suitable method may be that

described in Matos ef al (FEBS Letters 491 (2001) 188-192).

Cowpea beans were obtained from Morelos, Mexico. The plants were grown on Leca

stones and watered with mineral nutrient solution according to Ellfolk, Biochim,
15  Biophys. Acta 192 (1969) 486-493 (enriched with 6 mM of potassium nitrate), in a

growth chamber, in pots of dimension 35 x 50 cm (approx. 50 plants in each pot),

under temperature and light controlled conditions (16 hours daylight at 22°C and §

hours darkness at 18°C with a relative air humidity of 72%). The leaves were

harvested after 21 days of cultivation. At the harvest time the plants had 4-7 fully
20 expanded mature leaves and 3-8 ﬁoung leaves.

Extraction of Lipolytic Acyl Hydrolase Enzymes from Leaves

215 g of fresh leaves frozen in liqui& nifrogen were homogenised in an industrial
blender and extracted in 500 ml of 5 mM TRIS-buffer (pH 7.0), using an industrial

25  blender (3 minutes mixing). The insoluble materials were removed by 20 minutes
centrifugation at 15000 g. The resulting supernatant was finally filtered through a 0.45
pm filter (605 m! crude extract was collected).




| i pol ytic acyl hydrol ase using several chromatographic techni ques such as
gel filtration chromatography, hydrophobic interacti ohNelsrar20g3s aphy,
chromat of ocusing, etc. did 25 not inprove the purity of the lipolytic acyl
hydr ol as€y Det erm nati on of Mol ecul ar Wi ght and El ectro El ution of
Li pol yti OV ABPHY drol ase after Native PAGE: 30 Li pol yRGTEBRAI2Hydr ol ase
was purified fromcowea (Vigna unguicul ata) according to Sahsah et al.
- (Biochim Biophys. Acta 1215 (1994) 6/3. Diffusion eluted |ypolytic 9
Novenber 2005 WO 02/094123 PCT/ 1 B02/ 02792 ... . . . . . i 62
acyl hydrol ase was then subjected to a SDS- PACE gel. The gel was coonassie
st ai ned. ThParifiedtion@f eid EfpoB1i0RcflIHyd2oK se izyiés and 84 kDa (see Figure 3).
This preparation was subjected to trypsin digestion using the foll ow ng
protocol: 1. Add 50 pL 8M Urea in 0.4 M Amoni um bi carbonate buffer pH 8.1
(24.04 g uPtepl. 1. 58Ul filfralioh um bi car bonate per 50 mis) 2. Overlay with
Ni trogen and incubate at 50C for 5 mnutes. 3. Add 5L 50 nM DTT (8ng/ m
water) 10 4, Mx well, overlay with Nitrogen and incubate at 50C for 15

mntues. SINESHP Was casisd thpsmgt 48 ki Amieprs ultraofilmtionoushcl@2am de
(19ngy/ m swa with Nitrogen and incubate in the
dark at ?Oo%ﬁ%%ngggﬁg%%g%ﬁ%cgyaﬁ%ﬁ%t%t es. 15 8. Add 140 pL water, mx well
and add trypsin at 1:25 (Trypsin is stored at -20C at 1 g/L in 0.1 %TFA).
9. Overlay g\f‘Pt Nitr%en and inﬁ bat e .overnight at 37C. 10. Stop the
reaction by §P&ezi ng HPNYHEN sYphaleHedRiion e i des by R P. phase HPLC using
a C18 colum. 20 Post digestion peptide screening using Zi pTipTh C18

desalting tj A t the tip by aspirating in Methanol 4 x 10 t, L.
_ g é(ﬁisd ammo#um suiphate F%68. g) vF\)ras addedgto the crude extract to a final

10 concentration of 80% saturation. The mixture was left stirring for 60 minutes at room

temperature (25 °C). The precipitated protein was collected by centrifugation at 15000
g for 20 minutes. The precipitant was re-dissolved in 30 ml of 20 mM TEA buffer (pH
7.3). The insoluble material was removed by centrifugation at 15000 g for 20 minutes,

15 Step3. Desalting (GFC)

The supernatant was desalted on a Sephadex G-25 column (5 x 25 cm, Pharmacia,

Sweden), which was equilibrated with 20 mM TEA (pH 7.3) at a flow rate of 15

ml/min. The fractions containing galactolipase activity, (protein peak) were pooled
20 (100 ml).

Step 4. Ion exchange Chrbmatography (IEC)

The desalted sample was then applied to a Q-Sepharose Fast Flow (5 x 6 cm,
25  Pharmacia, Sweden), equilibrated with 20 mM TEA (pH 7.3) at a flow rate 16

m}/minutes. To remove the unbound proteins, the column was washed with 250 ml of

the same buffer, and bound proteins were eluted out by a linear gradient of 0-0.6 M

NaCl in the same buffer. Fractions of 16 ml were collected and assayed for

gelactolipase activity. The fractions which contained galactolipase activity were
36 pooled (128 ml).




B. Equilibrate the tip by washing 5x 10 L with 0.1% T.F. AL in water. 25 C
Bi nd peptides by aspirating 20x in the protein digest sNbidmizn2005 Renove
salts by washing with 10 x 10L 0.1% T.F. A in water. E. Elute peptides
directly onto a Maldi-TOF target plate with 2L of a 10 ng/ml a-cyano-4
hydr oxyci'hA%%23cid in 0.1% T.F. A in 60% acetoni tri | RORBIMRT2E  Ascertain

the nol ecul ar wei ght of the peptides using a Voyage DE Mal di -TOF 30 mass

- spectroneter. 9 Novenber 2005 WD 02/Q84123 PCT/ | B02/ 02792
.................................... The results of the Ml di-TOF

anal ysis are presented in Figure 12. A conparison between the theoretical
peptide prokihs. (see thicshikgioh3) for VUPAT 1 (as taught in Matos et al.
FEBS Letters 2491 (2001) 188-192) and the experinentally 5 obtained peptide
profile for the lypolytic acyl hydrol ase from cowpea obtai ned herein shows
that the lipolytic acyl hydrol as urified herein is a different protein
from t hat §ip vancapigd st ay eaqﬂ%egm%cnls al so confirmed by the nol ecul ar

wei ght s det ar 1§ pededaied/conenEaES sahfle s SoldcidY(va, TBleeaBIDARinEE 8010 Of 57 and
84 kDa is determned contrary to a nolecular weight of 40 kDa reported by

Sahsah ef alJ/mlB0 A Menbr ane-Bound Lipolytic Acyl Hydrol ase from Thyl akoi ds
fromWeat |eaves. Plant Material 15 Wieat (Herward) was obtained from
Paj bj er gf onden, Odder, Denmark. Wheat grains were grown on paper at 25 C

and irri gat Bakinggidlsarere/perRihel withesangpidkfrdrh thisdigat | eaves were harvested.
‘Honogenation buffer: 50 mM HEPES, 350 nM Sorbitol, i mM EDTA, 1 MM MyCl12s 1
nmvi MnC12 of 1 mM 20 DTT, pH 8.3/ NaCH). The buffer was kept on ice before

Iuse. Ext ractig@g. of Nﬁéﬂ)é‘)@%-ggg%akdgp%hy@g) Acyl Hydrol ase 26 g wheat
eaves were out into small pieces ("/2tm. 78 m ice cold honbgenation

The desalted/concentrated (11 ml) sample was then applied to a Poros Q10 (0.5 x 5

cm, Applied Biosystem, USA), equilibrated with the same buffer as used in step 4, ata

flow raie 1.5 mi/minute. Bound proteins were eluted by a linear gradient of 0-0.65 M

NaCl in the same buffer. Fractions of 1.5 ml were collected and assayed for

15 galactolipase activity. The fractions which confained galactolipase activity were
pooled (6 mi).

Characterisation of Cowpea lipolytic acyl hydrelase enzyme

SDS-PAGE analysis, determination of purity and molecular weight:

20  Purified lipolytic acyl hydrolase from IEC (step 6) was applied to a gel (NU-PAGE, 4-
12%, MES-buffer, Novex, USA) and the gel was then coomassie stained. The gel
revealed the existence of several bands (see Figure 1). Attempts to further purify the
lipolytic acyl hydrolase using several chromatographic techniques such as gel filtration
chromatography, hydrophobic interaction chromatography, chromatofocusing, ete. did

25  not improve the purity of the lipolytic acyl hydrolase.

Determination of Molecular Weight and Electro Elution of Lipolytic Acyl Hydrolase
after Native PAGE:

30 Lipolytic Acyl Hydrolase was purified from cowpea (Vigna unguiculatd) according to
Sahsah et al. (Biochim. Biophys. Acta 1215 (1994) 66-73. Diffusion eluted lypolytic




buf fer was added. The | eaves were honogeni zed in a high speed Utra Turrax
M xer 25 for 12 seconds. Large particles were renoved Ryvdmbdrneds on
through 3 layers of Kleenex tissue. The filtrate was centrifuged at 250 g
for 1 mnute and the supernatant isolated. 9 Novenber 2005 WD 02/094123
PCT/ | BO2M292924183% The chl oroplasts were isolated by ®EABYH3YAtion for 5
m nutes at 1000 g. The pellets (conprising nmenbrane-bound Iipolytic acyl
“hydrol ase) were resuspended in | m nogenati on buffer (m croscopy

anal ysis clearly showed the chloroplasts) 5 The pellets were used for
testing in wheat nodel dough system M ni Baking Test The foll ow ng

| ngredi ent Spaef (G BEALdad el sab)ctE 3DLCG96! PAGE! S PRI AN dddgRggd 10 for
5 mnutes at "30°C. flour 50 g,” dry yeast 1.0 g, sugar 0.8 g, salt 0.8 g, 70
ppm ascor bi gainesi. Thiaigel roxepled 2 ftair bautsuy 57 el ldladsee Figute 2000 Br abender

units). Resting tine was 10 min. at 34 C The dough was scal ed 15g per
dough. Then noul ded on a special device where the dough was rolled between
a_wooden pl Bliep@patattonRiaesitgéots to trizpidigddtion dangine folleivingpietodedd in tins for
45 mn. at 34 C, and baked in a Voss 15 household oven for 8 mn. 225 C
After baking the breads were cooled to anbient tenperature and after 20

m n.- The Dbyeads & Ml ] r - seed

di spl acemen%' mt%dﬁ%gﬁh@%%gﬁymreé%ﬁgy%ﬁgﬁg crﬁ%'g?é'@r st

eval uat ed. iba 458 Dguighmoriym bicadbbate peridd nfls)020 g sodi um chl ori de were ni xed

[ I Fari h m xi 25 .b f 1 hut ith ith i t hout

enzymes. SbsequiRy BN LS8 iBRbee st C R BiRs added and i ed for 5

m nutes at $0 C-;}d%lfﬁ?ES ] 'ﬁgrggﬁ%&?%gﬁ?ms placed at 32 C for 1 hour, and
Iof to

then frozen and freeze dried p rther analysis. Baking tests

(Dani shi(rol4.s) MixRlelyioverlBawitlsNittopboand ihbbateqt SICOfpr Easimthe¥east 90 g, sugar
24 g, salt 24 gra wat er 400 Brabender units + 2% were kneaded in a
Hobart mi xet wi tcl"?rgﬁ GROTR PSIafiEGy ut es

6. Add SpL 100mM Iodoacetamide (19mg/ml water).
7. Mix well, overlay with Nitrogen and incubate in the dark at room temperature

for 15 minutes.
15 8. Add 140 pl. water, mix well and add trypsin at 1:25 (Trypsin is stored at —20°C
at 1 pg/uL in 0.1% TFA).
9. Overlay with Nitrogen and incubate overnight at 37°C.
10.  Stop the reaction by freezing at -20°C.
11.  Recover peptides by R.P. phase HPLC using a C18 column,

20
Post digestion peptide screening using ZipTip™ C18 desalting tips:
Wet the tip by aspirating in Methanol 4 x 10 pL.
Equilibrate the tip by washing 5x 10 pL with 0.1% T.F.A. in water.
25 Bind peptides by aspirating 20x in the protein digest solution.

Remove salts by washing with 10 x 10 pI. 0.1% T.F.A. in water.
Elute peptides directly on to 2 Maldi-TOF target plate with 2pL of a 10 mg/ml

o-cyano-4-hydroxycinnamic acid in 0.1% T.F.A. in 60% acetonitrile/water.

MY 0w

F. Ascertain the molecular weight of the peptides using a Voyage DE Maldi-TOF

30 mass spectrometer.




9 Novenber 2005 WD 02/094123 PCT/1B02/02792 65 5 10 15 | ow speed and 9

m nut es hi gh speed. The dough tenperature was 26C. The Mdeksaiber 605 scal ed
1350 gram Resting 10 min. at 30 C and noul ded on a Fortuna noul der. The
dough was proofed 45 mn. at 34 C. The dough was baked in a Bago-oven 18
mn. 220 WO 313t camed for 12 sec. After cooling the PSTNBI2RPE scal ed and
the volune of the rolls was neasured by the rape seed displacenent nethod.
- Speci fic bread vol unme Specific vol une Vol une of the bread, ml Wight of
the bread, gram The dough quality par‘%mst ers were al so eval uat ed. Dough
el asticity 1-10 Stickiness 1 10 Baki ng tests (Toast bread) Flour , Danish
ref orm 2000 ram and, water 400

Br abender u%%rgﬂtyg%}?ag&sal nead %Ie%gesgfg?ctpﬁl&%grlgmth hook for 2 nin. at
| ow 20 speed and 10 min. at high speed Dough tenperature after m xi ng was

dough.  Thentueaapilfon B ed g bareRal e oot Toce e YPFVERE g iy Yt "
moul ded on @udht lnmmtombnmsmatersd@lg{momem ppahedhé Bxgetimenthiy S0 min.
at 33 C, _and haked i.n a oven 40m n. 220C and steaminjection for

16 see. 25 Ytegsd nepds prgfile er Pbaealmﬁgcy bygrelase fom cowrea Qdaingd hsteit he bread
was neasur egi Ry wabhe Hpe%c %@ﬁ%yéaoﬁ.@é FAlR 'Ekrﬁﬂli% Nfifrerd: lktg:'r&télﬂ rﬁwvaat al so

eval uated subjectively on a 'scale urse
i nhonogeneo@ughaindMas ﬂﬁﬂlc d hho&dg@mﬁuged by the molecular weights deterrmned by

SDS-Page. In this study a molecular weight of 57 and 84 kDa is determined contrary
to a molecular weight of 40 kDa reported by Sahsah ez al .
10

A Membrane-Bound Lipolytic Acyl Hydrolase from Thylakoids from Wheat

leaves.

Plant Material

15  Wheat (Herward) was obtained from Pajbjergfonden, Odder, Denmark., Wheat grains
were grown on paper at 25 °C and irrigated regularly. After one week the wheat

leaves were harvested.,

Homogenation buffer:

50 mM HEPES, 350 mM Sorbitol, 1 mM EDTA, 1 mM MgClz, 1 mM MnCl; of 1 mM
20 DTT, pH 8.3/NaOH). The buffer was kept on ice before use.

Extraction of Membrane-Bound Lipolytic Acyl Hydrolase

26 g wheat leaves were cut into small pieces (%4 cm). 78 ml ice cold homogenation
buffer was added. The leaves were homogenized in a high speed Ultra Turrax Mixer
25  for 12 seconds.

Large particles were removed by filtration through 3 layers of Kleenex tissue. The
filtrate was centrifuged at 250 g for 1 minute and the supernatant isolated.



9 Novenber 2005 WD 02/094123 PCT/1B02/ 02792 66 Three breads baked in tins
wth lids were stored at 20 C and used for firmess 5 dfjsi@asdnement s.
Firmmess Firmess of bread was neasured on a Instron M nodel 4301
connected to a conputer. Conditions for neasurenent of bread firmess: Load
Cel | Max. VIQER 0P8 st on Di amet er 50 nm Cross Head Speed2OWHIBIAAT92

Conpressi on25% Bread Slice thicknessll mm 15 The force is converted to

N dm2 . The result was an average from nmeasurenent on 10 bread slices for
every bread. Lipid Extraction and Fat Acid Analyses 20 1 Og of fully
proof ed dough was i medi ately frozen and freeze dried. The freeze-dried

dough. s il aflfefs G885 by ot PRS2 4 ALANANk H0FDTEeRR ST een

1.5g freeze- was sc m centrifuge tube with screw
top lid. 7.&Gombrisivgirembsat-boatdelipdiviicangl hydBRye)wasreassiependdher demt ri f uge

tube was placed in, a.bgilin wat er. hath for 10, m nutes. The tubes were

pl aced in aﬁ%&ga?ﬁ%?ﬂéﬁﬁeff(@@%é@yﬁnﬂxgs ?157#3[2%0‘?’54@56 RIEEs at anbi ent
tenperature and then placed in a boiling water bath again for a further 10
m nutes prior to being Rotated gon the Rotam x for a further 30 m nutes at
anbi ent X enpeanellets averemsed for tsting i ezt apndel dougewstem. 3500 g for 5 minutes. 5
m  supernatant was transferred into a vial and the WEB was evaporated to
dryness under a steamof nitrogen. 30 The free fatty acids in the extract
wer e anal yskimidBakigBatts in i sooct ane neasured at

The folldwing ingredients were added to a 50g Brabrender mixing bowl and kneaded
10 for 5 minutes at 30 °C: flour 50 g, dry yeast 1.0 g, sugar 0.8 g, salt 0.8 g, 70 ppm
ascorbic acid and water (to a dough consistency of 400 Brabender units). Resting time
was 10 min, at 34 °C. The dough was scaled 15g per dough. Then moulded on a
special device where the dough was rolled between a wooden plate and a Plexiglas
frame. The doughs were proofed in tins for 45 min. at 34 °C, and baked ir a Voss

15  household oven for 8 min. 225 °C.

- After baking the breads were cooled to ambient teraperature and after 20 min. The

breads were scaled and the volume was determined by rape-seed displacement method.
20  The breads were also cut and crumb and crust evaluated.

Model Dough

10g of flour and 0.020 g sodium chloride were mixed in a 10g Farinograph mixing
25  bowl for 1 minute either with or without enzymes. Subsequently water (500 Brabender
“units) was added and mixed for 5 minutes at 30 °C. After mixing the dough was placed

at 32 °C for 1 hour, and then frozen and freeze dried prior to further analysis.

Baking tests (Danish rolls)

30
Flour, Danish reform 1500 g, Compressed Yeast 90 g, sugar 24 g, salt 24 grams, water
400 Brabender units + 2% were kneaded in a Hobart™ mixer with hook for 2 minutes




715 nm and quantified according to a calibration curve based on oleic acid
(Kwon 9 Novenber 2005 WO 02/094123 67 PCT/1B02/ 02792 D MovahstrBoee J. S.
(1986), A sinple and rapid Colourinetric Method for Determ nation of Free
Fatty Acids for Lipase Assay, JACCS 63:89). Determ nation of G ycolipids
and PhospM8P¥¥#H#3 by RPLC. 5 1. Chromat ographi ¢ Condi t PGEIBOERRIRemMt ers 600

Col um( Li Chrospher (r)100 DI OL 5m) LxD. 250" 4. 0Tenp: 50 Li ChroCART (r)mmid.C

~InjectorWaters 717pl us Aut osanpl erVol : 150 DetectorAiltech 500 ELSD,
evaporative light-scatteringTenp: 80C%asf | ow 1.50 L/ min m MFC
I ntegratorWaters M| I ennium Mbil eA: 1000 Heptane/ 15 CH3COOHFI ow. 1. 25

haseB: 500, Hept ane/ 500 . . 115 CH3000Hm / mi n_ G, .30 /600
" copr opanol OB RDaK Bl T Er HeR: CB Ao Rg i fes 26°C Tob TGN <! °
G adi ent F| oydy %&fé@%@%ﬁmﬁﬁéﬁtﬁgﬁﬁhﬁﬂ. ot 3850 HHQ Adulkied 3 AFRAR: rhowl25203050

1. 253500100 1.25380901
The dough was proofed 45 min. at 34 °C. The dough was baked in a Bago-oven 18

min. 220 °C and steamed for 12 sec.

Adfter cooling the rolls were scaled and the volume of the rolls was measured by the

rape seed displacement method.

Specific bread volume
10  Specificvolume=  Volume of the bread, ml
Weight of the bread, gram
The dough quality parameters were also evaluated.
Dough elasticity 1-10
Stickiness 1-10

15
Baking tests (Toast bread)

" Flour , Danish reform 2000 g, ny yeast 30 g, sugar 30 g, salt 30 gram and, water 400
Brabender units + 3% was kneaded in a Hobart™ Mixer with hook for 2 min. at low
20 speed and 10 min. af high speed. Dough temperature after mixing was 25 °C. Resﬁng
time was 10 min, at 30 °C . The dough was scaled 750 gram per dough, Then rested
again for 5 min. at 33 °C anci 85 % RH. The dough was moulded on a Glimik
moulder. The doughs were proofed in tins for 50 min. at 33 °C, and baked in a

Wachtel oven 40min. 220°C and steam injection for 16 sec.

25

0 After cooling the bread was scaled, and the volume of the bread was measured by the

rape seed displacement method.

The crumb was also evaluated subjectively on a scale 1 to 10, where 1 = course

30  inhomogeneous and 10 =nice homogeneous,




1. 254030700 1. 254510000 1.255510000new i njection 9 Novenber 2005 WO

02/ 094123 68 5 PCT/1B02/ 02792 2. Stock Sol ution | LPS* sfigngaed 0@

di ssolved in CHCl 3/ CH3CH (75/25) 2 nmg/mM PC Dilution of stock: 0.7, 0.14,
0. 028, *Phosphati dic aci dPA5. 13% Phosphati dyl et hanol am nePE12. 74%

Phosphat W28 #R3 nePC14. 76% Phosphat i dyl i nosi t ol Pl 10. PSFBR2[0p782 | nt emat i onal
Leci thin and Phospholipid Society) standard is obtained from Spectral

- Service GrbH K61n, CGernmany. 10 15 3. npl e Preparation Sanpl es were

di ssolved in CHCL3/ CH3CH (75/25), sonicated and filtered through a 0.45m

filter 4. Calibration Mddel Calibration nodel: log |og |inear cal I bration
20 The cal i ppati 'b?é&ﬂ&ﬂ 9 ih Yns RADMBEs WakstbiBd %@'29'-"'@51‘?3 bl B BiMess of the
gl ycol i pi ds and ol 1 pids. Gas Chromat ography 25 Perkl n El rrer 8420

Capillary Gasasﬁtmmnw ography equi pped with WCOT fused silica colum 12.5 m
X 0.25 mMm I D x 0.1m 5%henyl nethyl -silicone (CP Sil 8 CB from Cronpack). 9
Novenber 2005 :

Firmness
5

Firmness of bread was measured on a Instron™ M model 4301 connected to a
computer.
Conditions for measurement of bread firmness:

10 Load Cell Max. 100 N
Piston Diameter 50 rom
Cross Head Speed 200mm/min
Compression 25%
Bread Slice thickness 11 mm

15  The foree is converted to N/dm? .

The result was an average from measurement on 10 bread slices for every bread.
Lipid Extraction and Fatty Acid Analyses

20 - 10g of fully proofed dough was immediately frozen and freeze dried. The freeze-dried
dough was milled in a coffee mill and passed through an 800 micron screen. 1.5g
freeze-dried dough was scaled in a 15 m! cenfrifuge tube with screw top lid. 7.5 ml
water saturated butanol (WSB) was added. The centrifuge tube was placed in a boiling
water bath for 10 minutes. The tubes were placed in a Rotamix and rotated at 45 rpm

25  for 20 minutes at ambient temperature and then placed in a boiling water bath again for
a further 10 minutes prior to being Rotated on the Rotamix for a further 30 minutes at
ambient temperature. The tubes were centrifuged at 3500 g for 5 minutes. 5 ml
supernatant wag transferred into a vial and the WSB was evaporated to dryness under a
steam of nitrogen.

30
The free fatty acids in the extract were analysed as Cu-salts in isooctane measured at |

715 nm and quantified according to a calibration curve based on oleic acid (Kwon




WD 021094123 PCT/ 1B02/ 02792 5 69 Carrier: Helium Injection: 1.5 d with

split. 1234 Detector: FID. 385 C. Oven program Oven d1gsReitE o6

C. 80200240360 Isothermal, time, m n20010 Tenperature rate, C. /m n201012

Sanpl e preparation: 50 ng wheat |ipid was dissolved in 12nl heptane:

pyri di ne "Qgﬁ”ﬂs‘i’@f" containing an internal standard hept X§EFBRG272 ny/nl. 500
[1 of the sanple was transferred to a crinp vial. 100 d

- MSTFA(N-Met hyl -N-trimethylsilyl- trifl goracet am d) was added and the
reaction incubated for 15 m nutes at Cal cul ati on: Response factors

for nono-di-trigl ycerides and free fatty acid were determ ned from

ref erence u ot sed. : factors
t he nono- dlni?ﬁl g ycerl dj@ §19§@ng %?ﬁ&ﬁ? ﬁgcfaﬁlsd)%&% eaﬁf?@%ﬁfv@?e
cal cul at ed. Dé@atnsrtioh opFree Em)@)dszynhgmms_SéS'pMOBSé_Bﬁy).Assay. Preparati on of
plates. 20 Solution 1. 2 g Agarose was dissolved in 110 m water by
heating to 90-100 C. Solution 2. 1.2 g galactolipid was dispersed in 40nl

deni ner al i spéteMaingtion HOGI ;dﬂsl\dhafms%m- ipids By fHrlic,pH 7 was added,
subsequently 0.6 m 0.2% Rhodannl ne B was al so added. 25 30 Solution 1 was

cool ed tb approx. 70 C and solution 2 was added whilst stirring. 12 m of

t he final r‘f.@h&ﬁn@a’cﬂ@&hﬁc@dﬁﬁﬁiﬁﬁg ed to a 7cm Petri dish.

System Waters 600
Colmmn | (LiChrospher®100 DIOL  5um) | LxD:  250%4.0 [ Temp: 50

LiChroCART © mm id. °C
Injector Waters 717plus Autosampler Vol: 15pl
Detector | Alltech 500 ELSD, evaporative light-scattering Temp:
80°C
Gasflow:1.50
L/min m/MFC
Integrator | Waters Millennium
Mobile | A: 1000 Heptane/15 CH;COOH Flow: 1.5
phase B: 500 Heptane/500 Isopropanol/15 CH;COOH mi/min
C: 300 Heptane/600 Isopropanol/100 H,0O/15 | Pressure:
CH3;COOH 1000-2500
psi
Gradient Flow Time %A %DB %C | Comments
(min}
1.25 0 100 0
1.25 10 60 40 ¢
1.25 25 20 30 50
1.25 35 0 0 100
1.25 38 0 90 10
1.25 40 30 70
1.25 45 100 0
1.25 55 100 0 0 | new injection




The plates were stored at 5 C until use. Assay. 9 Novenber 2005 WO

02/ 094123 PCT/ 1 B02/02792 70 Snmall holes of 1 mmin di angirmpaasogunched out
of the gel and 10 I enzynme solution was transferred to the hole. The
formati on of haloes in the agarose gels was followed as a function of
tinme. 5 WHP2AMIZRH t hout enzynme was al so added to one FCT{BRORYEes for
conpari son. Assay for Enzyne Activity 10 Preparation of substrate for
“enzymatic assay: The substrate, pNP- Cgﬁrate (A O, was dissolved in

et hanol and diluted in 100 nM Na- Phosphat e-buffer (pH 6.3) to a final
concentration of 0.1 ng/m substrate and 30% et hanol respectively, and kept
at room tenperature. 15 Assay nethod: The enzyne assay m xture contai ned
30 j,1 sanmpl e/ blank and 250 | substrate. The m xture was incubated at 35 C
for 30 m nui.eStogliSolute) whil st sinul taneously running an ELI SA-reader (420
nm Kkinetic program The Vmax value was used for calculation of enzyne
activity (Um). Vax was converted to unol from a standard curve for

~sol uti ons ofLPENEaiidned whedlssdvee in CHEL/CEROHC (15S) i-asg/asPChe 20 sanple. The
enzyne a§cntivity is defined as the amount of enzyne which produce 1 unol of
pNP per fnn. at 35 T. Screening nethod for random nutagenesis Libraries of
enzynes obtgﬂmgoﬂtgéﬂ:rang.qm_fmb_@%nesi s or localised random 25

mut agenesis may be spread on céllul’ose acetate filters on agar plates
containing growth nedia and incubated. The cellul ase acetate filters are
then transferr %aﬁ&gaéiﬁl ectio &)I at5e1s3%and i ncubated at 37C for 2-6

hours. Cells harBourt ng active enzyne “under the given conditions wll 9
Novenber. 2005 PUé3pRRidyRdibddiaming/ 11BD2/1074%2 71

Phosphatidylcholine PC 14.76%

Phosphatidylinositol PI  10.13%

*ILPS(International Lecithin and Phospholipid Society) standard is obtained from
Spectral Service GmbH Koln, Germany.

0
3. Sample Preparation
Samples were dissolved in CHCl;/CHsOH  (75/25), sonicated and filtered through a
0.45pm filter

15

4. Calibration Model

Calibration model: ~ log-log linear calibration

20 . The calibration curve for PC was used o calcnlate the amounts of the glycolipids and
phospholipids.

Gas Chromatography

25  Perkin Elmer 8420 Capillary Gas Chromatography equipped with WCOT fused silica
column 12.5 m x 0.25 mm ID x 0.1pm 5%phenyl-methyl-silicone (CP Sil 8 CB from
Crompack).




devel op clearing zones around the colonies. The positive variants can then
be further purified and tested. Results 5 Exanple 1 IqnbQgnild:PBbs series of
dough experinents purified cowpea LAH was tested in | Oy dough in different
concentrations in order to test the activity of the enzyme in dough and in
10 order WQO¥Id3 a suitabl e dosage for baking experi mt@RBOAB@2act i vity of
the enzyne was neasured by analysing the level of free fatty acid in

- dough. The results are shown in Table 1l and Fig. 4. 15 20 Table 1. Effect

of Cowpea LAH in Mddel Dough Cowpea LAHMFatty acid in dough Units/kg flour%®
44 0.6.55 0.12.13 0.0241.78 0.00481.66 01.77 The results detailed in Table
1 and Fig. fagtpaidiymshow that LAH from cowpea is active in dough during
the production of free fatty acid. Lipids extracted fromthe dough were

furt her anallyeatidndly5 iRIEM split.or der to study the effect on polar lipids in

t he dough. Result rom the HPLC anal yses of dough lipids are shown in
Table 2 and%gfeﬁmthﬁﬁg%?z -and 6. 9 Novenber 2005 WD 02/094123 72 Table 2:

HPLC anal ysiciefprop@h@r |ipids jn dough. 5 4
5 = Oven temperature, °C. 80 200 240 360
Isothermal, time, min 2 0 0 10
Temperature rate, °C., /min 20 10 12

Sample preparation: 50 mg wheat lipid was dissolved in 12ml heptane: pyridine 2:1
10 containing an internal standard heptadecane, 2 mg/ml. 500 pl of the sample was
transferred to a crimp vial. 100 pl  MSTFA(N-Methyl-N-irimethylsilyl-
trifluoracetamid) was added and the reaction incubated for 15 minutes at 90 °C.
Calculation: Response factors for mono-di-triglycerides and free fatty acid were
determined from reference mixtures of these components. Based on these response

15 factors the mono-di-triglycerides and free fatty acids in wheat lipids were calculated.
Galactolipid (DGDG) Zymogram (Spot Plate) Assay.

Preparation of plates.
20  Solution 1.
- 2 g Agarose was dissolved in 110 ml water by heating to 90-100 °C.
Solution 2, '
1.2 g galactolipid was dispersed in 40ml demineralised water, 50 ml 0.1M phosphate
buffer pH 7 was added, subsequently 0.6 ml 0.2% Rhodamine B was also added.
25
Solution 1 was cooled to approx. 70 °C and solution 2 was added whilst stirring.
12 ml of the final mixture was transferred to a 7cm Petri dish .

The plates were stored at 5 °C until use.
30
Assay.




PCT/ 1 B02/ 02792 Co ea LAHY®%® oo0%a Units/k flour GGC DGVIGPC 2. 110. 37 . 191. 36
0.0048. 220. 52 .201.50 0.024.120.48 .231.51 0.121. 84. 35 NGdnixf 28061. 080. 29
0.301.30 3.00.300.00 0.111.19 The non polar lipids were analysed by G.C
The results fromthis analysis are shomm 5 in Fig 7. HPLC analysis clearly
shows t hév@p¥®éx23 of cowpea LAH on gal actol i pids, and #RCTABW/@EH2 enzyne

dosage digal actosyl diglyceride (DG@G is alnmost conpletely hydrolysed. The

" results also show a small increase in _the concentration of the

correspondi ng 10 nonoester, DGV At i‘ffcreased concentration of cowpea LAH,
DGMG i s however also hydrol ysed. The sane picture is also observed for
phosphati dyl choline (PC) which is 'hydrolysed, followed by a small
increase in the correspondi ng |ysophosphatidylcholine. At increased
-concent r at i SmaldfhotesvufelanoAld diaysiep inas phadhied it bb thengel iasd éDs.d dm;cyme)l ysed in

t he dough.” 15 |n conclu , Jt i.s qbserved that, bat gala ds and
phosphol i pi §8"HR RS V@ﬁ djé“gkl eﬁn bfgn’&ag\ﬂbgggﬂ%ﬁ m%ﬁ’ ﬁ?lf?i

i ndi cat es n@RGkH %4 4 findfonePueea LAH on triglyceride conpared wit h 20 t he
activity on. polar lipids and the free fatty acid formation. It is very

clear that 3 Units/kg of cowpea LAH is a strong over dosage of this enzyne,

Bl o2 o N TERRIRL G 5 NS B R b0 RRACS Al s

tested in mnibread analysis in two different concentrations and

Assay for Enzyme Activity

10 Preparation of substrate for enzymatic assay: The substrate, pNP-Caprate (C10), was
dissolved in ethanol and diluted in 100 mM Na-Phosphate-buffer (pH 6.3) to a final
concentration of 0.1 mg/mi substrate and 30% ethanol respectively, and kept at room

temperature.

15  Assay method; The enzyme assay mixture contained 30 pl sample/blank and 250 pl
substrate. The mixture was incubated at 35 °C for 30 minutes (420 nm) whilst
- simultaneously running an ELISA-reader (420 nm) kinetic program. The Vp,y value
was used for calculation of enzyme activity (U/ml). Ve, was converted to pmol from
a standard curve for solutions of pNP measured under the same conditions as the
20 sample. The enzyme activity is defined as the amount of enzyme which produce 1
| wimol of pNP per min, at 35 °C. -

Screening method for random mutagenesis

Libraries of enzymes obtained from random mutagenesis or localised random
25 mutagenesis may be spread on cellulose acetate filiers on agar plates containing
growth media and incubated.

The cellulase acetate filters are then transferred to the selection plates and incubated at

37°C for 2-6 hours, Cells harbouring active enzyme under the given conditions will




conpared to a control (w thout cowea LAH added). The vol une of the bread
was evaluated as well as an evaluation of crunb structNsRMsHE280Pear ance.
Ful ly proofed dough fromthis test was frozen and freeze dried and the
dough lipid extracted. Isolated 5 dough |ipids were anal ysed by HPLC and
GL.C anal W89 82/09982 results fromthe baking test is shoCTHIRZGH2e 3. Table

3. Baking Test with Cowpea LAB 10 restCo ea LABread volune -Fatty acid no. %
i n doughdon h, %0 103.092.63 0.053.11.75 0.15.3.96 Cowpea LAB clearly
contributed to increased volunme of the“baked bread conpared to the

control, and the enzynme al so contributed to inproved crunb, with a nore

homogEnous SENGLUCEEDG Akl e ARIEE MRS YIRS o AR

Anal yi s of Dum@iddndmst&é Test onogl yceri dei ycerideriglyceri deGDGGVG
no. Yo% %ooka 10.430.99. 94. 090. 22 0. 43. 0. 95. 98. 030. 27 30. 430. 965. 111. 920. 28
20 The | i pi al ysi s indicates that cowpea LAH does not hydrolyse the
non- pol ar, Sﬁ?‘ﬁ The |l evel of triglyceride seemto increase a little, but
this is \ﬁnthl n the experinmental error. However, the enzyme clearly has an
effect on the galactolipid in dough by 25 degrading
di gal act ol yE3a8Pleder i de(DGEDG). An increase in the correspondi ng DGVG 9
Noverber 2005 WO 02/094123 PCT/1B02/ 02792 74

: In the first series of dough experiments purified cowpea LAH was tested in 10g dough

in different concentrations in order to test the activity of the enzyme in dough and in

10 order to find a suitable dosage for baking experiments. The activity of the enzyme was
measured by analysing the level of free faity acid in dough, The results are shown in
Table 1 and Fig. 4.

Table 1. Effect of Cowpea LAH in Model Dough

15
Cowpea LAH atty acid in dough
Units/kg fHour %0
3 3.44
0.6 0.55
0.12 .13
0.024 1.78
0.0048 1.66
0 1.77
The results detailed in Table 1 and Fig. 4 clearly show that LAH from cowpea is active
in dough during the production of free fatty acid.
20

Lipids extracted from the dough were further analysed by HPLC in order to study the
effect on polar lipids in the dough.

Results from the HPLC analyses of dough lipids are shown in Table 2 and Figures 3
25 and6.




| evel is observed. The degree of hydrolysis of galactolipid is not very

hi gh, but sufficient to explain an inprovenent in balkjNgvatrtbdos of the
enzynme. Exanple 3 5 LAH i solated from cowpea was eval uated in baking tests
as follows. The LAH was evaluated in hard crust rolls. LAH was tested in a
dosage ofWQ@U2/(3412%5 0.5, 1 or 1.5 units enzyne/ kg fl ourBCTABY R4l 10

results show that the addition of 1.5 ng of LAH increased the |oaf volune

~of the bread by nore than 10% conpar eg with bread with no enzynme and
i nproved the dough handling properti & Exanple 4 15 LAH was tested in
bread according to the Dani sh toast bread procedure using Danish reform

flour. LAH meggzpﬁﬁ@\ﬁgoggﬂ%wd%do@ﬁ 1 or 1.5 units enzyne/ kg flour.
S e

As references a doug t hout "enzyne addition. After baling, the

| oaves wer e—coot Afi;{“"er“ oaf—vglure—rpastreg—Bread baked in tin with a

lid were stBEEEHE20 arbidht +enpd Pature-ang—the—ertb softness were

eval uated a /i ,ﬂo 1 EML) F'?pa.pped I n double plastic
~bags. Initi dhat t hdd3Hddi 18-h of 1861 Siunits of LAH

i ncreases t B80M%af vol ume P25 | nitikI2 redd?l s B0 irimess and el asticity
show t hat LPE24i ves signi f.tantly 448 er 0.2Yunbliditer {7 days storage
conpared wi ph2t he control 1,84t hout je3szyng).26 Preliidm nayy results al so show
t hat LAN prp@uces bread wiffiga Ver ¥ mood mund heRpgengous crunb structure.
. 30 Exanpl e g9 NOVETDET By VWO OZIfHA 123 7P © |!['_q,9r'| BP2/ 02792 Cowpea LAH
was tested rmmini-bread-irdrfferent—concentrations—according to Table

The non-polar lipids were analyséd by GLC. The results from this analysis are shown
5 inFig7.

HPLC analysis clearly shows the effect of cowpea LAH on galactolipids, and at a high
enzyme dosage digalactosyldiglyceride (DGDG) is almost completely hydrolysed.
The results also show a small increase in the concentration of the corresponding
10 monoester, DGMG. At increased concentration of cowpea LAH, DGMG is however
also hydrolysed. The same picture is also observed for phosphatidylcholine (PC)
which is hydrolysed, followed by a small increase in the corresponding
lysophosphatidylcholine. At increased concentration of cowpea LAH
lysophosphatidylcholine is also hydrolysed in the dough.
15
In conclusion, it is observed that both galactolipids and phospholipids in dough are
degraded by cowpea LAH.

The GLC analysis indicates no activity of cowpea LAH on triglyceride compared with
20  the activity on polar lipids and the free fatty acid formation.

It is very clear that 3 Units/kg of cowpea LAH is a strong over dosage of this enzyme,
which causes almost complete hydrolyses of all galactolipids in dough.

25 Example2




5. Table 5. Baking test with cowea LAH and fatty acid analysis of dough.
Co ea LAHSpecificFree fatty acid Units/kgBread vol une,9 Rkeinbedooedh, %
03.092. 57 0.119532.72 0.2393.22.81 0.4783.153. 07 0.9563. 153. 28 Cowpea LAH
clearly contributes to increased volune at |ow concentration (up to 0.239
Uni t s/ kg)WO 0923 her dosage there was no increase in VSIWB&/BIR t he. crunb
10 structure becane nore honbgenous. Doughs fromthis experinent were
~extracted and the dough |ipids isolat gd and anal ysed by HPLC and G.C as

shown in Table 6. Table 6. G.C and HPU Anal yi s of Dough Lipids. Cowpea
LABMonogl yceri dei gl ycerid Tri gI yceri deDGDGDGVG e Wa% %% (c)w

00. 430. 994. 2.010. 20
0. 4780, 430, S68P DoAY FHET Sstitt e If Yl didfpsy Snihtpiole gt ) 2 <
cl early contampiged foad cmmwbezaﬂbﬂd-tmemm&}heddedp The vblumeredrijpobraad wepugh

l'i pids (non nd t cerl but the functionality expl ai ned by
the effect e\’iﬁ’ B"‘glaérw 13% qulqapgg&afg&mggggqg,rpap PRPEEF e %qu@%i ch are
clearly hyduglon$eeh théQest 08s ﬁ@éﬂhﬁ&ﬁés@@ﬂﬁeﬁtﬁdmum dpl@eme@dusbwted/el _of di-
and triglyceride, but the variations are randomand not any indication of

enzyme abti dough lipidsavers asalysed budiPa.Ayd Glabsnalysis.

The results from the baking test is shown in Table 3.

Table 3. Baking Test with Cowpea LAH

10
Test Cowpea LAH Bread volume Fatty acid
no. % in dough ml/g in dough,%o
1 0 3.09 63
2 0.05 ~_B.11 2.75
3 - [0.15 3.3 2.96
Cowpea LAH clearly contributed to increased volume of the baked bread compared to
the control, and the enzyme also contributed to improved crumb, with a more
homogenous structure and a better appearance.
15
Results from lipid analysis of extracted lipids are shown in Table 4.
Table 4 GLC and HPLC Aunalyis of Dough Lipids
Test  [Monoglyceride Diglyceride [Triglyceride [DGDG  [DGMG
no. Obo Yoo %60 %0 %0
1 0.43 0.99 .94 2.09 0.22
2 0.43, 0.95 4.98 2.03 0.27
3 0.43 0.96 5.11 1.92 0.28
20

The lipid analysis indicates that cowpea LAH does not hydrolyse the non-polar lipids.
The level of triglyceride seem to increase a little, but this is within the experimental
error. However, the enzyme clearly has an effect on the galactolipid in dough by
25  degrading digalactolyldiglyceride(DGDG). An increase in the corresponding DGMG




WO 02/094123 76 PCT/1B02/ 02792 Cowpea LAH was eval uated in m ni bread
analysis. In this experinent the enzyne was tested algosveattdrab®o i n
conbination with a galactolipid isolated fromoat. Results fromthe baking
test and determ nation of free fatty acid are shown in Table 7. 5 Table 7
Cowpea LAY 84428 actol i pid(DGDG in M nibread. Test rRSINEBEG/0258% Cowpea
LAHSp. Bread Free fatty purevol.acid %nits/ kg fl ourWw%o 10032. 39

-20. 203. 282. 50 300. 3573. 223. 07 40. 20. 3373. 693.00 In this experiment it is
shown that both cowpea LAH and gal act i pid (55% DGEDG) 10 have a positive
effect on the bread volune. Conbining the two ingredients contribute to a

cl ear syner e ixColfh 8 misaddels! f2kakid Br FRBlGA 1960 o agh iphume and

crumb structure 1s significantly 1'nmprove

“added. Doughufficionhte expdaiibakimpgoverpairin bakitg quakityfof deenzynd freeze dried and

t he dough lipid 15 Extracted with water-saturated butanol. The isol ated

| i pids were exposed to GLC and HPLC anal yses. Results fromthese anal yses
are shown i Exdapled 8. Table S. G.C and HPLC Anal ysi s of Dough Lipids. 20
Test noDGEDG, 55% pureCo ea LAHDGDGDGMGTri gl yceride %Jnits/ kg fl our %a%Q%D
1002. 070°155. 94 20. 202. 890. 155. 60

LAH isolated from cowpea was evaluated in baking tests as follows. The LAH was

evaluated in hard crust rolls.

LAH was tested in a dosage of 0, 0.25, 0.5, 1 or 1.5 units enzyme/kg flour). Initial

10 results show that the addition of 1.5 mg of LAH increased the loaf volume of the bread
by more than 10% compared with bread with no enzyme and improved the dough
handling properties.

Example 4
15
LAH was tested in bread according to the Danish toast bread procedure using Danish
reform flour. LAH was tested at 0, 0.1, 0.25, 0.5, 1 or 1.5 units enzyme/kg flour. As
references a dough was made without enzyme addition. After baking, the loaves were
cooled and the loaf volume measured. Bread baked in tin with a lid were stored at
20  ambient temperature and the crumb sofiness were evaluated after 1, 3 and 7 days
‘storage at 22°C wrapped in double plastic bags.

Initial results show that the addition of 1-1.5 units of LAH increases the loaf volume.

25  Initial results for firmness and elasticity show that LAH gives significantly softer
' crumb after 7 days storage compared with the control (without enzyme). -

Preliminary results also show that LAH produces bread with a very good and
homogeneous crumb structure,
30

Example 5




300. 3571. 930. 23not detected 40. 20. 3572. 40. 255. 82 9 Novenber

2005 WO

02/ 094123 PCT/ 1 B02/ 02792 77 \When gal actolipids (test moNentepr@sded to the

dough nore gal actolipids (DGG are
LAH has a strong hydrol ysing effect on
very cl e3¥OBBPWI2}i t hout DGDG added (test no.
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~of hydrolysis, nanely DGMVG

t he ot her experinments cowpea. LAH has

triglyceride.

Soy &1 i n PHPR el
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al so detected by HPLC anal ysi s.
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3) and SFEBIZMY. when DGDG
I's al so observed that the level of the
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Cowpea
S

pr oduct

10 15 Exanple 7 Cowpea LAH was evaluated in mnibrea.d

Rl 4 SO opem s SR OB Ao e

%Jni ts/k fleurMug900 14203. 32. 00 1521.073. 33. 35 1622. 143.123.75 20 In this

experinment the cowpea LAH did not contribute to inprovenent

vol ume conpared to bread baked wth soy oil

| nproved t he 0L Sl hesEhith Soviied LARPSRATARCRIdHhalviicofdorgel (Fig. 8). Exanple

8 25 Oomg)ea LAH was eval uated in m ni bread analysis in conbination with
n

differe

al one,

Cowpea LAH Specific Free fatty acid
Units’kg Bread volume, ml/g in dough, %o
0 3.09 2.57
0.1195 3 2.72
0.239 3.2 2.81
0.478 3.15 3.07
0.956 3.15 3.28

in bread
but cowpea LAH clearly

Cowpea LAH cleatly contributes to increased volume at low concentration (up to

0.239 Units/kg). At higher dosage there was no increase in volume but the crumb

10  structuré became more homogenous. Doughs from this experiment were extracted and
the dough lipids isolated and analysed by HPLC and GLC as shown in Table 6.
Table 6. GLC and HPLC Analyis of Dough Lipids.
Cowpea LAH | Monoglyceride {Diglycerid |Triglyceride] DGDG | DGMG
e
% %0 %o %o %0 %0
0 0.43 0.99 4.94 2.15 0.21
0.1195 0.40 0.96 5.04 2.08 0.23
0.239 0.41 1.23 5.21 2.01 0.20
0.478 0.43 0.90 5.09 1.89 0.24
0.956 0.41 1.01 5.23 1.60 0.20
15
The lipid analysis clearly confirms that cowpea LAH is not active on the nonpolar
dough lipids (mono-di-and triglyceride), but the functionality is explained by the effect
on polar lipids like digalactosyldiglyceride (DGDG), which are clearly hydrolysed.
20  The results indicate some variations in level of di- and triglyceride, but the variations

are random and not any indication of enzyme activity.

Example 6




concentrations of galactolipid (55%ure) (Table 10). Table 10. Cowpea LAH
and Gal actolipid (55% Pure) in Mnibread 30 9 NovenmbeyngRQQmer 2003 02/ 094123
78 PCT/1B02/ 02792 Test noDGDG 55% Cowpea LAHSp. Bread Free fatty
purevol .acid %Jnits/k flourm /g% 9003.032.60 1001.073. 113.52
110. 11. O @A9423 120. 21. 073. 733. 64 130.41. 074. 133. 92 TF&BIBO2HR793hows t hat
the addition of galactolipid in conbination with 1.07 Units/kg
gal actolipid contributes to a strong ignprovenent in both bread vol une and
crunb structure (Fig. 9). 5 Exanple Purified LAH from cowpea was tested
in mnibread in conbination with galactolipid DG)G 10 The addition of
i ngredients to the dough is outlined in Table 11, as well as the bread
vol une of bread fromthese baking experinents. Table 11. Baking test with
cowpea LAH dosvpeal ABtvodsiepalobtddGhGitdibreddaitalysis DElEs eXpsfineuirthCGonpea wasA\HSp.

pyrice :
Bread vol un?est{eddna{lén%/ alﬁg Jlsloollljlrcrgmlbl%aﬁon with a galactolipid isolated from oat. Results

from the baking test and determination of free fatty acid are shown in Table 7.

Table 7 Cowpea LAH and Galactolipid(DGDG) in Minibread.

Testno DGDG, 55% | Cowpea LAH | Sp.Bread | Free fatty
~ pure vol. acid
% _ Units’kg flour Ml/g P
1 0 0 3 2.39
2 0.2 0 3.28 2.50
3 0 0.357 3.22 3.07
4 0.2 0.357 3.69 3.00

In this experiment it is shown that both cowpea LAH and galactolipid (55% DGPG)

10  have a positive effect on the bread volume. Combining the two ingredients contribute
to a clear synergistic effect as illustrated in Table 7. Both bread volume and crumb
structure is significantly improved when cowpea LAH and DGDG are added.

Dough from this baking experiment was frozen and freeze dried and the dough lipid

15
Extracted with water-saturated butanol. The isolated lipids were exposed to GLC and
HPLC analyses. Results from these analyses are shown in Table 8.
- Table 8, GLC and HPLC Analysis of Dough Lipids.
20
| Testno |DGDG, 55% pure| Cowpea LAH DGDG DGMG | Triglyceride
% Units/kg flour %0 %o %o
1 0 0 2.07 0.15 5.94
2 0.2 0 2.89 0.15 5.60
3 0 0.357 1.93 0.23 | notdetected
4 0.2 0.357 2.4 0.25 3.82




1002.92 20.404. 11 30.40.714.36 400.713.14 It is clearly showmn fromthe
results in Table 11 that DGEG has a very positive effeagiovdibhePre@d vol unme
of the baked bread. Cowpea LAH al so contributes to i nproved bread 20

vol une. The conbi nati on of Cowpea LAH and DGDG gave further inprovenent in
bread volW@82/W#E3a better crunb structure was obser vedPQIABER0219Q) . 9
Novenmber 2005 WO 021094123 PCT/1B02/ 02792 79 Exanple 10 In this experinent
i sol ated nenbrane bound LAH from wheat,-l eaf chl oroplasts were 5 tested in
a 10 gram nodel dough system The dough was rested for 1 hour at 26C and
then frozen and freeze dried. The freeze dried dough was extracted with
wat er sat ur aies &égﬁ&) hdidy rafge €Xposed
to GLC and HPLnglrillal 18%135 Thez)?dggﬁﬂegt%?%%@ﬁ%ﬁg&g&%%&a(ﬁb?m&sal s are shown
in Tabl e 12.alsrralgteete4£y HLiGe analysis. Glomwbeaa hATIBeAs rad strongy hydmlasuwe%ﬁéc@n or opl ast
i n Dough. Analysis of Lipids. Menbrane- Free fatty

aci dMonogl yCeri debDi gl yceri deTri gl yceri deDGG bound LAH % in
dough%)%)%O%)%) 0. 13 060. 320. 844. 200. 82 0. 54. 400. 300. 573. 800. 00

14.830.30 0 70.0 270.374, 1 1 results in,Table 12

cont i1 Ohe T SRS EPCE LR (b Pl o fitonn DA ataapes no” ) &5
esPeclally when DGDG is added (test no. 4). It is also observed that the level of the
product of hydrolysis, namely DGMG, increases when cowpea LAH is added. As seen

in the other experiments cowpea LAH has no hydrolysing effect on triglyceride.

10
Example 7
Cowpea LAH was evaluated in minibread analysis in combination with soy oil (Table
9).

15

Table 9: Cowpea LAH and Soy Oil in Minibread.

Test no Soy oil Cowpea LAH | Sp. Bread | Free fatty
vol. acid
% Units/kg flour Ml/g %o
14 2 0 3.3 2.00
15 2 1.07 3.3 3.35
16 2 2.14 3.12 3.75

20 In this experiment the cowpea LAH did not contribute to improvement in bread
volume compared to bread baked with soy oil alone, but cowpea LAH clearly
improved the crumb structure and appearance of the bread (Fig. 8).

Example §

25
Cowpea LAH was evaluated in minibread analysis in combination with different
concentrations of galactolipid (55%pure) (Table 10).

Tabie 10, Cowpea LAH and Galactolipid (55% Pure) in Minibread
30




enzynme from wheat chloroplasts in dough neasured as a strong increase in

free fatty

acid in the dough. The results al so have shwredttabothe

menbr ane- bound LAH enzynme 20 from wheat chl oropl asts has al nost no effect
of triglyceride is unchanged.
The resulWQ 041983 ndi cate a strong hydrol ytic effect GFCHIB&02#mbr ane bound

on non-pol ar |ipids,

LAH enzynme from wheat chl oroplasts on the hydrol ysis of
whi chi is conpletely hydrol ysed at

di gal act osyl diglyceri

de (DGDG),

and the concentration

gal actolipids like

hi gher

dosages of the nmenbrane bound LAH enzyne. 25 Exanple 11 9 Novenber 2005 WO

02/ 094123 PCT/ 1 B02/ 02792 . ... e 80 In this
experiment RN gRhat g Jetetyen i eq pbwn in SEQ ID
No. 12 was fested in g4 %ﬁﬁiﬁﬁyw gﬁg{h gg%ger%& Th%gfggﬁ%h was rested for
1 hour at pP6C= aTlLr g rVLen T 5= eq, 5 CI tmmary results show
the enzyne t-he—Seete Tﬁm W h-S B 40, duces the
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amount s of pelartipids—in—the |l \ | st hot ghi |a2r Iy ffecting the
triglyceride nulrgl S nﬁ t hF\OOI | (‘nn(‘l 0&i onj 18-11AH nZ‘?I‘%Q ff om cowpea have
been isol atled _add chafdact etl sed |land k@&t ed|in Sbdel! d34dh_ahd ni ni baki ng
experimentsl__Thild enzyne i®2actijve ot he pol &r73gal jact 8lédpi db  and
phosphol i pids i d3dough but0.4o adtivity7 on {rigligcerfi deg.opn dpugh was

triglycerid

observed. A chloroplast bound LAH fromwheal T€aves has al so been isol ated
and tested in nodel 15 dough. This enzyne is also active agai nst

gal act ol i pi §&blgAf SHWE)%MP pidition of gnlastMipid ipurombinatien with 188t Unityke on

VA r d oil, was
treated wit L&ﬁﬁ% ate f% ?omﬁggévpﬁggl%vahémrl# tpa%%ddﬁﬁé’lnﬂh% aﬁ?%ﬁ‘ﬁfg’ oil. The
process usesirushee @iséntially as per the enzyne- catal ysed degunmi ng process
of vegetselbl e oil generally taught in Buchold, H (Fat

Example 9

Purified LAH from cowpea was tested in minibread in combination with galactolipid
DGDG.

10
The addition of ingredients to the dough is outlined in Table 11, as well as the bread
volume of bread from these baking experiments.

Table 11. Baking test with cowpea LAH and galactolipid DGDG
15

Test no Sp. Bread volume

DGDG, 565% pure | Cowpea LAH
% Units/kg flour
0 ' 0
0.4 0
0.4 0.71

0 0.7

mlig
2.92
4.11
4.36
3.14

M W N -

It is clearly shown from the results in Table 11 that DGDG has a very positive effect

~ on bread volume of the baked bread. Cowpea LAH also contributes to improved bread

20  volume. The combination of Cowpea LAH and DGDG gave further improvement in
bread volume and a better crumb structure was observed (Fig. 10).




Sci. Technol. 95 Jahrgang nr. 8, 1993, pp300-305), excepting that LAH was
used. 25 Prelimnary results show LAH to reduce the amountesmbef2gusl ar |1 pi ds
inthe oil whilst not significantly affecting the triglyceride |evels of
the oil. Al publications nentioned in the above specification are herein

i ncor por 3Y@eR/a94123 r ef er ence. Vari ous nodi ficati ons and MIAABRIRYAS of the

descri bed nethods and systenms of 30 the invention will be apparent to those

‘skilled in the art w thout departing t{on1the scope and spirit of the
i nvention. Al though the invention has een described in connection with
specific preferred enbodi nents, it should be understood that the invention
as claimed 9 Novenber 2005 WO 02/ 094123 PCT/1B02/ 02792 81 shoul d not be
undul y li”ih§%MERJ§UCh speci fic enbodi nents. | ndeed, various nodifications
of the desciibetl nodes of carrying out the invention which are obvious to
those skilled in food chem stry/technol ogy and biochem stry are intended to

be within the,.scope of .the follow cl ai 82 CLAI N5 venber 2005 1.
A net hod of E’p‘ihgpeé‘i"? T, igofatig merphy fk%%‘%g%%dvh@@ﬁﬁ?ﬁ@?o?@&aéﬁﬂ%ﬁ to the
dough cogpofeRl i £ me dleh g Lol héur G lagg of
hydrol ysing a gl y%r:no i pid aInd a ﬁ%%ﬁ?%%&?&?ﬁsgg@é enzyr?gdi S

i ncapabl e, Ben §arsniand ficegeldgied.i ncapabl e, of hydrolysing a triglyceride
and/or a 1-nonoglyceride, and m xi ng the dough conponents to obtain the
dough. 2. A nethod according to claim1l wherein the enzyne is incapable, or
10 subst ant Thd fryezentizp alohigh was extyadied with watebhsiniratad buiagdly(@GeSB)dadahe a

1- nonogl yceride.. 3. 'A.net hod accor di to im1l wherein the enzyne is
capabl e of ﬁ%?@l@gﬁhﬁﬁ’q&%w?rﬁeﬁl’?ﬁiﬁ@gcéﬂ%%ig'i f]ﬂy%‘%?fb&ées&hﬁ%ﬁﬁéﬁ%i n said
enzyme ilg | REidRANYHs ar®@5hoWAlsrallé 1Rl |y i ncapabl e, of hydrolysing a

1- nonogl yceride. 15 4. A nethod according to any one of the preceding
clainms wherein at | east one of

Table 12. Effect of Membrane Bound LAH from Wheat Chloroplast in Dough. GLC

Analysis of Lipids.
Membrane- {Free fatty acidMonoglyceride| Diglyceride | Triglyceride DGDG
bound LAH ' '
% in dough %0 Y60 %0 %0 %0
0.1 3.06 0.32 0.84 4.20 0.82
0.5 4.40 0.30 0.57 3.80 0.00
1 ~ 4.83 0.30 0.51 3.96 0.00 .
2 5.70 0.27 0.37 4.12 0.00

15

The resulis in Table 12 confirm the lipolytic activity of the membrane-bound LAH
enzyme from wheat chloroplasts in dough measured as a strong increase in free fatty
acid in the dough. The resulis also have shown that the membrane-bound LAH enzyme
20  from wheat chloroplasts has almost no effect on non-polar lipids, and the concentration
of triglyceride is unchanged. The results aiso indicate a sirong hydrolytic effect of the
membrane bound LAH enzyme from wheat chloroplasts on the hydrolysis of
galactolipids like digalactosyl diglyceride (DGDG@), which is completely hydrolysed at
higher dosages of the membrane-bound LAH enzyme.
25
Example 11




the triglyceride, the 1-nonoglyceride, the glycolipid and the phospholipid
Is a naturally occurring |lipid conponent occurring i mN,edber3®d for the
dough. 20 5. A nethod according to any one of the preceding clains wherein
the phospholipid is phosphatidylcholine (PC). 6. A nethod according to any
one of t WO ¥EE8HI ng cl ains wherein the glycolipid i $CIABI2/02792

di gal act osyl di gl yceride (DGDG). 25 7. A nethod according to any one of the

‘preceding clains wherein at |east oneg@f the triglyceride, the

1- nonogl yceride, the glycolipid and the phospholipid is added to the
dough. 30 8. A nethod according to claim7 wherein the triglyceride is

sel ected fr gMhidGper@héhd Bn GRMEITA A SnBimPcorfRistha theseqidnee dhovaom! e fat, an
animal fat, shortening and mlk fat. 83 9 Novenber 2005 9. A nethod

accor di ng t & &loajlfhves én i 10 igeany mgdel slongh wptem; Shedonghuraarssied ferckur ri ng
cereal oil gpcl o ' od according to claim7 wherein the
phospholipig&ﬁgygépg%?g%nﬁ?%#ﬁﬁggﬁégqgggup consi sting of
phosphotidylinositol (Pl), phosphatidylglycerol (PG, phosphatidylcholine
(PC) and_.phgsphati dyl et hanol anmine (PE)..11. A nmethod acc ' tg any one
of 1 he b oc SRR i HHCRE R o ormisih tetahponE e e gn, 20
12. A et hogkdades Ak biighntsOo@PolarORdOin hb SilPwEie b SigkiticdntTs aﬂ@ﬁi’n%'tﬂe the
enzyne is added in an amount which is in the range of 0.1 to 1000 units
enzyne/ kg f frighiceridedevelaofgbe Bibd according to claim 12 wherein the enzyne is
added in an anount 15 which is in the range of 1 to 100 units enzyne/ kg
flour. 14. A method according to any one of the preceding clains wherein

t he dough i €omlusmnead dough, the nethod conprising as a further step that
t he dougg is baked to obtain a baked product. 20

. LAH enzymes from cowpea have been isolated and characterised and tested in model
dough and minibaking experiments, This enzyme is active on the polar galactolipids

and phospholipids in dough but no activity on triglycerides in dough was observed. A
chloroplast bound LAH from wheat leaves has also been isolated and tested in model

15  dough. This enzyme is also active against galactdlipids and phospholipids in dough,

but showed no activity on triglycerides.
Example 12

20 Vegetable oil, in particular rapeseed oil, was treated with LAH isolated from cowpea fo
effect degumming of the oil. The process used was essentially as per the enzyme-
catalysed degumming process of vegetable oil generally taught in Buchold, H. (Fat
Sci. Technol, 95 Jahrgang nr. 8, 1993, pp300-305), excepting that L AH was used.

25  Preliminary results show LAH to reduce the amounts of polar lipids in the oil whilst not
significantly affecting the triglyceride levels of the oil.

All publications mentioned in the above specification are herein incorporated by
reference, Various modifications and variations of the described methods and systems of
30  the inventfion will be apparent to those skilled in the art without departing from the scope
and spirit of the invention, Although the invention has been described in connection with

| specific preferred embodiments, it should be understood that the invention as claimed




15. A method according to any one of clains 1-13 wherein the dough is a
dough selected fromthe group consisting of a pasta doygiembrr Deerl e dough,
and a cake dough or batter. 25 16. A nethod according to any one of the
precedi ng clains wherein the enzyne is added in an anount that results in
an i ncr ed¥@0¥P42he specific volume of the baked prodRGATIBHLRTRs at | east
10% relative to a baked product nade under identical conditions except
that the enzynme is not added. 30 17. nmet hod according to any one of the
preceding clains wherein a further erfZyne is added to the dough. 84 9
Novenber 2005 18. A nethod according to claim17 wherein the further enzyne
LS e oot o0 shdulThoot 18 BEAP HGAAP 5! A0 Gheifly | dnfiRRFend. S RleED ARBLACI NG
enzyne, a h&m celTul ase ase Tlpoxygenase an

oxi dor educt aswificatioh8 of the dﬂtﬁhﬂdlmdmfdm@gutﬁmymmmmnoﬁhwhme plvvw@@ ng clai ns

wherein at |eas % t he co i Nitia dough IS
hydr ol ysed. 19§ S E%Faé'ﬁﬁ’ ‘EJ h&@&%’? ‘f%ag#?} %yg.r[e %ﬁ@%’b& al s
wher ei n at g@g§gf@§ﬁmoﬁﬁ amgmphosphollpld initially present |n the dough is
hydr ol ysed. od according to any one of the preceding clains
wherein the enzyne has hydrolytic activity against a phospholipid and a

gl ycolipid but no, or substantially no, hydrolytic activity against a
triglyceride and/or a 1-nonoglyceride in the pHrange of 4.5-6.5. 15 22. A
nmet hod of preparing a dough or baked product prepared from a dough
conprising: (a) testing at |east one enzyme for its hydrolytic activity
towards a triglyceride, a 1-nonoglyceride, a phospholipid and a
glycolipid; 20 (b) selecting an enzyne having hydrolytic activity towards a
phosphol i pid and a glycolipid and having no, or substantially no,

hydrol ytic activity towards a triglyceride and/or a 1-nonoglyceride; and




(c) adding the selected enzyne to the dough. 25 23. A dough i nproving
conposition conprising an enzyne thatgzunder dough congydanthep2005 capabl e
of hydrolysing a glycolipid and a phospholipid, wherein said enzyne is

i ncapabl e, or substantially incapable, of hydrolysing a triglyceride and/or
a 1l-nonogl yceride, and one further%ﬂgwgglconponent selected fromthe group
consisting of cereal flour, yeast, i cal | eavening agent, a dough
strengthening 30 agent and an enulsifier. 24. A conposition according to
claim 23 wherein the enzyne is incapable, or substantjally incapable, of
hydr ol ysi g bot'hmsthod; of fyeraringe Beowy dougbasitbmethod ogwrisipg agdigiertber 2005
25. A co ! (o] i LR I | e of
ydr ol yoi ngr ¢ARCAR L EAmANE Flalt Sl e hAly (R RIRRRT ¢

i ncapabl e glyeolipigudnslt aphogdholipidn edyesdi eaidodnzimdrielipsdpalgeaod sumagiklreer i de. 5
26. A conposi t,i.on acc HdLng t 0. Qy.gne &f clains 23-25 whe eLn.sa%d '
conposi t i GHFAPERlen et DEitolysipg & figlycarids and/or pekemonoslycaiidenandy IHE e dBRsi st i ng

of a |i pagBuglfcothiptheRts téleshiadhd@nBzy e, a hemicellul ase, a cellulase, a
| i poxygenase and ‘an oxi doreductase. 10 27. A dough obtai nable by the

met hod  according to any one of clains 1-22. 28. A dough according to claim

27 wherein said dough,is frozen of .packaged.in,a controlled nosphere. 15
- 29. A bakgd pr%d&l:? S tagf?{g epoofﬁaﬂlg’kﬁné&gre&b{}aﬁ %P_@Wdfsnbmtag&g?’af’ 27 or
28.  30. Auneadhiy pcasbid oMBgiollsiabaththonighcas €oidl aﬂl}n{oﬂoglg@ér[&. 27 or 28.
31. A pasta product nmade from a dough according to clainms 27 or 28. 20 32.
A net hod of preparing an enzyne having hydrolytic activity towards a

et ot of en: v . :
Par ot B ot BBl KErdinl S Bt AWt Me ollnR PSRt A ol fing
conpri si ngtriglyceside and b diglgeeridp asd whaneim@idsrdyaleys inamdld, i substaavialtyls a
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4. A method according to any one of the preceding claims wherein at [east one of

the triglyceride, the 1-monoglyceride, the glycolipid and the phospholipid is a

naturally occurring lipid component occurring in flour used for the dough.

20 5. A method according to any one of the preceding claims wherein the

phospholipid is phosphatidylcholine (PC).

6. A method according to any one of the preceding claims wherein the glycolipid
is digalactosyldiglyceride (DGDG).

25
7. A method according to any one of the preceding claims wherein at least one of
the triglyceride, the 1-monoglyceride, the glycolipid and the phospholipid is added to
the dough.

30 8. A method according to claim 7 wherein the triglyceride is selected from the

group consisting of a vegetable oil, a vegetable fat, an animal fat, shortening and milk

fat.
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13. A method according to claim 12 wherein the enzyme is added in an amount

15  which is in the range of 1 to 100 units enzyme/kg flour.

14. A method according to any one of the preceding claims wherein the dough is a
bread dough, the method comprising as a further step that the dough is baked to obtain
a baked product.

20
15. A method according to any one of claims 1-13 wherein the dough is a dough
selected from the group consisting of a pasta dough, a noodle dough, and a cake
dough or batter.

25 16. A method according to any one of the preceding claims wherein the enzyme is
added in an amount that results in an increase of the specific volume of the baked
product that is at least 10%, relative to a baked product made under identical

conditions except that the enzyme is not added.

30 17. A method according to any one of the preceding claims wherein a further

enzyme is added to the dough.
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gttt canatSac g ReodrEaanit U] BACE e SAO s AR S ple i at ™ 151
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act act t t t tceBulase; abipexyggnaserend ap axigargdueiasgat agtttagata attgaaaagt 361
gaataagttt tacattatat ataactttta catactaaaa catttatttt tgttttaaat 10 421
t aaagaaagg tacttacact agaaataacg tttataaatg aatgaaaatt acattcaatt 481
t ct t aaaagtioact gf grtiod eadnattgahy aac a8 dganecedbnodiiaisavheagh gatdattad 5% 541

attacaagaa .aaaaaaagt!. gtcaattaat tatfaafaca ttgcatcaat.aataaataaa 601
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ggt gaagagé@lat adgmgtiwt ascerdingdatany amg a4 dleaprecedios alaimag whereny thetenayme 1141

ceL 1t o e N R e PSPl 1202
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of 4.5-6.5.
15
22. A method of preparing a dough or baked product prepared from a dough
comprising:
(a) testing at least one enzyme for its hydrolytic activity towards a triglyceride, a
1-monogtyceride, a phospholipid and a glycolipid;
20 (b) selecting an enzyme having hydrolytic activity towards a phospholipid and a
glycolipid and having no, or substantially no, hydrolytic activity towards a
triglyceride and/or a 1-monoglyceride; and

(¢) adding the selected enzyme to the dough.

25 23, A dough improving composition comprising an enzyme that, under dough
conditions, is capable of hydrolysing a glycolipid and a phospholipid, wherein said
enzyme is incapable, or substantially incapable, of hydrolysing a triglyceride and/or a
1-monoglyceride, and one further dough component selected from the group
consisting of cereal flour, yeast, a chemical leavening agent, a dough strengthening

30  agent and an emulsifier.

24. A composition according to claim 23 wherein the enzyme is incapable, or

~ substantially incapable, of hydrolysing both a triglyceride and a 1-monoglyceride.




25 1321 tagtacgtgc ctcataaaat aatagtcatg ctattataaa ataattaatt atggtgggtg
30 35 40 45 1381 gaatgttcat tgacacaatt atttagatat tttetgaidbherstiEatt gac
acatggttca 1441 ttgctatcca tctattacca atgaatatta ccttttgtcg tctatgataa
tttattttta 1501 taattttaat actctatcaa agtaaaaata ttgtccagga aaaatgggtt
ttattaata 1561 ttaatt.gaa t.gaattanc taj agt aaat, attataccaa_tggataatta
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1981 taatccatgc gtttttcatc 2041 accccttatg tattttatat 2101 agcagagttt

t aat caaaca 2161 catatataac tcataacaga 2221 tgcaaaaaca agggaacaca 2281
CcaaaagGact2et t gtiggtehpdsiticBattordatgitgtany bhe ddlgiet23t 2 wR46ih saidawatpobition

tgatcgcccc 2461 aat gacgtca gcat ag t 2521 catttcgacg tftttgtggt, 2581
gat gt t at at“ggHEEat gfrf er B%thn%a??ﬁit‘%‘f &8’& ‘&Et%%&j’g?‘%‘lsmg&@ aéﬁ’&é%éasggf&h
aaccaact C(ae%‘lt%aﬁl aga¢heaaft haaideihigang a>Qetifidde, 2ld t G5y Bindse t bd 992 2881

aacatcttca ctftacacC
oxidoreductase.

10 27. A dough obtainable by the method according to any one of claims 1-22.

28. A dough according to claim 27 wherein said dough is frozen or packaged in a

controlled atmosphere.
15 29. A baked product obtainable by baking a dough according to claims 27 or 28.
30. A noodle product made from a dough according to claims 27 or 28.

31. A pasta product made from a dough according to claims 27 or 28,
20
32. A method of preparing an enzyme having hydrolytic activity towards a
phospholipid and a glycolipid and having no, or substantially no, hydrolytic activity
towards a triglyceride and/or a 1-monoglyceride, comprising:
1) selecting a lipase having hydrolytic activity towards a phospholipid, a glycolipid
25 and a triglyceride and/or a 1-monoglyceride,
ii) modifying by insertion, deletion or substitution of at least one amino acid in the
amino acid sequence so as to alter the activity of the lipase in such a way that the
lipase is modified to have no, or substantially no, activity against a triglyceride
and/or a 1-monoglyceride.
30
33. A method according to claim 32 wherein the insertion, deletion or substitution

of at least one amino acid is in the lid region of the amino acid sequence.



2941 aatcaaccca tgaaaaccag 3001 tttgctcttt cctaagttca 3061 gtctctctct
ttctctttga 55 3121 actccaagca aagttgat ga 3181 att cgt 9@adodeatel G600
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tgtggctatc ccagcatttg 3781 ccagcttcca ggttcacccc tcctcecctectc 3841

aaattgcagc tttttgtttt tctctaacga 3901 tgaagaagag gccatatttg aatgcggcgt
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gt agcagcaa aaa acgg gccggtccga

t gact aacabpf attla@sgbﬁaaamdagﬁlgb at thg C-tegaiial dfahe amtmgriddegaaceaaggt t gccc
tacgcattca atgatttgaa tattactatt tgatttgaac gctagtatta accatcaaaa
aaccataact tctgaacgtt caatattatt aattaactta acatggtgct aattatgatt

gaagtgagtges. A method according to claim 33 wherein the lid region is deleted.

37. A method according to any one of claims 32-36 wherein the enzyme is

10 capable of hydrolysing a glycolipid and a phospholipid and wherein said enzyme is
incapable, or substantially incapable, of hydrolysing a triglyceride and/or a 1-
monoglyceride in the pH range 4.5-6.5.

38. A dough composition comprising an enzyme that, under dough conditions, is
15 capable of hydrolysing a glycolipid and a phospholipid, wherein said enzyme is
incapable, or substantially incapable, of hydrolysing a triglyceride and/or a 1-

monoglyceride, and optionally a further dough component.
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2641 agtgttttta actgaggttt
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2241 aatcaaccca tgaaaaccag
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3181 attegtggaa tcattcccgg
3241 ataatctatg gtaaccaaga
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3541 ttcaaatcta aatacacact
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3841 =zaattgecage tttttgtttit
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agaaataacy tttataaatg aatgaaaatt acattcaatt
gaaaaatgat aacaaagaag aaaaatatat agtgaattat
gtcaattaat tattaataca ttgcatcaat aataaataaa
aatctcaaat aagtittctce .atttttattt gactcaattg
cattgecaatt agateatttt cgttagtact acactagcga
tcagcaagtg atttttttta taattttitt gaaaasaata
aatctgacat tgtgbeacat gttagagata atgtgatgtg
cactattgaa tgtgaaaagt cttaatataa tecttgtatt
acattttttt aaacataazaa caatttaatt aattttitaa
tttagataag tasaasataa taataatacq attaaacctt
ctatttgaty gttatgettt taagttgtgyg ttgaaatagt .
atgacaaata aagaaacaaa cgcaattatg acattcttat
ataattacag tcttttgama ttattgtgta tgaaattaaa
caataataat aactaaggag actcetgaaaa gttctgagaa
ttazaacaagt cagacaagaa aattataaag ttctctaace
aatagtcatg ctattataaa ataattaatt atggtyagtg
atttagatat tttetecattg acteattgac acatgogttca
atgaatatta ccttttgteg tctatgataa tttattttta
agtazaaata ttgtccagga aaaatgggtt ttattaataa
tatactaaat attataccaa tggataatta cattgcaaaa
gaaztatgat attttaaagt aacttgttgt tcattaaaaa
tttaagtctt acactaaaas aaataaaaaa atataaagtt
aactcataaa acatattaga gttogaaggtt aatagtctat
agaaagaaat accgatggga catactcatg ggataaatca
ttgaggtaaa gaaaatacat atttastaaa tttaaaagto:
aaatatttgt taaataataa taaacatatt ttacatcace
ggatttacgy gcecggtcega cgggocagat cctaattgte
atggtatata tgactaacat gagaaaatgt gaccgttaaa
taagtaaaaa tgagtatagt taaaccazaa cttgatttac
gactttaaca cagatetgea aaccttecta gtatgtacac
aaggttgecce tacgcattca atcteattaz tctetgtggt
atgatttgaa tattactatt atacatccaa caatagtaat
tgatttgaac getagtatta cattetctat caactettee
dccateaaaa aaccataact aacacgtgaa aactgataaa
tctgaacgtt caatattatt cacagaazaaa agatattate
aattaactta acatggtget aagattttgg tataggagat
aattatgatt gaagtgagtg aagaattctt attcattgaa
tagacaaact atacctaatt ttactagttt aatccctctt
tagaacacca acaaacacca taagtaacac gtittgaaaac
ctetecgacaa ttaaataggt ttcatggaaa catattatee
actaattgaa cacgctaaaa acaagacaag taaactcace
ggtttggett tatatataaa tatgecagttt ctectcatca
atttttctga ataagtttgt gtaagagtitc agtagtttic
ttecatetet ctttetttet ettictitet cactgtgtgt
cttagtaagt catcaattca gatccatggc agcaactcaa
tggagcactg attactgtge tgagtattga tggtggtgge
aatttigett getttecteg aatcagaact tcaggtaata
gaaaacgttt atatgtaaat taatgcagga aagtaactaa
ctggatggtg ctgatgecaag, actegecagat tactttgatg
ggtggattag tcactgcaat gotcactget cceaaatgaaa
gccaaagata taaaggattt ctaccttgag cataccccaa
taaztaccac ‘actttacacc ataaactteg taccaaatca
gtgtactaat ttacagtgtg attttitcec aaatacagta
gcgatgaaga aaggcagaag tctgatggga ccacagtacg
ctegttagyg aaaaactagyg gaacacaaaa ttggaacaca
ccageatttg atatcaaaaa ccticaacce geocatetttt
tectectete aattgcaaaa agtcactcac ttgaaageaa
tetetaacga aattattact ctegaatatg atgtcacagg
aatgcggegt tgictgatat atgeatttca accteggeag
cattgctttg aaactaaaac cagcactgct agtttcaaat
gtagcagcaa ataacceggt attgtattat acagtcteag
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ccctacaat attaaatete atgtgotgta aacgetitgt gtttetttgt” tttcatttac

5281 caatgtaatc agtttggtic actatattgt ctctaat_tca ttttatttta a




1 ATGTTCTCTG GACGGTTTGG AGTGCTTTTG ACAGCGCTTG CTGCGCTGRG 51 TGCTGCCGCG
CCGRCACCGC TTGCTGTGCG GAGTGTCTCG ACTTCCACGT 5 101 TCGATGAGHbeSMBTTGTTC
GCGCAATGGT CTGCCGCAGC TTATTGCTCG 151 AATAATATCG ACTCGAAAGA CTCCAACTTG
ACATGCACGG CCAACGCCTG 201 TCCATCAGTC GAGGAGGCCA GTACCACGAT GCTGCTGGAG
TTCGACCT @& 0200841 20GAACGACTT TGGAGGCACA GCCGGTTTCC TGGCERCTIBI/OTAACACCAAC 301
AAGCGGCTCG TGGTCGCCTT CCGGGGAAGC AGCACGATTG AGAACTGGAT 10 351 TGCTAATCTT
GACTTCATCC TGGAAGATAA CGACGACCTC TGCACCGGCT 401 GCAAGGTCCA
TACTGGTTTCTGGAAGGCAT GGGAGTCCGC TGCCGACGAAA 451 CTGACGAGCA AGATCAAGTC
TGCGATGAGC ACGTATTCGG GCTATACCCT 501 ATACTTCACC GGGCACAGTT TGGGCGGCGC
ATTGGCTACG CTGGGAGCGA 551 CAGITCHEEG AAATGACGGA TATAGCGITG AGCTGTACAC
CTATGGATGT PEQIBNEETCGAATCG GAAACTATGC GCTGGCTGAG CATATCACCA GTCAGGGATC
651 TGGGGCCAAC TTCCGTGTTA CACACTTGAA CGACATCGTC CCCCGGGTGC 701 CACCCATGGA
CTTTGGATTC AGTCAGCCAA GTCCGGAATA CTGGATCACC 751 AGTGGCAATG GAGCCAGTGT
CACGGCGICG GATATCGAAG FCEATCGAGES 2 804 AANTECAATECARACGGTOCEAA VAT GCAGGCGA
AGCAA G AGEETITETEG DELEEY CACARTY @IS AGTACY T FTI b(GEGAF ’T€AG AGTGCCTGCT
ATAA 9 Novenbé? DG05 A H0S/D941B3E 615 ISEG L[ RdE D5 POT/D BOREOR792 5
CAAGCTATACCAAGEAT RCAATEANETCEANK AT BT CTEFERACEST T TGELY "SE@ MO No. 6

CAAACCTCTCIBCC%%AMC%’@&A&?T%L §5T SEOX DIND.C 7 "CEFEBTEET: CCGGGG 20
T8 K MSTYSGY TLYFT_GHSLGGALAT
I8l LGATVLRNDGYSVELYTYGCPRIGNYALAE
10 21lHITSQGSGANFRVTHLNDIVPRVEPPMDFGF
241SQPSPEYWI'-TSGNGASVTASDIEVIEGINS
271TAGNAGEATVSVVAHLWYFFAISEC_ILL




SEQ I D No. 8 GCCGGIGCAGAGGTCGICG 25 SEQ | D No. 9 CCTCGAATCGGAAACTATGCGC
SEQ I D No. 10 30 TGICACGGECGTCGGATATCG SEQ | D No. 11 3bNovember 2005
CTCATCCAACGTGGAAGTCG 9 Novenber 2005 WD 02/ 094123 PCT/ 1 B02/ 02792 SEQ I D No.
12 7/7 51015202530 I -1 1111 51 MCSQADPTLTCPPPSQ
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GRL | ™WQoyows23 DGGGI| 31RGLI PSTI LACRMBRRYZ QELDGP
ARI ADYF 61DVI AGTSTGALVTSMLAAPGENKRPLFE
‘K91 DI NKFYLDNGPKI| FPQKGAGVLT PMANLFG 121 AVT GP KY DGK
LHDKI KSLTNDVTVADTVT 1015INI | VPTFDI KYLQP

| FNTYEAKVDPLKNA 181 HLSDI CI STSAAPTYFPAHY
T.TRDPQ?%R@&L 211 PDREY¥LI DGGVAANNPTMAAMSMI
KEVL 3 ‘APDFTHGKPAEYGNYI I I SI GTGSAKMA
71EKYTAPDCAKWGVLRWLYDGGFTPLI D FS15 301 HA S A
MVDIQlASVLF%VLDCTKSYVRIQHA 33l ELTGEMASV
VSTS ngE%gﬁg GG R?g@TRG&GEGgTT@géA%BqCTg V;@g%g%q\l VETGKNEPD

E R G g\ Yl ggg g?ﬂ%ﬁ gg—GCZ@ig_GG‘?; GCCGCAG TB‘TET(%EEI‘%GA YKLV

151 AATARTATCG ACTCGARAGA CTCCAACTTG ACATGCACGE CCAACGCOTE

201 TCCATCAGTC GAGGRGGCCA GTACCACGAT GCTGCTGGAG TTCGACCTGA
251 CGARCGACTT TGGAGGCACA GCCGGTTTCC TGGCCGCGGA CAACACCAAC
. 301 AAGCGGCTCG TGGTCGCCTT CCGGGGAAGC AGCACGATTC AGBACTGGAT
10 351 TGCTAATCTT GACTTCATCC TGGARGATAA CGACGACCTC TGCACCGGCT
401 GCAAGGTCCA TACTGGTTTC TGGAAGGCAT GGGAGTCCGC TGCCGACGAA
451 CTGACGAGCA AGATCAAGTC TGCGATGAGC ACGTATTCGG GCTATACCCT
501 ATACTTCACC GGGCACAGTT TGGGCGGCGC ATTGGCTACE CTGGGAGCGA
551 CAGTTCTGCG AAATGACGGA TATAGCGTTG AGCTGTACAC CTATGGATGT
15 601 CCTCGAATCG GAAACTATGC GCTGGCTGAG CATATCACCA GTCAGGGATC
651 TGGGGCCAAC TTCCGTGTTA CACACTTGAA CGACATCGTC CCCCGGGTGC
701 CACCCATGGA CTTTEGATTC AGTCAGCCAA GTCCGGAATA CTGGATCACC
751 AGTGGCAATG GAGCCAGTGT CACGGCGTCG GATATCGARG TCATCGAGGG
801 AATCAATTCA ACGGCGGGAA ATGCAGGCGA AGCAACGGTG AGCGTTGTGG
20 851 CTCACTTGIG GTACTTTTTT GCGATTTCCG AGTGCCTGCT ATAA
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6/7
SEQ ID No. 5

CAAGCTATACCAAGCATACAATCAACTCCAAAATGTTCTCTGGACGGTTTG

SEQ ID No. 6

CAAACCTCTGGCGAAGAAG&“CCAAAGCTG
SEQ ID No. 7
GCTCGTGGTCGCCTTCCGGC;G

SEQ ID No. 8

GCCGGTGCAGAGGTCGTCG

SEQ ID No. 9
CCTCGAATCGGAAACTATGCGC

SEQ ID No. 10
'fGTCACGGCGTCGGATATCG

SEQ ID No. 11

CTCATCCAACGTGGAAGTCG
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SEQ ID No. 12
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1MCSQADPTLTCPPPSQGRLITVLSIDGGGI
B3l1RGLIPSTILACLESKLQELDGPDARIADYTF
6lDVIAGTSTGALVTSMLAAPGENKRPLFEAK
9l DINKFYLDNGPKIFPQKGWGVLTPMANLEFG
121 AVPTGPEYDGKFLHDKIKSLTNDVTVADTVT

10

151 NI IVPTFDIKYLQPIIFNTYEAKVDPLEKNA
1Bl HLSDICISTSAAPTYFPAHYFTTRDPAGKTL
21 PDREYHLIDGGVAANNPTMAAMSMITERKEYVL
24 RARNPDFTHGKPAEYGNYLIISIGTGSAKMA

211 EXKYTAPDCAKWGVLRWLYDGGFTPLIODIFS

30 HASADMVDIQASVLFQVLDCTKSYVRIQHRA

13

BlLELTGEMASVYVSTSKSLNGFISVGKALLEKEK
BLOVCKVNVETGKNEPDLERGAYEEELARFVR

391 MLSKERKARKEAYKLYV



