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20 July 1999; United States Application Serial Nunber
10/ 409, 391; United States Applﬂcation Serial Nunmber
60/ 489, 441 filed on 23 July 2003; United Ki ngdom
Appl i cation Nunmber GB 03011 6’ ed on 17 January
2003; United Ki ngdom Appl i cats nber GB 0301 118.6
filed on 17 January 2003; United Ki ngdom Application

Nq@@@c@%klﬁmﬁbl@plpmmo}@uary 2003; Uni t ed
Ki'ngdom Appl i cati on Nunber GB 0301120.2 filed on 17

January 2003; United Kingdom Application Nunber GB

0301121.0 filed on 1 anuar 03; ;.Uni t ed. Ki..n .
ABglerae s midinish ek B30HE 5a R plietieS) VG s Application
200341 Winb&d 47809900 18P lonC20 TFaly 1NOYDamitdd ORBQ04pliation Serial
filed on 24 Decenber 2003 and Internati onal Patent

Abkiten /609 80 hbeniteTiatB2mlicaous 85 i4liNwabesH01489,441 filed on 23

Janu 2004. ch, of \these. ' j h,of

na aota Shted KRGl (rORRicARNnBd, OB R LAy 30 Oh 17 Janwary
( ?M'Urﬁ@ﬂﬁ@iﬁg@éxh@?pmﬁﬁmmﬁibh GB0B(adeR.6lediBRNY January 2003;
referenced or cited in_the alglication cited )
dbigited Kirgdog Anphcaitwnm%nbeé%? 82 0Pinfledon 17 January 2003; United

ti Of.- hCak , | {aS . :
Pt ShiRkid D M BRPCECa B0 MedBr 1733y 2003; United
SHeipdefro gplicativy, NumebdreGBbY30Hedpdilat @t herkenhmarpy2003; United
reference. Various_docu t I ited in this .
{ Bxtedomnding g brloe en D832, Sec ong b Huygy r2003; United
Pt&?ggeﬂﬁ%@ﬁf&_ Lion 30EmBAC BHIQBIORIY.7 Clilk@doP 24 ELERPEED003 and
in tthe her d

In cited docunents, 1s hereby I ncorporate
hirteinatidnal Retent edppicafbENingber| RVENBROM TORO5Hr Blednen 15 January

[ tion. relates to. a.novel, neth fqr the en tic
R e e R R e
2%%%2@5&(‘)&' (Y%ﬁﬂicgﬁ’an EiiraRime s, n@bdch lddetiNetMeferenced or cited in
BACKGROUND Ol s and fats consist of conplex m xtures

ofhet agipticatiog gitselr dsicamemiscsifherdn dby kgt e shging thepmmsgeution of those
i%ﬁg{‘;ﬁﬁﬁ% g§a ?Vlgﬂ Sé&aaﬂ?aﬁéénggnrts A pu%gpoﬁ %%g@gﬂﬁaﬁity ];H\‘?anced during such

prosecution, are hereby incorporated herein by reference. Various documents are also

cited in this text (“herein cited documents™). Each of the herein cited documents, and
each document cited or referenced in the herein cited documents, is hereby

incorporated herein by reference.

FIELD OF INVENTION

The present invention relates to a novel method for the enzymatic removal and/or

reduction of diglyceride (preferably 1, 2-diacylglyceride) from an edible oil.



m xtures depends on the characteristics of the TAGs
(structure, chain length, saturation conpared with
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these TAGs with each other. %vvndl ng the presence of
DAGs, previous studies have sh t hat they have
significant effect on the physical properties of oils
a T omrate of crystallisation,
pg%@%%mﬁg@@&%u ng point, crystal size and
habits (Siew, 2001). In nost oils that are extracted

fromoil seeds, the effect of DAGs is | ess gr onounced
a@ﬂp/a@ fats @omstyofmog@m mlxirusqseqfﬁrl@ﬂyéglwqrp {TAGs), diacylglycerols

r| I % ‘%jp}?ﬂ L ol éﬁ elrrr\(;rgm F{f{gh@ aig ’\L?JS%HIStaHOH of these

QH@ithfe‘é deperdds @ﬁ@h@(bﬂaﬁac&éﬁs‘u@é 6f ihk Tm(s&ﬁetufb" eﬁﬁﬁﬂength saturation
therein. Palmoil obtained fromoil palm(El aei

gwmle@ﬂfé M@fb unsatgestignr @idathe yikehigst the Aetersgtion ef %nese TAGispwith each
Paer Reghfhe a0 U R8s Bl SKERQHEGE hlin LR they have

severa ageous proper

Séﬂl@ﬂiﬁ@éntmfﬂﬁt ph @k physidal Yoropeptiespotl @i, a:rhll @lhs ﬂﬂneﬁdmzhrydmin rate of
oxl dative stabili té and, plasticity at room
t exirplelisetione . polymerghism 6hang6%n@81¢@a RRth csiabsize and habits (Siew,

Y able oils, palmoil is a rich source of the

ahtiZoxi dant vitamn E. A typi cal chem cal conposition
of refined palmoil is about 93%triglycerides, 6%

dl el %&%gﬁiﬁg@ngﬁtééeﬁgfn é.)gltoglg%rdlfgtgs &MA gﬁﬁé& ngl less pronounced, as
3D5& g re8&H WR sHhaflf qubRGH AT &5 SRS RTPARES! §nd1 8live oil, which
forme Int e theory |t is described that the bigger

t dre cdiswmsmmyg bight ltreéuxtab pingintg dfldsWs, lomaGst, thagualdy@f these oils
?Fﬁ) %&e net wor the nore conplicated the network

witd r’b’é S PIPIEIBWEY " e crystal lization will happen

(Jacobsberg & Ho, 1976). This theory was confirnmed by

Dr ozdowski (1994). Furthernore, his studies showed
tl’idtn oil @bmned frcrm onlanathyl @dadds ewmprsisy iovPrymeTcialiygmpoptant edible

HE PG o YR e R ERE RS oo 1 BROES K8 Apbd My e 10

p§e@b§ta@ u@\l'ahta’gEGﬁs p’rﬁp@ftle@ shelgis lgh besttucofitydilew yeied, ikdetsthermal and
in palmoil_ affects .its crystallizati on propertl es

(Q}(lfl@/[l\@t séqblhtygqaé plasficiy atlrg?gl) temppratyse. 8 Hditiogs compared with other
%eya% Mjsefs ?113 HGh eééo%ueesof%é ARy 818 R Shin D

glyceri
A typical chemical composition of refined palm oil is about 93% triglycerides, 6%
diglycerides and 1% monoglycerides (MAGs) (Okiy, 1977).

When palm oil crystallizes, a complex 3-dimensional network of the present
components is formed. In the theory it is described that the bigger the diversity of the
building blocks (TAGs, DAGs and 'MAGS) in the network, the more complicated the
network will be and the slower the crystallization will happen (Jacobsberg & Ho,
1976). This theory was confirmed by Drozdowski (1994). Furthermore, his studies
showed that the more the fatty acid composition variation in the triacylglycerol

molecule, the more difficult was the transition between the different crystal phases.
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in edible oils (in particular palmoil) can lead to a
low quality oil. The problens relating to the

waele@spessi de content in palmoil and ot her edi PCEIB204004374

and fat have been the subject ?f many studi es and

different solutions to attenpt“to overcone the problem

of too nmuch diglyceride can be found in the

literature. The Japanese enzyne producer Amano on

their hone page (Amano Enzyne Inc., 2004), recommend

aR ?}é\)ﬁﬁﬁélif CmPhiRFRES at Bighesttént dol it pierides iRl JadbSonaifects its
0|f . This process is based on the use of an enzyne
Ldrprailiz@ionamaneaties(Okimiet &, i 19780Pkiv: 89 Bagr ade

di gl ycerides to free fatty acids and glycerol. This

enzyme is a diglyceride (DAG and/or nonogl yceride

(‘MR Dretinde of Hlyeeriddsia sheleeild Bidisadeaitairons. da paeidular, eliglycerides
renoved by vacuumdistil]lation or fractignal,

cinyeditd¢ pilsénpariculEppanseid) cepdeadde@lpyetialityfibcess for

the enzymatic hydrolysis of residual diglycerides in
triglyceride preparations in enulsions. The process is
brieskoBRnisheldind o kiysdiglyetridd ednteirih palmioilandi qihareedible oils and
from Amano, Japan {supra). The process.was enhance

db
rfakibage theen ethe yavhicct of eneny shidics apd SRilerenoROlPEBenY Fe attempt to
dSr tﬂh@% Hiedlo@hot ﬁ&lfl@igi,y%eﬁ@é Lah @ééfoqu aldhe literature.
I o1 " Phe ed a

gl ycer wat er phase I’s separ at ter reaction
and the enzyne is partly reused. JP 62061590 teaches a

hard _butter containi.ng | pw anounts. of di gl yceride

Wb Fele e/t BIPH oy KPR S ot 15 P (A Tiiq fprgyme Inc.,
Pﬂj'oh;)fq]e}:é(mﬂlleﬂ&%ﬁ'eﬁ%ﬁﬁcbﬂcobésse@ Z¥RBvé Qidlyoeride lih PAS @dd oils. This
in the presence of a catalytic amnpunt of water and b

aprbegeasebadedtoni the asd pBan speyend LB AHE ydrsAMANAE 50 which is able to

presenc f fatt Ci fatt ci.d esters, or other .. .
ISR Sb Y 5 By B B EhePE Ny p detocric
QENEG) Rhd/¥r Slohb@APtLideQMAISS hdroly @ aChd et §ity acids produced are
substitute. Thus, |ipase G and Rhi zopus derener |ipase

 (renRvep by ivhsunedisiitaongsfeactipnad grxatallisaiipat onaceous

earth and granul ated. The granules was m xed with
pal medi um nel ting point fraction (5.7%diglyceride,

aEP 0 568l 1ue Rsches aptodssd fir tiicl@fbywiatib hydwdysik dfresitheal diglycerides
partial glyceride-specific. enz ). The.m xture .
sin trighige RS PERATALiaRDh 1% SRUFIONS. ﬁﬁg EPRESS }§zm9%§6 ognfgg Shydrolysis of

(fé'% i YI%H@AB‘%EQ bh @EupF ONTRE D@ sslwaenhanced b
\é@gﬁ'&%%n éﬁ?“é%#gq\l}/al ue 10. S)% _% "P ,g,)n : rib 5 ] Y
making the enzymatic reaction in an emulsion for the degradation of diglyceride to
fatty acids and glycerol. The water phase is separated after reaction and the enzyme is

partly reused.

JP 62061590 teaches a hard butter containing low amounts of diglyceride, which is
manufactured by treating oils or fats with a partially glyceride-specific enzyme (e.g., a
lipase) in the presence of a catalytic amount of water and by a lipase that is a 1,3-
specific enzyme in the presence of fatty acids, fatty acid esters, or other glyceride oils
or fats. The product is hard butter especially suitable for use as a cacao butter
substitute. Thus, lipase G and Rhizopus deremer lipase (1,3-specific enzyme) were

mixed with diatomaceous earth and granulated. The granules was mixed with palm



The prior art thus teaches ways to reduce or renove
the content of diglyceride in palmoil and other
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rely on the hydrolysis of diglyceride with a specific
di gl yceride hydrolysing |ipase™during formation of
free fatty acids and glycerol. The free fatty acids

PR R PO TToSE VR ar PIRREEFRagd Bryelupr G2 Sad water (10%
h%@%@&ﬁ%@ ehePbarkgl @Qcéi‘ld%%ﬁéélﬁb enghrAb)y T8E fl@ture was stirred at room

ol ysing enzyne 75 the di sadvant ageous formati on of
f temep. ffat  yh, aciddbe cligses dndewatentremowwsi thsgivaaehard tuger containing
d fro Thus, the formation of free
figgy @Fﬁg ‘%ﬁ?éﬁglﬁﬁgldered as |l oss of product. To
overcone the problens with the renoval of free fatty

acid and the |oss of product caused by the free fatty
a€helpfior ark thusricaghehweys ﬁoamh@ea)r removethesgntent @f/élgly@naede in palm

E@ algfi ﬂ&ﬁf %Bg 0&% bé/ eg\gylgla Cgt?flﬁ}%f ?sgfpggggﬁsies fF y on tﬁe hydrolyms
dpghigBREdS SVlﬂir@B@d@ﬁidTﬂlgl}Jceﬁ@éhﬁﬂﬁrysi@Lﬂgﬁfse laurits €or@fation of free

| i pases, which are typi cal éy peci f

tfarcracgql@q ynérgiycemgfld eyﬁf:m 291|ﬁiéscapEth@1 ® 1emoveyl by means of

V‘?%%é g%fe gsgg ﬁgg QIlgzn gﬁ?]?aqm rea acgo‘?a%%fl 229% ood
mat eri al whi ch may conprlse glycerol mnth alipase to
ef fect egceronS|s in alow |ronnent

wa
HEb® isadvBptage 108 ushigc o jSBeqii¢ a‘i‘ﬁ Ygr«v e ri5idrolysing| savmg is the
e ol
R RO B0 O R ML T BRGSO B e pave to be
tfemowleﬂ froamtheapadm ik diblus, the feriratiby df diteg Satsy adids is often considered
%ﬁql@g erides. However, in sonme vegetable oils for
Sa%{ﬂrf)@’acﬁ ons for exarrpl e it may be desirable to
i ncrease the nonogl yceri de content of the oil as this
provides emulsifierfunctionality. Thus, - in one aspect
i To iogenppme dhabroblams Wil deeretiqyky ebfreel &ttyoavick and. thietlhgsuef product
I n_anot

g%glrg% § ﬂ{% I%g fagl?’ga% Certll%gwg glau% rg('):LBlgt Ry glet f0d to overcome the

dp@bheﬁ@rwﬂeh@ndhgmmmew@ﬁfendm paBA odnind JdieR 3B EetEB1E BITES
can also result 1n a detrinental increase in DAG due

to the hydrolysis of triacylglycerol (TAG, the bulk
| E&yﬂmﬁcer%&%tval' O &@B@exq&éssfrom palm oil has been taught by use of lipases,

which are typically 1,3 specific triacylglycerol hydrolyzing enzymes (E.C. 3.1.1.3) (for
example see JP 62061590 or EP 0 652 289). WO00/05396 teaches inter alia treatment

of a food material which may comprise glycerol with a lipase to effect glycerolysis in a

low water environment.

However, both 1,3 specific triacylglycerol hydrolyzing enzymes (lipases) and
DAG/MAG hydrolyzing enzymes result in a significant increase in free fatty acid in

the oil, and also result in the hydrolysis of monoglycerides.

However, in some vegetable oils for some applications for example it may be desirable

to increase the monoglyceride content of the oil as this provides emulsifier



I n WO2000/ 361 14, US2003/0028923 and US2003/ 0074695
the transformation of a plant with a nucleic acid
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acyl transferase (DGAT) enzyne %r an anti sense sequence
thereto is taught. The DGAT enzyne taught in t hese
docunents cat al yses the fi nal step in the "Kennedy

P Rl o Frufboh 301 e 36 rhRiabIs Ty GRgRe: Sy Ceride content
( Wbut deoteasin ghﬁ‘éﬁloﬁ@%wﬂ&[&e&oh%ﬁﬁ hnt é?rﬁ)tl%% Chd 2ha9preferably to

transgenlc plants wi th nodified TAG conpositions
aredlues beib Hhediglycenifeamintneglysends conatéght i n t hese
docunents are not |ipid acyl transferases and/or

di gl yceride: gl ycerol acyltransferases in accordance

WL idaséd &&yﬁfe@ ge bisb R ih@Ndetdifeal fntfedsein D@@Aa—uesto the hydroly51s
require hwﬁresence of acyl CoA or fatté acid
e

f %@J@F)dﬁl}’c (T4&GA the bw&ithps@plteamﬁ én faed ai

commercially for treating edible oils as it is
prohi bitively expensive. However, these enzynmes w ||

Nt W@2000v8a1houtUSehes/pozssent andf USLY03/(A6951 thadehintfofRation of a
enzyme .reactions rekylng on fatty aci d-CoA are very
dplpt ovithy a guelsiy ag1d ihadingt pi saqugnee whielyi ancedes al khac:vlglycerol

| &
 RERESRENTABOATF R s i ahifflid SIEREL 1REE Pimant. The
t]DGiAer an:zzymmtaughbunthesé db’é\ﬁ’nems bht!alypésaﬂ‘te ﬁf[dfll Step in the “Kennedy
ra; shar th t resen tion which
it orys gy ialcerd GABGS sabiand At e oy duoesicfiacyl CoA
Ott) foa WhirloHceliBdUGTANG). di BhokC Ghédedoddéits bacBNiR9pRldBetion of
oi I . W03/ 100044 teaches a

phansgindt iphands vdﬂa@ydc@ﬁgcb é"pAdB camyplositians faprd&s econRAT) The DGAT
which ca aI S6s ﬂ n of trlg cd:ridﬁs §nTAng
S EeS e pRea S 3Se, ShPBHEEDN G giohs LPRECHDR Hmfgeces andior
| digIgterilet g’iy@idr@l%ébfﬁfa}{lﬁﬁfa%E§1n(d@é§@5nce%ﬁ1erﬁ9ééhf Ewentlon
phospholipid as theacyl donor. This contrasts sharply

Wi th the present | nventi on where the acyl donor is

?ﬁ‘g;‘art-léglag,l ]g@i% u?r(r%gﬁ% encg%g% y)? %??%}r@'ls C?(% ﬁIoDﬁC%o function.
aﬁt@m@@mw étt hmtdb& mmeﬁemtconmﬁhllp Mfor w\(aﬁﬁe Tt as it is

EBITIC]\I It has been found that the use of fatty-acid
QQIPHIYEI STRERT VS | P We vy hevesmey@enwdld nagwork without the present of

acyl CoA. In addition enzyme reactions relying on fatty acid-CoA are very difficult to

control industrially.

In addition, all of these documents teach that it is often desirable to reduce the
expression of DGAT enzymes in a plant, thus to reduce the amount of TAG in the
plant. This contrasts sharply with the present invention which ultimately requires the -
preservation and/or production of TAG whilst reducing diglycerides (DAG) in an
edible oil.

WO003/100044 teaches a phospholipids:diacylglycerol acyltransferase (PDAT) which
catalyses the formation of triglycerides (TAGs) by an acyltransfer from phospholipids
(lecithin) to inter alia diacylglycerols (DAGs). PDATSs require phospholipid as the



defined herein, specifically fatty-acid CoA
i ndependent di gl yceride: gl ycerol acyltransferases,

WO e®aleEssi n t he sel ective reducti on and/ or renP@EIB2004/004374
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di gl ycerides (preferably 1, 2-diglycerides) fromedible
oil's. The term "sel ective" as Qsed herein neans that
in an edible oil environnment the enzyne utilizes

di gl [ DAGs) , fer.ab 1, 2-di gl [ , .
S oave Dhsterents Py uReibteRnt G pRER hEdeR donoris

(HASITHRE d&!ﬁ'ﬂ%&l’t W& A 8sich MAGR novAINBFD A G fodnt %amjlfisﬁs using a lipid

can be renoved and/or reduced fromthe edible o
whiyiltsansFarasei ingcedréarmaonitit the fprasentghyengionde in the oi |
unchanged (or substantially unchanged). The anount of
nonogl ycerides in the oil either remains unchanged (or
SYbARAN POpTIRGRANEeior My | ncrease. I n some
applications, the amount of nonoglyceride in the oi
may be reduced. In one aspect of the present invention

there. i s provi a_net of . redyci and/.or .rne Lng

cltgies oess BB in? pOE A0l ricid B InRPhaaE pif SR Gerases as
f galetiuffer@h, aseeifidany tfhigy-g6ill VWESA dndepeidentC aRgyedride:glycerol
substrate and a fatty-acid CoA independent

dagylltyansfaresss.grepulés an the yselackine fredugtien udéreraanavad of diglycerides
BT R I ° 2 B0 Syme whi ch i

an edible oil can transfer an acyl group froma

B8 SriT AL R Shoraimp YRR A 1B FoBleopil environment the
"SR GAI QSRR 198! XeAELR NMALEHLD! & o substate

m Xi n
apreéptmiallyuostitter erianydglgcdrates (Tacis) dtoAonodpgeidde (MAGs). Thus,

? g%i%;ggéésgcea@ggg ?%ég%%ﬁg%c’,{{)g 1ae uf:eec{ o thvc\ehgéigfenoitl rlivehils’r: leaving the
dwbm&%fitﬁgyeé;hy&qfﬁ%@sﬂ hhél%%{a@ (RSAbitantENg AChAded R IThe amount

as an enzyne which in an edible oil can transfer an
acfmogogyEridenin thedilgtithee ranoing enclipggss (of sutstantialy ynchanged) or

t he nethod according.ta th resent ;nvent.d on. m .
¢ GFY HBH B B 2Bt opndby PHRP L BEBPR Gl the ol may be
pPRutéLN thereof to one or nore food constituents to

formul ate a foodstuff, such as margarine or spread for
exanpl e. The present invention yet further provides

t neorlfesgspggt & tixg&)lfé/s'eﬂtcf.n%&?o% {nagler %gﬁﬁéd a method of reducing and/or

removing diglyceride from a foodstuff, comprising a) admixing a foodstuff or a
portion thereof with an acyl acceptor substrate and a fatty-acid CoA independent
diglyceride:glycerol acyltransferase, wherein the fatty-acid CoA independent
diglyceride:glycerol acyltransferase is characterized as an enzyme which in an edible

oil can transfer an acyl group from a diglyceride to glycerol.

In a further aspect of the present invention there is provided a method of reducing
and/or removing diglyceride from an edible oil, comprising a) admixing an edible oil
with an acyl acceptor substrate and a fatty-acid CoA independent diglyceride:glycerol
acyltransferase, wherein the fatty-acid CoA independent diglyceride:glycerol



di gl yceride: gl ycerol acyltransferase characterized as
an enzyne which in an edible oil can transfer an acyl

w@e@sped3som a di gl yceride to glycerol, in the PCT/IB2004/004374
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manuf acture of a foodstuff, for reducing and/or

removi ng (preferably selectiveﬁy reduci ng and/ or
renmovi ng) diglyceride fromsaid foodstuff. In a
further _aspect, the sent inventi on]il et f

pr r.t her
RTESER47olo baragierized 3 £ EVRe CHRCh FEpGHidn@l can transfer an
dj ides gl sferase characterized as
a%gg%zy jﬂaﬁ?éﬁgsﬁggﬁqgghgﬁgﬁbil can transfer an acyl
group froma diglyceride to glycerol, in the

nuf act ure of foodstuff, for improving.t . .
ot 55 Sl weBpGRd Fotiegntonb TR SOHRT T Tofther comprise adding
a?@t#k?fed%ﬁ?cﬁ@ billRg R@H?cﬁ?ﬂﬁ ErebRYEHMd S nBreTBbd 8SnstiR@ntSS formulate
of a fatty-acid CoA independent diglyceride:glycerol
az foodstufi$ feshaasenarpaninecerepreaddonexamplenzyme which in an
edible oil can transfer an acyl group froma
diglyceride to glycerol, in the manufacture of an
ethdbfesoit! invion’ RAURHAG BrodidE the By bNg faRy-atidr @bhYindependent
sel ectively reducing and/or renoving) diglyceride from i
sdiglycediesglycarpl acylimansfrseseethagasirsized ehan gadenwhich in an edible oil

DR B Pt A A, B o

cladaaire rfoz addasndnnd/vry feenoving Npreferablye delbtitvedy | redwding and/or
transfer an acyl group. from a _diglyceride to glycerol,
i iemoyengaiglyeeaidg fomy said foodgiwdf.e oil, for i nprovi ng t he
crystallization properties of the edible oil.DETAI LED

DI SCLOSURE OF | NVENTION The terns "fatty-acid CoA

i Inde fexticke rakpdat,pthel paesght invastier gstefurthedptovates yhaosaofCa Aatty-acid
I ndependent. di gl ycer.i.de: gl ycerol acyltransferase” as

Sl FePeRo B R AP ARV UFRISEE C PEFIACF G ogn cnzyme
ahickiih ¥n CABMEHRch t:GhFSSA 48 g?cﬁllpﬁ‘r&n aXdiglydertde 13 glycerol, in the
accordance with the Enzyme Nonenclature ~° )
Reeawfaendatof omsfopd 9e) fof impeovigrehe | aysialdbiz@rmipropsaties -of . the

o) e.d nternational Union of Biochem stry and
H%Pégﬂﬁgr Bi ol ogy), whereby the enzyne is capabl e of

transferring an acyl group froma diglyceride to one

or nore acceptor substrates). . .

In another aspect the present invention provides the use of a fatty-acid CoA
independent diglyceride:glycerol acyltransferase characterized as an enzyme which in
an edible oil can transfer an acyl group from a diglyceride to glycerol, in the
manufacture of an edible oil, for reducing and/or removing (preferably selectively

reducing and/or removing) diglyceride from said edible oil.

In another aspect the present invention provides the use of a fatty-acid CoA
independent diglyceride:glycerol acyltransferase characterized as an enzyme which in
an edible oil can transfer an acyl group from a diglyceride to glycerol, in the
manufacture of an edible oil, for improving the crystallization properties of the edible

oil.



Thus, the "fatty-acid CoA i ndependent |ipid
acyltransferase"” or "fatty-acid CoA i ndependent

waelr@bspensi de: gl ycerol acyl transferase” accor di POI/IBR0Q4104374
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present invention is an enzyne_which has
acyl transferase activity (gene?ally classified as E G
2.3.1.x), but which is not a diacylglycero

acyl transfer ase ). ar
ﬁé@%%EP&@%@%I@E@X@NJ&QN ransf erase (PDAT).
DGATs are typically classified as E.C. 2.3.1.20. PDATs
are typically classified as E.C. 2.3.1.158. Thus, the

fahd yerasi ‘Fatbp-AcidnGependependentpliipid sapylttanafesdse? apd ‘@atty-acid CoA

fatty-acid, CoA i.ndependent .digl.ycer) de: gl ycerol

g eianasat dERcerae Earap hge B aRT cLoHted iRt msang an enzyme

\?\ﬂ?@ﬁ%ﬁc%aﬁﬁeﬁ@é a5yt {g@ﬁ&faﬁfl %ﬁz@siﬁ@&E ia‘g:iE.(%; 2BUtx in accordance
s E. C

I's not any enzynme ‘classified a .3.1.20 or
Ewith ®e3Ehzih8. Namendlatttey Recomineodationdepidfdemt fhiepNpmenclature

e of GF olratothel sk o il  BERRGP Gy, Biolo),
t Qhd:B6y ﬁfelef:?]%?&te VALl QT thahisfeRthgMH £dy1 igﬁ)u?&ﬁﬁi@ lhliglfcadile to one

edi bl € ol ransferring an acyl group fromDAG to

ghryueeaiccepronmibsttaies)r eact i on cat al ysed by the enzyne
according to the present invention is: Diglyceride
(DAG + glycerol - 2 nonoglycerides (MAGs) This

CPils! aBd Srafasdl YCAt ihdeperdems liidoueylaansiérasy| of Yésatyedcid CoA
acyl transferases (or diacyl glycerol O agyltransferase)

(indrresylentsliglicasifeyghieereliasyliransferass caecarding to thy presgnbigyention is
whi ¢ tal. ' |

5y 0 B A B R REERTE. 1.0,
(WHiSh ifast 4 diecydylgtetahayltednsftvasot(DAXB s aplesplotlipid:diacylglycerol
fatty-acid CoA.ind ent |ipi cyl.Lran e r
tagyitangierase GORA ig@ﬁﬂ%me taplgﬁl_gse @@?ﬂ&’é@@@?ﬁg ap 120" PDATs are
?tﬁ%fg%l??%%%gﬁl;%ﬁsas' B.cacLoh g@@PGTHﬂésta hné h{ﬁﬁpéﬁé QM8A independent lipid

e reaction catal ysed by the enzyme
aamyhratsfegpseoont Hietypacd eboA i independent éig@@endﬁg%'asmé acyltransferase -

sharply with that .catal ysed by enz known, as ..
oHoes Phteraaru g Ry tar e it VRS et Adldiumsp activis, bu
NRAREhYs ndt29§ AP LS fiUGIE. €52 BEc20 b BC. 2.31.25HAG - "
triacyl glycerol” (TAG + |ysophospholipid

The fatty-acid CoA independent lipid acyltransferase enzyme or fatty-acid CoA
independent diglyceride:glycerol acyltransferase enzyme according to the present
invention is one which is capable in an edible oil of transferring an acyl group from

DAG to glycerol. Thus, the reaction catalysed by the enzyme according to the present

invention is:
Diglyceride (DAG) + glycerol — 2 monoglycerides (MAGs)
This contrasts sharply with enzymes known as diacylglycerol acyltransferases (or

diacylglycerol O-acyltransferase) (DGATs) (such enzymes are classified as E.C.
2.3.1.20) which catalyse the final step in the Kennedy process, namely:



For the avoi dance of doubt, PDATs are not fatty-acid
CoA i ndependent |ipid acyltransferases or fatty-acid

w@eodsioedependent di gl yceri de: gl ycerol acylt ranB¢BEIERS@#004374
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in accordance with the present invention. Preferably,

the fatty-acid CoA i ndependent9l i pid acyl transferase

or fatty-acid CoA i ndependent diglyceride: glycerol

acyl transferase accordi ng t? t he p|:r sent invention is
ah2eMaGreacsl Sod 1 &eplat tRagylelycesol(1743) guitably, the
fatty-acid CoA independent diglyceride:glycerol

acyl transferase nay be nenbrane independent, i.e. may
beorater av&idandehaf dsibfoDGATs iates noat fattglackin oo rindapendent lipid

associated with a nenbrane_by the presence of a .

nanylireapierasae ﬁbfaﬂéfraciﬁeﬁ‘éﬁdﬁ‘éep%&oﬁ’?ﬁfi E‘Hﬁigh’ ceyel jacylffansferases in

avoi ce o) -atty-aci d CoA i ndependent

I?’%P%ﬁag%eyvﬁfrlgges‘#géregge&g%%%{fdi ng to the present

invention is not an enzynme taught in any one of

W003/ 100044, WO2000/ 36114, US2003/ 0028923 or. .

UBrorsstmreadrsed Ay the enzyae AeoTdiRe tolpedreset iyvetion also contrasts
LM ty:4h h i I Wi Hs-di

blath ofith o baf ARl by ikl PRES e Ppbiphongdigeyiglycerl

aciitianxferabh €P DA ynamndlyt CoA i ndependent i pid

acyltransferase in accordance with the present

invention is a fatty-acid CoA i ndependent

' gle: enel 1a¢ ransyer € rdBYTAG) +

e B S o P aPer abl 3 P CerdTPATAG)

flgbdphosshiodipidA i ndependent di gl yceri de: gl ycer ol

acyl transferase according to the present invention is

an acyl transferase which conprises the am no acid

S c hde GO [Ty %rel R0PIBtRACIADCBAOfinddpendent lipid

f%&r% ﬁéﬁggr#‘%o aci &b‘ﬁ\’gg%ﬁs L, A5V515F5Y5H5Q, T5N5M p'

cacyBrandfeeaste pnfatiyiagid/ CeAiindepgndene figlycstifde ehveawt apdiansferases in

as used herein is s non¥tmus with the term"fatty-acid.

CEPROTIAR R HE J15 P gt YREM s gl ycer ol acyl t ransf er ase”.

For the avoi dance of doubt, the term"fatty-acid CoA"

is the sane as the terns "Acyl - "fatty-aci

| - CoA", d )
ePreferblvotite fay-acik (loAcindeneidept Apld pduansi@niss omdgioneeid CoA
“%ﬁgpénﬁén%rd%El"g‘rQ&?&%ycé?&f féyﬁransferase according to the present invention is

an enzyme classified as E.C. 2.3.1.73.

Suitably, the fatty-acid CoA independent diglyceride:glycerol acyltransferase may be
membrane independent, i.e. may be a protein that is not, in its natural environment,

associated with a membrane by the presence of a membrane anchor or membrane

spanning domain.

For the avoidance of doubt, the fatty-acid CoA independent lipid acyltransferase
according to the present invention is not an enzyme taught in any one of
W003/100044, W0O2000/36114, US2003/0028923 or US2003/0074695.

As well as having acyltransferase activity the enzyme may have lipase activity, e.g.

phospholipase activity, (generally classified as E.C. 3.1.1.x).



The edible oil used in a process or use according to
the present invention may be in the formof a crude

w@Ri05066380y be a refined oil. In one enbodi meNPCT/IB2004/004374
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preferably the anount of diglyceride is reduced rather
than conpletely renoved. The tHtm "reduced" as used
herein neans that the anount of diglyceride in an
edible oil treated with the enzyne in accordance with
t he present invention is less than the anount of

Y t
ot ST Gty aPira BpRl ey AR RRaRAR ROl AR WA the present
f [rﬁ@hﬁ(hﬁlsetdﬂa’aif%cﬁll (L‘oAhﬁﬂ@eimnari@yaeade ghzero ucyltrassfedage. These
use of the treated oil jn margarines and/or
s ks aayrhg, Useth intergbanacally bgreilycer i des, particul arly
1,2 diglycerides, should be reduced to a point where
the crystallisation speed of the fat bl end produces
Shedftrablgt aher fastlyadcid GhAanndﬂpbnd:aht 1dizghdegiygbcemé sayltransferase

t he anmount of total lycerlde t?e alg#gll . .
dagrording & the prosed e RS e YIS 1998 Rsises the amino

FQ& i@i@ﬁ g'n?étlfod}%@(t, Reherdh 30 i9bnd o?’ n&HrQloY GRE it wikg 4mino acid
d|g ceride is 3.3. The renvoval

dregicmeeLi Ae¥, WiH, IY, kB T, MosS. | npact on the
crystallisation properties. As will be readily

apparent to the skilled person the reduction in the

ampe frmofaid y&lriﬂ%?ljf&?olca@mtﬁﬁsf@ﬁ@é’f & 188 hBdeid R&ynonymous with the

reaction tine an erature of the reaction. In a
f teonv ‘Haeeond Caidt mdawenadnmbglwesr&@ Byeeyelacy ansfeeee’l- on
may be controlled by the flowrate. Preferably, the
lipid acyltransferase for use in the nethods and/or

Usgsthefavbidendy ESwbt, ithe tafin ‘attyi-acid Loabylie tief same as the terms “Acyl-
transferring an acyl group froma diglyceride to an

abpA”adetyeeid engiae G\t e AG)-Cogps |- s1hgsy terms may be used
Cﬁﬂg? %F&%?BFﬁédng a hydroxy group (- OH). Suitably,

Céride" as used herein neans one or
nore of 1, 2- dlglycer|de or 1, 3-diglyceride.
Preferably

e di ceride is 1, 2-di gl rlde The
dhergdible; Qﬁ WE el ° BYCr ‘&?Fé‘&‘iﬂfgii“%% fhe ngegﬁngl%@‘é‘bon may be in the
h rm"diglyceride" does
ng({rﬁie%fcdo%%&z;és@ gf%a??%%éorg@:i% %ch eri dg %/DGDG) ‘and/ or

In one embodiment, preferably the amount of diglyceride is reduced rather than

completely removed.

The term “reduced” as used herein means that the amount of diglyceride in an edible
oil treated with the enzyme in accordance with the present invention is less than the

amount of diglyceride in the edible oil before enzyme treatment.
Preferably, diglycerides are not completely removed from the edible oil.
In some applications, such as the use of the treated oil in margarines and/or shortening,

the amount of diglycerides, particularly 1,2 diglycerides, should be reduced to a point
where the crystallisation speed of the fat blend produces small beta-crystals. The



| ecithin, e.g. phosphatidylcholine. Preferably the
acyl acceptor is one which is soluble in an edible

wo@rdos/0&35t abl y, the acyl acceptor may be an al poOnmB2004/004374
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such as for exanpl e ethanol or Polyvalent al cohol s,
i ncludi ng glycerol and nixturekl and derivatives
thereof. Suitably, the acyl acceptor may be one or
nore of a sterol, a stanol, @th drog aci d, awrb toI

sempimtadf lor-diglyesride & s navat of fofah dighrcepdeinthegglm oil depends on
C ol §i19

CTRCGEA HUBeEShaRERTChe SR EHRlncHNE ol 0o of 13

r gibUderi@e:anD/doglyceeidems N(3:31B gl Theermdealf ofon? diglpctirides will have the

oi I, comprising a) adnmixing an edible oil wth both

gmpsteimgackemiths 0F'Béﬂfﬂtll;rﬂaé‘@Pdl’r‘lﬁl?}itlfisndependent

di gl yceride: gl ycerol acytransferase, wherein the

fatty-aci d CoA i ndependent diglyceride:glycerol
aﬁ&+®ﬂhbshemﬂgeappuﬂhamaﬂmeﬂhﬂaﬂpasomnhemzynﬁomhhcﬂw amount of
possesses ac transégr e activity a

d which .
S DXFSRRCaE AR RoR By AR o foresesee b rogction. In
28 dqf [
@\\’% ,@;&?%Eﬁ%qm%?o%@% %&Wtﬁ@ré&%ﬁgﬁg ngbc{o?’ﬁ:bgékﬁﬁy the flow
aryé. acceptor according to the present invention is
not water. Preferably the acyl acceptor is not a

. monogl yceride and/or a diglyceride. Preferably, the

f pldrdaRG] theGRAd bBFlBRRTEARY fdriuRE Gn AfYbih@as hed/88 Bses of the present

accordlng to the present invention is capabl e of
cire'aNtmmg 1% lapablsy of Hrandfepdnaven nacal feseupy fget @ disdicgride gp an acyl

p?%@FBtPgb @‘%’%Pﬁl thjlg %C klga(%:rég%tg{ } g%né) Pong%o%gHSt ?n%ing‘é@ﬁ{rcﬁjogy group (-
pogfyer abl y 1, 2-di gl yceri de. Preferably, the fatty-acid

CoA i ndependent |ipid acyltransferase according to the
present i nvention does not act on triglycerides and/or

f altu? 3y Crﬁé 'te S“dl%lgcé} {daelas &jﬁergﬂlr ﬁtﬂ:ﬁ sOleYorl f6re of 1 ,2-diglyceride

e endent I acyltransterase 1S

set RBIdng/l?cefrmTe. rﬂ’lr@jhgabbr thzbechglypemdees aldl3+detycedtie.ve for.
1,2-diglycerides. This lipid substrate may be referred
to herein as the "lipid acyl donor". Thus in

APROL ﬁflp }fyckﬁdé N APUBR§ My de R Bl R84 h&HeR, ﬁferéﬁ&hgeé?)‘(ijy

advant ageous properties can be achieve
reduction in diglyceride content of an edible

The term “diglyceride” does not encompass digalactosyldiglyceride (DGDG) and/or
lecithin, e.g. phosphatidylcholine.

Preferably the acyl acceptor is one which is soluble in an edible oil.
Suitably, the acyl acceptor may be an alcohol such as for example ethanol or
polyvalent alcohols, including glycerol and mixtures and derivatives thereof.

Suitably, the acyl acceptor may be one or more of a sterol, a stanol, a hydroxy acid,

sorbitol, sorbitan or other carbohydrate.

In one preferred embodiment the acyl acceptor is glycerol.



oil; a reduction in the diglyceride content of an
edible oil without a reduction in the triglyceride

w@onseo3spf the edible oil; a reduction in thePCT/IB2004/004374
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di gl yceride content of the edible oil wthout an
i ncrease in the nonogl yceride Eontent; a reduction in
the diglyceride content of the edible oil with an

1 AT RO YL SO 8 £ U Bl
Of¢ r%tg' ?élf%e‘i’idle frcﬁn raﬁdééﬁlgleﬂl iBnipPRingl 4) Me@kingdean edible oil with

con o) e edible oil wthout a si gni fi cant
i bswheglyeerohamdme fﬁm—wda@w mdrrpmdﬂntudnglyclt@ldemlmeeol acyltransferase
OI i )I;’elrng]; ? éa eggg e\ﬂfo i1|1g yﬁgg er%g(gc%%)l ac?f transferase is

Pﬂeﬁ%téﬁ‘?&dp§§f r By adhmh 955@%@.@5 r RFF ttia@bFefR8 eécﬁwaﬁal ahd which

glycerolysis y transferring a fatty acid acyl group
f comptises tHe ginive rtidesegperstenatif FNFe whereDA) istaneger more of the

B e ehrdbretubels K Vel Fofe R ENATE 5P, cor ae

and one fromthe glycerol together wth the accepted
acyl group. Preferably, X of the GDSX notif is L.
TRueferapliyetheragil accenier assoiding tacthe PEiSARf inYEntiRg iphtseter-
i nvention conprises the am no acid sequence notif
GSDL. The GDSX notif is conprised of four conserved

apidleraBlitHe acyPhedeptarli Yot d Mencydonide whd/oi b dighecenide. f
is a catalytic serine of the |ipid acyltransferase

enzyme. Swtably the serine of the GOSX notif nmay be

| ﬁr ?ergﬁﬁrr GIO Irf%%?% ﬁségﬂdinﬁgpéngeéﬁ{iip?dﬁ a@?’gﬁtﬁfﬁ%ﬂ%ﬂ 3cording to the

I'c enzyne tau
Bpfésd:rﬁ)in*éeimun g IcapmbleBﬁcdemmg thgyac&b bondl B&@&/een/alfattyl Z8¢ residue(s)

s el REcar A 91 RSP Ex AT Ry BIFE O ey Sbstate is o

S RIBie1 akliviveqieared with the hi dden markov
8 grg% ? }aM\/I 5%/1&. | es) of the pfam database.

Pfamls a database of protein domain famlies. Pfam

CEILALS, B LAY ELR! SoBROUENe Gl LB ol Lol 1o

( BFeRfrtliveritye HobOot ladEst irfotydeeidé@aiordasmd givcetiled) €M other words,
sequences. An introduction to Pfam can be found in

BateferablyAthst faity-aqig¢00os idependenindingd aglransfgrase is selective for
c7116gl}‘?‘c%91desH pq'gf%rab'l\fp slélggtlve for 1,2-diglycerides. This lipid substrate may be

referred to herein as the “lipid acyl donor™.

Thus in accordance with the present invention, one or more of the following
advantageous properties can be achieved: reduction in diglyceride content of an edible
oil; a reduction in the diglyceride content of an edible oil without a-reduction in the
triglyceride content of the edible oil; a reduction in the diglyceride content of the
edible oil without an increase in the monoglyceride content; a reduction in the
diglyceride content of the edible il with an increase in the monoglyceride content; a
reduction of diglyceride and a reduction in monoglyceride content of an edible oil; a
reduction in the diglyceride content of the edible oil without a significant increase in

the fatty acid content in the edible oil.
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woHados/ 084351 2002) Bri ef Bi oi nform 3; 236- 245.

- Bi ol ogi cal sequence anal ysi s;

nodel s are used in a nunber of databases that aim at

classifying proteins, for review see Bateman A and
PCT/IB2004/004374

ht t p: / / ww. ncbi . nl m ni h. gov/ enjyez/ query. fcgi ?cnd=Retr
i eve&db =PubMed&l i st _ui ds 12230032&dort =Abst r act
http://ww. ncbi . nl mnih.gov/entrez/query. fcgi ?cnd

: =Ret ri eve&db: =PubMed&l i st _ui ds
=11752314&dopt =Abstract For a detail ed expl anati on of

hiigérseblxethk Sattynadé Ce Asindeteadeithiyd ' i .
o S e aR g wih e

Durbin R,
EFf%%%S ﬁ%§$n%§0§q§§ﬁ%@%ﬁér9§0§91yw obsapiion spiaferablyeklycofolysis) by
D acs e ANl &g ol fop RIS SR, s hgDAG) to

Press,
carplephob raferatdy ghycamolitblerabyt@oduding 846 Hiove | :
WRA ) LEL iveldg, éhe éqTasx not i f g‘éan be i%@%ﬁrlh%%elgrecmes’ Le.
usi ng the 108 SR ViRP T 9rR e gy cerdl dogatlsarrwith itlnsccepted acyl
araipprovided in Durbin R Eddy S, and Krogh A (1998)
probabilistic nodels of

proteins and nucl eic acids. Canbridge University

Pressply/ - «62041- 4 the references therein

and TR’ mﬁﬁ Q’%@% ifP%“‘B’rSo@i > Ricferpblytthe enzyme according to the
Biseaitfiveatiom tomptie:s M%taahﬁs%gu%}f% xﬁ&it%?%}és ed, for
exanpl e, through several server Ich are cUrrently

| ocated at the follow ng websites.

The BT WY of t war e/ Pf am i ndex. sht ni
htté p: t]/n / pf ar%ﬁ\?\lﬂgt&ﬁjp IEeigﬁljflj %%%,:CP?W BHRe acilsa Prafgrably, the serine
witthip: the progifhic g batkiytis eérifdhef WalRRASE 104 arcq .

Jeﬂﬁé' g}t!h% (I\Mlig oﬁrﬂf:mcan ent er _a@pr %‘fyeiiﬁfsgeg%ﬁzeﬁ%gmm@}‘%blw the
the. d u %5?3 ay bedn apratigacatrespending tpSet-86 th deromonas
Iselepie Sipdivtic ER8H f.or e, presence of _

Pf am domlaI?Mn%t.c T%zl &b)sﬁgu Eorrnglgn ik é’?]tﬁélglglg&(- QY foRegteriology
AR- {97, Yol d8sNoaho 2060s204).i t s presence in any query
sequence w || be recognised . The database will return

the alignnent of the PfanD0657 consensus sequence to

Tohdetermitieyif a protein has the GDSX motif according to the present invention, the
sequence is preferably compared with the hidden markov model profiles (HMM
profiles) of the pfam database.

Pfam is a database of protein domain families. Pfam contains curated multiple
sequence alignments for each family as well as profile hidden Markov models (profile
HMMs) for identifying these domains in new sequences. An int;oduction to Pfam can
be found in Bateman A et al. (2002) Nucleic Acids Res. 30; 276-280. Hidden Markov
models are used in a number-of databases that aim at classifying proteins, for review

see Bateman A and Haft DH (2002) Brief Bioinform 3; 236-245.

http://www.ncbi.nlm.nih.,qov/entrez/querv.fc,qi?cmd=Retrieve&db=PubMed&Iist uids
=12230032&dopt=Abstract
http://www.ncbi.nlm.nih.,qov/entrez/querv.fc,qi‘?cmd=Retrieve&db=PubMed&list uids
=11752314&dopt=Abstract
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sequence: A multiple alignnment, including Aerononas
sal noni ci da or Aerononas hydrophila can be obtai ned

whosagedsanual obt ai n an al i gnnent of the prot ePCT/IE2004/004374

interest with the PfanD0657 consensus sequence and

obtain an alignnent of P10480 Mith the Pfam 00657

consensus sequence foll ow ng the procedure descri bed

above; or b) through the database After identification

of t he PfanD0657 consensus sequence the dat abase

o ue[e ﬁ%tépeted &Pé%ér?aglohgnﬁﬂ dgﬁfr}g{ oggﬂ"t;fﬁe'ieg af hé\p%h&“ﬁ%%pphed in the

F?tpﬁfﬁ QeBbIroswe Dattsin SRO Bty €8, HLHOXKIOh A Q&PQS)OBloﬂdig'lGal sequence

seed alignnment and is indicated b T AERHY. Both

tanalygise myoRdiiRis caodsly oﬁma@mw Rl %@Sa@anbrrdgph@mversﬁy
r a 5%%

%gsé\#cszggpvhséﬂr%y Lﬁgﬁ%fﬁ er om%%g@aﬁeyg k%ﬁ?{b%ﬁ&%tamed from

| Waslsiagten dJmivdrbiey, Sd Lionist GSANCBI fil e P10480, t he

nunbers in this text refer to the nunbers given in

that file which in the present invention is used to

d&ft xpégy Stﬁngﬁ 43¢ nRTFEn BE i fhiRE udth %Sth@’ﬁaﬁﬂmer sBft®are package,

prefe nment are present iInt pi d

athylmstnmaﬁm asepromigdes [adrbinhB, BEdderf, iand. Kitigh #f(4998) Biological

al i gnnent s perforned (Fi,gure. 33 and 34): The . .

FEATINE rpelars R ORI, ot S Pt ad hieliic anids; Gembridge

eljﬁi"v@ﬂcsﬁ{r Pt NG SENE0MY4 Q&‘d ﬂ{eel%%?&ndeﬁl tﬁe‘?&neéiﬁb’ﬂEEq{MMERz
for use in the conposi tions and net hods of

imoBlstirovidedivitbia this-spepfatisiock hi d hid hi d h| d Ay
Asp Ser hid 28 29 30 31 32 33 34 35

The PFAM database can be accessed, for example, through several servers which are
currently located at the following websites.

http://www.sanger.ac.uk/Software/Pfam/index.shtml

http://pfam.wustl.edu/

http://pfam.jouy.inra.fr/
http://pfam.cgb.ki.se/

The database offers a search facility where one can enter a protein sequence. Using the
default parameters of the database the protein sequence will then be analysed for the
presence of Pfam domains. The GDSX domain is an established domain in the
database and as such its presence in any query sequence will be recognised . The
database will return the alignment of the Pfam00657 consensus sequence to the query

sequence:

A multiple alignment, including deromonas salmonicida or Aeromonas hydrophila
can be obtained by:

a) manual
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Bl ock 2 - GANDY block hid Gy hid Asn Asp hid 130 131
132 133 134 135Block 3 - HPT block H's 309 Were 'hid

worea®e@shydr ophobi ¢ resi due sel ected from Met PCHEB2004/004374

Leu, Val, Ala, Gy, Cys, His, Lys, Trp, Tyr, Phe.
Preferably the lipid acyltransl‘ rase enzyne for use in
t he conpositions/ nethods of the invention can be

al i gned, usi ng t.he Pfa 657 consensus uence.

Prefer 8\?’)‘]*191 alg iﬂ%%m?f}t PEPFeIR; @ Wfﬁ%“iﬂ“%ﬁgh’f REmMA9657 consensus
nodel [ﬁ%\gﬁ raf i A

famly | dﬁl(%:e:%t(s t i{e?l %{rgié%%rgéei{toffrﬁhog%%@pﬁl %@0%7 consensus
domai nsegmemedioligwing thb prqeedwentsdribeéabowey. Pref er abl y

when aligned with the PfanD0657 consensus sequence the

lipid acyltransferase for use in the

conmposjtions/ met hods of the invention have at | east

one preferably nore than one, preferably nore than
of the follow ng, a GDSx bl ock, a GANDY bl ock, a

HPT, bl ock b the |ipid acyltransferase nmay

havé’? t%fﬁgb% 8% g’%ﬁd a GANDY bl ock. Alternatively,

the enzpelideBNfibAGR oF tEDPFakdBH @ﬁgeréuwﬁu%&%g database offers
Preferably the enzyme conprises at |east a al(

Pr ef erthp ontlomﬂlo’a\{ argalighowint hf thikequPfyaseq0085 7o dtesmaé; eEgnment of
sequenge dhe enzyne for use in

t
conposi ti ons et hcc()) a8 FHES Sy éﬂ? B hisRarLotibis ssd plignment and

one, pisehdicabd Yy GCATt ABRIDNEBotARES R suqumice ah&'@ﬁ'mso will be
two, preferably nore than three, preferably nor e

four, CB?IéﬂéﬁddBIﬂ?P $HrVHNAN. f i ve, preferably nore than
six, preferably nore than seven, preferably nore than
ei ght, preferably nore than nine, preferably nore than
tEr, Aqpombessalpldyopibluerdftrancesdequaiee: pref erably nore than

twel ve, eferably n thirteen, preferably nore
t—ﬁ%ﬁe?léﬂg %{e‘ge’ 08?0”9;1723’;”&7? g@m@i{ﬁ%d&ﬂ%@ aiei rmkespdiethe NCBI file
"I‘l@ﬂS@ QAP RBHetCint AR ©&f I%T&WS Eihé/'\nti%@ﬁgpé}{féﬂ fh that file which in the

pol ypept i de sequence, nanel
present invention is used to determme spec:1f1c amino acids residues which, in a

preferred embodiment are present in the lipid acyltransferase enzymes of the

invention.

The Pfam alignment was performed (Figure 33 and 34):

The following conserved residues can be recognised and in a preferable embodiment
may be present in the enzymes for use in the compositions and methods of the

invention;

Block 1 - GDSX block
hid hid hid hid Gly Asp Ser hid
28 29 30 31 32 33 34 35

Block 2 - GANDY block
hid Gly hid Asn Asp hid
130 131 132 133 134 135
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32: 28hid, 29hid, 30hid, 31hid, 32gly, 33Asp, 34Ser,
35hid, 130hid, 131Gy, 132H d, 133Asn, 134Asp, 135hid,

wW@2BHEi06BRE pf anD0657 GDSX donmain i S a uni que | PENTB20044004374

whi ch di stingui shes proteins possessing this domain
fromother enzynes. The pfanD 7 consensus sequence
is presented in Figure 1 as SEQID No. 1. This is
derived fromthe identification of the pfamfamly
00657, dat abase version 6, which may al so be referred
tBlogk pfafBBestecd herein. The consensus sequence .may
beidipdat ed by using further rel eases of the pfam

d base. For exanple, Figures 33 and 34 show t he pfam
alignnent of famly 00657, from database version 11,
whi ch may al so be referred to as pfan00657.1 1 herein.

T, resence of .the , GANDY and. HPT bl ocks are
(§iefy RR Eiend e i ronliohiy romees Salo Bk load s yl. Ala, Gly;
t@ﬁ%@ﬁgqggggga } yhe rel eases of the pfam database can
be’ Used to idéntify the pfamfami|ly 00657. Preferably,
the fatty-acid CoA i ndependent |ipid acyltransferase

zyne . accot din 0 the present.inventjon may he
AT e By e gnsirasd S Btk e P BF Fesibqyigonsfgethods of the
GAEMHIBNRES 56 SEEFedARH g the PREAGIEBT LoAkhh ste%iué’iﬁbph may
be defined as ester transfer activity whereby the acyl
part of an original ester bond of a lipid acyl donor

[ fe t |..a6C r to.forma.new.e ;

Cele RS SRR Bl oL Be AR R0 SRy BE R SR profite) of

rthé pfantB0BX7 dokeiie il slicrs thé praRereeadt thBSHIL P\ BIDIX domain

amnqQ, acid residues L, A V, I, F, Y, H Q T, N, Mor

geeorging;ty theyaressyy yentidhpri ses Hi s- 309 or conpri ses a

hi stidine residue at a position corresponding to

Hi s-309 in the Aeronopnas hydrophila |ipolytic enzyne

é’ﬂwffmbl{gl Wheyu L dighed SEQHI Dgi\beaﬁa(I%SSSfEQn;sa%%s S&ﬁ)enc? the lipid

Pref er g , e am no acid.resjdue of the, X not i

Ay e ioral TR e CoRsEE O RRd0d o dhfeing pRtiqn hegre at least one,
fBAbBC el thih BHE SrdfOfBlyAmSiedna tvREQH BRCR1Io WA, ¥ EL block, 2

he ful'l Iength sequence,” that 1s the proteln ?
iGNDYT higckhe BRbdick. Suitably, the lipid acyltransferase may have a GDSx

block and a GANDY block. Alternatively, the enzyme may have.a GDSx block and a

HPT block. Preferably the enzyme comprises at least a GDSx block.

Preferably, when aligned with the Pfam00657 consensus sequence the enzyme for use
in the compositions/methods of the invention have at least one, preferably more than
one, preferably more than two, preferably more than three, preferably more than four,
preferably more than five, preferably more than six, preferably more than seven,
préferably more than eight, preferably more than nine, preferably more than ten,
preferably more than eleven, preferably more than twelve, preferably more than
thirteen, preferably more than fourteen, of the following amino acid residues when
compared to the reference 4.hydrophilia polypeptide sequence, namely SEQ ID No.
32: 28hid, 29hid, 30hid, 31hid, 32¢ly, 33Asp, 34Ser, 35hid, 130hid, 131Gly, 132Hid,
133Asn, 134Asp, 135hid, 309His



sequence, equates to His-291 of the mature part of the
protein, i.e. the sequence w thout the signal

wGeewamessl Preferably, the fatty-acid CoA i ndepentined/004374
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lipid acyltransferase enzyne according to the present
i nvention conprises the follow’ng catalytic triad:
Ser-34, Asp- 134 and His- 309 or conprises a serine
residue, an aspartic acid residue and_a histidine

r'EBlsd pfran00662 JeDEKy dbmpainats pawiqueodsnislier whishndistipguighes proteins

Ser - 34, p-. 134 and Hi s- L. the Aeronobnas
hWF?fBngﬁglgldPﬁlgﬂﬁP@ Ogh?yeﬁzné?%ﬁ%m in Figure 2 (SEQ ID
No. 2) or Figure 28 (SEQ ID No. 32). As stated above,

in the seguence shown in SEQ ID No., 2 or SEQ ID Na. 32 L
t Fee plam906 T Bcensendis sequence i prasatadgnhigurslggeatEQ ID No. 1. This is

seque . r-=34,. -1 Hi oS- t . i
AR T 5 g o R Bl s 0837, el ersion 6, which
Singpalso He dreRELTo BUPAMO0ESY.Shereits, Asp-1 16 and Hs-291

of the mature part of the protein, i.e. the sequence

W t hout the signal sequence. In the pfanD0657

consen e i Bt

TS RO RO RUERES pS, Bt (BRalh O MG, Bulier Ssleabalof the pfam
Agddabkbel and Hi s-348. Preferably, the fatty-acid CoA

i ndependent |ipid acyltransferase enzynme according to

the present invention may be characterised using the

f QM CliohRE! B afd B4t PBnP ffaily 00657, from
tE%Ls e a%eﬁggﬁ%Q?%ﬁﬁtﬁﬁcﬂﬁxgeﬁﬁe de?ﬁ%ggégijesteﬁl

t dasimbeversioni whichineayedyo bheeferesd topampfan@068r . 1dhiegtinal

ester bond of a first lipid acyl donor is transferred

to an acyl acceptor to forma new ester; and (ii) the

efRY PR SR 156 T138x,| GAND Wayd 3T Asdek33re HRind3A, the pfam family
Asp-134 and Hi s-309 or conprises glycine, aspartic

201687 fixam both, releagrsrafitee datplrsen Hutyretalensercoty the pfhme datgpase can be

posi.ti ops,.corre dj . y-32, Asp-33, Ser-34,
A@ﬁdi%ﬁgﬂ@%gf%gﬁml?}g%@gﬁ vely, in the Aeronpnas
hydrophila lipolytic enzyne shown in Figure 2 (SEQ ID

No. 2) or Figure 28 (SEQ ID No. 32).Suitaply, the .

f Buefoyaldi; e EaAY-peid evh dstependopt P AP o er i sagbme according to
e Bb%eﬁt(‘iﬁ\%n(?i'oﬂ Indyod ﬁl%ractgrised using the following criteria:

@) the enzyme possesses acyl transferase activity which may be defined as

ester transfer activity whereby the acyl part of an original ester bond of
a lipid acyl donor is transferred to acyl acceptor to form a new ester;

(ii)  the enzyme comprises the amino acid sequence motif GDSX, wherein
X is one or more of the following amino acid residues L, A, V, L F, Y,
H,Q,T,N,MorS.;

(iii) * the enzyme comprises His-309 or comprises a histidine residue at a
position corresponding to His-309 in the Aeromonas hydrophila

lipolytic enzyme shown in Figure 2 (SEQ ID No. 2 or SEQ ID No. 32).

Preferably, the amino acid residue of the GDSX motifis L.



present invention may be obtai nable, preferably
obt ai ned, from organi sns fromone or nore of the

w0 o00509d38y gener a: Aeronobnas, Streptonyces, PCT/IB2004/004374
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Saccharonyces, Lactococcus, M/cobacterium
Streptococcus, Lactobacillus, esul fitobacterium
Baci |  us, Canpyl obacter, Vibrionaceae, Xylella,

Sul f ol obus, Aspergillus, Schizasaccharomnmyces, . .
LinsSERI D) Noe PearesE@, IDVBlo0 BFi tho BTtk S ARG aif sosidues form a signal

f(%gtggr?c%!’ 195 390 %e ROAORneB bl bR thebloteid thcludiffthe signal

endent i pi cyltr rase enzyne according to
t LgueicRs @ftates ve Hib-ah 1 nEfythbemetataipad bdfetheppmwtein,alé. ythe sequence
obt'ai ned, fromone or nore of the follow ng organisns:
Aeitbemibesiggal sePIsFa, Aer ononas sal noni ci da,
St reptonyces coelicolor, Streptonyces rinosus,
Mycobact eri um Streptococcus pyogenes, Lactococcus
| BeFérably Sihe dpitypacd diesA pydegendes ligid ayyitonsforass enzyme according to
t her nophi | us,. Lact obaci | | hel veticus, . . .
1156 RSERBHEoR GRS £ SaiafSiicitmiad:gjgr-34, Asp-134 and His-
Cagp i | Shhi I HEEE acifVlesildh@ and a histidine residue,
fast¥%?§§gﬁﬁéd%%%?g%ﬁgﬂ%g1?g?aricus, Sacchar onyces .
ciesgactiselage at Asypiiogs | danespardingido Sutidz odsiecérhrandy Has309 in the

ponbe, Listeria.ipngcua, Listeria Qcyt .
Naeregianas APl FPely uS et fevBuieNs, T IR TR Mgy ) or Figure
sy 8B NYTB2 KRS e ndsve pRSelhidhce Xadih 8NSIPQID No. 2 or SEQ
axonopodi s and Candi da parapsilosis. | n one aspect,

pieNar: 38| the s ¥8aaminoaasid) resisiep deraparfargl sequspee. Ser-34, Asp-134

ac .a er.ase z accordin o; t . :

L TR0 RERE IR SERER Ay s B o3 Tpetuding the signal
OdeqiBHR, Sfuaeto@Baias Aby-d16phd His-0XAef themnsre part of the protein, i.e.
sal'noni cida. Suitably, the fatty-acid A | hdependent

| theisaquengs w@ﬁg?@ﬁé@abﬁﬁﬂyﬁ@eaci%a@i Rﬁ@%%éﬂ%@ﬁ%&é fequence, as
I DY ' i , Asp-157
B AL ARETREQ S NN Bl A e S Pl RBR . Asp
SEQ M3-M8. 2 (see Figure 2) (ii) the amino acid

sequence shown as SEQ ID No. 3 (see Figure 3) (iii)
the ami no acid sequence shown as SEQ ID No. 4 (see

E‘g&kﬂ{g@?@)e tg@ 'Ffly i éeia 5()9"6]& RRIcPEhdEns BRIIEAS Rr2BRM e 2923 abdrding to
the present invention may be characterised using the following criteria:
6)) the enzyme possesses acyl transferase activity which may be defined as
ester transfer activity whereby the acyl part of an original ester bond of
a first lipid acyl donor is transferred to an acyl acceptor to form a new
ester; and
(i)  the enzyme comprises at least Gly-32, Asp-33, Ser-34, Asp-134 and
- His-309 or comprises glycine, aspartic acid, serine, aspartic' acid and
histidine residues at positions corresponding to Gly-32, Asp-33, Ser-34,
Asp-134 and His-309, respectively, in the Aeromonas hydrophila
lipolytic enzyme shown in Figure 2 (SEQ ID No. 2) or Figure 28 (SEQ

ID No. 32).
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(v) the am no acid sequence shown as SEQ ID No. 6 (see
Figure 6) (vi) the am no acid sequence shown as SEQ I D

w0536 see Figure 14)(vii) the am no acid sSePLEIR2004/004374

shown as SEQ ID No. 20 (Figure 16) (viii) the am no
aci d sequence shown as SEQ IDIb. 22 (Figure 18) (i x)
the am no acid sequence shown as SEQ I D No. 24 (Figure

20) (x) the am no acid_sequence shown as SEQ ID No. 26
(Suitpbhe thEpfattysacid €pd indapsadent ligidacylfeanstoras siaymae aspeling to the

ID No, .28 (.Fi 24) (%l 1.00: i
e 60 D g SR A ASHUBREE o v r
agbft SEUUBBCEolEdvane aen&tQ | DeNamod®, ( Birgprosyed) Ladahhromyces,

the am no acid sequence shown as SEQ I D No. 34 Z%Fi ure .
3byciqopgyus; hdDsaberderdiennd SEHRIIICE S hdRORCIBrE) ILpgsKigiiobacterium,
55 (.Fi gur )t ] ci en a ;
B AT | DB AR RGBT Shprgi
SERiZoku I ar S cex VL isieyiat INviserin 0 Mesomhimdie nRelswhiynXashomonas
SEQ ID No. 61 (xix) the am no acid sequence shown as
Gaydhigs. 63 (xx) the am no acid sequence shown as

SEQ I D No. 65 (xxi) the am no acid sequence shown as

SEQ ID No. 67 (xxii) the amno acid sequence shown as
FhRably, N fat@-aord CoX indepemtena ipilacyliiasfeega enganavnicotting to the

e TR B L DA ol e ST or i
I @llb\winiobrégﬁ?sﬁ@. M‘on@na.?‘%@z’;‘ophﬁ@ - A GmorE s dIoMRida? OStreptomyces
SEQ IDNo.~ 22, SEQ ID No.” 24, SEQ ID No. 26, SEQ I D

Noeliagor, SEIr¢fompces 301G, | DINenbageriudi-Q By Keroc@4, pyogenes,

I D No. 55,.SEQ.ID No. 58, SEO | D Nog,, 6 SEQ | .
NFEasReCBEQ R o, VRGeS DRGNS, | SHSISRES e gprovhilus

S ddachBs 7 Qelvaliddsabl Yeshifbhetetiimaci dbhkddbenans,  Bacillus  sp,
i ndependent |ipid acyltransferase enzyne according to

tGenpilelastar Veiveint Vdniosaease; s&dellq theidiosre dwitebucisalfataricus,

ugn, 0] LD : . > o Tictori
ST IR A S gt o
aghétua, Listeria monocytogenes, Neisseria meningitidis, Mesorhizobium loti,

Ralstonia solanacearum, Xanthomonas campestris, Xanthomonas axonopodis and

Candida parapsilosis.

In one aspect, preferably the fatty-acid CoA independent lipid acyltransferase enzyme
according to the present invention is obtainable, preferably obtained, from one or more

of Aeromonas hydrophila or Aeromonas salmonicida.

Suitably, the fatty-acid CoA independent lipid acyltransferase enzyme according to the
present invention comprises one-or more of the following amino acid sequences:

@ the amino acid sequence shown as SEQ ID No. 2 (see Figure 2)

(i)  the amino acid sequence shown as SEQ ID No. 3 (see Figure 3)

(iii)  the amino acid sequence shown as SEQ ID No. 4 (see Figure 4)

(iv)  the amino acid sequence shown as SEQ ID No. 5 (see Figure 5)

(v)  the amino acid sequence shown as SEQ ID No. 6 (see Figure 6)

(vi)  the amino acid sequence shown as SEQ ID No. 12 (see Figure 14)



sequence which has 75% or nore, preferably 80% or
nore, preferably 85% or nore, preferably 90% or nore,

w@e@beeabl y 95% or nore, identity with the am POI/ER20@H/004374
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sequence shown as SEQ ID No. 2 or the amno acid
sequence shown as SEQ ID No. Fbr the amino acid
sequence shown as SEQ ID No. 32 or the amno acid

sequence shown as SEQ I D No. 34. For .the purposes of
t (ml) pr theeamind acidsequance shavirgs R IBNG. g9Eigwe {®) based

th nber
s B R Sk LA E it
| aypnt fRemnitay abid s&EUdna@ khovaeiseS BQ ADN G R4 Ese 00)
conput er programs nown | n the aréglfuch s GAP

ptovi dihe aming ReldeElPED g Fatkade NPrégHamtedlal

Eﬁﬁkthﬁg 88@1d@a£?bup9§gg%£%$3g2%2ﬂ |veﬁ£%%%|son

Vb Onlﬂiemmléhﬁlﬁaake%ﬁgnémmﬁﬁl@ TR G0 (F]{l?ﬁ‘@%) 3. of
ecul ar I Ol O 0

setiil) ndhe amypo B@%%E@EPP%I &%&eﬁ@%éﬁﬁé@@

g{x?%t ' ﬂlrétaﬂ'g qg‘h&ﬁ QfuedcOsitReh L8EG XD I3Q-3F %‘%?élail'&(?))?/ dOf

Sui atty-acid CoA’i ndepende
agy) tr ﬂnsafnﬁnaaadeacp;enee stovor @b $1Q 10 NS SFeseni2)

i nventi on conprises an ani no ce whi ch has
868 or thegrno aeid SEqUeRFs, S mﬂﬁm e preferably
9@:{%}”th@%rﬁn@ﬁgd%&ﬁi%n@ﬂ?ovﬁ{%f%@@bﬂﬂ@%% or nore

tity wth any one of the sequences shown as SEQ ID
Nomza thSBE@ih@adid se@iengEchavd #0SEQ ID$EQ6|ID No. 5, SEQ

6 SEQ I.D No. 12.. SE SEQ I D No. 22,
sg lﬁﬁa"lgé‘éjlﬁebc‘?\@ I?a @é@'ﬁ?’P 3 28, SEQ I D
'\% Cﬁ 30the%ﬁ@ld) EritiQequdce Sid 43 SWQ 184N0.86Q | D No. 55,
S ID No. 58, SEQ ID No. 60, SEQ ID No. 61, SEQ ID

Nox)6 3the gEdne @plm@eqtssceSwn@S&QI@N%NSEQ | D No. 70.
b d
@W? {‘E’% er(g%éatg% e?‘fgég%ocord‘l%?]g'%gfe prleglent

BXENT 410 BmE TR Seguente mchmsaﬂ% ok meork adldrity mdthaamynene of the

Z?n' ﬂos%%ér?q‘égém%ﬂiés SPoo 06 S SR SSsR 1B P srQ D o,
glgl ngr es@%ues ’r] gggfglgpggqgegg%o@mwnz@ss@@m% 22, SEQID
No. 24, SEQ ID No. 26, SEQ ID No 28, SEQ ID No. 30, SEQ ID No. 32, SEQ

ID No. 34, SEQ ID No. 55, SEQ ID No. 58, SEQ ID No. 60, SEQ ID No. 61,

SEQ ID No. 63, SEQ ID No. 65, SEQ ID No. 67 or SEQ ID No. 70.

Suitably, the fatty-acid CoA independent lipid acyltransferase enzyme according to the
present invention comprises either the amino acid sequence shown as SEQ ID No. 2 or
-as SEQ ID No. 3 or SEQ ID No. 32 or SEQ ID No. 34 or comprises an amino acid
sequence which has 75% or more, preferably 80% or more, preferably 85% or more,
preferably 90% or more, preferably 95% or more, identity with the amino acid
sequence shown as SEQ ID No. 2 or the amino acid sequence shown as SEQ ID No. 3
or the amino acid sequence shown as SEQ ID No. 32 or the amino acid sequence

shown as SEQ ID No. 34.



or SEQID No. 32; (c) an am no acid sequence shown as
am no acid residues 201-300 of SEQID No. 2 or SEQ ID

wWOR0058&350r (d) an ami no aci d sequence whi ch heST/HRY040004374
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nore, preferably 85% or nore, nore preferably 90% or

more, even nore preferably 95%lor nore identity to any

one of the amino acid sequences defined in (a)- (c)

above. Suitably, the fatty-acid CoA [ ndependent lipid

aE@n the awp&qsaﬁéheeprzm inieabpwithe degses pladppiay éﬁbased on the number

%flv %ﬂtgéé‘g 2 SANBI ?xg';?chogr% t8E SHRE ST dé & bP deﬁm}pﬂ b RBnce with

uences. am no acl qgquence s

aﬂl‘ibrp}es%ﬁt thie@fibllwes BS-saRabdy c@’é@n[rﬁdl\hy nitang OSEQ‘deter programs
an am no acid seg@;nce shovvn as anm no

alenqygl Fléglil%l ads sych 88 (AP gpeyt GG grepiap Rackage - (Program

(Gl BP,02 W5 ThFR LA, 0% AP PRI ey Compt

a@ropl 505 &idﬂlcswmd\éa&bmg\n’wmom néS5851d) (Nsedlemsn & Wunsch

44Pa0% obeh Sdlreah THelogh A AT otk bt SEAPHIRE Sitnes for

35)(?{% gglg V%ﬁ%%e%E?‘l ggxggbll?sd}p GRE! cr&'ﬁloﬁfﬁenﬂﬁr BFNP 2RF IFAP extension

5% or nore, preferably 85% or
nemelty 0608. preferably 90% or nore, even nore
preferably 95% or nore identity to any one of the
am no acid sequences defined in (a)-(e) above.

SL“sﬁ1fa@E} e fhifRadiatdon ﬁﬁi‘eﬂer@éﬁt lipid eBeIRdBFtrakd BhAme according to the

acyltransferase enzyne according to the present
i presemt i ioventioy  comprises eamranind nasidcleduenequwhish prodl¥edr more,
of the foll

e T §S 00 B P TAf b LR g ey 054
SEMBredgestieRwWitl M- onk &fSBE sEqBHEs s‘B))wn(ab)SE@ :3) No 2, SEQ ID No.

nucl eoti de sequence shown as SEQ ID No. 8 (see

TO)SEQ ) Nends SEOIBON 0o SHCY TR M 66 REQH Do S SFE s Nag20, SEQ
(F£RFAIWED 1B No. 24, SEQ ID No. 26, SEQ ID No. 28, SEQ ID No. 30, SEQ ID

No. 32, SEQ ID No. 34, SEQ ID No. 55, SEQ ID No. 58, SEQ ID No. 60, SEQ ID
No. 61, SEQ ID No. 63, SEQ ID No. 65, SEQ ID No. 67 or SEQ ID No. 70.

Suitably, the fatty-acid CoA independent lipid acyltransferase enzyme according to the

present invention comprises one or more of the following amino acid sequences:

(a) an amino acid sequence shown as amino acid residues 1-100 of SEQ ID No. 2 or
SEQ ID No. 32;

(b) an amino acid sequence shown as amino acids residues 101-200 of SEQ ID No. 2
or SEQ ID No. 32;

(c) an amino acid sequence shown as amino acid residues 201-300 of SEQ ID No. 2 or
SEQ ID No. 32; or

(d) an amiﬁo acid sequence which has 75% or more, preferably 85% or more, more
preferably 90% or more, even more preferably 95% or more identity to any one of

the amino acid sequences defined in (a)-(c) above.



(d) the nucl eoti de sequence shown as SEQ I D No. 10
(see Figure 12); (e) the nucl eoti de sequence shown as

WERQshEs3Bn. 11 (see Figure 13); (f) the nucl eoP¢TEB2004/004374
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sequence shown as SEQ ID No. 13 (see Figure 15); (9)

t he nucl eoti de sequence shown s SEQ I D No. 21 (see

Figure 17); (h) the nucl eotide sequence shown as SEQ

ID No.. 23 (see Figure 19); (i)l' :Llfre nucl foti de sequence.

s Asiiphldhaityrasidg oAandisadentilipit acystgnsiqrase qpgyme according to the
nuc| ] : } I : : 3! .

o A B A e O e Bl Dimg SO B Sflnes:

2 6a) (smeaninb guidesedbignce(shpwinles aminb ecidi weidsex2feA? of SEWD No. 2 or
as SEQ ID No. 31 (see Figure 27); (mthe nucl eotide

seq DDA as SEQ ID No. 33 (see Figure 29):(n)

}zlfbg d?lugﬁé%}faicglgeatﬁﬂ-}é@ @ﬁ@T\rg ROWRiRS actE QX dsldublo77-38 of 1D No. 2 or

ure e nucl eoti de sequence shown as S
| D MEQ ™ Nd-i3gure 51); (p) the nucl eotide sequence

S BnSa rEgee gt 1 g RUERSBCR BRI 10 No. 2

shong§§D§§Q3QD No. 64; (s) the nucleotide sequence
shown as SEQ ID No. 66; (t) the nucleotide seguence

s t)van aasinSEGQIsByNDce S8 Wu3s athimoragist residieiel (Sely Q ID No. 2 or
sho QLD No. 69 or (v) a nucleotide sequence
whi gﬁ@ﬁ%%&or nore identity with any one of the
S &9 URNHE R0 8HIAWBqRRcSER W adNNing, acREGsIdReN04-311 SHESEG ID No. 2 or
No. 9, SEQ ID No. 10, SEQID No. H5 SEQ ID No. 13,

SEQYHR NO N232: ®EQ I D No. 23, SEQ ID No. 25, SEQ ID

A B T8y Pl B 2B mor

No. R&ferabED0% dNanorbeveBifdre PréforabB695 %R nidde MNientiGBtocany one of
SEQ ID No. 69, Suitably_the c| eoti de sequence may

hav éhgaminsyacihicguensce Agfings 1;@5479 8Po%fore, nore

preferably 90% or nore and even nore preferably 95% or

nore identity with any one of the sequences shown as
SE63tdbly, the fafty-a8SEHQCO M idepesdenBlQid OyNmnsfrasseqeyie according to the

present invention may comprise an amino acid sequence produced by the expression or
one or more of the following nucleotide sequences:

(a) the nucleotide sequence shown as SEQ IID No. 7 (see Figure 9);
(b) the nucleotide sequence shown as SEQ ID No. 8 (see Figure 10);
(c) the nucleotide sequence shown as SEQ ID No. 9 (see Figure 11);
(d) the nucleotide sequence shown as SEQ ID No. 10 (see Figure 12);
(e) the nucleotide sequence shown as SEQ ID No. 11 (see Figure 13);
(f) the nucleotide sequence shown as SEQ ID No. 13 (see Figure 15);
(g) the nucleotide sequence shown as SEQ ID No. 21 (see Figure 17);
(h) the nucleotide sequence shown as SEQ ID No. 23 (see Figure 19);
(i) the nucleotide sequence shown as SEQ ID No. 25 (see Figure 21);
(j) the nucleotide sequence shown as SEQ ID No. 27 (see Figure 23);
(k) the nucleotide sequence shown as SEQ ID No. 29 (see Figure 25);
(1) the nucleotide sequence shown as SEQ ID No. 31 (see Figure 27);
(m)the nucleotide sequence shown as SEQ ID No. 33 (see Figure 29);
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No. 10, SEQ ID No. 11, SEQ ID No. 13, SEQ ID No. 21,
SEQ I D No. 23, SEQ ID No. 25, SEQID No. 27, SEQID

WOR05AKR3SSEQ | D No. 31, SEQ I D No. 33 or SEQ | BCT™MB20B3004374

SEQ ID No. 54, SEQ ID No. 59, SEQ ID No. 62, SEQID
No. - 64, SEQ ID No. 66, SEQIDfNo 68 or SEQ I D No. 69.
In one aspect, the fatty-acid CoA independent |ipid
acyl transferase according to the present invention rray

b@n) ghe weqledtidersememee slaver 2aR RPN FerGeeligriecdny o

D Tt OF R RS AR PO AT 1 (e

f(}il)ltwﬂudm}hd@%e@&tnaefﬂabheas‘SE@IDﬁ@o@ more of the
ol |l owi ng organisns for e rat, mce,
cte) dhenac eq_t}dg§é%¢ﬁnf3%15h%’}"h?§0€€ QBrNo- g?;nt s, incl uding
Y es, fungl and
%g%g?ﬁcﬁ%oﬁg%gg%%¥%&ﬁ%% @%?tgi}@%%d CoA i ndependent
|(spltlﬁiem@dédtfdams&ﬁwnas&mzwﬁ@dbdﬁdldﬁg to the present
I nventi on rr’g%/ be the |ipid ﬁé&é{)r erase obtai nabl e,
p (b iths munlsptig saqusaae SHovghas 198 strains TOP 10
?s”SJE t Sal.no deposited
A o S e S R

ogade 1, DK-1001 Copenhagen
K(v) Renudedtidensteuendee whinda hes (75 % eatmomnldteh'ety with any one of the

oS here S IO S 31 SEO BB SRR bl guSRQIP Mo 10,

t he gigs 19N, 1@0|$ t1Ho0.0f3,! SEOSHY Nal 21,ME rlma@dzfcsmb ID N
Bactserla @g Ol\/lachar Street, Abeﬂr2 o

Scot2l5aﬁEQ Iwgnzmmaémwz@@@ IDrer3 lasaézs@ Y. 33, SEQ ID No.

e e ek S I A SR A 3B S RBE Y R4, sEQ 1D N

the6grgEQr[DNavml+sﬁQtﬂbeq@r69duct is produced vvlthout
i ncreasing or substantially i ncreaS| ng the free fatty

acids in the foodstuff. ; The term "transferase"
t 0 ,
N T T

| thdensefieily PO ot e lahd amaf mbmeﬁﬁalﬂpﬂﬁ Yteut rhare édemtity with any

Conentibs sravneathann as Sed B5 N, 88 G261 4983D No. 9, sEQ D
No. 10, SEQ ID No. 11, SEQ ID No. 13, SEQ ID No. 21, SEQ ID No. 23, SEQ ID No.
25, SEQ ID No. 27, SEQ ID No. 29, SEQ ID No. 31, SEQ ID No. 33 or SEQ ID No.
35, SEQ ID No. 54, SEQ ID No. 59, SEQ ID No. 62, SEQ ID No. 64, SEQ ID No. 66,
SEQ ID No. 68 or SEQ ID No. 69.

In one aspect, the fatty-acid CoA independent lipid acyltrarisferase according to the
present invention may be a lecithin:cholesterol acyliransferases (LCAT) or variant

thereof (for example a variant made by molecular evolution)

| Suitable LCATs are known in the art and may be obtainable from one or more of the

following organisms for example: mammals, rat, mice, chickens, Drosophila
melanogaster, plants, including Arabidopsis and Oryza sativa, nematodes, fungi and

yeast.
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donor and l|ipid acceptor, wherein the |ipid donor is
not a free acyl group. The terM"transesterification"
as used herein means the enzynatic catalysed transfer

O -SSR B2
u ﬁgé?)réﬁﬁg gé 2'1 é%g%nf ﬁlR’gﬂtl&ll rﬁ%h Pée ?]ht%' l%)(l)crl] %@}gﬁé&féﬁsé cg)?ainable,

enzynmat vage of a co an aci
dpreifmab]iy\xﬁ)td:ilyed é@at therE. wbli ktrains A0PoHbharBRGHirpopRehEta Abigéro and

35@5?-&23 %ﬁgﬁgg&%ﬁ?%@%ﬁtﬁag%gd&ﬁp%ﬁg?bﬂﬁggpenhagen
akc @% arld\gn d@lﬁfaﬁbaﬂ Trbdi§ oh %é@n’c&h&tﬁ?ﬁl Reddghf fo?l c;f(?lae Deposit

an’al ky conpoun contai ning a hydroxyl group.
hef ®licrootdaeistneifon thh pdmbmfsl’atmﬂ’mcsdm af e Iéattzmah@oﬂectlon of

Pt e ond maP B KPS B Pl eedeen

r 883Hana, Gqu TVOE@mtRl §O(‘J3‘3ﬂ1&tlefr 86cekdibn BERBERINTOMBY 150 and
wat er nD ecule. The term "w t hout i ncreasi ng or

WNCRMLR 4 E209s respedtiaklyy i ncreasing the free fatty acids”
as used herein neans that preferably the |ipid acyl
transferase according to the present invention has
191%%rhl§l§lnﬁff1@{ ea8/iRebit\d thythod abcordingné fiRrpresk@bityeitidnfiBe product
acyl groups froman acyl donor onto the acyl acceptor,
wistoGHsed yatheptippieagiag pysubsiantigllninceagpips ghepfrge fatty acids in the
?ﬁ%huu nt; however, the enzynme nmay transfer |ess

00% of t he acyl groups present in the lipid acyl
donor to the acyl acceptor. In which case, preferably

acyltra sferase ivjty. accounts for, | east . .
318% teHgr gaﬁ% eress a?@wei#em@dgﬂmar@gen%ws e i yipid
A%.efore preferably at |east 70% nore
p erably at | east 80% nore preferably at |east 90%
and nore preferably at |l east 98% of the total enzyne

bt i G a0 2 SR o bttt o4 Fifiped herein

edhie%lf@:ts :oﬁe BFtrio¥d bfthe MlloWIBg ARLESAE: RRSeRYritiBRIcHO! | oW ng
rotoco
ptransesterlﬁcatlon alcoholysis, hydrolysis.

The term “interesterification” refers to the enzymatic catalysed transfer of acyl groups

between a lipid donor and lipid acceptor, wherein the lipid donor is not a free acyl

group.

The term “transesterification” as used herein means the enzymatic catalysed transfer of
an acyl group from a lipid donor (other than a free fatty acid) to an acyl acceptor (other

than water).

As used herein, the term “alcoholysis” refers to the enzymatic cleavage of a covalent

bond of an acid derivative by reaction with an alcohol ROH so that one of the products
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Protocol for the determ nation of % acyltransferase
activity: An edible oil to which a fatty-acid CoA

w0 pabepersdent |ipid acyl transferase accordi ng tRCT/IB2004/004374

present invention has been added may be extracted
following the enzymatic reacti2n with CHC13: CH3CH 2: 1
and the organi c phase containing the lipid nmaterial is
i sol ated and anal ysed by G.C according to the .
propdsEnes Witk élmﬂwédhm@@@m apd Flt?v@th@’rRiﬁﬁ%i% soppines mathyBe OR group
ggﬁ a%?ug of free fatty acids and diglycerides are
E? X &} A control edible oil to which no enzyne
according to the present invention has been added, is
anal ysed in the sane wa¥,§% culatlﬁwg From t he results
ohs uird Ierdnaths|tgsesaleoiolT FréFreAQ &n BT FRRIPPERG oridRipigg a hydroxyl
and the decrease in diglycerides can be calculated: D
%Qty acid = % Fatty acid(enzyne) - %fatty
acid(control); M Fa = average nol ecul ar wei ght ofthe

fﬁi&éaé&;&&mé&%éﬁ it Tefeis g B¢ SHG TSIcdeRed Rdasfer of an
pﬁg gg S %GRS {98 Jﬁegr&g;aeﬁa%aaenﬁfécme txcylstransfer which

as a per cent age e total enzymatitC
aetultslﬂqm hYtlrodyrid eraisesahe bapatafion (0T A6 Watef ioldoule. -
A%Fa/ fMr FA)) x 100 A% Di/ (M Di) - A%:a/(M/ Fa) +D

%-a/ (M Fa) Y% ransferasea YA% Di Z v
AT o) e BTN oty HECFHGE gl foty acids
aghfsq ﬁél%lﬂ RELRASLCpbRrde tRAihH ﬁcﬁ' | thankfé@dse AbEording to the present -

preferably not increased substantially, i.e. to a
singeritfondmn tl 00%gransferdy atJhVIQY Gies. freasferstlABYs afithe a%d@@zpé from an

]Sl B R 95 A ST SEl e o e o

RIS &6 Ateht) WeRlek &) thd B&y‘hﬁ’ filay Whdnbfeu less bt 200%364 the acyl groups
i ncreasing free fatt aci ds" as used herein neans th

tmeseahmm ithe dipid pexd ¢0é1l0f yo dbe @cylnacgaptes b whish C%S¢»eane£faably the
gﬁnf%'rasg 'ag 1\%?/!1{08 Ifﬁlr A3 RSB ?ﬁ(‘g‘g g&é}F Bgr ﬁrlgaq’s‘? Qb%, more

anount * 0
Fifr@ﬁwb@ﬁ at Teast5084) inloﬁa pricferabily @o iqasts 7@%pmord pl‘efalably at least 80%,
enzyne
mor% preferably at least 90% and more preferably at least 98% of the total enzyme
activity. The % transferase activity (i.e. the transferase activity as a percentage of the

total enzymatic activity) may be determined by the following protocol:

Protocol for the determination of % acyltransferase activity:

An edible oil to which a fatty-acid CoA independent lipid acyltransferase according to
the present invention has been added may be extracted following the enzymatic
reaction with CHCl3:CH;0H 2:1. and thé organic phase containing the lipid material is
isolated and analysed by GLC according to the procedure detailed herein below. From
the GLC analyses the amount of free fatty acids and diglycerides are determined. A
control edible oil to which no enzyme according to the present invention has been

added, is analysed in the same way.
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produced when a conventi onal gase e.g. Pseudononas
cepaci a |l i pase (Lipase PS, Arra?i Japan) or Rhi zopus
oryzae |ipase (LipaseF, Amano Japan). Suitably, any
gI cerol remaining in the edible oil after the

aloe{asi9"has t aken pl ace may be renobved, e.g. by
c Xo [ :
eﬁfz&ﬁn@ﬁeﬁsﬁ%ﬁf@%&%@ Y she P i £9) #ARRacds pldhe decrease
eﬁidrig’gzbmddse:aﬁbe@llchh&dt aken place. Alternatively, the
enzy may _Si nmp be deactlvat ed and | eft jin the
eél%lf%.ﬂ}b‘iqld %.F@ blayl (appmehz migtinagideoniielet i vat ed by

thng_for ex the fatty-acid
Cg/ﬁ\ #%de%‘geﬁ ‘?nfe" aﬁlwéc%%‘l@??glﬁﬁggg’for use |¥ t he
MR toh Ackgykide E@A)m@g@ehdé(emfm) o, DRYydeeidb@Bihé); Sed.

When it is the case that the enzynme is i mobi | i'sed an
althi Rﬂm@r&g@rfmlp@ﬂargwﬂghmfﬂlgb@@reﬂm or and the edible

cth%{‘[a?%sf e{oaﬁ: % d tharl?ulfgtg%a %%erﬁ% a gtl' tﬁﬁ@%@: e%gywati%ﬁ%tivity:

ENAN AR rdsd actiFityPOSSI bl e((A 9 Pagity mr.mqramv FAyitady y the

i mobi | i sed enzyng m(mmﬁﬁﬁ%Fh/@MJFé)WA%@QKMQFQI in
a batch reactor containing a reaction m xture which

conprises an acyl acceptor and an edible oil as a

t wo- phase system The reaction m xture may be

optionally stirred or sonicated. Once the reaction has

r gaaiethsegtvityi=br Fum f or (ex%ipil(®iv DiheA e BaINORANIxA00r e

and the imobilised enzyne nay bhé&:; BE@&r bBi)ed. Suitably,

excess acyl acceptor (such as excess glycerol) may be

rennved after the reaction, e.g. by centrifugation or
H%ﬁééjfa%t&'a'c cﬁtaké)ﬁ‘lcrejamﬁ'thé 8&iBlel diPindy ﬁﬁ%ﬂr&f’e f6t3R€reased

can e prepared using i mobilisation techniques known

i substastialty, i.cTersgrificant dagneouBy Has e decanf thpt thp andrerge in free

bi | d t, t
P BrR pEF AR A el A RPERDRL conni ques
referred to in EP O 746 608; or Balcao V.M, Paiva

A.L., Malcata F. X, Enzyme Mcrob Technol. 1996 May 1,
1B( ®meespeat@f be mesert MVPNtiorn Hhgdermnk’ Elth@He‘?me*qu%aﬂy increasing

B%gesfl 2[}/ é\%gﬁ a§] H&d%%%&n %ﬂzgags %étt thg%hﬂﬁl%p §HRLe Btt} acid in an edible oil

Srinivas
treated with an lipid acyltransferase according to the present invention is less than the

amount of free fatty acid produced in an edible oil or composition when an enzyme
other than a lipid acyltransferase according to the present invention had been used,
such as for example as compared with the amount of free fatty acid produced when a
conventional lipase e.g. Pseudomonas cepacia lipase (Llpase PS, Amano Japan) or

Rhizopus oryzae lipase (LlpaseF Amano Japan).

Suitably, any glycerol remaining in the edible oil after the reaction has taken place

may be removed, e.g. by centrifugation or vacuum distillation.
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Chem Technol. Biotechnol. 75, 1-8; or Christensen et
al ., 1998. Nachwachsende RohstZff 10, 98-105; Petersen
and Christenen, 2000, Applied Biocat al ysi S. Harvvood

Academ c Publ i shers Arrst er dam &Bach v@ ; I@ﬁ )
.@pmlp&wattbm ePBRg mqyy be éP@PEé‘PFE e 15 ficthe enzymatic

Erl? cet}o& l}ag an«aﬁ ga?r B %ﬁﬂdgﬁ@l y iz Ogﬁlia égag\% gEf Beeactivated and left

Sinlthé adiBleasil | Safiiably, fhareneymarma@ Herdehetivaitdd/by héating dotodample.
oil is any edible oil containing a diglyceride,
preferably a significant anount of diglyceride.
el & IR RiPLbA frafBase f th
8 i RnE it 815l BapRcBl RS St for s n e
Qﬂbﬂﬁb@s& bf tHeapresank éhventipalmays be aminopilised.m Wheh ftr1a¢1na oase that the
or any palmoil fractjaon or olive oil. re . .
NGV b pmapised ARAGISIFC FeMBHFRE 6Py oy a7%5PI Aneh the edible oil
Nfor WkhpleLOsthhidife heiARBbNised
ljflg%%e%ggegl e oﬁfpa% ghglcyor acceptor saéﬂ%raté and 1tS eenzyme

| Bpirdmabilisingahs eeayaseit isgwssibledpsasilysiensdidd in the art
woul d readily appreciate this can be done in any
conmbi nation and/ or order. By way of exanple only, the

%%i{agagpﬁl%ﬁﬁ%obﬂ%ate&@%e m@%y Beuadiheedowirkdrtdhér iatH BAteh reactor

l'owed by addition the lipid acyltransferase.
Atanerimiag iavrehstionthikturd ividiieh mmpm apeacybadcgpigr and Ao edible oil as a

LR A L8| S b FLMIB e FoRBMka. Once

agy| fehaitsf BrageachBd apylibraec ept mxmplbstthatreadtﬁm hexture and the
adm xed fol |l owed by adm xi ng of the enzyne/substr

rioxnelilised Ay DR Enayddicpasiad: SNiteBn %%W aﬁqepacsg%%fél as excess
[, d X
blab el B AR GRATEAY LRBORLI 0 DRy vac

b@s@wﬂmed simul taneously. Preferably the nethod is
carried out at a tenperature above the nelting point
of the edible oil. Suitably the nethod may be carried

L
known in the art. There are numerous methods of prepanng immobilised enzymes,
which will be apparent to a person skilled in the art (for example the techniques
referred to in EP 0 746 608; or Balcao V.M., Paiva A.L., Malcata F.X., Enzyme
Microb Technol. 1996 May 1;18(6):392-416; or Retz M.T., Jaeger K.E. Chem Phys
Lipids. 1998 Jun;93(1-2):3-14; Bornscheuer U.T., Bessler C, Srinivas R, Krishna S.H.
Trends Biotechnol. 2002 Oct; 20(10):433-7; Plou et al, J. Biotechnology 92 (2002) 55-
66; Warmuth et al., 1992. Bio Forum 9, 282-283; Ferrer et al., 2000. J. Chem. Technol.
Biotechnol. 75, 1-8; or Christensen et al., 1998. Nachwachsende Rohstoff 10, 98-105;
Petersen and Christenen, 2000, Applied Biocatalysis. Harwood Academic Publishers,
Amsterdam. (each of which is incorporated herein by reference). Techniques which

may be used herein include covalent coupling to Eupergit C, adsorption on

polypropylene and silica-granulation for example.
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adm xed with water containing constituents. Thus, the
present invention envisages t#s treatnent of an edible
oil per se, i.e. in a |lowwater environnent. Although

wat er nmay be added_to the prl or Qqr, durin
el tenedipiecgibrie Ty ERPloRl (et anABSt Bty peptrably s

sSqeadded. If water is present in
t%%mgaﬁﬁlr%}enogﬁ eﬁ%Igléffer?abl y there is less than 10%
wat er present, nore preferably less than 7.5% | ess
than 5% |less than.1% less th

% .
| Resteratiginthe ediple pdds A e lltivg Qs o Eopapel from or
p&erﬁfggtﬂoélﬂ eril%ly e oft ﬁ,npagmlsteﬁﬂg #;,10 Viﬁfdefraéfﬁ% &Cany palm oil

resent e edi I'n one embodi ment the
e@wﬂbﬁc@bhvusﬂd in a process according to the present
i nvention may be supplenented with one or nore acyl
donors and/or may be supplenmented with one or nore
Aibke o}?&%fé??&l? MtRe @&Eg{e(lfll iggn\élrﬁ? Si1SHBR: BARNbREh MdVdt ﬂaﬁh Rtearin.
one acyl acceptors and one or nore acyl
donors. "suppl enmented with" means that either the

a\%){%ler%ggrg do ?lrf:d/cg%x%}hggofatﬁ¥ egﬁgec ttﬁ% acléfj aggetp{c ) Zstuggat?releté ¥nd the lipid

U RrankfoPRe] Al L dﬂ)éfs&f {igNeahO brtiviotRd raallgl hrﬁl%f:@feethls can be done
brlnglng the edible into contact with the

anyny cambinatias end/ar exdenr danvey of exmmiecplyele ﬁ?yl acceptor substrate

Ibtglggg éﬁn{“ﬁe?“ ttﬁ‘%dléﬂ C{lﬁgﬁ Mﬁ({ﬂ?@’? néi:] ‘%hgqﬂ)?& af%ﬁansferase

den@hativly iBe tdiblecsibmpl Ge admﬁmﬂpbudi me. 11:1314 mygtransfera e followed by
| ecithin Sui tabI , the sup enent ry a 1\3/ accep
ey

mxkzhtbél the appiacces rtsabﬁftvte aiva é‘cﬁlﬁra
I%f)lo suf ger rqtag% g(hﬁ{ﬁféfl OI}]plloéVQ& X R o ltlﬁ:ntenzyme/ substrate

nt stano I NSt ance. ui t abl Y, he
smimhxermmm &reyedﬂdy loilacAkgrhativehy yof t@emase,cadhﬂ]rmmb@tancﬁs (namely the

L Ao BT e i
ﬁghéﬁkﬁfl onal enmulsifier (lyso-phospholipid) to be
pro uce the oil. The use of an oil suppl enented

with a pI ant sterol and/or plant stanol allows for a

pﬂ’re?erabsl fe me Sotdelrs. caaprge/do(gut atpl t%gltpersa Qoalbo‘%s b melting point of the

edible oil.

¥ase and acyl

HD

Suijtably the method may be carried out at a temperature of between 30-50°C,
preferably between 35-45°C, preferably between 40-45°C.

Preferably, the enzyme is added to crude or refined edible oil. Preferably the present
invention does not encompass the enzyme treatment of an edible oil when admixed
with water containing constituents. Thus, the present invention envisages the

treatment of an edible oil per se, i.e. in a low water environment.



to be produced in the edible both. Both plant stero
esters and plant stanol esters have been reported to

whaws/otd3end serum chol esterol reduci ng ef f ect SPOUTEBR004/004374

10

15

20

25

30

i ncorporated into the diet.Enzymatic

interesterification using i lised |ipases, such as

Li pozyme(r) TL IM a 1,3 specific Iipase (Novozynes,

Denmark), is used to reduce the anoun rans, f %%
aditheughn weter gnax pe @iddedh s, thes eil Jwier & U&ng gi R h?@ e present

r[;ﬁ}:,v‘é%tl& (f{;' %rrﬁS{ tﬁa'b?es efibodiflicht Fo %altcsr 19251%1«%](?1? water is present in

éres I‘cat ron, one or
pﬂ]leYddiﬁlﬁatdﬂI@ @trﬁdrabbﬁ theraisi ldss thant 1086 twatcgl presmi cieereofreferably less

L fhen AP a0 fass o b lerthan 1o o5 Handuo e ke e %plgfiﬁ?ss than 0.3%,
j | i 1 f | 0
Uleks B P2t/ @B b ThR wher ittt ISR bIRYREh, 03 a9 % veater

winhhbeprdsetitriadhecedible ofif the trans fatty acids. The

i mobi i sation of |ipases is described in US5776741,
US4798793 and US5156963. US6284501 descri bes the

| &{eee?ﬁl?d'dlﬁi'eﬁ%g Qb o phesrhol blf?)bgs% ac@é}dh@@kihé bl%%glt invention

transferase can be pro uced usi ng the sane technol og
amaybe du}ﬁpﬂembmtpdis;\eﬁl onervromee enplodtinoesand/arimeay be sqppéamfdlted with

O AASPendent Lk 4 GEY bl NANSL 81350 85w AR B5MH B5T0r more acyl

| N8Bt £1dl JeCR I RB abil%%@rs W“slu{pj@@ﬁﬁnted with” means that either the
interesterification and the ac ransferase steps _are

pacyl dondy gndéer theeatybaeceptsds aloé ingturglly prepepttinehe edible oil and is

CRREE DS e s PSR Stk binging

CQITble Nidkd @anict Rvito e libidoaeyltratisfated lin Stdrdance with the present
inhibitors. In a further aspect, the present invention

pigeitdds a met hod of inproving the crystallization
properties in a foodstuff conprising an edi bl e oi

conprising adm xing an edible oil with an acyl

- BiC®PL, Gthe Sslubﬁlefmhmrﬁ Iadyladdirmjrt yapdiedotBior thande @Aﬁie niSuitably the

eSSk ety B S hreR 95l A E gl

inhibitor. In one enbodlnent the present invention

provides a fatty-acid CoA independent diglyceride: )

gSuitabiyo Ithfas:qppﬂﬂnaﬂmefrg raapleacceptohmapbegycerdlorbudtably, however it may

fl?eogr? gcl:'l}flfacgeo Tor Sther tHat 2 glycerol, for example a plant sterol and/or plant stanol
for instance. Suitably, the supplementary acyl acceptor may be a combination of

glycerol and one or more further acyl acceptors.

The use of an oil supplemented with a phospholipid allows for an additional emulsifier
(Iyso-phospholipid) to be produced in the oil. The use of an oil supplemented with a
plant sterol and/or plant stanol allows for a plant sterol ester and/or a plant stanol ester
to be produced in the edible both. Both plant sterol esters and plant stanol esters have

been reported to have blood serum cholesterol reducing effects when incorporated into

the diet.
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added. The present invention yet further provides the
use of a fatty-acid CoA i ndepeHiient

di gl yceride: gl ycer ol acyltransferase as descri bed
herein [n the mapufacture of stuff conprising an

e HPBITRALL Interesteriiipgtian upige dREo Hﬁgg Piesafichgs Lipozyme® TL 1M, a
p t c
L oBEE e PSR Tictnar) b ARR O HaRE B dmol RS s faty
| adépinaiéntor diighryceseiadd/og fyrcmodifyiag ythe mt’t&fg&flﬁﬁe&t@ﬁtms of edible
describ d herein in conmbination wth a further

@% {Szation inhibitor in the manufacture of a
foodstuff conprising an edible oil for inproving the
crystallization properties of said foodstuff. The
f Dntihgrintergeédrgldatiomt pom drntvi/daidfothenpylybnsaan‘gted fatty acids in the

ERLRBRISIHERSY Pil o Feapbaccd weh s acpcomranotier oil low in
PRANSIRMP §(§1§§ shie a@?ﬂﬁ‘ﬁhﬁ Tl'ﬁpma{tg abias ﬁBﬂ?ﬁﬁﬂf oil allows the

i nvention % use of the nethod taught erein

plapduﬁ@elﬂuat 0 t}nes@l@m peint of the Heodeoid yithout Janngﬂucthmrcé' the trans fatty

f or i med. oet hod, ,for.

T e O il BRSEr Sy alsBhoeER 1278741, US4798793 ana

SEESr369%8. USB084 300 ddséritibs @hemwmﬂ&lﬁaaabn BP PRospB&ihids.

di - glycerlde can be effected, without a decrease’in

triglycerides and/or a si gni f| cant increase in free

f ( t

25 RO S oA ehue 8 35l bR B entony o usa

digas¢santi al |y increasiing free fatty acid content of

the edible oil overcones the problemof |oss of

product. If a crude palmoil is treated with a

%rb\f@%}db%ﬁﬁh Ati @ 4 H%:o?te \Glojni i i
fatty acid d%rlngqﬁﬁt mf §l§@ﬁ€¥m@ﬁ¥&?gﬁgﬁfggﬁwg §8escribed

geekein odan bs ltsrséanecbmbmhtmh gvith pi ﬂltaegtélﬁﬁmsﬁehma The lipase

REE R pich R 0 B ek bt efe b Rt separately.

lipase) it is not necessary to renove the fatty acids

because the content of free fatty acid does not
ilnerfutber axpoet thet failyiagid CoA dedtipehdant dipidadayé tnansfenass g5 described

the?en‘? Sgenttlsedrh\l/ %Qtthlb%%tlcr)g %vliltlhtconvgntftoggl crysqnﬁllsatlon 11%1%1tors.

In a further aspect, the present invention provides a method of improving the
crystallization properties in a foodstuff comprising an edible oil, comprising admixing
an edible oil with an acyl acceptor substrate and a fatty-acid CoA independent
diglyceride:glycerol acyltransferase as described herein and optionally a further

crystallization inhibitor.

In one embodiment the present invention provides a fatty-acid CoA independent
diglyceride:glycerol acyliransferase in the preparation of a foodstuff comprising an

edible oil for improving the crystallization properties of the foodstuff.



reduction of diglycerides fromor in an edible oil
wWith no significant decrease in nonoglyceride |evels.

WO poodniehi3si on or al ternatively, the present i nvRCI/IBM04/004374
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results in the renoval and/or reduction of
di gl ycerides fromor in an edible oil, whilst
i ncreasi ng nonogl yceride levels in the ediblg oil.
This contrasts prior.art enzynes ich utilise
nbwitly es @@@omhwgﬁtalazglwuﬁr@ww epticnglly ge pded.
amount of nonoglyceride in the edible oil. The present

i nvention is advantageous as it does not require the
autEé pidentofvémidny yeciuethGoprovides she ont pést fttghaaiddCyA independent

h th yl CoA d d h h
Zl“él«tgafct@n&@?@semh GO RGBRITES? riveHETEHe] a8 b fhdianitecture of a
ipf;o%g L gxgﬂgn%déﬂ Ec‘h@%\*}&&%ﬁ%ﬁ REL%%/}A%%E%M%{I&{ pipbfRfEs of said

RidydstuyY REDUCI I\IG DIGLYCERIDE IN PALM O L Diglycerides
retard the crystallisation in pal mbased margarines

and shorteni ngs For many years, we have seen a steady

I f}C aﬁ@{?iF: agpécli‘et&r g%sgnpfm\%ﬁ{l&‘l %rbvi‘%l@@stﬁérp&s'eoﬂf a fatty-a01d CoA
partial [y because | ocal i sed availability, partially
bindepeswdemtf dlgb&mdn glycerah dcxdtramfcnaw ap desanibed dfereln in combination

p er L @etﬂ?fﬁ ce. > nmlﬁ%g %1} ugacél\/%ﬁ gﬁ'@ ei‘n ?ﬁl]séufé comprising an

qétﬁbfetoﬂ f@f‘ 1rﬁ‘1|5k)c/)91ng thé eRdtallZaney ﬁié opefties of5£8d Bodsifm Oi |

was previous restricted to t use of pal m stearine,
and palmolein, with sone use of palmkernels and its

Ctﬁ? é&ﬁe{) ﬁgfrs?a?lailago% I'ihl’g;bit %ede{ns_{'egoﬁsentg%gﬁb@rgtaﬁ{zation inhibitor

r oce sors-want

SpREl Ad @nHEdrt nidge mfoidrbm tridtédates) Sleonieins, PG bg polysorbates for
i ncrease the use of palmoil in fornulations, the

i prepRley is seeing nore crystallization issues than

ever before. Were it is necessary to add "procrystal™
pronoters to initiate crystallization in lowtrans or

nAaDV ANTAIGHSTUl ati ons t hereby preventing or del ayi ng

post crystal formation before point of use. Al so

i ncreased interest in anti-crystallisers, such as

mf et %‘ésé{ﬁ'lﬁ{/%Bﬁtl%s usé @Eithd 'nEb?hodD tFaghPabxaD ré?ﬂt BSparticular by
I C sl ow, del ayhﬁost crystal growth has been

sspdavtioflof $he enzsimsy tepgbtrhertintoy hisedinghe ckaimed msthede frg gemoving or

reducing diglyceride from or in an edible oil, a selective reduction in diglyceride over
mono- and di-glyceride can be effected, without a decrease in triglycerides and/or a

significant increase in free fatty acids (FFAs).

The fact that the present inventive method can.be carried out without substantially

increasing free fatty acid content of the edible oil overcomes the problem of loss of

product.

If a crude palm oil is treated with a conventional lipase it is necessary to remove the
free fatty acid during the oil refining, but if a refined palm oil is treated with the lipid

acyltransferase according to the present invention (thus negating the need to treat the



The commerci al benefits of the present invention may
be one or nore of the follow ng: a) reduces the need

wa o00anieh3addi t i onal nonogl yceride to the edi bl eP@I/IB2004/004374
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during processing and/or later_ during use.

Monogl yceride is a w dely used 3%nul sifer in food
systens. b) decreases in diglyceride fron1about 6 - 8%
to about 4-5% and even nore. Q%ﬁlncreases

f payde Rl jl igh 9|calﬁ\fen(1fna%ltlma§f)) PRt negessary imgzanove the fatty acids
E UGEL B cofieRf tfaﬁ? ﬁ‘d%o@?ﬁ‘&sincrgise% B&X‘?ﬂaﬁlﬁr mej or
d8EYeases I n post-crys i sation 1ssues

formul ations, it would be possible to renove sone

fully saturated oil trlglycerldes hecaus

ed
t Fre addaions o altetpatinglyplinarese mventien §e$‘§§a¥r’d the removal and/or
Y, t t

¢ PR OEL B Sy PR AR, iy PRI LY v S S BhRBcant decrease in
cimovabglycérideriatdlan and over cone undesirabl e del ayed
crystal formation in the product post-sale. Such
crystal formation is a synptom of having a significant
MEPL%QMBB 13@ A Rblivaly, e prQRBRONRRAGA TedilfsOfMMAkérRBval and/or

I ch woul d contaln concentratlons of diglycerides
sm‘dﬁmmre of diglyaelday fiony ot ah agrewhhlh qﬂo Wlhbt degéaserg monoglycerlde

TR N Sy R RN ——

%wstra@mu%r@ﬂ‘or@@hme%la atrloRat (ﬁdnbﬁbg@y&eﬂas ange edildoil.
the present invention, the diglyceride content is

sufficiently reduced within a given blend or
f I ' £ ul oy .
RBE b S RRR o AR AR, o or vy i

deval opmeN coeseERarplgswithnihordcghiCoA depdddems DIFABY. erRather the
di versification towards {Jal m based bl ends, with
i psvenss aepordingita the [Pressat &1veren wplicioth thiapEeeRseo@ad saddition if

an?%ggﬁy g?ﬁ%%g$§wégg}or pgrgﬁgphréplacenent of

anticrystallisers.B Trans fatty acid Today, we see

S e

probl ens. Manufacturers where possible may wish to
switch to pal mbased sol uti ons because of the high

oﬁg‘iy% ];s t%li : tl(*?e crygtal%satlon mn pa?nq%as?’edfrggrggnr\{\éstatﬁld shortc]enmgs

For many years, we have seen a steady increase in the growth of palm oil
consumption, partially because of localised availability, partially because of
economics, and primarily because of performance. Presence of Palm oil in Margarine /
shortening type products is found to enhance the B’ quality of an oil blend. Hewever,
the use of palm oil was previously restricted to the use of palm stearine, and palm
olein, with some use of palm kernels and its fractions. Today, this is more diverse,

because of confectionery and food processors wanting very specific melting profiles.

With customers trying to increase the use of palm oil in formulations, the industry is

seeing more crystallization issues than ever before. Where it is necessary to add “pro-



result is that we are beginning to see increased
consunption of palmin economes that previously did

woeisesspal m C Crystallisation inhibition of PCT/IB2004/004374
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di gl ycerides in confectionery products Cocoa Butter
Equi val ents (CBEs) are fornul at®d fromspeciality fats
such as fractionated palmoil, in particular palmmd

fractions (PMF), fractionated shea fat as well as many
om’éial ei@mm@telfsaios lmﬁlﬁfﬂ‘ Erdelizaino ks oW transt o 5ariEgs dormulations
t L&s Q@Ee f

r?§/ %Bége%ﬁay n ﬁ)ﬁ)gtga a?/ﬁact?%ﬁgb eﬂﬁ.tﬁ;rgteptuse' Also
dilckensdd intsRecin aftl cdy@l!aﬁisatse suetnad Sothitan Tisstédrates, lecithins, PGE,

crystallisation;; of the fat erides will have ..
ntlawrb@teﬁ iyt WHPts]f?éV:c‘}e}%}i awt*cg&%{ﬁo%ro“ﬂa s, B sgen. This is a
g@?éﬁeﬁd feb probl em (Siew, 2001). D
guari e quality greatly affects
perfor mance, and this |s eV| dent, from exanpl es of a

t i cal tra ntainin for la for sta
S emmCH benshis af oAb SHtion ARG bf paoUBRLS QI ihe following:
C%&u&'s e ﬁeeﬁ%@ 'a&@hddlﬂ&%[l %%rf?)ﬁl ke %gb&%fea&l 8&ing processing

fraction and pal m kernel as st ock, both having
sami/drelateSE@ing viel N&znogs'@m@edlsslpe@dlyamdd qmalsnﬁe,r ipfood systems.

c tallizat. esu t as

" Fcrtgsosin GElpr T e bt e W SRR e YAk Sn more.
cEYmbRhsdRItREPleRibHity %ﬂcﬂlalﬁs( r?) Mi¥agity Eehbefeduét@indi production
in crystal stablllzed crystal ormation | eads to

symh@udﬁ known as "sandi ness" whereby transfornmati on of
des t I th
OB IR AR ige] o, L e

SY)L 86ke Sofatilkiiens, ar mmb berpossiblel mﬂt@ﬁ(wea!;omel pelly saturated oil
products. SOVE USES Fat_ Modj fi catl on Durin

th
chikghiCeres r ReaBse B\ﬁ srdupgige rreed ykog GTISEAY @ﬁom%teoqa, ol ¢his regard

r X
Co%ﬁu tﬁgéfgt:a}v% ity ade' iﬂﬁ%} séifirhgedh )g?ﬁgﬁ es to formulatlons in order

|onery acids are
i fot‘fppckicted crystad fornention add @lvbrcdmenmgearabteodrég&:dairystal formation i in
dr ogenati on hard ni n This.allows for t ) e e
O OGHR ngRssie s OCetal OatisR: s R g (A hetigg @ sigaificant
oéljnoﬁrﬁ Sp?z%ﬁ gﬂ fch“ tig bl oen SoRBats Sine ﬁCYorﬁfulattfb% f\blﬁélﬁ \fv&ﬂg contain

pr oduct . bl e margari ne, whi is solid
spmeadedions af dighpeerides sufficient to delay crystal growth to the desued crystal

’ type (i.e. preferably beta-prime in the case of margarines and shortenings) during

manufacture. However, by use of palm oil treated in accordance with the present
invention, the diglyceride content is sufficiently reduced within a given blend or
formulation so that the need for additional fully saturated triglyceride addition to aid
crystal development becomes less important.

f) allows greater diversification towards palm based blends, with increased liquid oil
costs, and without major process changes.

g) allows for replacement of anti-crystallisers and/or partial replacement of anti-

crystallisers.
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tenperature, or a chocolate which is solid during
storage, but nelts in the nouth. However, chem ca

w@e@dned3son uses | arge quantities of sol vents BUDIB2a64/004374

hexane whi ch are consi dered hazardous to the

environment and health and reddi res conpl ete renoval

of the solvent prior to use of the nodified oil/fat as

a food ingredient. In many countries the use of
pRMrang| fatiy 8¢idgenat i on for food, production is. being

limted by legislation and regul atory controls, and

many maj or food producers are now switching to

afmzpaxei 3@ legivtatibanad ghiblc ptiive agaihbethei dse prfepaisedids in food
by the process of the invention can be used as_ an

i prgdets €Redeverenpinistpaiel. nReRRako£0QHr ea%*s.th’@o]é@alegufq @erformance
Repl ace ' r [ , :
PR ST R HRRE o0 Byl MR RARR 8 Baft based solutions
aiheetof aneliigh Wietd oM@ 6:9 and Q:h&Orimathdrs fdundowidein this oil type. The

substitute cocga butter usjng cheaper aLtergatives, )
prsit isdhatsveare desidBmE) droBsFRatEtcas P aR eEPalppiReconomies that

f . [ rai sing the nelting point of the
f R AL

rovide a similar solid confectionery
which nelts at body tenperature. Such nodified plant

o Chr sl R P oBAE o Bt L DRRGH GEOTRE

characteristics of the chocol ate product, cocoa butter
replacements (CBRs). One mmjor problemw thCBEs and
(BRoai ButthiatEquinealdengsi (€ Fdsht are nfosmugsitechtfrasn | spepiabijudats such as

trans fats which. are.cqonsidered, to be Anental t
eione e gelPE aoiri e e B AL s (EMeN Tl Dnged shea fat s
| oM &4 Asy BHRPExHd fits. Tor Eosheédsonsittih fveafablendi iflul@¥emuch as
ahlgher meltlngt nperature. Palmoil and pal moil

froagibleotFaindhe darfee meahBEgaBus oply qonfain paigpastions. The

N ‘ / .
35 RS SEENT ol I ABREPA PSR R of e
miglreabdse willahaed ef imighitee timpatioanl ahe @yaaliisitionsuoh example

as non-tenpering, . reduced post h eni ng, stability,
slesomlding Fa b seqquspgobg%*m@@m 384313 desirable to use
non-l auric/non-trans fats such as palmoil. The
crystallisation properties of the fats used in CBRs

@ &yysalkpmlityol e i n ensuring a suitabl e bal ance between
the product nelting in the nmouth whilst retaining the
above

Triglyceride quality greatly affects performance, and this is evident, from examples of
a typical trans acid containing oil formula for standard 82% fat table margarine,
against trans free version containing a typical interesterified palm stearine fraction and
palm kernel as hard stock, both having similar SFC profile. Reduced speed and quality
of crystallization- can result in a symptom known as “oiling out.” In turn this calls for
the need of crystal promoters, such as hard MAGs. Further, delay in crystal stabilized
crystal formation leads to symptom known as “sandiness” whereby transformation of
desired crystal type eventually reverts to the more stable Beta form, and so gives sandy

texture. This symptom is particular problem for Industrial type products.



preferable characteristics. The use of lowtrans fats,
such as palmoil, in CBR blends is particularly

wae®snedsse for heal th reasons. The use of pal nPCI/IB200w/004374
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CBRs is described in EP0293194. The oil prepared in
accordance with a process of t¥e present invention can

be used as an ingredient for chocol ate, for exanple

within a fat blend as a cocoa butter repl acenent

ab@MdF Uk val ent . SEQUENCES OF SOMVE

DI GLYCERI DE=GLYCEROL ACYLTRANSFERASE ENZYMES FORUSE | N
Aﬁgﬁﬁg@ﬁggﬁWLTH THE PRESENT | NVENTI ON Sui t abl e

digl'yceride: gl ycerol acyltransferase enzynes for use

in accordance with the present invention and/or in the

met hods of the present invention may conprise any one

obutifg tHeathemig ah goradriction af ifats §wgise nis dighatadi salid fowd products such as
encoded by the follow n ucl eot i de sgguences; . .
TRGRATTS PRS0 SRRy e lats an A aCils introduced into the
0@)9583117ddriﬂg RhpaARLEU &Vﬂﬁfrﬁgénhﬁoﬂt(ﬂiﬂﬂieﬁing?. eqinel WRbWE for the
rcgcger(vp:F tl pgdgvl 61 cttsstrdae tvwkhlgpr )
pagdificativyoite medigrg)iempgratue gif gy fopd eildp casurg 2 suitable consistency

p rtr S ragws |.ppkcgei sanrk il | rid

5B OREOT BB R o AP SR Bl Yt Bt oo
%ﬁl{pkf%ﬁ&ﬁor%ad}ﬂdmjteg@‘lhiﬁﬂ Gksdolid aeing 4tbralge bl hélpvin the mouth.
gaatwgnyya | gdsyssgdg ardyypgtav kggcw sana ypel vaeayd

301 faghl sflac sgqgqrgyam d ai devgsgl d wnspht sl vt

oV | | ' | . . '
808G A 30, KL AL, AL s e i
yirk cassidprad havatdoge fiom theghairanmastitdind dicalis golgqsivesf aothpléta removal

| dghei gsd lrd d f h
L N AR TN

=

d
No. 59 nt

In many countries tﬁe’ use of partial hydrogenation for foodproduction is:being limited..
by legislation and 'regulatory‘controjl's, and many. major: food ‘produc«‘::ers rare’ NOw:

switching to alternative low-trans alternatives.

" The oil prepared by the process of the invention can be used as an ingredient for

margarine and/or spreads.

Cocoa Butter Replacements/Equivalents

Cocoa butter contains a unique composition which provides a solid confectionery
Which melts in the mouth. In order to substitute cocoa butter using cheaper
alternatives, plant oils have been hydfbgenated to produce trans fatty acids, thereby
raising the melting point of the food oil to provide a similar solid confectionery which
melts at body temperature. Such modified plant oils are known as cocoa butter
equivalents (CBEs) or, in the case Whére the modified fats enhance the characteristics

of the chocolate product, cocoa butter replacements (CBRs). One major problem with



1 ggtggt gaac cagaacaccc ggtcgtcggc gtgggcegtcc
aggt gcaggt gcaggttctt 61 caactgctcc agcaggat gc

WwWeamstgrc gt gcacgatg gccttgggca ggcect gt ggt  12AT/IB2004/004374
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ccccgacgag tacagcaccc atagcggatg gtcgaacggc agcggggtga
actccagttc 181 cgcgccttcg cccgfggett cgaact ccge '
ccaggacagg gtgtcggcga cagggccgca 241 gcccaggtac

ggcaggacga cggtgtgctg caggct gggc atgccgtcgc gcagggcttt
30BEgand AR & tggtgtbg gwdgzgeaﬁtqzwﬁ plewet Qjlscerpdeegdrans fats which are

RS SRR O A S oo o

ag AGOALRSS1sC 06 Ghedsirahe@at, Gadaio bagratihenagltanl gagetage. Palm
cgcctcggce 481 gatgttcggc aggtaggcca cgaccce

t tc

geit ggd gt eit destapyere §e ha mia%ﬁg%gég%é drespect as a major
gcggcqat ccccag gtccactcgg tcaacggccg
6%%?6%%??@8%%%%%?g%?g%éééﬁtcgcgac??c tgat?ggtca

cggtcgcgga agatgtgetc ggcgtagtig agggtggcegce

cggggaacca gacggcgcc gcat ggcgt cggaggcgag .7 .
c'g@@cgﬂgmegrqpée@@@@gi Igb@&; G Bredde pERaee a@fﬁré‘é&fasﬁae@ﬂsﬁcs to
SRRERAIARAAGS shEE ot PRIInbERY, PRGRd JeEoREapRRe, subiliy, bloom
cgsistaat afids gaticglady glesigatle &aggid wprglagrghbodtans datg stacascpalm oil.
901 gt cgggactc cacaggat.c cggct gcg ttgagtgtc . .

A ieg oo PEpeRl Yot JHSrset BobBRamiBpaiGY role in ensuring a
OGHLER AN b DEGHLA B pFRRECHERRG thIRE HRE Fhit&2taining the above

ttgtgcacca catctagcac gcgggacgcg gaaaccgtat ggagaaaaca
cotfecade chara@edsticggdbggae 9f drvgdigns fatyy syclcagpalnt eil, in CBR blends

ggggt.c cctgctt: caggoe, 1141 t.ccc . .

CHou gty E5Gue8 gt IR PR e S gL SR B B desorived

L2Gdp@ot eepgggcc tcagccgt ac ccgcaacggg gacagttctc

ctcccttccg ggctggatgg 1261 tcccttcccc cgaaat gcgg

cgagat ct cc cagtcagccc ggaaaacacc cgctgtgccc 1321 ‘
tactctt t.gct ( , . agat o

T R

t4Cohgadica focchgalat, f@t agamgiegwithihl aagagblgnd c8 a cocoa butter:

cgctggtctt ctgt.cccg acggggcgcg agacgctgtg gcgcat gt gg

15placemens 2ge/OE sde¥elsdfgact g gt gcct gggg gt geccggt cg

actcccgcgg acagcctgcg

SEQUENCES OF SOME DIGLYCERIDE:GLYCEROL ACYLTRANSFERASE
ENZYMES FOR USE IN ACCORDANCE WITH THE PRESENT INVENTION

Suitable diglyceride:glycerol acyltransferase enzymes for use in accordance with the
present invention and/or in the methods of the present invention may comprise any one
of the following amino acid sequences and/or be encoded by the following nucleotide

sequences:”



1561 gaggacggcg agtttctgct gctttctccg gtccaggcag
cgacctgggg gaactattac 1621 gcgctcgggg attcgtactc
W0 t@gheg3§ac ggggeccgeg actactatcc cggcaccgcg 1BGI/I1B2004/004374
gt gaagggcg gttgctggcg gtccgctaac gcctatccgg agcet ggtcge
cgaagcctac 1741 gacttcgecg gacHcttgtc gttcctggec
t gcagcggcc agcgcggcta cgccatgett 1801 gacgctatcg
acgagotco ctcgcagct g gactggaact cccctcacac gtcgetggtg
36 idg\fsea D §8ddcaa cgat ct gggg ttctccacgg
ttttgaagac ctgcatggtg 1921 cgggtgccgc tgctggacag
c8BQdDoNgcs&cggaccagg aggacgctat ccgcaagcgg 1981
at ggcgaaat -t cgagacgac gtttgaagag ctcatcagcg aagt gcgcac
5 cepdesRydg 2041 gacgcccgga tccttgtcgt ctacccc

.ev
- s

cggaﬂtﬂtlmhpegef g Al @raga b’%rog NPB
t gac® E 9 %ﬁ 8" r gttcaac
21612%8 g:sf‘ G gt ede gf@g g fiﬁ

10 f:tg %Q %d é @g éayd
gt SI\R II\T\HI
9a9%€9 :nga .gg,gskfaﬁ@éuts@%g@ &mgmgse“e@tge@ggggt gac

tgt ggq &Q}q&?’lﬂéﬂq@ﬂb ARChV0Rd EELEAFCYEVEGR HFTIRMe
C99QG@%%V@fdgﬁgﬁ@ﬁ@ﬁhwaﬁ@@aqudt@ﬂgrﬂwmlﬂ@mg
15 gccegyaergvd ccgctctat gccactttcg cggt ggt ggc gggggcgacc
2461 gtggacactc tcgcgggcga ggtggggtga cccggcettac
cgEquglqusggcaggt ctgc 2521 gagcactgcg gcgat ct ggt
Cpract gccca gtgcagttcg tcttcggtga tgaccagcgg 2581
C 999 gedttyaad skagictgogdauiagt giogdcogr eggw@agiggca@tfatt acccc
20 gct ma@gagctﬁﬁe@tamgcmgegmcca@tma@wg gecttegasn ggestaiep

agt dg gmos@e%@q;ta@@&@%cga égeai%e@a%gzefg%asa 93 gei¢ gﬁc

Cc gctieg & 90 ca

76714 e %?g%%ﬁ%g% boas
55 CQ g é bt aﬁ 34 VCE

cgaggyé d@ olf 99&5 tcggc

909481 64 §r3c g%&;!fé@é’éatcgs@&w &@dice&%@ga@@c HEJeassBICa

99al59¢ eglage 985663 9686dqcid BRRERRGRcEgtRTalzai ®cy

09C @b gagicgdrYeitgiog e tcg@aemgtgatapgich cigtegroba fdatiiydtoscal

30 - GBBx g&ingtiPaddwtogbt cggggaacca gacggegeeg ggeatggegt cggaggegag
721 cactgtggtg tacggggtgg cggecgegeac ccggtagtac tcccagateg cggaccagaa
781 tccttcgagg teggttaceg accagegeca cagtgecteg tagtceggty cgtccacace
841 geggtgctce cgcacceage gggtgaacge ggtgaggttg gegegttett tgegetectc
901 gtcgggactc cacaggatcg gcggcetgegg cttgagtgte atgaaacgeg accecttcgt

35 961 ggacggtgcg gatgcggtga gegtegggtg cetecectaa cgeteecegg tgacggagtg
1021 ttgtgcacca catctagcac gcgggacgcg gaaaccgtat ggagaaaaca cctacaacce
1081 cggecggacy gtgggtticg gecacactta ggggtegggt gectgettge cgggcaggge
1141 agtcccgggg tgetgtagty cgggegggag ggcetgteget tegaggtgtg ccggegggac
1201 actcecgggec tcagecgtac ccgcaacggg gacagtictce cteecttceg ggctggatgg

40 1261 tcccttccee cgaaatgegg cgagatetce cagtcagece ggaaaacacc cgetgtgece
1321 aggtactctt tgcttcgaac agacaggeceg gacggtccac gggggaggtt tgtgggeage
1381 ggaccacgtg cggcgaccag acgacggttg ttcctcggta teccegetct tgtacttgtg
1441 acagegctca cgetggtett ggctgtceeg acggggegeg agacgetgtg gegeatgtgg
1501 tgtgaggcca cccaggactg gtgectgggg gtgecggteg actceegegg acagcctgcg

45 1561 gaggacggeg agtttctget getticteeg gtccaggeag cgacctgggg gaactattac
1621 gegetegggg attegtactc ttcgggggac ggggecegeg actactatce cggcaccgeg
1681 gtgaagggcyg gttgctggeg gtecgetaac gectatcegg agetggtege cgaagectac
1741 gacttcgceg gacacttgtc gttcctggec tgecageggec agegeggcta cgecatgett
1801 gacgctatcg acgaggtcgg ctegeagetg gactggaact ceccteacac gtegetggtg

50 1861 acgatcggga tcggcggcaa cgatctggag ttctccacgg tittgaagac ctgeatggtg
1921 cgggtgccgc tgctggacag caaggegtge acggaccagg aggacgctat ccgcaagegg
1981 atggcgaaat tcgagacgac gtttgaagag ctcatcageg aagtgcgeac cegegegecg
2041 gacgccegga tecttgtegt gggetaccee cggatttitc cggaggaace gaccggegec
2101 tactacacgc tgaccgcgag caaccagegg tggetcaacg aaaccattca ggagttcaac

55 2161 cagcagctcg ccgaggetgt cgeggtccac gacgaggaga ttgecgegte gggeggggty
2221 ggcagegtgg agttegtgga cgtetaccac gegttggacg gecacgagat cggetcggac



1 vgsgpraatr rriflgipal vlivtaltlvl avptgretlw
rmmceat qdw cl gvpvdsrg 61 qpaedgefl | | spvgaatwy

wooalogadsys sgdgar dyyp gtavkggew sanaypel va 12AT/1B2004/004374

10

15

20

25

30

35

40

45

50

- 3012 109@ o aFQ:ﬂggtt SE %
I eq% 193? tga cc

eaydf aghl s fl acsgqrgy am dai devg sql dwnspht sl vtigi ggn
dl gf stvl kt 181 cnvrvpl|lds kactegedai rkrmakfett
feelisevrt rapdari lvv gyprifpeep 241 tgayytltas
nqu\A netl q efn | aeav av eel aas % svefvd V}/hal d

gg\? ge 999&g ogo

cgagcag
¢ cgac

2 2% eét b%@@ gﬁ%%éi %;%g%%%ég [ 3 d

1 C gt a

vyl QQ% gﬁ@d@&& @@g&c@l(@ %étﬁ@%g a@éﬁ@ﬁfc’ctg ¥caggag

tdl 126'4393@ dgageitd @oigoddap agiugtchdbgtogaet dagsticheag

si ggrud| g @tgﬂg&@@gcfo@cga egeyeegttyreghccad) edgtagegyc gdadgopargdr v

18127%&%@@9@@@ aggyegedgFydatygiceamaiaggetcadebragrmgda ggutcaccac

aveRdad q;gn@tgoctg eergegdado CoRNggHatt grgaserady etgptge@w@j@pccggg

r wa at@& ﬁ?ﬁa@élc Reiages a0recca et 99RlISEICE | D

No Q‘??C%CQ 4GeR7GE 8 ?Q%’l‘t@ gerstvag Qﬁt%% ggcaggeecy

c{jtcctgggt ggat cccgcc aggtggggta 61 ttcacggggg

acttttgtgt ccaacagccg agaatgagtg ccctgagcgg tgggaat gag

121 .gtcgcc atgagggggc ggcgggct ct
g?ﬁ‘é&é’gﬁ%ﬁ%g@écﬁc}gé%g 181 gccccggtga gcggtgaatg
aaat ccggct gtaatcagca tcccgtgccc accccgtcgg 241
gﬁﬁ@g&hﬂg&(}gcccggagtg tctacgcagt cggatcctct cggactcggc

catgctgtcg 301 gcagcatcgc gctcccgggt cttggegtcce
ct c%ammaatﬁrr l§t§>? ETY] @\@éﬂr csetgd @'g‘ﬁ’aé%f@at

%ﬁlfﬁ ‘;@gﬁ% %‘@*? ' 5/%? g;%ggcg

&I&t \‘Pc@d gl%g%bﬁia\?ge (ﬁétﬁ]gga atfavva

Cor

((®.
(‘

4211
cat

D:

361 gatvdtlage vg

Corynebacterium\effciens\ GDSx 300 aa

SEQ ID No. 61

1 mritviaasa llllagcadg areetagapp gessggiree gaeastsitd vyialgdsya
61 amggrdqplr gepfclrssg nypelthaev tdltcqgavt gdlleprtlg ertipaqvda
121 ltedttivtl siggndigfg evagcireri agenaddcvd ligetigeql! dglppgldrv
181 heairdragd aqvvvigylp lvsagdcpel gdvseadrrw aveltggine tvreaaerhd
241 alfvipddad ehtscappqq rwadiqgqqt daypihptsa gheamaaavr dalglepvap
1

SEQ ID No. 62
nt

1 ttetggggtg ttatggggtt gitatcgget cgtectgggt ggatccegee aggtggggta
61 ttcacggggg acttitgtgt ccaacagecg agaatgagtg cectgagegg tgggaatgag
121 gtgggeggag ctgtgtcgee atgaggggge ggegggctet gtggtgecce gegacceecy
181 gcceeggtga geggtgaatg aaatecgget gtaatcagea teccgtgece acceedtegg
241 ggaggtcage geceggagty tetacgeagt cggatectct cggactcgge catgetgteg
301 geagcatege getcececgggt cttggegtee cteggetgtt ctgeetgetg tecctggaag
361 gcgaaatgat caccggggag tgatacaccyg gtggtctcat ccecggatgee cacttcggeg
421 ccatccggea attcgggeag ctccgggtgg aagtaggtgg catcegatge gteggtgacg
481 ccatagtggg cgaagatetc atcctgeteg agggtgetca ggcecactictc cggatcgata
541 tcgggggegt ccttgatgge gtccttgetg aaaccgaggt geagcetigtg ggcticcaat
601 ttcgcaccac ggagegggac gaggcetggaa tgacggccga agageccgtg gtggacctca



541 tcgggggcgt ccttgatggc gtccttgctg aaaccgaggt
gcagcttgtg ggcttccaat 601 ttcgcaccac ggagcgggac
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acgaaggt gg gt agtcccgt gtcatcattg aggaacacgc cctccaccgc
acccagcttg , 721 tggccggagt tg%kgtaggc gctggceatce
agaagggaaa cgatctcata tttgtcggtg 781 tgctcagaca

tgat cttcct ttht th tct tac taccac aat
841 6%3@3@9@%& gtg% che? nga?%ﬁ@g }%{%PC‘% ? ? 02" ¢
CCC

qa Ct tCC]
ct ggg?gﬁa%%ﬁ Fitet Q g ¥ tgg
e o %égea@egé%g"g@& ShoRRRGE f& e

f g cC

cacaph lgst aét 4%&@@%&&&@&%&@4@@3 ted @g‘a&@ﬁgécc |
COt €134 GHBHaeseIeRISRGEgdyC@RgOicthaeig taulaaas @YgFaeat g
1141149 3eeeatt g aoaggagabggtagra tggcaltpededgicgrapbtacgeg
t cc120d igetgoaarge ad RO IRIGC i@c@ggtg@tcgg@gggjg ag%@a@% ggmtccgg
cgct@gmgmgemgg@pgm ag@a@%%fc&jgg gamggattcc
gag cﬂﬁﬁj gcs JgRleanset ’éﬁcég C%a‘it ccct
cgg qeggiagt %?%%Fg&g% ﬂcatc @ :
tta 3%?66;: gea cagc : ctc a t ggg
acc Sanal a%aééggg gi 9@909
144 F g ‘E:Ete g&¢ tdoRidgat E&Q: 8 fggac
gca%q cggs?%g@ g gder %@@%S@a@%gﬂﬂ%@ﬂac
Caceal ggeegcrgtatgédss @gédﬁ@@maaggdg@a@ét&@e agddabitgt
t t COHDa GaeY gt eagagdcEgggiagatg gargagaay ficgaa s WYCHEgegEC gC
t gatagachgratgtéitttgicggacaybegat g@wgmecc@attg:tgwg@ga
cagta2t gagaageagt vocagatat cgqga cq%ignc stgeaprsggacc
aggtasatase gg@”a@f@ﬁﬁ@@@% tasa%%gcegﬂ ac

ol ggﬁ;?g@ it e ggf s %ﬁéﬁ 9%:?

c 9
C&hh € ag sgg tgt%g L98g8s t@@@g@&egt tg
thz‘v‘sz@ Gaécty % &c&a@;@ag@m&cﬁ%@% alebcygg gectactt
Cagne adgRo St tadLaELeH creRtegacgdddl fcjecapas gg@caccac
at gzBg egaca@iygCoggtanne cadicaggaacacouirdaqgget cagpaaggt ggt C
20421526 ama@b@wgmwm@ctﬂmm@@w%gm@a&cﬁegccat
g%ﬁcsagg@t:tgccg‘@agma@%@cﬂzimc FeI§ecuca PRy
C cc cacccggagc

¢ %(j? a%%gagggﬁ g%gqgggg ?cﬁ% gg’ic?c tc8 @ ccg ac@ cgeceggatee

2761 agtggcgatg cgcaccgega tccacecgat gaggatgtgc agtatgccca ggacaatgaa

2821 accacctctg gccagggtgg tcagegeggg gtggtecteg gectggtegg cagecegtte

2881 gatcgtccgt ttcgeggate tggtgtcgec citatccata getcccattg aaccgecttg

2941 aggggtgggc ggccactgtc agggeggatt gtgatctgaa ctgtgatgtt ccatcaacce
/)

°‘~"«°’§§%
Ea—rﬂ-e-

mSQ

Novosphingobium\aromaticivorans\ GDSx 284 aa

SEQ ID No. 63

ZP_ 00094165

1 mgqvklifarr capvllalag lapaatvare aplaegaryv algssfaagp gvgpnapgsp
61 ercgrgtiny phllaealkl divdatcsga tthhvigpwn evppgidsvn gdtrivtiti
121 ggndvsfvgn ifaaacekma spdprcgkwr eiteeewqad eermrsivrq iharaplarv
181 vvvdyitvlp psgtcaamai spdrlagsrs aakrlarita rvareegasl lkfshisrrh
241 hpcsakpwsn glsapaddgi pvhpnrigha eaaaalvkiv KImk
1)
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55

2161 gat gat gagc agcacactgc cgaagggttg ttccccgagg
gt gcgcagag ccgagtccag 2221 acctgcggcc tgctccggat

cccgaaggcg ataccacggg cgacataacc ggctgttccg gtgatgatga
t cgcggt ccc 2341 gacctgecct gacdccgecac ccgect ceag
atcctcccgg aaatcccggg tggcccecctt 2401 ccagaggttg
t agacacccg cccccagtac caccagcccg gcgaccacaa ccagcaccac
28B@ IRdedyggt t gggat agga cggt ggcggt gacat cggt g
gcggtctccc catcgga gt 2521 ct gccgccc §£ gaga g

tgbtﬁ 9 0%?56 aa w8e ,mmc §§§F
ggc

gac t§§

L
aac Caa agcgi% %%@ gat ig g‘%g dgcac
gtg GF ki &&@@&@@@@@@aggﬁ@ggat cc

276 Qaéagétg@c@g%@@%@w%%@mwcg@@ﬂgaé @lgGcaagt

agt aiﬂ@éé@acw‘éaﬁk@ca@c Zhgiawtecyt etghcgReag ey

t cagepeREBoEt gaicogdang caregtigurt aggapgcaapoytianotie c@iRbaag

gat 64t ctemitgdctocenigat ccdtapyuen aageasgeciggaicacsraagpgcioesat t g
aac a@t@gu@camC@g@gg@gggq@cgww@e@ ¢icangefee aigiaeteaa

gt g6 topensctat alcgasased coRcarREERRIC!gagc cectggadcy aggticeece
va%gﬁ? BF agﬁgéaaa §52GGP ﬂ%ﬁtcﬁﬁé§aﬁfg§§9@§ggﬁD

{gigis é%ca1 ag?@c AT 7 YGH:
apl é% ? %‘ 5 \é%} ’Q&Lc?j %gii%gtcga

C@y% fvtlti

12 11 294 Ei ét,? cﬁ@@&g’g eﬂla&@@@&@@&gcgcg
eer{os% bg&g@a@g@g@mﬁ@u tcbggig wtctoglchcdageHce agastyctc

spdrisaartsagacdtndaycadcg gestircge gagcchid gdepguatca cggtdcatee
hpctak pasnggpicagpaaiddd azorbgrrot géractogiaaadoititioe akitarlgas/ SEQ

R e,
ca
ct ng gtgata g% gifcgggtcggéﬁa c&%t ccat ccca gcc%cé g@g gg %tﬂg%agc

S.coelicolor\ GDSx 268 aa

SEQ ID No. 65
NP 625998.

1 mrrfrlvgfl sslvlaagaa ltgaatagaa gpaaadgyva lgdsyssgvg agsylsssgd
61 ckrstkahpy lwaaahspst fdftacsgar tgdvisgqlg pissgtglvs isiggndagf
121 adtmttcvlq sessclsria tacayvdstl pgkldgvysa isdkapnahv vvigyprfyk
181 Igttciglse tkrtainkas dhintviagr aaahgfifgd vritftghel csgspwlhsv
241 nwinigesyh ptaagqsggy Ipvingaa
1

SEQ ID No. 66

1 ceeggeggec cgtgcaggag cageagecgg cccgegatgt cetegggegt cgtetteate
61 aggccgtcca tegegtegge gaccggegece gtgtagttgg cccggaccte gteccaggtg
121 ccecgeggega tetggegggt ggtgeggtge gggecgegee gaggggagac gtaccagaag
181 cccatcgtea cgttctccgg ctgeggttcg ggctegtecg cegeteegte cgtegecteg
241 ccgagceacct tetcggegag gtcggegctg gtegecgtea cegtgacgte ggegeeceegg
301 ctccagegeg agatcageag cgtecagecg tegeccteecg cecagegtege getgeggteg
361 tcgtcgeggg cgatccgeag cacgegegeg cecgggeggea geagegtgge geecggacegt
421 acgcggtcga tgttcgeege gtgegagtac ggetgetcac ccgtggegaa acggecgagg
481 aacagcegegt cgacgacgic ggacggggag tegetgtegt ccacgttgag ceggategge
541 agggcttcgt gcgggticac ggacatgtcg ccatgatcgg gecaccecggcec geegegtgea
601 cccgcetttce cgggecacgea cgacaggggc tttetcgecg teticcgtee gaactigaac

accggcgat g acgat caaca cccccaggat 2PSI1/IB2004/004374
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121 tctaccgcca gctccacgac gagctgccct atgacagtac
cgtacgtccc gagaagtacc 181 tccatcgcaa ggacggttcg

agcgtccgat cgtgctgggc aagggt ggcg cgaagat caa ggcgat cgga
gaggccgcac 301 gcaaggaact ttcgthattg ctcgacacca
aggt gcacct gttcctgcat gtgaaggtcg 361 acgagcgctg
ggcc ac§cc aaggaaat ct acga cctc aa t t caagt

il %?s o %%f%
cac
CtCcehi g ﬁa% tE 0&5 GREYEMG44gg 6‘0%1009

aac @6¥ 9& gg Lol 8900 Rsdcs gt&gﬁéu@%cg%&g@@&gtg

COC e GaHeHate t@&&&@&g%}ac@édﬁ&g@ @E@g@ﬁa&ﬁt&cdg@é‘c@@@@dt@fctc
agcyma ¢aagegaReiRasd. ot@sitgggpactc biygegzed gifigtdcacccc
721114d agebazac teaig cdt gaaiogicge crregeeagpcgetgigt adegacgct

ct g#R9d Froygcpag grazaugen [FRticogptagtcagrdac agadegrroa aegsccacgt

t ct 128 caigeicelg gmt@r@wcwg@@@g@@qcaéfg@@tsg%tt:@@cc@acrga
gcgt¥2d Ggeraaeey tag gga PcHICCgECg C?%&%?ﬁ g Cé%g@@?facg
agg BeRgcessq © £ofcg 5% get

é
gic %g‘gg % gg it A b%%; ' ?gé%’@&sg
102 g@@tg;g Sht 658 .%@%sggt%% cdac

at tﬂa@% cHicgd 5 tﬁé];@%bg céRdtcedctreaseg bgded ﬁ@féﬁe@ﬁacgc

t capgt tg@égétma&sﬁddéfog g:ae@be@:g:gbagtect@g @eaddgggdtegdchdcbga
tgcma@gma@mag@mgc gectdybic ggayacaag gastgacogiemgeeag CC
C ggtasd atagcegblttcgyagase ggedcecogg agigaageit gceutage oyycsagiycecy

ag c‘%%ﬂ GtpoleceasRIOEI9GER RBACOYNT 9iag0tIcTe Tagpcerfen aediepcctc
cac A CREIAHRSLACHTEMIC gcct gt cage tttccagece ggattgtl ge
1821 agcgcaacag aaacttgtcc gtaatggatt gatggtttat

gt cgctcgca aattgccgtc 1381 gaagggaacg ggcgcgtcgce

gtta lgt\ ca’-gcagt gacgg agcgcgt gga 1441
t% ({ﬁg%fgg%{%}c at cggt gt ac gcgccgccat tcccatgect
138%3 ccg // S.coelicolo GDOSx 268 aa SEQ I D No, 65

(\

NP_827753.
1 mrrsritayv tslllavgca ltgaatagas paaaatgyva lgdsyssgvg agsylsssgd
61 ckrsskaypy lwgaahspss fsfmacsgar tgdvlanqgig tinsstglvs ltiggndagf
121 sdvmttcvlq sdsaclsrin takayvdstl pgqldsvyta istkapsahv avigyprfyk
181 Iggsclagls etkrsainda adylnsaiak raadhgftfg dvkstftghe icssstwihs
241 Idliniggsy hptaaggsgg ylpvmnsva
1) -

SEQ ID No. 68
1 ccaccgecgg gtcggeggeg agtotectgg ceteggicge ggagagattg geegtgtage

61 cgttcagege ggegecgaac gtctictica cegtgeegee gtactegttg atcaggecect
121 tgcccttget cgacgeggec ttgaageegg tgeccttett gagegtgacg atgtagetge
181 ccttgatcge ggtggaggag ccggeggega geaccgtgee cteggecggg gtggectggg
241 cgggceagtgce ggtgaatceg cccacgaggg cgecggtege cacggeggtt atcgeggega
301 tccgoatctt ctigetacge agetgtgeca tacgagggag tectectetg ggcageggeg
361 cgectgggtg gggedeacgg ctgtgagaag tgcgegegte atcacgeaca cggecctgga
421 gegtegtgtt ccgeectggg ttgagtaaag ceteggecat ctacgggggt ggctcaaggg
481 agttgagacc ctgtcatgag tctgacatga gcacgcaatc aacggggecg tgagcaccce
541 ggggcgacce cggaaagtgc.cgagaagtct tggcatggac acttcctgtc aacacgcgta
601 getggtacga cggttacggc agagatectg ctaaagggag gttccatgag acgticccga
661 attacggcat acgtgaccte actectccte geegtegget gegecctcac cggggeageg
721 acggegcagg cgtcccecage cgecgeggec acgggctatg tggecctegg cgactegtac
781 tcgtecggtg teggegeegg cagetaccte agetccageg gegactgeaa gegeagticg
841 aaggcctatc cgtacctctg gecaggeegeg cattcaccect cgtegticag tttcatgget
901 tgctegggeg ctegtacggg tgatgtectg gecaatcagce tcggcaccect gaactegtee
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121 adtnttcvl g sessclsria tae vdst| pgkl dgvysa
i sdkapnahv wi gyprfyk 181 Igtt 29I se tkrtainkas
dhl nt vl aqgr aaahgftfgd vrttftghel csgspw hsv 241

nw nlgesyhC aagqsg vI ncaa /1 SEQ.I.D Nog
ShEs e e
Wiees @aﬁﬁég@g& :

18]12%0;%% gf CE c EicA3ey g%&&&t@@ﬁé&aag

W GRS W 15 S 03 vl
CCOBbe GEdEgdd %Q&&t?ﬁﬁa%@@@@@éca@ﬁtc@@ gﬁ@ﬁ@aﬁacc

gt cr8e arbebcicoBEGteryc el ganteagigs gampcagygcafdicaty
Cct cragege@cggntaggciageegemgtitgadrotgeetitegigezagc gt cge
gctgog gtgegcca@dagwgaggg@%@c@gmgm@agcg@ glg @eroggaacyg

'—um

ccc t tic gﬁccgt cc
gpact t agg gtcagc catt ?&ggécatg%%ghcg

tccagt caac gcgcgt aget gctaccacgg 721 ttgtggcagc

cta t ccgacttg tcggcttcct
%gﬁ éﬂg¥ 88?%%Egg§1 S%Eg c%%%%%c%%e cctcaccggg
gcagcgaccg cccaggcggc 841 ccaacccgcc gccgccgacg

gct atg@g@c cct.cggcgac tcctactcct ccggggtcgg 901
% acat cagct cgagcggcga ct gcaagcgc agcacgaagg
cccatcccta 961 cctgtgggcg gccgecccact g.ccctccac

gﬁcﬁ;@s ttg%\‘?eé‘gcgcg&%#%{' W@G&%@é@%@?@@&é&%msﬂceg
1GRACARITE g‘g,%,ﬁc Eglgggg%cechc’/\c oA eI IS ST IR EAA
GTGCGGCAGCAGACCCGCTCGTTGGAGGCTCAGTGAGATTGACCCGATCCCTGTCGGCCG
CATCCGTCATCGTCTTCGCCCTGCTGCTCGCGCTGCTGGGCATCAGCCCGGCCCAGGCAG
CCGGCCCGECCTATGTGGCCCTGGEGGATTCCTATTCCTCGGGCAACGGCGCCGGAAGTT
ACATCGATTCGAGCGGTGACTGTCACCGCAGCAACAACGCGTACCCCGCCCGCTGGGCGE
CGGCCAACGCACCGTCCTCCTTCACCTTCGCGGCCTGCTCGGGAGCGGTGACCACGGATG
TGATCAACAATCAGCTGGGCGCCCTCAACGCGTCCACCGGCCTGGTGAGCATCACCATCG
GCGGCAATGACGCGGGCTTCGCGGACGCGATGACCACCTGCGTCACCAGCTCGGACAGCA
CCTGCCTCAACCGGCTGGCCACCGCCACCAACTACATCAACACCACCCTGCTCGCCCGGE
TCGACGCGGTCTACAGCCAGATCAAGGCCCGTGCCCCCAACGCCOBCGTGGTCGTCCTCE
GCTACCCGCGCATGTACCTGGCCTCGAACCOCTGGTACTGCCTGGGCCTGAGCAACACCA
AGCGCGCGGCCATCAACACCACCGCCGACACCCTCAACTCGGTGATCTCCTCCCGGGCCA
CCGCCCACGGATTCCGATTCGGCGATGTCCGCCCGACCTTCAACAACCACGAACTGTTCT
TCGGCAACGACTGGCTGCACTCACTCACCCTGCCGGTGTGGGAGTCGTACCACCCCAGCA
GCACGGGCCATCAGAGCGGCTATCTGCCGGTCCTCAACGCCAACAGCTCGACCTGATCAA
CGCACGGCCGTGCCCGCCCCGCGCETCACGCTCGGCGCGGGCGCCGCAGCGCGTTGATCA
GCCCACAGTGCCGGTGACGGTCCCACCGTCACGGTCGAGGGTGTACGTCACGGTGGCGCE
GCTCCAGAAGTGGAACGTCAGCAGGACCGTGGAGCCGTCCCTGACCTCGTCGAAGAAGTC
CGGGGTCAGCGTGATCACCCCTCCCCCGTAGCCGGGGGCGAAGGCGGCGCCGAACTCCTT
GTAGGACGTCCAGTCGTGCGGCCCGGCGTTGCCACCGTCCGCGTAGACCGCTTCCATGGT
CGCCAGCCGGTCCCCGCGGAACTCGGTGGGGATGTCCGTGCCCAAGGTGGTCCCGGTGGT
GTCCGAGAGCACCGGEGGCTCGTACCGGATGATGTGCAGATCCARAGAATT

e ;m%%@ L.

48116§%é°§§‘€9§8 % 3 ngg if {gcg%%&%cgagg

Sy o g%g; e
? g% Q%E: &di&d e



'acgccggttt cgccgacacc atgacgacct gtgtgctcca 1141
gt ccgagagc tcctgecctgt cgcggatcgc caccgccgag gcgtacgtcg

waedsgesgrt 1201 gcccggcaag ctcgacggcg tctact cRguIB2004/004374
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aat cagcgac aaggcgccga acgcccacgt 1261 cgtcgtcatc

ggct acccge gettctacaa gectcggecate acctgcatcg gect gt ccga

1321 gaccaagcgg acggcgat ca acaaggcctc cgaccacctc

aacaccgtcc tcgcccagcg 1381 cgccgcecgcece

cacggcttca. ccttcggcga cgtacgcacc accttcaccg gccacgagct

144dprahpieds dedgceriig ptyetd geyltignsfemge gt caact gget g

aacat cggcg agtcgtacca 1501 ccccaccgcg

gccggccagt ccggtggcta cctgeccggtc ctcaacggcg ccgcctgacc .

1%%@ §9fP9aa ggagaagaag aaggagcgga gggagacgag
gddgagg ccccgcccga 1621 cggggtcccc gtccccgtct

ccgtctccgt cccggtcccg caagtcaccg agaacgccac 1681

CURIGRS0YDG VO8I CAIQ GISPAQNOGRIYADEDS YSEGREAGRUDSSGDCHRSN
SRER MNA%?%%Q&A\HS%NQ@E@QM&?@.\/‘S%M%@&DAMTr

g
S e A e
CEUSY RN T BT A HBERATIEETR = LELPVWE

OSGHCETEHUSAUPYAMABGST gccgt gaacg cgggt gcccg 1921

gt cgt gcgge ggcggacagg Goeccgagta gt gggt gcge gagcccacca
cggtcacctc 1981 caccgactgc gctgcgggge-/; [/

S.avermtilis\ GDSx 269 aa SEQ I D No. 67 NP 827753 . 1
'ﬁﬂﬁﬁﬂr@@é&%@k\i | Gw 9aa DICIARLIBRASE RAAPGERDY A ACUBYRANVIFERASE
agsyl sssg 1 ckrsskaypy |Iwjgaahspss fsfnmacsgar

t AOOCRIGING MO T EEGPRISSENT gYIiYdGFIONP 1 sdvnttcvl g

sdsael srin takayvdstl pgqgl dsvyta istkapsahv avl gyprfyk

181 l.ggscl agl s et krsai nda adyl nsai ak raadhgftfg

CANdES it &ﬁ%aﬁé sstudli®ss of Aiblyadtidpig i fibt aagqsggy

ylpvnnsva 17

1 gram of palm oil containing 7% diglyceride is scaled in a glass with lid.
50 mg glycerol and 10 pl enzyme solution is added. The reaction mixture is agitated
with a magnetic stirrer in a heating chamber at 40°C for 20 hours. The enzyme
reaction is stopped by heating to 100°C for 10 minutes. A reference sample added
10pl water iﬁstead of enzyme solution is treated in the same way. The samples are
analysed by GLC according to standard procedures (see hereinbelow) and the amount
of fatEy acids, monoglyceride and diglyceride are calculated.
Calculation:
From the results of the GLC analyses the increase in free fatty acids and the decrease
in diglycerides can be calculated: '
A % fatty acid = % Fatty acid(enzyme) - % fatty acid(control);
Mv Fa = average molecular weight of the fatty acids;
A% Eliglyceride = % Diglyceride(control) - % Diglyceride(enzyme); '
My Di= average molecular weight of diglyceride;
The transferase activity is calculated as a percentage of the total enzymatic activity:
% transferase activity = = . ((A% Di/(Mv Di) - A % Fa/(Mv FA)) x 100

A % Di/(Mv Di)
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SEQ ID No. 68 1 ccaccgccgg gtcggcggcg agtctcctgg
cctcggt cgc ggagaggttg gccgtgtagec 61 cgttcagcegce

w@owgbeganc gtcttcttca ccgtgccgec gtactcgttg aPCHIBPOGIN04374

121 tgcccttget cgacgcggcec ttgazgccgg tgcccttcett
gagcgt gacg atgtagctgc 181 ccttg tcgc ggtgggggag
ccggcggcga gcaccgtgcc ctcggccggg gtggectggg 241
cgggcagt gc ggtgaatccg cccacgaggg cgccggtcgc cacggcggtt
at cgcggcga 301 tccggatctt cttgctacgc agctgtgcca
t gegag@apag tcctcctctg ggcageggeg 361 cgectgggtg

gggcgcacgg ctgtgggggg tgcgecgegtc atcacgcaca cggccctgga
421 gcgtcgtgtt ccgccctggg ttgagtaaag cctcggccat

ChEgaosR %‘%@%@%@%@ﬁ@@%@ 09 R e et ipped with WeoT

OREET Gities Coltggarngtd & C.08aaadDCE 01199 FaEOGAknas! $% P8hfl-methyl-
aacacgcgta 601 gctggtacga cggttacggc agagatcctg

cthengabB it CBchegdehramgeeldccga 661 attacggcat

ag%}@p.ﬁ}gkﬁﬁ&pctcctc gccgt cgget gcgecct cac cggggcagceg
7 c%gégcagg'cgtccccagc cgccgecggec acgggct at g

tlagpetet R$F wihslit gijactiof3initisigenp $0PQ hesied €988TX), volume 1.0l
;3 ctacctc agctccagcg gcgactgcaa gcgcagttcg 841
%@3@%%?%‘%%t%cctctg gcaggccgcg cattcaccct cgtcgttcag

td é}g&g .901 tgctcgggcg ctcgtacggg,t gat gtcctg
gccaat cagc tcggcaccct gaactcgtcc961l accggcctgg
tQrandempamtwat ‘€ygaggc aacgacgcgfo gct 280 ccga0cgt cat gacg

021 acctgtgtgc tccagtccga cagcgcctgg ctctcccgca

ﬁﬁéﬁ%ﬂngi‘gﬂgcgt ac 1081 gtcggctcc cccttfeccgg
tAGRGaRICOhghaca cggcgat cags cacgaaggcc 1141

ccgtcggccc atgtggccgt gctgggctac ccccgcttct acaaact ggg

cggctcctge 1201 ctcgcgggec tctcggagac caagcggt cc

cat caac cgcggccga ct at ¢t gaac,.1261 agcgcc ..
SENC BRGA-TE RS B Gy uie FR T Rl g oot efageRuedin, 2
13RtkidihE d6REAC Gtaidgad akptadedahe, COSCAFIMACTIGACladple solution was:
acagtctcga cctgctgaac 1381 atﬁagcca t cctaccaccc
{ M@g

dapelgEed c do gdc cadmec gvige ggéP at Fdt c NgMehgliN-trimethylsilyl-

ft t tttt
A b KA Sl 4 ot e

gggt ct ccgt cgcacaggt ¢ accgagaacg
ISOLATED V

In one aspect, preferably the polypeptide or protein for use in the present invention is
in an isolated form. The term “isolated” means that the sequence is at least
substantially free from at least one other component with which the sequence is
naturally associated in nature and as found in nature.

PURIFIED

In one aspect, preferably the polypeptide or protein for use in the present invention is
in a purified form. The term “purified” means that the sequence is in a relatively pure
state — e.g. at least about 51% pure, or at least about 75%, or at least about 80%, or at

least about 90% pure, or at least about 95% pure or at least about 98% pure.



1561 gcacggagtt. ggacgtcgtg cgcaccgggt cgcgcacctc
gacggcgatc tcgttcgaga 1621 tcgttccgct cgtgtcgtac

wQr@dnegEsga acacctgctt ctgectgggtc tttccgeccge 1BEIIB2004/004374
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t cgccgggaa ggacagcgtc ttccagcccg gatccgggac ctcgeccttc
ttggt caccc 1741 agcggtactc cactt cgacc ggcacccgge
ccaccgtgaa ggtcgccgtg aacgtgggcg 1801 cctgggcggt
gggcggcgggxaggcaccgg agt agtcggt gtgcacgccg gtgaccgtca
1861 ccttcacgga ctgggccggc ggggtcgtcg taccgccgcec

gccaccgecg cctcccggag 1921 tggagecccga gctgtggtcg

S¢ ﬁ@mces g ;Egﬁef II% ﬁ%gggyl transfer aseP(%EngPTIDE

| RCHORDBANG TO THE PRESENT INVENTION
ACAGGCCGATGCACGCGAACCGTACCTTTCCGCAGT GAAGCGCTCTCCCCCCATC
GITCGC

OtlgA\ ;requence e-lgl-g-(l)-llng eltheGrA‘éA\ po ypep € v%ﬁé‘L Eas tﬁe é\%}' ¢ properties
%&%%WEW%QMT%M ifay Bt isolated

%@%&W&%&?WA%W

GAAGTT

. ACATCGATTCGAGCGGT GACT GT CACCGCA

GCAACAACGCGT ACCCCGCCCGCT .
dreceample, a genomic DNA and/or cDNA library may be constructed using

%@W%% %A%I’AI’ W%W t(ﬁb‘%peptlde

TIEATECARGAA EHCABSI (et oEAREAMGRERTRACREERAT GEEFAGOAEGcleotide
CCATCG

W@W@é@%&@@@@l@ﬁé@@m@@@@%ﬁm the
SR e e s RS A o

Gz0E€Chntaining sequences homologous to: another known polypeptide gene could be.
T CCAGGET CT ACAGCCAGAT VBROC0GT GEOpOMARCOCTRGTGBTORTC, . g
cuplanecacayieyinmiccamniaciViessacaylajcenicccentciicey
,CA:CAIZC%CIIIIZCATCAACACCACCCIZCGACACCCT CMCTCGGTGATCTCCTCCCG
R P REEAN £ 08 PSSR PEARRX s fogments
T88Tddmic DNA into an expression vector, such as a plasmid, transforming enzyme-

CTGGQTGCACTCACTCACCCT GCCGGT GTGEGAGT CGTACCACCC |
Qm@ajive bacteria with the resulting genomic DNA library, and then plating the

WQ%%W%W %m%%%%pepﬁde,

thereby allowing clones expressing the polypeptide to be identified.

In a yet further alternative, the nucleotide sequence encoding the polypeptide may be
prepared synthetically by established standard methods, e.g. the phosphoroamidite
method described by Beucage S.L. et al (1981) Tetrahedron Letters 22, p 1859-1869,
or the method described by Matthes et al (1984) EMBO J. 3, p 801-805. In the
phosphoroamidite method, oligonucleotides are synthesised, e.g. in an automatic DNA

synthesiser, purified, annealed, ligated and cloned in appropriate vectors.
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CGCACGECCGT GCCCGECCCCGCECGT CACGCT CEECGCEEECECCECAGCELGT
TGATCA

W@ROSAEAET CCCGGT GACGGT CCCACCGT CACGGT CGAGEGT GT AT (B2003BD 4374

GGECECC
GCTCCAGMGT GGAACGT CAGCAGGACCGT GHAGCCGT COCT GACCT CGT CGMGA
ACTC

CRREGT G AT AT RSPTASP OSSR ARPIRRING, i
g@@%@@mm@mmm&%@%% ligating
2 TCEBTARSANEICOBT GPCOMBES)GBTLCEance with

e o R ey b ghe entre

tm[n][aﬁlﬂe degletcerTIeDBIA sefuhcifial talsdsd frepsd B3PI Merase chain
m&qu@%\nsmgmpegﬁe PanspAdvGRAme EDBrededaadsyUISSE02 or in

%M%é%ﬁ#@@%\ﬁ ROV GALNASTGLVSI TI GGNDAG

FADAMIT

CVTSSDSTCLNRLATATNY! NTTLLARLDAVYSQ KARAPNARVW.GYPRMYLA
SNPWYC

@éﬁ%ﬁ@@ﬁ@ﬁgl SSRATAHG-FRFGDVRPTFNNHEL FFGNDW.HS
LTLPWAE SYHPTSTGHQSGYLPVLNANSST | DENTI FI CATI ON OF A

DI GLYCERI DE: GLYCERCL ACYLTRANSFERASE ACCORDI NG TO THE

ESE qn%NVEN‘I.’ICN Assay for.e c reduction of i
151 R JRVPHOD & GIEDIPEgT RGP UsaIeArOIer: GBtadaim plgpeptides
Zx%xﬁg Ghey ﬁﬁf:ﬂf d ?rép%rtfe%% aehhda lﬁaréih a%fe Y&Ihh‘g{uggonf%%eﬁ%nce” as used

%@ycerol enzyme solution Is ad
Ean ir@fﬁfsnmx%mp]&qnwlagﬁld@&!ﬁdemetw polymghetile ssquencegrand variant,

rhggn% o%?x% Iﬁgal ah arrb(g d%]?lvqﬁléfg O%S%gf @u%b%&gr%g}s geotsl Z]¥he nucleotide
Requshesmaf be e)&‘geme ot avitheti AR Eorh bkt Wadof, wrﬁ'éﬂ 1%%9 be double-

of enzynme solution is treated in the sane way.

sappsied or sipglezshanded svhefher eypresguting the sepse or antisersa stnand
procedures (see herei nbel ow) and the anmount of fatty

aci ds, nonogl yceride and diglyceride are cal cul at ed.

Tk et inateotide @eqdehee"r steldtion ab thd) preGieC iavialivg 88clid8 genomic

in f tt cids and the decrease in
m {nggn @Ae éng gedPreferably it means DNA, more preferably
cDNA for the coding sequence.

In a preferred embodiment, the nucleotide sequence per se encoding a polypeptide having
the specific properties as defined hereir_l does not cover the native nucleotide sequence in
its natural environment when it is linked to its naturally associated sequence(s) that is/are
also in its/their-natural environment. F or ease of reference, we shall call this preferred
embodiment the “non-native nucleotide sequence”. In this regard, the term "native
nucleotide sequence” means an entire nucleotide sequence that is in its native
environment and when operatively linked to an entire promoter with which it is naturally
associated, which promoter is also in its native environment. Thus, the polypeptide of the

present invention can be expressed by a nucleotide sequence in its native organism but



D %fatty acid = % Fatty acid(enzyne) - %fatty
acid(control); M Fa = average nol ecul ar wei ght of the

wo 200596@61 ds; D % di gl yceri de = % Di gl ycer i de(POniB2004y004374
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- % Diglyceride(enzyne); M/ Di = average nol ecul ar
wei ght of diglyceride; The trahsferase activi ty is
cal cul ated as a percentage of the total enzymatic

activity: %ztransferase.activity, = ADLZ(MD - D% .
e R PR TORERC BB (P! BRI sl &1 e pipRter with which it i
Ehi¥aralfdé0emetomnAPRe: &amikhary Gas Chromat ogr aph

equi pped wth WCOT ‘fused silica colum 12.5 ni x 0.25
mmID x 0.1 mfilm-thickness 5% phenyl - met hyl -

sili.cone {(CP.Sil ..8 CB from Chronpack). [ier gas: .
R the RelT P oot PRGOS o B R iy erm "native
tg(ﬂfép Q8 heaise chire3BBEEptidehM B itsPtivOBEGhRlentdnlwhen i
395 en program _1%355%/% terrlpelrsat ul?]e, 0C. 918) e{zngazvhemthas
3ew@niespreprsel b lits nativemnuckgotide seqoeneg. Tenperature rate,

C/mn. 15 4 Sanple preparation: 30 ng of sanple was
dissolved in 9 m Heptane: Pyridin, 2:1 containing

i TysicB), Slandeestidepbadareaneancodi eptiRROMhy BB MUE speci
solution was transferred to a criI%plﬂé)?ng 300 nYl %ETFASPeCIﬁC

(NoRetRg [as Nafinpdrdiersin sl | Bepared | usbieasesambianhdN Adteeliniques (i.c.
%goﬁﬁlﬂﬁﬁteﬁg\i@ggﬁgvgﬁgu%g% aatlte&%gge elm%%d{wg Qn(l)¢ g}%n{eﬁlglgntion, the

aspect, pre peptide of pro
i mucldoeidps@pente ¢camldebé synhdsisetdNinavhdls ot &l e, hsihMchdBfal methods
term"isolated" nmeans that the sequence is at [east

SUBL kg 1 15 apt(ere GribeR MEbel o (K9%0) Dok ehcidopsorian Ser 21523

nat ure and i n natur

ki HRIICh o) 29}8?‘5?}‘{3‘9 DAY RedYif 8k 252801 ated 1 n
MOLECULAR EVOLUTION

Once an enzyme-encoding nucleotide sequence has been isolated, or a putative
enzyme-encoding nucleotide sequence has been identified, it may be desirable to
modify the selected nucleotide sequence, for example it may be desirable to mutate the

sequence in order to prepare an enzyme in accordance with the present invention.

Mutations may be introduced using synthetic oligonucleotides. These oligonucleotides

contain nucleotide sequences flanking the desired mutation sites.

A suitable method is disclosed in Morinaga et al (Biotechnology (1984) 2, p646-649).
Another method of introducing mutations into enzyme-encoding nucleotide sequences

is described in Nelson and Long (Analytical Biochemistry (1989), 180, p 147-151).

Instead of site directed mutagenesis, such as described above, one can introduce
mutations randomly for instance using a commercial kit such as the GeneMorph PCR
mutagenesis kit from Stratagene, or the Diversify PCR random mutagenesis kit from

Clontech. EP 0 583 265 refers to methods of optimising PCR based mutagenesis,



PURI FI ED I n one aspect, preferably the pol ypeptide or
protein for use in the present invention is in a

Weosheesl form The term "purified” neans that PCHEB2004/004374
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sequence is in arelatively pure state - e.g. at |east
about 51% pure, or at |east abbut 75% or at | east
about 80% or at Ieast about 90% pure, or at | east

about 95% pure or at | east about 98% pure ONI NG A
NbIghcPRES N@S%O#tae@*ﬂgemﬁ A@@E}aeﬁmch as those
TQCS-H‘_IEECP R ISW E’MBI Oﬁn‘%rgﬁéﬁgﬁ dhlg ece@lﬁx%;@é‘seare_ ?L}i’g:able for the

ehcod I'ng ei'ther a polypepti has t Speci
pp@ﬁ&éﬁdrﬁ&fasmlﬁfts refd liper ecyl cmanﬁemdasy e | efewad ctharscteristics.
swtablefor nmodi fi cati y be .isolated from any
cHQOZo45Y g%fﬁli%ﬂqlrﬁ)[l%‘i?e.eﬁ@lugglil SP Beasshepti de. Vari ous

met hods are well known within the art for the

i sol ati on of nucl eotide sequences. For exanple, a
gAnﬂﬂﬂdelam@damdbbmincﬁ»WI |seueancys mayo iwgmens nonridentical nucleotide

usi ng chraq DNA or RNA fromthe

o?eﬂgg‘?“é’?n ?ﬁr{%a 3&.%&1& Hy %Pn%eo?fn r%atepﬂw SRS TR Shaye such as
SPAAENC %nafrememeﬁﬁ% @lﬁptnh@ieoﬁcfe Whbes | BRI B functional proteins.
ol i gonucl eoti de probes may be synthesised and used t
|Alhnm1aﬁyelpmnjcpem ske opd oo dimlgipld ooesdentiosh mhée@@nmmuences and

ok PGS aat T oprBBE oL Ok car AP E iR cHguchoe. DNA

hgﬁmlag Qg ﬂuﬁﬂ? @H@ﬁm@g tRRYIBIB bﬂépﬁlﬂfabl‘é%ﬂ ﬁi&eprsawtﬁnhﬂ variants

used to identi pol ypepti de-encodi ng clones.” In the

|@ﬁ tipid cayk trangisrasas swith drefered weliadieristiondi Sugable omethods for
r stri e u |

JrEirmhld BOANEY Ahche PR R EES PpRERL 138,963, E01 109 606

[ $lﬁﬁﬂiﬂgrtgtnfaﬂm¢drﬁblﬁéd githothet fEMNA AN AaRusPiedBHsRscribed in
vector, such as plasm d, transform ng enzynenegative

b‘d@@é&otﬁ%@ﬁ Wﬁ)e()ll/%‘ggélstl ng genonmic DNA |ibrary, and
then plating the transformed bacteria onto agar
contai ning an enzyne inhibited by the pol ypepti de,
t’ﬂerse iy isapdssibi e ¢p ptaﬂmes nerpressiitegdirdueedof ypejoti dertdtons into a
Il Htlfied. In éet further alcg)rntwe t he
el aeauERtsEihe BREAT A TR A1 A HRSTIURALY sefor improved
pﬂ’uﬁ&ﬁfrﬁﬁtysé(mﬂéeén%@éd 1)(012% epBialb 3R V288 nddaR8dUsthg in 3111%0 and exo

nmet hods, “e. g. the phosphoroam dite nethod descri bed by
Beediatgd r@:oLmbleancm m@meaxswewaa@/ds@w L% 16c344,328, US 6,361,974),

]T%rs gf(amlge molecular evolution can be performed where the variant produced retains

very low homology to known enzymes or proteins. Such variants thereby obtained
may have significant structural analogy to known transferase enzymes, but have very

low amino acid sequence homology.

As a non-limiting example, In addition, mutations or natural variants of a
polynucleotide . sequence can be recombined with either the wild type or other
mutations or natural variants to produce new variants. Such new variants can also be

screened for improved functionality of the encoded polypeptide.

The application of the above-mentioned and similar molecular evolution methods

allows the identification and selection of variants of the enzymes of the present



or the method described by Marthes et al (1984) EMBO
J. 3, p 801-805. In the phosphoroam dite nethod,

wW@bLiogoeiisl eoti des are synthesised, e.g. in an BUL/TBRA4/®4374
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DNA synt hesi ser, purified, annealed, |igated and

cl oned in appropriate vectors.4Phe nucl eoti de sequence -
may be of m xed genonmic and synthetic origin, mxed
synt hetic and cDNA origin, or mxed genom c, and CDNA

omiverition whieh dﬂa@@lp@@ﬂ@g&ﬂ&@@%ﬁ%ﬁh@@ a9y psipriknewledge of protein .

8@%&%&% ﬁg%%gw% 2{}1’5’] @%\&aﬁggggorcﬁ%%b L 2) r%dn a%rgﬁ%?aﬁ)?ea%ﬁg beneficial

CRLEES RO BAGarihty AThérd turd aliindrodk emﬁple@totfrdee apmiceﬁén g€ molecular
sequence. The DNA sequence may al so be prepared

polojutionsis éhecirhfar theertimisatiqraryteidiong! speany a‘%,tlvbim whexamples

§§F{P}8 Fi? Sger? n1§1 ascglzﬁogé % ?ggﬁg} ;gigtﬁe (34\%191%48)& ﬂ.nﬁked expression

NSz Qe ey frEQHEN@Eﬁ oFhe vitfe $sortaskd Eﬁl}tnhaliﬁ: ai:ltlSrﬂy, altered substrate
enconpasses nucl eoti de sequences encodi ng pol ypeptid

hendf aigprolectsyreeificity, BICB9erd Pesloasatser sEmate i Sttuctyral stability,
a r
b aF BRI, SRRy R BRELELE LBdRibns, e
aﬁﬂm&@huanﬁ{shbﬂnﬁ@gues fragnments and derivatives
thereof (such as portions thereof). The nucleotide
sequence may be of genonic or synthetic or reconbinant
OA§ f"be\'% GnlBYa ?@rsg uphRd s andsd &Engsiﬂawcﬁtéte(/@lﬂﬁ%i tools an
resenti e sense or antisense strand

Tmyme mimay" revad teeet ﬂodmpS(Bqubﬂ Gmictiomality bhthe enzyme.t he
present invention includes genom c DNA, CcDNA,
synthetic DNA, and RNA. -Preferably it nmeans DNA, nore
pﬁﬁfa%[}ﬁ%é/ 1iptNAcfIRhnsréiBscC QNG BEAHERERN hhy de a variant, ie. may
preferfed embodi'ment, the nucleotide sequenceper se
evemtzil yleastpmieygpaipe ingid svhstitnion, Idelesipn or pilditippoyhen fegpared to a
as d flned he i.n_.doe ven athy

AeBE e Ve e b o ekl 20 RS0 0V DU B0 65, 7%,

tiﬂ)%t 90919508 9162999 hainetbgyerith nhe (fyerit fﬁiizymsl aBeitable parent
alsoin its/theirnatural environment. Fbr ease of
rrEIen ety WelusheaAny eIt With csicerse (¥ iPAFHGRY e n Prefigably, the

a?éht%ﬁ%gxgaeﬁ 'tﬁeotﬁgrg BEHEQGSe u?beqﬁgh&regard the

sequence S an entire
nucl eoti de sequence that is in its native environnent
and when o eratlv i nked. to ent ronoter with
Wi @h Praferaile, g{rﬁpp&n{ t a variant hap?d acylltrans erase enzyme retains or

incorporates at least one or more of the pfam00657 consensus sequence amino acid

residues found in the GDSx, GANDY and HPT blocks.

Enzymes, such as lipases with no or low lipid acyltransferase activity in an aqueous
environment may be mutated using molecular evolution tools to introduce or enhance
the transferase activity, thereby producing a lipid acyltransferase enzyme with
significant transferase activity suitable for use in the compositions and methods of the

present invention.

Suitably, the lipid acyltransferase for use in the invention may be a variant with

enhanced enzyme activity on polar lipids, preferably phospholipids and/or glycolipids



associ ated, which pronoter is also inits native
environnent. Thus, the pol ypeptide of the present

WO pwened3don can be expressed by a nucl eoti de sePUETR2004/(04374
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its native organi sm butwherein the nucl eoti de sequence

is not under the control of tH® pronoter with which it

is naturally associated within that organism

Preferably the polypeptide is not a natijve

pohgpeqmpated to thet prrentreagwne, Rrgterabdy.riuch yerigats also have low or no

pol ypepti de” ans_.an [ . d b.S qd .

R AT, DRe RO RN, RS helR RARLy B ol Ashad dhgsphotpics
bynd/é:S gRablipi@s muts! BOtthé gesncsehygdiolySispartiadd ftandffi@se activity or a
nucl eoti de sequence encodi ng pol ypepti des having the
spEabinatEonyi ties as defined herein is prepared

usi ng reconbi nant DNA techni ques (i.e. reconbinant

DNA). However, in an alternative enbodi nent of the

| Vet ilpid adieamfahestibdesesiaqhe iventiaubtytiave decreased activity on
synt hesi sed, .in whole or, in Q%rt,_%sin chem cal,
nisighisasdese | andior onpnaghyqerides prd/ps diglyeerides cpmpgagdeyith the parent
(e}%g] Nuc Acids Res Synp Ser '215-23 and Horn T et al

(1 "Nuc Acids Res Synp Ser 225-232).

MOLECULAREVOLUTI ON Once an enzyne- encodi ng nucl eoti de

sequence_has heen isolated, or a putatjve . .
L lRE 0 IPH N GRFEBE | H’é‘ysg‘ﬂl’fen Q PlVIeqn triglycerides and/or

iﬂ@ﬂﬁél éegﬂes bid/FBYegRReSRsi rabl e to nodify the sel ected
nucl eot1 de sequence, for exanple it may be desirable

to nutate the sequence in order to prepare an enzyne

i n,accordance wi.th the present i.nvention. Mitations . ..
BySBEN R ABGRidr sbPTRt SRR e MR PG Mo b B8Rased activiey
THE 38196 BREUSADSH InlSS ale® Hadkb nbrdded Oddtiley SEH WRBC&S more of the
flanking the desired nutation sites. A sultable nethod

i follaving, op@ar ilipidior Phnapholiidsal legithint abpsiiagdylchalowy) glycolipids,

2,. N646-649) . ol | i
dieBRdRe b HREHE ARk B RBRAND TS P

in Nelson and Long (Anal ytical Biochemstry (1989),

180, p 147-151). Instead of site directed nutagenesjs
sVierrnisofinid epHiandBrve 28 KBOWRATH AP S JRF e Al SUEh wignts may be

P i . . . _
RO L BESASRS B2 RO the ket o
tthe efiyney sirfiposR{cRs macrotdimg o thegeesest mventiont rBynway of example only,

DTSR i B At v
tiieciSRatle WHh A8 PiesedAvaRBhOANES &UBHCIASy I IMSE Chem. 1991 Jan
15: 266 (2): 997-1000; Robertson et al J. Biol. Chem. 1994 Jan 21; 269(3):2146-50;
Brumlik et al J. Bacteriol 1996 Apr; 178 (7): 2060-4; Peelman et al Protein Sci. 1998
Mar; 7(3):587-99.

AMINO ACID SEQUENCES

The present invention also encompasses amino acid sequences of polypeptides having

the specific properties as defined herein.



described in EP 0 866 796. Error prone PCR
technol ogi es are suitable for the production of

wo 2005061381 of |ipid acyl transferases w th prefRCT/ERR004/004374
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characteristics. W0206457 refers to nol ecul ar
evol ution of lipases. Athird set hod to obtain novel
sequences is to fragment non-identical nucleotide

sequence either by usi any nunber qf restriction
eAsyHied Béreit gﬁztyﬂ% gaemﬁg AP FRARETCe L 1Y SYBARERGHS| PG the term

heoLhde: ¢ 1.Ngh 'sBfef HRGA 9”
p?%élwﬁ A terﬁalt%lgv ye%ﬁge%gan usse gnle or etefm ‘amino acid
nesuenkeEfitis syplonpmolewithdiee ®agipaetel”and i ntr oduce

mut ati ons during the reassenbly of the full nucleotide

sequence. DNA shuffling and famly shuffling
t ¢pbRAk rR)géc‘i“@ se@]lhgn&%ﬁ}agé pre E)Qtredﬁﬁﬁat@& adHLs f]tﬁfébﬂsf source, or it may be

variants " I pid acyl ansferases with preferred
chmadasyehdterily or it Snayttwprepa:red bhpdse dfecqpebihantNg techniques.
"shuffling" can be found in EPO 752 008, EPl 138 763,

EPI 103 606. Shuffling can al so be conbined with other

f o 1R thONMiIAY haideRatéoed IndeBE bbRakdl RorkSh6 iddied 361
and1 V\(SPOl/ 34535 Tﬁ%g |te |s€g€055| ble to prod Jce © % ypeptides

nianghtdgsein by stadilard dedatianesr andom rmut ations into a
nucl eoti de sequence, either in vivo or in vitro, and
to subsequently screen for inproved functionality of

t Ofe QuieOUeAlehoOl YPE@itéEanidy andiho Qid seB@MSes fbiiolhted polypeptides
silico and exo nedi ated reconbi nati on net hods (see \%O

os/asddloms: US 6, 344, 328, US 6, 361, 974), for exanpl e,

nol ecul ar evol ution can be perforned where the variant

produced retains very | ow honol ogy to known enzynes or

pPwrifiddnsolysaycitle weny tenfraezt higied ind di0D aigheftheitefathéed material may

SI gni ficapt structyral . analo to kno transferase
aﬁé%lvefbm aikol &r NG ab o wise CtreMcammonium: hydrogen

h&?&ltﬁ&y H°§4 aTHéocﬁséoNEd:ﬂrGQmexﬁQ b ﬁen%%hr g Udﬁ ed for 15 minutes
2850 nuc

mut at i on natural variants o eot |
sa pieq cfell«r\amgbze/erley; ot m’erdgm’ aril a;ldutltmr oﬁ hel of nﬁj mMpﬁfthiot}ueifol

A Bl el R B B P o U B o oS e o
| 1B COMEHe frebidids a0 B idbdvafzel Ter BNERARE RALYRORIpRture in the dark

under nitrogen.

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

24 hours.

The resulting peptides may be separated by reverse phase HPLC on a VYDAC C18
column (0.46x15cm;10pm; The Separation Group, California, USA) using solvent A:
0.1% TFA in water and solvent B: 0.1% 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

instructions (Applied Biosystems, California, USA).



The application of the above-nentioned and simlar
mol ecul ar evol uti on methods allows the identification

wapwseedsscti on of variants of the enzynmes of tP@I/1B2004/004374
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presentinvention which have preferred characteristics
Wi t hout any prior know edge of52protein structure or
function, and allows the production of non-predictable
but beneficial nmutations or variants. There are
nSROUENCE XAFNTEEY SIR SEQUHPNCECPMMN-GE Yol ecul ar
evolution in the art for the optimsation or
alteration of enzyne activity, such exanpl es incl ude,

bete PrReOinvehtid @lkot érconPasies My @sofoftdqudnobd having:a degree of
opti m sed expression and/or activity in a host cel

, or .
i sequenaeddentiy pe sespaneerhoprRle £ WABEAIINY po1dSpqusngg(s) of a folypeptide

substrate and/ or pr : LEilclty, .
A B0 e R L PRI s BRORBRA g encoding

ey EBSd1gpeptitle Vidryihsfeabfanet ty as a “hombligpesisequence(s)”). Here, the

envi ronnmental conditions, .e.g. tenperature, pH . .

stetyst bamelogyelmepnhan gFHY MeRDedr agbﬁ%raﬁlogxi ifhethe jspbject amino

t he , | : . i Ol 7

84 ol 08 DL B RURM B0 R DA Rt

et sclated, witlheidentitytl acyl t ransferase used in the

invention may be a variant, i.e. nmay contain at | east

one amino acid substitution, deletion or addition,

d 10n8 R8 e8hRhcERAY/BE nu¥Rbiidd!s Y& BBould provide
ﬁgﬁé;ih% at Og'gst 50% 30%}3 40% 50 % 60% 78% 809 ¥

Oy 019G Rip d© 7 Yo lypeptidrowbichgytaiist the finstionaleastiviey 2ydfer enhances the
Sui t abl arent enzymes may include any enzyne with

IO ﬂ%renIZV?i’Sse activity. Preferably, the parent

enzyme aligns to the pfanD0657 consensus sequence. In

a preferable enbodinent a variant |ipid . . .
alny ther presdng repstextnz PABIOIAZOHS FETWICE g dlpar gt glude an amino acid

| east ane, . r.e of the e 0
AR a8 b R RIS S or o5
bidestsal t&E Ty sfect S¢tglnas Tipieslts thé homolgoes Wilwompiist the same
acyl transferase activity. in an aqueous

Itre ! envi nrreqt MY o b
bectivatsiter gicuas fhy TbIeSE amipo aq)d |sedyedhe 1 dibhauep jromology can also be
i ntr . 0 zoqt e transh i@ REIILM hiving RBAIBRYchemical
SREGE RO RIS LCnBRIRS 458 Sk hbind SR
shigpérfties/antctivnnsf the asateat of thetpresnt iradohigorf Bris puderiad to express

the co sitions and nethods of the present invention.
homologgfj?n terms of sequence 1Iien(%1‘¥y. P

In the present context, a homologous sequence is taken 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 a polypeptide of the present invention (the
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.



Suitably, the lipid acyltransferase for use in the
i nvention may be a variant with enhanced enzyne

W@eas06d3yl on pol ar |ipids, preferably phosphol PEi/mB004/004374
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and/ or glycolipidswhen conpared to the parent enzyne.
Preferably, such variants al s®3have |low or no activity

on lyso polar lipids. The enhanced activity on pol ar

I'i pids, phospholipids and/or glycolipids may be the .

r Bembtogyf camypirisbys can e @P@@uqt?dag%ﬁé@a%m&é? ugially, gtithgthe aid of
conhi nat i of both,. Lant | 1pi y BILAsS :
f’i??‘r:rill eaviaﬁgtflﬁesqqﬁsfécﬁt i (8;‘#3 %qa{?nhg\gdﬁ ac@g'r le%’é%g%gct [ wgital ly available
Ofbrhfuté pre Srahfd@sn calddlat YonrdbgCstiveastvanel/ more sequences.

di gl'ycerides conpared with the parent enzyne. Suitably

the variant enzynme may have no activity on

tgiglycerides d/or 0 Cel i : .
clgybE ey A ePiculRACH S RriBuf S Rhees, L. ppe sequence is
USBmkd Wille the) etk i sequemey dndveachramieasadd dntdnei dequare is directly
triglycerides, and/or may al so have increased activitz
orenepreebithohe cerresneadmg| aigp fgld b other segence, one residue at a

Y PRQL] RI G P [ [ :

SHGEDAS B e o hsaBls bl A o atmn

nape peEbmed oty onaroglayivelyi stiert nvenbenof ®sidfied. i pi d

acyl transferases are known, and one or nore of such

variants may be suitable for use in the nmethods and

uﬁﬁﬁ?‘}%‘ﬁ(:tﬁfsq's ngef}psiﬁ@fe PlaESRS s tehMeNolOR FARAL Ykel iftol d¥Bsideration

enzy conposi ti'ons according to the present ) o

i therg ifidri exampBy imay otiferaise idsintica ipair, of\saqueaness ooé irspipiog or deletion

acy] transfer s .are descri.bed .i.n the .follow .

r ¥ Fgﬁlﬁ?egh%g@?oa@n% <apno acid Tesidues. 10" bey Ruf ﬁ)g{] g)lf e%hé;])fnent, thus

'Zﬁl)f@rﬁfa'l@r}ésﬁﬂih & a §arBY GKd1RYiod iBI%0 hondalein wh&PA glébal ABgnment is
66 (2)7 997-1000; Robertson et al J. Biol. Chem 1994

JeenfoRmed 2 6 §lovpequentdy.s mosBgaanRe comgrarigon paetheds grel glggigned to

r. 178 (.7); .2060-4. l.pan . I.N E : :
Nepuc phibiy g8l R R 4 BioslltR” pigte H¥itons and
| QW& nks Gt uS @eeitichippasiabsthendvemllaeimole gy senre.e Thixf is achieved by
pol ypepti des having the specific properties as defined
hiapesting Aganss infthesp@icrce Rlgnmegyt A i in %axw%log@dweﬁ%%w
is synonynous with the term "pol ypeptide" and/or the ’

term"protein”. In sone instances, the term "am no
adbwever, 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. “Affine
gap costs” are typically used that charge a relatively high cost for the existence of a

gap and a smaller penalty for each subsequent residue in the gap. This is the most

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

a gap and -4 for each extension.



sequence” is synonynous with the term "peptide". The
am no acid sequence may be prepared/isolated froma

w@iosatd3sl source, or it may be made synt heti caP@HIBR004/104374
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may be prepared by use of reconbi nant DNA techni ques.
Suitably, the amino acid sequerces may be obt ai ned

fromthe isol ated pol ypepti des taught herein by

standard techni ques. One suitable nethod for .
dEnlenlation of maximomaki korselgee Hessefors Grstlysispuiresdthe production of an

pol pt.ides is,as follows:. A4 fi ptid
PR Rie S0 YR 8. BAARP  f ultBle computer
BB fandfor ety Gus S@lhved alignrbéntrik thé GCE Wisdosi® BeStiv package
urea and 0.4 M anmoni um hydrogen carbonate, pH 8. 4.
TlRevetess oF ¢b O Hu@imc%l}e%r%eﬂaw?t%d Exaaples @f othgr sofiware that

15 nmi nut t 500C . ' i k.04

TP S PP DAL AR B oL 4 SABLASY puce
CQed ARgubed cf @PMIIEBRE Rrotoenls n MoleduldriBiotddy, 4™ Ed — Chapter 18),
i odoacet ani de ma

be added for the cysteine residue .
 BABEAdenisobil el 1869 180k Ao 405 ot PerpoNBINIPRKS suite of
[ dar n Niht o, ; . .
oA o bLAEEtog FAT L e SRR gnd o
t @atdhingali@ee Auedtsd | ana12Pr pagesd7{Ie tali o) i ddowenerpdor some
carrjed out at 370C under njtr f 24 hours. The
r RPCg, et PEREETRIP Hee ?%%&?‘g‘gg%eﬂg{}t PEREEH R e A REWetool, called
ggt&s?% QedEhbs Ha® £2hH00 f60e Reprbfdihnd Hﬁ‘cl%tide sequence

paration G oup, California, USA) using solvent A
O(sa&FENS Micuhicd rlestntPo9ol TAERX: 287-50; T Micrpbiol Lett 1999 177(1):

itrile. Sel.ect tid b
R P o@D B X8t B el osi | &1 8 col urm using ¢ he

same solvent system prior to N-term nal sequencing.
Sequenci ng be done using an Applied Bi osystens

m
AXBRoughdihe rfm@¥ Yubprglagyl esace meyiueed isiernay f adentity, the alignment

oA L AL e B A BB st

SERIENGR HAYAORY mbhex [y garpdllyl msednthatomssiyns Geores to each:pairwise
enconpasses the use of s,eqﬁagnces havi ng a degree of

seuRrATieen ibgessh PR Pherical SIIRERY 196 ¥ PBGYTRt HSERG o ARcPgmmple of
SEIHENGEEE) cRimBnBUKR §P HIBLOSUM62 matrix - the default matrix for the

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 GCG package, or in the case of other software, the default matrix, such as

BLOSUM62.

Alternatively, percentage homologies may be calculated using the multiple alignment -

feature in DNASIS™ (Hitachi Software), based on an algorithm, analogous to

" CLUSTAL (Higgins DG & Sharp PM (1988), Gene 73(1), 237-244).

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

the sequence comparison and generates a numerical result.



havi ng the specific properties defined herein or of
any nucl eoti de sequence encodi ng such a pol ypepti de

w@ bh@smeeasafter referred to as a "honol ogous PCT/IB2004/004374
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sequence(s)"). Here, the term "honol ogue"” neans an
entity having a certain honmoldgy with the subject
am no acid sequences and the subject nucl eotide
sequences. Here, the term "honol ogy" can be equated
mﬁth "identity". The honologous amno acid sequence

aJ nucl eot i d h r ovi
Bl G B o e R PP Bl of SuBafys of amino aeid
al%%l'dﬁést )W}ﬂﬂd/;@éd%h@nﬁ%ﬁt tohengC tahdl i feyulofint ﬁleﬁlﬁﬂt&)ﬁzﬁﬁz equivalent
In the present context, a honol ogous sequence is taken
t substanee, doeliberatpianinaadid ssbsiitEnns mgy hehmads om gheghasis of similarity

o R e c R B bR B, B BloBblueich s B g tnphipacnic
U iure QiTOth® Gegiucsl 4 108 HRr the &e‘tdiﬁaﬁ}amﬁdﬁ@ hotiwitgi dfel$le substance is

etc. as the subject amno acid sequence Al t houg

w@tmqégy Fensxappls. mecedwly ¢buged jamipe r%%iSomcgﬁdﬁ] 4Saalitlt<=ya01d and
luﬁjm H&H 8&1!1%1%%%&9 Vécq@s cfﬂdeal?sﬂ; & inine; and amino
oper 'es7 PUne ns In"the context o e present’

| V&Nt intharped polef teade grotips hxmngsanﬁmﬂqldcggmlmtﬁ edloss include
of sequ ce .iden In tg ,Bresent contF .
heREn ¢ §u°§’é%|d’ 8% $ YOS EAPYG FSRETGHE: & W?aepsofqr@s, threonine,

%%& ?Bﬁﬁf LPe at least 75, 85 or 90%
en "preferably at |east 95 or 98%identical to
a nucleotlde sequence encoding a polypeptide of the

B e AR AL

CRAEnd Ridd I8hAEdnhY Blogk ifthe %Eébnd%‘bldtﬁ‘@ afdiPleRGhbly in the same line in
sequence. Al t hough honol ofy can al so be considered in

tthe ﬂsr@olernmmaazrbet gpbgtituted Temgash offterd resi dues having
simlar chem cal properties/functions), in the context
of the present invention it is preferred to express

hormol ogy in terms of sequence identity. Honol ogy
Corrprrl sahs _can he condicted h\/ or _mmre ||c||all\/

wi t h [t ABIPHATES r ealdNop- i | abl e sequencleGcd®par i son
prograns. These conmercially avail able co
progrians can cal culjate % honol ogy bet ween or nore

sequgnces. % honol O0PoRY yREnL@IFUT at ed OVers T M
cont ijjguous seqguencels, i.e. one sequence ils
NQ

Polar — charged DE
KR

AROMATIC HFWY

The vpresent invention also eﬁcompasses homologous eﬁbstitution (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

inclusion of unnatural amino acids such as ornithine (hereinafter referred to as Z),



aligned with the other sequence and each amno acid in
one sequence is directly conpared with the

weenseeEendi ng ami no acid in the other sequencRCT/IB2004/004374
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residue at a time. This is called an "ungapped"
al i gnnment . Typlcally, such ung%%ped alignnents are
perfornmed only over a rel atively short nunber of

sidues Althu his is .a l e and i L
c SREPLey 3m1‘ithfner Ghereinptler tafeschite o BRescingn omithine
t iRbeind R @Eéﬁ’&zﬂ € dsnOAN RIMNIRE th PR
stelguences one |nserst |02n pg%pdel etr onpe\?\lpﬁlé}@lléeuseﬂhﬁglahmne and
thﬂIWbH’lYfgn%tm no acid residues to be put out of
alignnent, thus potentially resulting in a |large
reduction in % honol ogy when a global alignment is

pRé 1a¢eiRehts x@gﬁ&@él B Ridde by TRRktuBA QHEAS ScigQnpar i son
ods. are designed to produce optimal alignments

that take into consideration pOSSI ble insertions and

enal | si n t he overal |
oS S0 8 Sy RER b R it ivef Ercigs tigh ey be inserted
i tetivben angmﬁml Ao FBuek Of tieY sdqBe B Bludf: 'a@ﬁﬁ'
honol og However, these r?ore cosrfe]%ql gx met hods assi groups such as

"ethyh et of BEpYL growne hl @@ptlcbl‘n&l aminowacsl spaceeauch as glya :ine or B-
i denti cal

s 9 t hat sanme nunb
BR800 B bt B G e b at e or more
posiad btid rcsmilm‘shﬁi séptold fok@hel B@JN@H %ﬁﬂ'ﬁ'&%o@ %?;‘ﬁﬁ‘(%@ sfulﬂ‘éd in the art.
two conpared sequences - wll achieve a er scor

tErp ihe Aeoidancy ybigafhe. pepsstid iforan’ 'Eplssfém Sé'.fela’toevarlant amino acid
LUl biterethe! 020 8AA e@tﬁgﬁ%{ugyggghg' L ——

exi stence of

SHRSE EHAR the ro@@érgé!@ 'Pi‘oéé%%s%? -pregaiid, gp%phﬁ@s fﬁoﬁlte eptoid form are
comonly used gap scoring syste gap penaIEflp

winpwngn tee artsir sxanpleeSiopm R sed. aHNgsr(emzs 88i(20), DBE®D371 and

AR s m B B 9B A n8RbE°F0 Do the

def aul t val ues when "using such software for sequence
arisons. For exanple when using the GCG Wsconsin
%»B@ eofifle agueges foreusreinihe Pg%ﬁpntpewantuyn foorenamhng apolypeptide

a 1
g?(%ﬂei gﬁ %Ep @flc éfoaﬁ eﬂ?)eﬁ % rmX| IEl/'i}h gf?i‘f‘%gvltb%ﬂjg%ﬁﬁthem or
inadsfiddynuctgtides sA toenber oflditler«i tffes 3 nidifidiBibn to ohgonucleotldes
aI| nment, taking into consideration gap penalties:
BV o fhsufEr rl“t?é? adptiide methylphasphenatesarch pbmphomthloate

%ék%@ﬂ@snénd/(?r thd' 8 &i6h VW SGRARL Br E&?ri}fs tde BAHEAEGhe 3 and/or 5' ends

of the molecule. For the purposes of the present invention, it is to be understood that
the nucleotide sequences described herein may be modified by any method available in
the art. Such modifications may be carried out in order to enhance the in vivo activity

or life span of nucleotide sequences.

The present invention also encompasses the use of nucleotide sequences that are
complementary to the sequences discussed herein, or any derivative, fragment or
derivative thereof. If the sequence is complementary to a fragment thereof then that
sequence can be used as a probe to identify similar coding sequences in other

organisms etc.



(Devereux et al 1984 Nuc. Acids Research 12 p387).
Exanpl es of other software that can perform sequence

we vpa6d3sons i ncl ude, but are not limted to, PCETELNBD4374
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‘generatres a nunerli cal

package (see Ausubel et al 1999 Short Protocols in

Mol ecul ar Biology, 4th Ed - Chapter 18), FASTA

(Altschul et al 1990 J. Mol. Biol. 403-410) and the
GENEWORKS suite of conparison tools. Both BLAST and

FASTA are avail able for offline and online searching

(see Ausubel  at. .al , g

(ESFBIEER, Mol s 890, 00PLRR 0§ 1 L DAEE e prem

Bestihtidn tut 891 @ithinAhd'@opt 0Dthe ivadntien cil WeSIbt2in&binremaniser of ways.
is also avail able for conparjng .protein_and nucleotide

s@thee medansefdhesagpengpe AespTibnd hestin Maydy optaines)for expsmpigyby probing

F cr-obj t : - T .
"ENEL NGRSk R ASEE A, B s o e
101ys. CRnddRionpethetrvidl/bactdrial, s cettulardemtdlogues piricularly cellular
al ignment process itself i ypically npt based on an
ahomelpgysst ﬁ?“#f’gmp‘aﬁl?m@gﬁb a?lf'ss(%ﬁ.- ot pge OGnE ggmate cells), may
_ i 185
bkl SRRl SIRDALAN IRt KRR o Epable of
sseldctiasliy thybedismgotouthe cequencel st & thensegxemmel listing herein.  Such

such a matrix conmonly used i ., BLOSUNG trix - .

CHGuePdIY Db Prer Y B Ee R S gads; BB eenomic DNA

ggé?g}{\!ssf?&ﬁ%mr RAIRGY S5BicgORE A BiNe MR 1Rkde it oy Qbi]g@rismg all
u

t values or a custom synbol conparison table if"~
o efthngsme of dhey semuenged infthe attaghed sequerecalistiops urlsr conditions of

o) applications, it iss.preferred t se e, publj.c. .
d%‘rfg&fﬂ“? 9‘9 aﬁ’@bs SEBECHe ‘%c%oga@?rad?ﬁ% k pf) ﬁ'e t@a@é&o & species
ohdigbloswdst MY @llelichearti@tsaul ttheTpblyip¥ptideueh nasletlideStdaences of the
Alternatively, percentage honol ogi es may be cal cul ated

usiverfionhe rul tiple alignnment feature in DNASI S(tmn)

(Hi tachi Software), based on an al gorithm anal ogous

to CLUSTAL (Hi ggins DG & Sharp PM (1988), Cene 73(1),
2QZridd4d hnd Gisie/spédesshdmolageeshasy patsodbec ebtamed apingnddgenerate PCR
alignnment, it is o,ssiJ'oI e to cal cul ate, % honol.ogy,

SERB Rt DEiTE emeacd WaAtERt SFIuaTieS Sain, P dargHRy g ligmologues
d9R3diPlcSndtveldntin®heill Q&;Su%ﬁ&'é S MBI b&RE present invention.

result. The sequences nmay al so
h@viesetietl esdquerxes i cas ebd ipoaviicted, fubstantple,i by slighingnihaoamino acid

ascelqgences 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.

The primers used in degenerate PCR will contain one or more degenerate positions and
will be used at stringency conditions lower than those used for cloning sequences with

single sequence primers against known sequences.

Alternatively, such polynucleotides may be obtained by site directed mutagenesis of
characterised sequences. This may be useful where for example silent codon sequence
changes are required to optimise codon preferences for a particular host cell in which the

polynucleotide sequences are being expressed. Other sequence changes may be desired



resi dues which produce a silent change and result in a
functional ly equival ent substance. Deliberate am no

W@ei0d/064385t i t ut i ons may be rmade on the basi s 0OPCT/IB2004/004374
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simlarity in polarity, charge, solubility,
hydr ophobi city, hydroph|I|C|ty5 and/ or the anphi pathic
nature of the residues as |long as the secondary

bi ndi ng activity of the substance is.retained.

eitaprgbicto inBedHceVeTCtiRAEePHdR FRSoSEtAY Slrfﬁc?fuférealfef the property or
a l'y charged
TR BEbABREGE Ao folBRaL e 1" ho

acids with uncharged pol ar head groups having S|n1lar

h droph|I|C|ty val ues i ncl | euci ne, | euc

olwwec eogudy%ﬁrweleo ea%@ﬂwélce%@ggwaamaon 5@&& {0 produce a primer,
sg % QN erpl}a?gﬁflaﬁérﬁﬁiv@%xn;ﬂ’iﬁgatﬁﬁrr@@tlﬁﬁ robe e.g. labelled

serva I've su Irtutions may be nade, for exaﬁ%

agithadeveglihg laﬂohbbyT@mwentbmbbmwan&msmg radma:htlve or nbterasimaetWP labels,
bl ock |n th cond colum and prefera in the s
e PO OB F a1 SO T VLBt | SERTbBIFISES R and other
0 Vil 'ﬂ@‘-%lt(fe %PPS ERFabfy & Badt 2'9 % P&hﬁl le at least 25, 30 or 40
u%%ﬁg?nggg}l@ y l%%o aar E& chgr ed > 53 AROVATI C
HudelantidesT ire lepngeh; eamti arp\adsot EImenpRSSe élyc‘dmﬁass amlynucleotldes of the
hormol ogous subst.itution (substitution and r epl acenment
aPECHIRS Y88 e ei n to mean the interchange of an
exi sting amno acid residue, with an alternative
resi due) that may occur 1.e. like-for-1like
shilsnucieptidemsush @ﬁDa&A pelyiecl¢adidesansd probes@renrding ¢o the invention may
S elbg IoﬁP orlsﬁornﬁ%gr oceglﬁgliyf,'g?%yggg%ﬁ%ﬁg Hi lable to ose of skill in
I @8 laflU htPman @.Isb ®e c@he@by stenldird 1eehniqhesy ol vi ng t he
i nclusi on of unnatural am no acids such as ornithine
(herei nafter referred to as Z), di am nobutyric acid

of mg%: | né érg' {tb%r pfdﬂﬁl@&f % tsﬁltﬁﬁch%n eahtd" in‘%Hﬁ/'iﬂée a stepwise

erei nafter erred to a
pyahyfhainerifrike dédiied mytlalcaavidssquamphinkyiueleatidengt satimle. Techniques

for accomplishing this using automated techniques are readily available in the art.

Longer polynucleotides will generally be produced using recombinant means, for
example using a PCR (polymerase.chain reaction) cloning techniques. This wiﬁ involve
making a pair of primers (e.g. of about 15 to 30 nucleotides) flanking a region of the lipid
targeting sequence which it is desired to clone, bringing the primers into contact with
mRNA or cDNA obtained from an animal or human cell, performing a polymerase chain
reaction under conditions which bring about amplification of the desired region, isolating
the amplified fragment (e.g. by purifying the reaction mixture on an agarose gel) and
recovering the amplified DNA. The primers may be designed to contain suitable

restriction enzyme recognition sites so that the amplified DNA can be cloned into a

suitable cloning vector.

HYBRIDISATION



phenyl gl yci ne. Repl acenents may al so be nmade by
unnatural am no acids. Variant am no acid sequences
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i nserted between any two amino acid residues of the

sequence including al kyl group¥® such as nethyl, ethyl

or propyl groups in addition to am no acid spacers

such as glycine or b- alanine residues. A further form

oThy présanti tiyentiew glspeencopmapies Seqecacey thacre complanentary to the

am no acid residues in.. ' WL T .
oS o PR B S fbep R Tt gy BF hybridising cithr
appidadgtertes daubt  predeRe ipeption dr ftorsetjudmdesisied d4re complementary
refer to variant anino acid residues wherein the

atheretdon substituent group is on the residue's

nitrogen atomrather than the a-carbon. Processes for
preparing peptides in the peptoid formare known in

t ke ®Fh.“hiyBridieativiplas usidimneiR3hall inalude “BNABo¢ek9BR which a strand of

89(20), 9367-9371 and Horwel | DC, Trends Biotechngl.
(meey agig(igjns Wb a1complgentast #t@édst@wéﬁ dase pyfings as iwrll as the

t esen : 41,00 O oglisn t i
PSBECOF lonbMER0RC: arfiBE DL PR L JRMR PCR)
wetInalodieem synt hetic or nodified nucl eotides. A

nunber of different types of nodification to

ol i gonucl eoti des are known in the art. These include

W?%@X)Hg RRRRGELE aRBdeRBRTRNEE AhbhRaHF RRIOHABERquences that are
and/ or the addition of acridine or polylysine chains )
atapable 8f hahddisingsto dhelsegfienche thail asubemplEmentane to the subject

pur poses ,of th resent invent.io it 1s to b
abrEpsdaersiel PRE: AL epeli At e dnatisebd vy bgreot

herein may be nodified by any nmethod available in the

art. Such nodifications may be carried out in order to
efbarmresenh dnyentipny glsac eRGAMBASES  $qquencep athabrare complementary to
nucl eot i de . ' Al : .
G 1 SRUBIEES AR RA SRR rhKFRIY ludleBPdisonssed herein.
conpl enentary to the sequences di scussed herein, or .
any derivative, fragnent or deriyvative thereof. If the .
skbradisasionscopgiione AEnRatey OF Sheameltng femperafie 2{6@ oha mucleotide
t fva g%gfhi)g&e 2§ PR REINUSGEHeBidK R0 1597, I GIRAE td ¥olecular Cloning
s I&r ¢ i g se&uences I n ot her organisns

eTechRinjuys) Methods theBnapiaidgyaVel.nid, Aoadenhio PoéssgBarsDiego CA), and

h f r
t co%fgreaqéje%?lgg $~’st1%ngc§nhc§t" S eeic’p aq}led below.

Maximum stringency typically occurs at about Tm-5°C (5°C below the Tm of the
probe); high stringency at about 5°C to 10°C below Tm; intermediate stringency at
about 10°C to 20°C below Tm; and low stringency at about 20°C to 25°C below Tm.

"~ As will be understood by those of skill in the art, 2 maximum stringericy hybridisation

can be used to identify or detect identical nucleotide sequences while an intermediate
(or low) stringency hybridisation can be used to identify or detect similar or related

polynucleotide sequences.

Preferably, the present invention encompasses sequences that are complementary to

sequences that are capable of hybridising under high stringency conditions or
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exanpl e by probing DNA |[ibraries made from a range of
i ndi vidual s, for exanple indivi®uals fromdifferent
popul ations. In addition, other viral/bacterial, or

cel lul ar honpl ogues particul arl lelular honol ogues )

f bieraedintoraigenenh cenditiony do quuclegfide sggucaces, S95qng; RYlypeptides
P ] : . | nedegnd such honol ogues
aﬁ%aﬁégﬁﬁgﬁ%gzPﬁggﬁ% %?gﬁgg%era?ﬁMAll be capabl e of

sel ectively hybridising to the sequences shown in the
sequence ljsting herein. Such sequences may

e
oltose Resderaly pthg @rwsnfcwﬂqwa?m\egsswauwsﬁ% are complementary

SFTT Bl L aples oM aligoeBl L sepgEicaRgs . o
paid 0dkS80y{x3S(of 0.08 MeNa€hdedli M Neeciatteauietl0}) to nucleotide

sequence listingsg under conditions.of nmediumt [ )
sYIAYER 890.°d§r%ﬁ9513§k’ep&‘§ﬁ% ﬁ%’é%{lﬁe <§H%°“§1b PTOPERYSS 8B g%’ﬁt;‘i*ﬁ%nfgfr c1n.
speci es honol ogues and allelic variants of the

pol ypepti de or nucl eoti de sequences of the invention.

Vihe aresentainderstonailse sgletes és nuoleotide sapieneey thitseanblybridise to the
obt ai ned usi ng degenerate P Lch will us rimers
el 31ty EREERHT b CaP PP ot Fa: iiies of those
hginmlseatigseigncodi ng conserved amino acid sequences

within the sequences of the present invention.

Conserved sequences can be predicted, for exanple, by

ﬁb&?ﬁ%{s‘%}th@&ﬂﬁ% %?soar%k%sst%%%%%ﬁla% fﬁé@% S VL 1'8 complementary to

ues. ‘Sequence a S can
Pghieoe® thal S hiybadige te the pidlswmide skqmmed distidsedhérein (including
For exanple the GCG W.sconsin PileUp programis w dely
ueEEplemartaty seqaences ebthophdigelsasdhaseid)- PCR wi | | cont ai n
one or nore degenerate positions and will be used at
stringency conditions |ower than those used for
cAboiingudehwithimethe wcofe of thglpeessrigineat®npare pelysuelgatides sequences

o S e T g SR SR Rercin under
CRRRINS bF ARANRABUSRCAximED kiginBkyPe useful where for
exanpl e silent codon sequence changes are required to

opti m se codon preferences for a particular host cell

' \ell\hplrgitérrteg easpect, the present invention covers nucleotide sequences that can
hybridise to the nucleotide sequences discussed herein, or the complement thereof,

under stringent conditions (e.g. 50°C and 0.2xSSC).

In a more préferred aspect, the present invention covers nucleotide sequences that can
hybridise to the nucleotide sequences discussed herein, or the complement thereof,
under high stringent conditions (e.g. 65°C and 0.1xSSC).

EXPRESSION OF POLYPEPTIDES

A nucleotide sequence for use in the present invention or for encoding a polypeptide

having the specific properties as defined herein can be incorporated into a recombinant
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pol ynucl eoti de sequences are being expressed. O her
sequence changes nmay be desiredin order to introduce

WO e®b066351 on pol ypepti de recognition sites, orPCDIBQ4N04374

the property or function of tﬂglpolypeptides encoded
by the pol ynucl eoti des. Pol yn eoti des (nucl eotide
sequences) of the invention may be used to produce a

priner.. e .d a-RLCR priner, .a pri.mer for an:alternative i
CiaTEre degr AEC YR a8 pRoBst dogerResernd et e Tucleotide
8hdeNfh pEIPSdptiay 61 iR Rhi/PP Bon B aRRpMIIE Host cell. Expression may

r
radi oactive or non-raéioactive.lapels, or the
pb¢ yomftelledt isiess contyol reqesnsee svhicht mcludet momotegy/ethancers and other

priners ro and othey fragments will be at |eas . .
e Rat o el | Vop P Bl st phimeg 85 onctional in
3eul@Fyotd deUs st bélased. NTisegbhecif@Ner sdiBuRlsp&ific promoters may be
enconpassed by the term pol ynucl eoti des of the

i wigdntGhimers piareeferieney also be wed goraprisiog isepenewielimasts from two
Q¥onb !MH&%L@%@&%?&S g&%ﬁgéc??t?o%a.ccor ding to the

i nventi on nma e produced recornbi nantly,

synthetically, or by any neans avail able to those of

skill in the art. They al so_be cloned by standard

ma

t Eepelyprpdide prodpsp bYja hq#/ repembingnf pelbby srpigster obihe nucleotide

S [ I V] L.S€ fie

ChdugEs, el Son Y R Y O S IR i lie on e

tseqeenc eatifor gheesedtar usedc ol ¢wligngequbnices wan g designed with signal

aut omat ed Lecq$%%¥es ar.e rﬁgg%%y §¥ailabl inthe art,

LSSABECH ORI CHERSE | QR | 9T P SPBIRPepEOfRS disgugnces through a
N1 SRR RRIYr ARAYS1ic EAl nRXAERlee using a PCR |

(‘pol ynerase.chain reacCtion) cloning techniques. This

will involve making a pair of priners (e.g. of about

15 to 30 nucleotides) flanking a region of the lipid

t ' which it is desired to clone,

g?*ﬁgﬁ%gﬁpigﬂ%fﬁﬁgrs into contact with mRNA or cDNA

obtai ned froman animal or human cell, performng a

pol ynerase chain reaction under conditions which bring

dieutralgpiessicateator” ofeatdvecatsiiat eapabigifon yivo 0 fxaitiir-d gxpression,

the anplified fragment (e.g. by purifying the reaction

m xture on an agarose gel) and recovering the

Q’}Pﬂefafb%ﬁ %e%esﬁ&?v&ﬂr@ﬁﬁo%ﬂét&ﬁn RSt A6RE of ﬁle"\(ﬂﬁgn%én? The term

suitabl’e restriction enzyme recognition sites so
tfneomepted i nwefepiiX waersistabls ineneporatienoing the gemimhe
cl oning vector. HYBRI DI SATI ONThe present invention

al so enconpasses sequences that are conplenentary to
T nucleotide sequence of the present invention or coding for a polypeptide having

the specific properties as defined herein may be present in a vector, in which 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.

The vectors of the present invention may be transformed into a suitable host cell as
described below to provide for expression of a polypeptide having the specific

properties as defined herein.



sequences of the present invention or sequences that
are capable of hybridising either to the sequences of
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STHE Hepdrrayay. BHERE FORETE 1 M

conpl enmentary thereto. The term "hybridisation” as
used herein shall include "the62process by which a
strand of nucleic acid joins with a conpl enentary

strand .t hrough base pairing" .gs .well as the process of

2t PHOIERD! TRVQisC P TR GRNIArYIRE SFARER ESCiHfa Pl often depend on
" R5HLLRIGER RO A8kESaudhe present i nvent on

al’'so "enconpasses e use of nucl eotide sequences that

are capabl e of hybridising to the sequences that are
conpl ementary to the subject se%@]%ncefi di scusse

h&he Vectorsmash Goniaip g OF JPTe £elagf AT ReI£HOFY atPe/p as @ gene which
t @(ﬁff@[@fantiﬂ—{éﬁc PLSIERE el IUBPIINR, RirdonyRIL @ARAASMRnicol or tetracyclin

séquences at are conplenentary to sequences that are
capitinee.ofAlteytatively sihageleotiathmay belasotrnpléshed by endeasisformation (as
di scyssed rei bri di sation conditions are based
ofeSEH eqer’é‘lﬁll%r?a/]{]@ﬁ&r ature (Tm) of the nucl eotide
bi ndi ng conpl ex, as taught in Berger and Ki mel (1987,
Guide to Ml ecular Coning Techni ques, Methods in
EWzstonsl mgy , beVosed mspifropderderanepleries she seadupiiayef BA or used to
zli\ﬁd onf e% a defi ed[ "ﬁtri ngency" as expl ai ned bel ow.

SR E FPRYISEM e POt Silcal Iy occurs at about Tm 5C (5C
bel ow the Tm of the probe); high stringency at about
5C to 100C below Tm internediate stringency at apout )
1006, iva foder sarbodinent, the dyeaiion PreAdsfcyretiod of spaking nucleotide
200C to 2 e i :
TR g s Snd Tl dr it A8l hANEs BKeddiE Polypeptides
hiyrihgl iteadpeoificoaopdrtesisedefined ihdesin ibf yinbodudatges hucleotide sequence

i dentical nucleotide sequepces while an internediate .
(1o p swlicableivRgien elg/trf_rfﬁmg&ﬂ% et iniecaPH LR 03‘5» and growing
| fRROLS dent QP&%&B&E&{S WHiH bi¥g st SHcRAINITURS fQkdde
sequences. Preterably, the present invention

enconpasses sequences that are conplenentary to

guences that are capabl e i% ?éé‘ge'r@%?l%l?égg r \peicg)rlltoreplicate

cnlb ho@NSIl B JHesH R0 BxeRphe8 GFRNSE SeqRbsd iaRdthe oridgins_ of replication
pol ypepti des havi n% t he sgem fic gr operties as_defined
hef @asmids pUC19, pACYC177, pUB110, pE194, pAMBI1 and plJ702.

REGULATORY SEQUENCES

In some applications, a nucleotide sequence for use iﬁ the present invention or a
nucleotide sequence encoding a polypeptide having the specific properties 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 the nucleotide sequence
of the present invention operably linked to such a regulatory sequence, i.e. the vector is

an expression vector.



More preferably, the present invention enconpasses
sequences that are conplenentary to sequences that are
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(e.g. 650C and O 1xSSC {IxSSC = 0.15 M NaCl, 0.015 M
Na-citrate pH 7.0}) to nucl eot3de sequences encodi ng

pol ypepti des having the specific properties as defined
herein. The present invention aIs&.reIatestﬁo described
nGiks on"arerabiy mked sraferato & ARURPSHIOR it the gomponents describe
el £O| %?atﬁ)%gvﬁgn Shiflinscueacsh er@idh G nBdiHdhRgded manner. A
conpﬁenentary sequences of those di scussed herein).

Theulates eaquanny dopdrably dinked T tl areding sequerice ¢t ligaed in such a way

sequences, that are conpl enentary .t o seguences .t hat can. .
ripet PErERianooh e ROMBCEIPGRC S5 AR THEE o nerpble with
(ﬁ@%bﬁ%ﬁ@%wggggienentary sequences of those di scussed

n).

her el so Included within the scope of the present
i nvention are pol ynucl eoti de sequences that are

capabl e of hybridising ta,t.h cleotide sequences

PR e o TRENIatoRY | FBFoESnd P POs PEP e A P PGy and ofher
na{;iré@ion%gdm&ﬁﬁgnam.n a preferred aspect, the present

n

i nvention covers nucl eotide sequences that can
hybri di se to the nucl eoti de-sequences di scussed

o BheiefnoRorp e RIRETE e 45568 e PR i £E"IPRNA polymerese
prigfiRs kR aspect, the present invention covers

nucl eoti de sequences that can hybridise to the
nucl eoti de sequences di scussed herein, or the

c | , Y . ) - _
RS R L1506 W Rlc O3Sk SR R s e
ngetidet piiperiguandefihal hasin imayt fadsopbesahievedigntthorselection of
or for encoding a pol %/pepti de having the .sge%itafi C .
phepralasos IReUdony nEgloter &t PRRYY | STESTRRr el AR gterminator
qﬁéﬁggnbinantreplicable vect.or. The vector may be used
to-replicate and express the nucl eotide sequence, in

pol ypeptide form in and/or froma conpati bl e host

CBilentti o AR R R traon P Pr el i gy ked to

'eﬁgﬁgi@hﬁaggegulation signals. Prokaryotic pronoters

and pronoters functional in eukaryotic cells may be
used. Tissue specific or stimuli specific pronoters

nEXan?peles of suitable promoters for directing the transcription of the nucleotide

sequence in a bacterial, fungal or yeast host are well known in the art.

CONSTRUCTS

The term "construct" - which is synonymous with terms such as "conjugate", "cassette"
and "hybrid" - includes a nucleotide sequence encoding a polypeptide having the specific
properties as defined herein for use according to the present invention directly or
indirectly attached to a promoter. An example of an indirect attachment is the provision
of a suitable spacer group such as an intron sequence, such as the Shl-intron or the ADH
intron, intermediate the promoter and the nucleotide sequence of the present invention.

The same is true for the term "fused" in relation to the present invention which includes -



used. Chineric pronoters may al so be used conpri sing
sequence elenents fromtwo or nore different pronoters

waele®snedssed above. The pol ypepti de produced by BCTITB004/004374
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reconbi nant cell by expression of the nucleotide
sequence may be secreted or nmé# be contai ned
intracel lul arly dependi ng on the sequence and/or the
vector used. The codi ng_sequences can be desi gned w

{ t
sdligashlor siggiest citechimerth dR OB &aseh e dRtY dppliot cover the naturat

subst. Blari : :
SHORARRER & U RRIGEA AR Do AROIUE By ggpoctated with
MEETHER t¥iegdne promerpareisshanthecire bbthrie drdér rmtwalrenyiromhent.
capable of in vivo or in vitro expression, Preferably,

t he expression vector is incorporated in the genone of

URg. Of tgrlﬁgg VB8 chBhM or RGP AkEAwhi2h &116%8 RdrYhe selection of the
covers sta I ncorporati Into the genone. The
ngemkgotomdeugequence’ of the present invention or coding

for a polypeptide having the specific properties as

defined herein may be present in a vector, in which

URG: F&ﬁ!‘: 1id&icd g)?&%?ab'l}s tRP oabtuet | dddlsishes Oat least a nucleotide

regul atory sequencés such that the regulatory

sequeneeas the prewphiiventén pr avindilengide rreqesnse enspding @f polypeptide

the.nucl eoti.de sequence sui.t abl e, hqgs ani s

e in e Sesctioppertian et pasdaetin Doy TeR I L BleReer.

of the present invention nay be transfornmed into a

sui tabl e host cell as described below to provide for
eHESdsCSEbhS of a pol ypepti de having the specific

properties as defined herein. The choice of vector,

e.g. plasmd, cosmid, virus or phage vector, wll

of ke ferfe pRo @ t-hén: helatiorc @b the Mieehirokntidn isclhdesbany cell that

i ntroduced. The vectors may contaj n one _or r ) )
sesmarisgpcitherap Kelegde sequeler: pheading aé%mmggﬁ Tagingethe specific
ﬁfog?ﬂu% hg déﬁ%&{dsﬁe?aﬁeor%gexgﬁéﬁoﬁ"\le_t:{o? as KOG 12Bove and which is
["oranpheni col or tetracyclin resistance.
Ahdedrinalid seebmpimahepdhetoin afe pelypéidedevimyl the Ispetifiy properties as
co-transformation (as described in WOO1/17243).
F@aéwﬁﬁy be used in vitro, for exanple for the
production of RNA or used to transfect or transforma

host cell.
Thus, a further embodiment of the present invention provides host cells transformed or

transfected with a nucleotide séquence of the present invention or a nucleotide
sequence that expresses a polypeptide having the specific properties as defined herein.
The cells will be chosen to be compatible with the said vector and may for example be
prokaryotic (for example bacterial), fungal, yeast or plant cells. Preferably, the host

cells are not human cells.

Examples of suitable bacterial host organisms are gram negative bacterium or gram

positive bacteria.

Depending on the nature of the nucleotide sequence encoding a polypeptide having the
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.



Thus, in a further enbodi ment, the invention provides
a net hod of maki ng nucl eoti de sequences of the present
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pol ypepti des having the specifig properties as defined
herein by introducing a nucl eof? de sequence into a
replicable vector, introducing the vector into a

conpati bl e host .cell, and owing th st cell under .
coharhigher i ErsnpiengamEt SYupfiea! e Gpoine e He casier to
V @ ulatd NEloMRGED k0B Yrbteink RRY ciRAPHOIE sébrbted et HidSeast cell, or
sequence enabling the vector to replicate in the host

c &l borhe) cepge 81 ot. prosespgsl properly $ughhynsiglpersglatian én ybast). In these
otigins of.replication of pl.asm d UCL9 ACYCL77,

pBsfangss: aﬁfﬁ@g‘}t fﬁa&%?matnoag Shie e SEQUENCES

In sone applications, a nucleotide sequence for use in

the present invention or a nucl eotide sequence

ebousnef witpbleyipepealigesushias vgastiamneglesidfulant fosirells -anay provide
"By R D50 R0 TR P SO Lp SRapigion, rmcaton,

t hpidaKph esdi 9tosife, sBnd We ltBRbhide HRgplengatiofusnady BY needed to
the chosen host cell. By way of exanple, the present

i pRrer oRsimaldvialogicgl gditibyy o Biepribyiant expressier Prgurgof the present
sggﬁ e of the present invention operably linked to

such a regul atory sequence, i.e. the vector is an

expression vector.The term"operably linked" refers to

a_.j uxtapositi on wherein the conponents descrjbed are

" Bhehost Pelf iPPrRieRsA qeicirgt OTIIRfeRe PURIEOTBH- | n ¢ hei r
i nt ended nanner. A regul atory sequence "operably
linked" to a coding sequence is ligated in such a way
t ORGANMssi on of the codi ng sequence -is achieved

under conditions conpatible with the control
sequences. The term "regul atory sequences" includes

PTRITRS: @ SorSdtsr@N RARGAich ANhePrbRht BXRAESS @Mudes any or%anism@.that :
regul ation signals. The term™"pronoter” is used in the

neTd | cosumise dfnuckretidet sequenge agroRNAZ plol Yiwepaesent invention or a
bt ndi . o oot id .
IR S§eh&én&?2%h%?§@geﬁ8z§5@%%\%}?’%(84 th%&es%% gtggi s&»?él'ﬁc Cproperties as

sequence enco

pdediped heesn asl/clefrotdeds betaieed thvesfrahso be achi eved by
t he sel ection of

Suitable organisms may include a prokaryote, fungus, yeast or a plant.

The term "transgenic organism" in relation to the present invention includes any
organism that comprises a nucleotide sequence coding for a polypeptide having the
specific properties as defined herein and/or the products obtained therefrom,; and/or
wherein a promoter can allow expression of the nucleotide sequence coding for a
polypeptide having the specific properties as defined herein within the organism.

Preferably the nucleotide sequence is 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.



het er ol ogous regul atory regions, e.gi pronoter,
secretion | eader and term nator regions. Preferably,
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be operably linked to at | east pronot er. Exanpl es of
sui tabl e pronoters for directi% the transcription of

the nucl eoti de sequence in a bacterial, fungal or

yeast host are well known in the art. CONSTRUCTS The
term."construct” - which is synonynous with terns

sUihérefose,. the oinguisgaiie orgéianset the" peieht "Iyl includes an organism
i ncl udes a nucl eotide sequence encodi ng a pol ypeptide
hERPIS LIRS E0¥ pAG Pf.col combratians oF éeﬁq‘?%@dh etegiienckoeoding for a
u ' t e i avent ion,directl r

DRI e, B BRI REloP USRI ek cdpsBigrs s defined
i teinevactars aadéfivedtheraing plasopidous Géfirted dleredn,Sddils aPH&Fined herein, or

1

spacer .group su hPas an intron sequence, such as the

P R et e FADHARRPIG the fARseRedPLgrBiShean also comprise a

; {.i : .resent.

ok s o KR R PR B B {rPiTRROR s as dofined
rherein upderttbe tordgrqd o€ 8 dnteralogmstpranotehi ch i ncl udesdi r ect
or indirect attachnent. In sone cases, the terns do
not cover the natural conbination of the nucl eotide
SERANREORMATIONI OF HOXEI @“EQE%'/@R@YA%J@%' l'y associ at ed
with the wild type gene pronoter an en they are
both in their natural environnent. The construct may

eV, iR} Qr ress a marker which allows for the .
A AR BNl P bl SULRER Bl rsni
dhpahiptatdf @nisabl pekeryabit Yiokth erchlRSS. W tan§ BHRIALS S5pifks.

| east a nucl eoti de sequence of the present iInvention
or a nucl eoti de sequence encodi ng a pol ypepti de havi ng

t . . . r: . - h - b .
(SRR 48 REOREh SR @Ro RV A Rerl b 1l SRGERRlelip the art, for
exampleekeatSanmraak ¢ (Molewitdr Cloug AODatoretbHARRENAALY 2nd edition,
@ﬁé%d@ﬂ t.co i ses_ej ther a nucl eotide sequence

: a Spr %ﬁgﬁf {-akomRtary ngesEhe isp @ealeryotisrlgstis ised then the
agclésddenRgudiRe ehdy I‘iE'edacg b_@%ﬁftﬁ%? 'rﬁmhfrfﬁ%flge% eat§an(§§)sr%{a*igﬁg such as

above and which i's used int reconbi hant” produ
by rempiaill phimtoinsle havi ng the specific properties as

In another embodiment the transgenic organism can be a yeast.

Filamentous fungi cells may be transformed using various methods known in the art —
such as 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.

Another host organism can be a plant. A review of the general techniques used for
transforming plants may be found in articles by Potrykus (4nnu Rev Plant Physiol
Plant Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech
March/April 1994 17-27). Further teachings on plant transformation may be found in
EP-A-0449375.



defined herein. Thus, a further enbodi nent of the
present invention provides host cells transforned or
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i nvention or a nucl eotide sequgnce that expresses a

pol ypepti de having the specific properties as defined

herein. The cells will be chosen to be conpatible with

the said vector and may for exanple be prokaryotic

(for exanple bacterial), fungal, yeast or plant cells.
Pieh&hPRhyhing6n MRS trasbingatdheoMBhgh) YaBAs 68d Ipfants are presented in
Exanpl es of sSuitable bacterial host organisns are gram
nfdlawiingsdstion®er i um or gram positive bacteri a.

Dependi ng on the nature of the nucl eotide sequence

e | Pﬁﬂi igde having the specific properties
é@ﬁgghﬂﬂggwﬁgie' ?ﬁgﬁd/or the desirability for further
processi-ng of the expressed protein, eukaryotic hosts
such as yeasts or other fungi may be preferred.In

ganesbdrganigashaycled 4 fingne- prohfas arfddmentens fungysl Exahpless of suitable

becayse they are easjer, to mani pyl ate. wever, so )
PTG dOsis B GdeCRPHBPBEOhTIIEEE fb S cETTiBtm RHECpEER. Actemonium,

| <(:§k ergiﬁ;i/ls PN RANRRS RBRDr, NErbYord Wﬁﬁé@&&ﬁ%&@%ﬁ%.

perglycosylation in yeast). In these
i nstances, a different fungal host organi sm shoul d be

sel ected. The use.of .suitabl e. hast cells, .su S .
5 EerGhinEs o ostiish Rl TeBeY e S BB V2S5 741665 which
PQses tKARnAbIdORMNIGRAI ol GahifeRBat(dd F filMienth@ YA £18 culturing
gl ycosyl ation, truncation, |apidation and tyrosine, '

stbeifegi are WhH Epevié st iR gXIaRIIHCViESY ofelpClBuqyrs agemplied to V.
to conf optd mal _ bi.ol.ogi I\ ' t A
oSLgr e NG SR B B G TG nBE UL Weloky QR HEAC RN cLo71) 174:
cy-l43my be a protease deficient or protease m nus

strain. ORGANI SM The term "organisnt in relation to

the present invention includes any organismthat could
CRMRE BGcin iG] %tsfo%r%qﬂ%%&]l%ﬁ rAé RRidvRd in US-A-5674707.
the~present®i1 nvention or a nucleotifde sequence

encodi ng for a pol ypeptide having the specific

? {lilg rg %s{g%?’c, ?hsé I(Ijoes]; Iopgggisgiega?ll l:r;e 8tn guleog[en sr xglgllyjeti:qtgﬁlugbstu%ix %%spergﬂlus
niger.

A transgenic Aspergillus according to the present invention can also be prepared by
following, for example, the teachings of Turner G. 1994 (Vectors for genetic
manipulation. In: Martinelli S.D., Kinghorn J.R. (Editors) Aspergillus: 50 years on.
Progress in industrial microbiology vol 29. Elsevier Amsterdam 1994. pp. 641-666).
Gene expression in.ﬁlamentous fungi has been reviewed in Punt ef al. (2002) Trends
Biotechnol 2002 May; 20(5):200-6, Archer & Peberdy Crit Rev Biotechnol (1997)
17(4):273-306.



Sui t abl eor gani smsmay i ncl ude a prokaryote, fungus,
yeast or a plant. The term "transgenic organisnm in
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organi smthat conprises a nucl eoti de sequence codi ng
for a polypeptide having the é%%cific properties as
defi ned herein and/or the products obtained therefrom
and/or]ﬂgéﬂﬁgg not er can all ow expression of the
nth AR E%%%%fcoding for a pol ypeptide having
the specific properties as defined herein within the
organism Preferably the nucl eoti de sequence is

i hcaopion ahdddimertttbe enspericofrgatien cagbeh yaast.The term
"transgeni c organi sm' does not cover native nucl eotide
coding sequences in their natural environnment when

eﬁévi%(weoﬂflg ghn&[:lf%s ePRLERIoRhs LOR xphakiod 8n RERAMRESrovided in, for

IS a In"1ts natural environnent. Therefore,

t benplentéods MdeolgBinl sS(P83), 49343 - ¥k eand Crivre 6o PBiotechnol (1997)

DRI H0f s Ml cot | de Sequence codi ng for a

pol ypepti de having the specific properties as defined
herein, constructs as defined herein, vectors as
dbf ﬁhrserdgaré,rseaaﬁ wcbgmlwmaew%wk@amﬁ@ﬁéﬁfﬁzwse@w Pighiggpastoris (see

CREVEY SreBhR! R aah) 28D Ss IS 4 BB teotogons

sgggeﬂpﬁsggglng for a pol ypeptide haV|ng the specific
properties as defined herein under the control of a

het er ol ogous pronoter. TRANSFORVATI ON OF HOST

carl?%g[e a pr oé% d;%‘? é| gﬁ%e?&gﬁgu enb %5( rebdi6h INOSHe R BRES Perevisiae

aryotic organi sm
Exahipcessionfofsaeht phddecsrie Ig&re;adiyl E Hﬁmsﬂl@lfferﬁz [Kedey E19930['Yeast as a
and Bacill us subtili

h h f
o ehigTe ton b eprenit & ho P s et oL ey BRose and -

Etu%%ﬁ)ns&% SRR ARbdRhic @M@,L gety.ar Coning: A
oratory Manual, 2nd édition, 1989, Cold Spring -

Har bor Laboratory Press). |If a prokaryotic host IS

b R B SRR P TFE R 4 v veloec.
erSF)é!}éHm ¢, A MlahRfic $d&cl@di}@ﬁ1§1@ars IR gTeN thet fr@sent invention can be
transgenl c or gani sm can be yeast. Filanentous fun

cpleparedrhy foltowing thefteachings gk Hﬁgﬁewf PbUd9 e tHieersd wamgrhe National
Igcaa@my oftSczences of the USA 75, 1929); Beggs, J D (1978, Nature, London, 275,

104); and Ito, H et al (1983, J Bacteriology 153, 163-168).

The transformed yeast cells may be selected using various selective markers — such as

auxotrophic markers dominant antibiotic resistance markers.

A suitable yeast host organism can be selected from the biotechnologically relevant
yeasts species such as, but not limited to, yeast species selected from Pichia spp.,
Hansenula spp., Kluyveromyces, Yarrowinia spp., Saccharomyces spp., including S.

cerevisiae, or Schizosaccharomyce spp. including Schizosaccharomyce pombe.



such as a process involving protoplast formation and
transformati on of the protoplasts foll owed by
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use of Aspergillus as a host m croorganismis

~described in EP 0 238 023. AndPher host organi smcan

be a plant. A review of the general techniques used

for transform ng plants may be found in articles by
PAtstiploust tharmethRetrophigritcasiippesiet Pivighpaseris Blag| be usgd gp the host
42: 205- 225) and Chri stou (Agro-Food-Industry Hi -Tech

MEEEHP Rpri | 1994 17-27). Further teachings on plant
transformati on nay be found in EP-A-0449375. Gener al

teachings on the transformation of fqui, yeasts and
plnanie earbedimense Hice HOSt OTEISB DAY beop thgpsgiula species, such as H.

TRANSFORMED FU A | i be a f ]
AR E 6 SRR e M el os of oui tabl e

such hosts include any nmenber bel onging to the genera

Ther monyces, Acrenoni u Asperqillus, Penicillium
MNS?WANTW}?&HEéE nd the |ike. Teachings

on transformng filanmentous fungi are reviewed in
US- A-5741665 which states that standard techni ques for
t A awst orsamisinosuitablef fol alneptesens ifiventon amy loel b tplatngA tredew of the

cAendisk eSS By IRdn EicRe b ARas Chpw Ry Py Physiol Plant
i]@gmkfg_[géb a5 529h) Ad s (ABRSFeds KRB TebR March/April

43" Further “teachings on transformng
f 19942 DHuer UWGI01H16808.e The wenkgemic phabnBs dRe ehlpngekblevels of

aspect, the host  organi.sm cap be of, the genus
%@S@‘Fbﬁr‘i’lleﬁ@,rs alily{?gtaﬁ%lﬁg‘%ﬁ&qr quﬁ§arﬂli’18'er. A transgenic
Aspergillus according to-the present invention can
al so be prepared by follow ng, for exanple, the

t Baec¢fpreghe pfesaniimentian alsosiptgsve e mestkod ot thyameduction of a transgenic
ni_pul.ati.on. , et hnel). . ising:
BB DGl Sy AR s, comprisin

i sﬁgﬁsw tradsfofntanohi plaggyell &ith28.lipid aeylirensfAnst ey dafined herein (in
1994. pp..  641-666). . . .. . .. . .
particular with an expression vector or construct comprising a lipid acyltransferase as

defined herein), and growing a plant from the transformed plant cell.

SECRETION

Often, it is desirable for the polypeptide to be secreted from the expression host into
the culture medium from where the.enzyme may be more easily recovered. According
to the present invention, the secretion leader sequence may be selected on the basis of
the desired expression host. Hybrid signal sequences may also be used with the

context of the present invention.

Typical examples of heterologous.secretion leader sequences are those originating
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 o-amylase gene (Bacillus).



Gene expression in filanmentous fungi has been revi ewed
in Punt et al. (2002) Trends Bi otechnol 2002 May;
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(1997) 17(4):273-306. TRANSFORVED YEAST | n anot her

embodi ment, the transgeni c orgéhi smcan be a yeast. A
review of the principles of heterol ogous gene

expression in yeast are provided in, for exanple,

Met hods Mol Biol (1995), 49:341-54, and Curr QOpin

Bi (1997) Cct; 8(5):554-60 In this regard,
yﬁﬁaﬁﬁ’i‘k as the species Saccharonyces cerevisi or

Pi chia pastoris (see FEMS M crobi ol Rev (2000

24(1):45-66), may be used as a vehicle for . . )
hét erisho §b nEpterakd fandstectiar srd measiing fheosxpression of the amino acid
principle et.er.nol QQous;. g | L R :

SRR Bl DR PHE TR FAPREE Pl Mpked imamunosorbent
PaREY CELISA),giradininiuioakiayc (RIA)f had Eli@esoent B0885ted cell sorting
"Yeast as a vehicle for the expression of heterol ogous
geis8). Yeasts, Vol 5, Anthony H Rose and J Stuart

Harri son, eds, 2nd edition, Academ c Press Ltd.). For

the transformati on of yeast, several transformation

pAOkde ol etyafdatede andlengtgatiod tedhoiquex areptrewreby those skilled in the
transgenic Sagcharonyces, accordi.ng t.q the present

i ?’Wé?f? F%’nbec‘éﬁefg%Vﬁ‘g‘%é‘ﬂlﬁlﬁl%@%@ﬁqﬂp&ﬁflﬁ@siﬂ% t eachi ngs

of Hi nnen et ah, (1978, Proceedi ngs of the Nati onal

Acadeny of Sciences of the USA 75, 1929); Beggs, J D

( A978mbeavfircompavied oswnch 276 Phadacia Hiekech dPisehteway| NJ), Promega

(1983, J cteri 153 3- .. The ansfor ned 1.
s Edsorn WO g e M o AGRysiI O H RRP! FRmercial 1t
Wﬁ{&@rﬁﬁcols&ypmeébsp@umﬁésophi c markers doni nant

antibiotic resistance nmarkers. A suitable yeast host

organi sm can be selected fromthe biotechnol ogically

rgl.eyant ts Les S; [ 1t ‘ ,

v SUBIC s¥FRE JuPBERLE o PP S ineti, JRbse AbERG RS, cnayimes,
Sflforesdéht) yh@ndatescendar rchwinio ganfpzents 38 eadlleasanipsieses, cofactors,.

spp.., including S.. cerevjsiae, or. Schizosaccharomyc
swgzblﬁqrﬁzlwnﬁac Qeﬁi%s%@cﬁﬂsr Hfy c E25BiTHEAcAIRE {5 Rocupt such labels
tﬂl%lda@g}%g%,ggﬂggﬁ V§a58 530960 L8SPA-8MYID PBASURLAS §9¥/345; US-A-

bé use oSt organi sm
4,277,437, US-A-4,275,149 and US-A-4,366,241.

Also, recombinant immunoglobulins may be produced as shown in US-A-4,816,567.

FUSION PROTEINS

A polypeptide having the specific preperties 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 -galactosidase. It may also 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.



In one enbodi nent, the host organi sm nay be a
Hansenul a speci es, such as H pol ynorpha (as descri bed

WO 0oNDEBABO544) . TRANSFORMED PLANTS/ PLANT CEL LECHIB2064/004374
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organi smsuitable for the present invention nmay be a
plant. A review of the general7ltechni ques may be found
in articles by Potrykus {Annu Rev Pl ant Physiol Pl ant
Mol Biol [1991] 42:205-225) and Christou
(Agro- Food- I ndustry Hi -Tech March/ April 1994 17-27),
ofr, i n.WDOL1/ 16308, T ans ' .
cSirB B U Sob gt BEP oo lefe BedlleyRedth €5bE Doty
eBidRschnoll Pro9sxamyise1-eTher ef ore the present invention
also relates to a nethod for the production of a
transgenic plant with enhanced | evel s of phytostero

ters and ; l. . i Si t .
oF ERiE FipRtsREb AR 1 REPh- e ARARY 4 Remeh il pepide
agaktind ®6 Sh&ifs propertidshs defhdddresdin n{dyrbefdyatdddtuladtetesblogous
an expression vector or construct_ cqonprisin lipid. .
awylierca e Freosls @ THsion prqtaadl resrample, %%Frﬁ&reﬁ%\%i ‘%eagde libraries for
Pl ANt & - £yit§ &k bnay FEGREDH @encod
d#%gﬁfmﬁgﬂ%épggé#@g%$€§$§%ngagﬁpgﬁypeﬁ'ide to beIlCO ca
s@fimetie dutistanoe thgessiy £hstembodoas epitopechitieracapinedby a
medi um from where the.enzyne may be nore easily
r%%@@@ﬁé@@*%@%%ﬂ%@ﬁgxpﬁ'the present invention, the
secretion | eader sequence may be selected on the basis
of the desired expression host. Hybrid signal
sEgmvesisommyll abwdebdesaubetl, Wiyt Way he exammple onlysfwitheeference to the

present invention. Typical exanples of heterol ogous
s @P@W? gF@ﬁ&@$ﬁ§@8é%ﬁtes are those originating from

the fungal anyl ogl ucosi dase (AG gene (glaA - both 18

and 24 amno acid versions e.g. fromAspergillus), the ‘

aFizaxst bishgjene nfgmBeaSy eongensgs Ceqeefioas database-version 6 (SEQ ID
uy%eronyces and Hansenul a) or the a-anyl ase gene

{ 8t1rlus).DETECTICN A variety of protocols for

detecting and neasuring the expression of the am no

cizyrect FHTRGER APRISS PoRECe Uy TPERD aRjebianed fof the organism
;%giogggyywﬂgﬁ% @480, 3¢ F1oypy escent activated cel |

Figure 3 shows an amino acid sequence (SEQ ID No. 3) obtained from the organism

Aeromonas salmonicida (AAG098404; GI:9964017);

Figure 4 shows an amino acid sequence (SEQ ID No. 4) obtained from the organism

Streptomyces coelicolor A3(2) (Genbank accession number NP_631558);

Figure 5 shows an amino acid sequence (SEQ ID No. 5) obtained from the organism

Streptomyces coelicolor A3(2) (Genbank accession number: CAC42140);

Figure 6 shows an amino acid sequence (SEQ ID No. 6) obtained from the organism

Saccharomyces cerevisiae (Genbank accession number P41734);



(FACS). A wide variety of |abels and conjugation
techni ques are known by those skilled in the art and

w@awshes3ssed i n various nucleic and am no aci dPEFEERRYGL/004374

10

15

20

25

30

A nunber of conpani es such as Pharnaci a Bi ot ech
(Pi scataway, NJ), Pronega (th?%on, W), and US
Bi ochem cal Corp (C evel and, OH) supply conmerci al

Kits and protocol s for t hese procedur es

¢ Bl OF G BoaIR Of SISl FACHAS I Pigglss corsensus sequence;
r:adi onucl i des, enzynes, fluorescent, chem | um nescent,

or chronobgeni c agents as well as substrates,

cBigaed 8rshows nhpdivtiss sligmmegmef iSEQabtNel 2 svihni$EQHP No. 2 showing

like. Patents teaching the e af ﬂuch | abel s i

U anipp720i8 FoqUISCR 1 4eniish, 7 ASqugs Bopderindd” + denotes
U@fﬁriﬁcgsq 6T§é‘@D5§Fnﬁ‘tlf %ogtgﬁufg?%e devésife %?fﬁe ]1459&&{1@16: active sites
366, 24 reconbi hant | munogl obul i ns may
bespartecacodk il Gandshistiding A9 UseAighliphiel (567shafedstegions). Numbers after

EI.LNS A pol ypeptid aV|n the specific properties
aéled@?m?@%‘dﬁ%?@%%% agngLg ®ed as a fusion protein,
for exanple to aid in extraction and purification
thereof. Exanples of fusion protein partners include
gFiaum it Shick raisace S5 ID Y173 enaging ¢ Hpid acyl transferase
bac&gfchgg g St?lla ﬁgeggﬁtalgx%%nuloﬁto;bg naldef%ér}& Irt]lzflegénljlggr:l: d%amgg)las eydi ophila;
a proteolytic cleavage site between the fu5|on proteln

partner and the protein sequence of interest to all

rExgﬁrﬁal Ooshomiss poppgitadide spauerfgedd . IhpM. e$>a6m;pdmgea lipid acyl
ir%s%}a&r&tcgf cg‘é‘l ézl g‘)?%seﬂﬂ D&k htAREd Yﬂofrythg ré;ﬁ%ntAeromonas

protern sequen usi‘on expression systens

csllinohiitkr, been reviewed in Curr. Opin. Bi ot echnol .

(1995) 6(5):501-6. In another enbodi nent of the

invention, the am no acid sequence of a polypeptide

heNLRg 14 h%lo%@eﬁ' flcfedRIEPRLhERS EEQED N6 HCERIAIAPY lipid acyl

be~ligated to a heterol ogous sequence to ericode a

f raisorager cicedndingdo  ékanpilesgnt cmtveameenbﬁagledf fivapt thee organism

SBTARER act | 2GR hal . usol P BRencofieespion  mumber

CROBH3 §B8SIUPBI7aR0 8328P6BSSi Ng a het erol ogous epi t ope
that" i s recogni zed by a

Figure 12 shows a nucleotide sequence (SEQ ID No. 10) encoding a lipid acyl
transferase according to the present invention obtained from the organism
Streptomyces coelicolor A3(2) (Genbank accession number

AI.939131.1:265480..266367);

Figure 13 shows a nucleotide sequence (SEQ ID No. 11) encoding a lipid acyl
transferase according to the present invention obtained from the organism

Saccharomyces cerevisiae (Genbank accession number Z275034);

Figure 14 shows an amino acid sequence (SEQ ID No. 12) obtained from the organism

Ralstonia (Genbank accession number: AL646052);
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commercially avail abl e anti body. The invention wl|
now be described, by way of exanple only, with

WO efosnessse to the follow ng Figures and Exanpl BGI/IB2004/004374

Figure 1 shows a pfanD0657 consensus sequence from
dat abase version 6 (SEQ ID hb.Tﬁ); Fi gure 2 shows an
am no acid sequence (SEQ ID No. 2) obtained fromthe

P 13 Ssis diclemt b Heerce dSithdl’ NSEQH BPRpling)a lpid ccy

e A e L

sequence (SEQ ID No. 4) obtained fromthe organi sm

it PP S88aT Rer oy Sesb L NG FRARArGoser gode CAB9707.1

SeRUSTHES(SERV & %t@icagﬁadeﬂ?ggg%mwe@c&maﬂ A2)1;

Streptonyces coel i'col or A3(2) anK accessi on
nunber: CAC42140); Figure 6 shows an am no acid

uen SEQ ID No...6) obtained fro anj,sm ..
LHRAFD hRaTacheiige setadh Birh o ved T Mar effcoding NCBI
R4bieBt ackdsgiohecolleS 0AB39307.2] | GRABIY1 78 cGiRbREeH Spothetical protein
sequences to pfanD0657 consensus sequence; Figure 8

divtraptoanyses eemliseloadB3¢hkent of SEQ ID No. 3 with SEQ I D
No. 2 showi ng 93% am no acid sequence identity. The
signal sequence is underlined. + denotes differences.

TrgueDEX shotvs fanC afigd Atidgsidiven astSR@ B o SBI B&R21NCBI protein

and the actjve sites_aspartic acid 116 and histidine )

2geession heglel | GMRA4{Rbe sKHSTAOI Y epmservedunipmothetical  protein
' hd4y¢ m nus the signal sequence;

gﬁgﬁ'?hgﬁg oﬁggggﬁégpagtide sequence (SEQ ID No. 7)

encoding a lipid acyl transferase according to the

.esent invention _obtained fromthe o i sm Aeronpnhas

Hy Bt P aveoiestiaugics aenas THa Lhierneenpating Scoe2
hNRCBP - préleiSReQdtiBE Sodel RIACRAYY. 11 I @19786 P3P BREEN Rpothetical
to the present invention obtained fromthe organi sm
AsotsimjSrspomyconéasilidelor B3lie 11 shows a nucl eoti de
sequence (SEQ ID No. 9) encoding a lipid acyl

Figure 20 shows an amino acid sequence (SEQ ID No.24) Scoe3 NCBI protein
accession code CAB88833.1 GI:7635996 putative secreted protein. [Streptomyces

coelicolor A3(2)];

Figure 21 shows a nucleotide sequence shown as SEQ ID No. 25 encoding Scoe3
NCBI protein accession code CAB88833.1 GI:7635996 putative secreted protein.
[Streptomyces coelicolor A3(2)];

Figure 22 shows an amino acid sequence (SEQ ID No.26) Scoe4 NCBI protein
accession code CAB89450.1 GI:7672261 putative secreted protein. [Streptomyces
coelicolor A3(2)};



transferase according to the present invention
obt ai ned fromthe organi sm Streptonyces coelicol or

WAB(0Rp63enbank accessi on numnber PCT/IB2004/004374
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NC_003888. 1: 8327480. . 8328367); Figure 12 shows a
nucl eoti de sequence (SEQ I D No/4 10) encoding a |ipid
acyl transferase according to the present invention

obt ai ned fromthe organi sm Streptonyces coel i color )
ABigate 2ehoen kn awekotie seqigrerephown as SEQ ID No. 27 encoding Scoe4

AT 850 AT TP 5872 s o

aE&f}eptd £ e6&aRB102RY]i Ng to the present invention
obtai ned fromthe organi sm Saccharomyces cerevisi ae

(CGenbank accessi on nunber Z75034); Figure 14 shows an

api no id seque 0 ' k e :
ofiglh 2, PG YR MESn N ke IRQTID ANGES 69 NEBI protein
ALBAEQHY) ¢ddie g W ABAB2d Hows Ga: 66627980t jutkeivee divepmaeif SEreptomyces
ID No. 13) encoding a lipid acyl transferase according
t@eﬂlﬁ@lobﬁéé@ﬂﬁ i nvention obtained fromthe organi sm

Ral stoni a; Figure 16 shows SEQ I D No. 20. Scoel NCBI

protei n accessi on code CAB39707.1 (4539178 conserved
hyigateh2s ishalvs prmtcdotidp Sequpteo shoes as SIQ dBI dlo. 23( @)cpding Scoed

S oo S AR EE T SR 25, Bpoprotin
%‘gﬁ%ﬁco ﬁeQ%@f&B}b@xﬂmpt hetical protein [Streptonyces

or A3(2)]; Fidure 18 shows an am no acid shown
as SEQ ID No.22. Scoe2 NCBI protein accession code

Q01477.1 A :9716139 conserved t hety;cal, RL.Ot-€l .
EieRE o608 BharTRo B M (R M Y630, BB NEBL protein
NGk QX @Rl YEARSNTES. B IEIIF08203EQDISD-Mase IS &picagies gimosus];
Scoe2 NCBI protein accession code CAC01477.1 (A.9716139
conserved hypothetical protein [Streptonyces

coel icobar A3(2)] . Fi : n i RO N\ECI . o\
Bl el Bl U e Ruats YRR S70R0 11928 engpine St
CROBI ARG R3eskionlcoad PYUE840 28! IGId SO8208% @EShrlittase [Streptomyces

[ Streptomyces
rimosus];

Figure 28 shows an amino acid sequence (SEQ ID No.32)A lipid acyl transferase
from Aeromonas hydrophila (ATCC #7965);

Figure 29 shows a nucleotide sequence (SEQ ID No. 33) encoding a lipid
acyltransferase from Aeromonas hydrophila (ATCC #7965);

Figure 30 shows an amino acid sequence (SEQ ID No.34) of a lipid acyltransferase

from Aeromonas salmonicida subsp. Salmonicida (ATCC#14174);

Figure 31 shows a nucleotide sequence (SEQ ID No 35) encoding a lipid

acyltransferase from Aeromonas salmonicida subsp. Salmonicida (ATCC#14174);



coelicolor A3(2)]; Figure 21 shows a nucl eotide
sequence shown as SEQ I D No. 25 encodi ng Scoe3 NCBI

w@e@tesa3saccessi on code CAB88833.1 G : 7635996 PLI/ER20844004374
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secreted protein. [Streptonyces coelicolor A3(2)];

Fi gure 22 shows an ami no aci d Bequence (SEQ I D No. 26)

Scoe4 NCBI protein accessi on code CAB89450. 1

G :7672261 putative secreted protein. [Streptomnmyces .
cBighiect? ehovwpthal homplganes PiFhe Hatwmeas Bsaeeean breldentified using the

. 27 i )
PRS00 E5SE0 BB PR30 P
SBESRIAGn PN EMD, [TSA raap ttsymesletedelehomb dataBaded) [The GDSX motif

Figure 24 shows an ami_no acid sequence (SEQ I D No. 2'81)1 )
SweeBseRidBthqiasalese serreead HRUBBEIICABERPO(gones potentially encoding
G: 656279 tative: )i i LS .

s o Ry A Rege Justiel dcRe: RIKERByified from the genus
SeEERAEScE CMhtiasn &G id Ralst@fa. AscadiengmPlodbloNCBhe Ralstonia
protei n accessi on code CAB62724.1 Gl_q56279 put &i ve ..
| sqlenseerramn Vst dligped nipc die CSEPPeRISoFalRSpIqa (ﬁtg rgens Pairwise
s ' ighrgiey] {(SEQ { it fHe NGRS termi
o R e RS r TR0 gyt Mo RS terminus
Gl tHel qaadwid Stideed listidies and apsdE]acidtaubrecddettifddows a

nucl eoti de sequence shown as SEQ ID No. 31 encodi ng

Sriml NCBI protein accessi on code AAK84028. 1 _
(%1g31ﬁé0§2 QRS CORk-PRe6657. B [RBREBNVEEST, HhtaBssdStersibh AT @onsensus
28 shows an am no aci d sequence ( SEQ i_D No. 32?A |'ipid
aspghertcedhetkaftarsalled Bamepniensiss ahy treopignment ous sequences to

#7965); Figure 29 sh | eoti.d SE . :
(B2 Rl ChERTR N SRR PR, L RE TR TR M,
AR{ RABRASHIREE AdEBAtk ahieB T6ICHE 1268010 gy bekkseindbatddoms [Bpton C and
am no acid sequence (SE of a li

EQ | D No. 34) pi.d .
aBytldexad €t @PABk Trangm Rierksrpried 201 1f8rii7e]-dqaritab dptters in the Pfam
Sgc;nggnnslu 'iggicgé-r%%%y')ésidues in many family members. The — symbol

indicates a position where the hidden Markov model of the Pfam consensus expected

to find a residue but did not, so a gap is inserted. The . symbol indicates a residue
without a corresponding residue in the Pfam consensus. The sequences are the amino

acid sequences listed in Figures 16, 18, 20, 22, 24, 26, 28 and 30.

Figure 34 shows the Pfam00657.11 [family 00657, database version 11] consensus
sequence (hereafter called Pfam consensus) and the alignment of various sequences to
the Pfam consensus sequence. The arrows indicate the active site residues, the
underlined boxes indicate three of the homology boxes indicated by [Upton C and
Buckley JT (1995) Trends Biochem Sci 20; 179-179]. Capital letters -in the Pfam
consensus indicate conserved residues in many family members. The — symbol
indicates a position where the hidden Markov model of the Pfam consensus expected
to find a residue but did not, so a gap is inserted. The . symbol indicates a residue
without a corresponding residue in the Pfam consensus. The sequences are the amino
acid sequences listed in Figures 2, 16, 18, 20, 26, 28 and 30. All these proteins were

found to be active against lipid substrates.



Figure 31 shows a nucl eotide sequence (SEQ I D No 35)
encoding a lipid acyltransferase from Aerononas

W@ adosei3si da subsp. Sal noni ci da (ATCC#14174) ; BPQUIBR0B204374
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shows that honol ogues of the Aeronpbnas genes can be

i dentified using the basic |ocdl alignment search too
service at the National Center for Biot echnol ogy
Information, NIH MD, USA and the co 4: ..
dEIgatﬂa§§sSh07\r$ea(§3$X@5ﬁ’|§’pl ffe%rs perd sl =dH N seaining the C-

GRRE LIl SEBPRSE AR R s

|dent|f|ed Genes were identified fromthe genus
St rept onyces, Xanthononas

emmzﬁ 3 gomsithe roseltyal ©sing cel E&tfaﬂé&%?\ﬂiﬁaf%\é@s %?%aén‘@’awh dePlctS
e
| $h@(fjw€ﬂ§ﬁﬁnﬁlﬁeﬁgh e1ghmn31®catae rampositise anuirelne neﬁtafley:bmrol (i.e. extracts
resi aues I sti1.dl ne. and asp ti |

i fremt qmptwlamm il FAsRIGS Bllonted 4 & I 988 3 Hougs culdvation after

[{1 r%a 67, dat abase version 11] consensus sequence
ereafter éal | ed Pfam consensus) and the alignnent of
vari ous sequences to.the Pfam consensus sequence. The

Ca8i ¥halio S st Bty SRR B g cxpresion
di t
A S e BS99 30 oo
C@flnbé‘eﬁﬂﬁms Tt]v[’tdl h@r:g alcth$§e rtoedrdse sacithins Cell nmt;acfsarwelrg/ tested for
ers e - a_posi n wher
Eglweholwwe‘f dB‘I%n%f ¢ N Tt e \SY' slis f@%é%{ iqj right: positive
f&;}grngorfe% nbel; @ sipE; so a gap is inserted. The -

I ndi cates ‘a resi due W t hout a correspondi ng
reS| due in the Pfam consensus. The sequences are the

% SRR KAt B M B e v

[ S QM Ang fAR S oubE RGBS the\sabstt BN edithin Gad 3&RELS nHeueRaSanalyzed
(héreafter called Pfam consensus) and the alignnent of

vasingthin byquenemstagrphiishpiving the prespragof degiadniéan profects. Lanes:
arro ndi cat e th t b es B 0
uirdeﬁlé{ggh’gb?('es & L 1041‘? shé@ 4 esidies) I8 37°C; 4, Al -

icate thre€ of the honology bdxe
i potilcatoed sby+[AJphom0G @8CBuckl ey JT (1995) Trends
Bi ochem Sci 20; 179-179]. Capital letters -in the Pfam
Figure 39 shows partial purification of the deromonas salmonicida Acyl Transferase

showing the phospholipase activity associated with purified His-tag protein. SE =
Sonicated extracts, His = Purified with Ni-NTA spin-kit from Qiagen;

Figure 40 shows the expression vector petl12-A.h.: GCAT=pSMa containing the C-
terminal His-tagged Aeromonas hydrophila Glycerolipid Acyl Transferase (GCAT)
gene was used to transform E. coli strain BL21(DE3)pLysS;

Figure 41 shows the activity of the crude extracts (5 & 10ul) containing the

recombinant Aeromonas hydrophila GCAT enzyme was tested towards lecithin using



consensus indicate conserved residues in many famly
menbers. The - synbol indicates a position where the

whpadees3bar kov nodel of the Pfam consensus expRCT/EBR0Q40004374
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find a residue but did not, so a gap is inserted. The

synbol indicates a residue w4 hout a corresponding
residue in the Pfam consensus. The sequences are the
am no aci d sequenc

SBonptaied Jory A ONEF ) tels bt ol St S bresence of
o A3ty A RS her UG ¢
¥ SuPRt Dbl L PrSURRHER BRI H Contatning the

Cterm nal Hi s-t&ggedAerononas sal nonicida |ipid

IR R ORI T —
PRI S P RAEEA S SR ERIRR gt 20 ocSRb BB bhrocion

fsomenbght Wahr hight attdie abeard Resthin. vEelt onitraots, were tested for
negative control (i.e, extracts fromenpty plasm d)
apltbsphetinass agiity ssinadhaNEEA kit assay;2 and 3" hours

cultivation after I PTG induction; Figure 37 shows

grow h optim sation of BL21(DE3)pLysS harboring the

ERPURS AORhMWE 1 1he PatIAR-pAGEcBA ofp8M steowmovgs hydrophila & A.
cultivation at_30 C resubt ed in tr]}e Erqducti on .of . .
etgraicigot ACK EF?“&@(%SW SHoVBRathgsPiasehqliase agiLyify associated with
e {15 V. t @8l T Lpase activity using
tﬁgmsﬁéﬁgg‘gg’yﬁg%%&@?%ﬁﬁﬁ’t to right: positive

CHin + Plrifiedegith NieNTEAspinekit fi200Qag8O0C, Fi gure 38 shows

crude cell extracts from BL21(DE3) pLysS expressing

active lipid acyltransferase incubated with the

Stastd 3 &hbRS! thBi dkpRREioh BT HeORerBibhlE Gel@sS irABALYS Gubtilis 163
using thin |ayer clgr onmat o&r aphy show ng the presence

o$hosteng slakapiadncipro dfisecseted gnepme withnactsntyytesvards both lecithin and

- [, .370C. 3., .+ A.  .sal - 20l N I
"Rl phehet Fopstticy oehueiile, e PG esfs i UB-AS,
Pasdsiradt withi fhcat k@monfcidheehgr coulnas SiahDwas iitkubarydl with the
Transf erase show ng the phospholipase activity
agheitas B ORINeIHUSEr i fi ed His-tag protein. SE =
Soni cated extracts, His = Purified with N -NTA
spin-kit from Q agen; Figure 40 shows the expression
VEguY 4 Pstolws2m/Antine aGAATqREMa (ST TBIN6.39) dhithe Chsomtoasiruct used

for mutagenesis of the Aeromonas hydrophila lipid acyltransferase gene in Example

17. The underlined amino acids is a xylanase signal peptide;

Figure 46 shows a nucleotide sequence (SEQ ID No. 45) encoding an enzyme from

Aeromonas hydrophila including a xylanase signal peptide;

Figure 47 shows the result of the HPTLC analysis in Experiment I;

Figure 48 shows the result of the HPTLC analysis in Experiment II;

Figure 49 shows a calibration curve for monoglyceride standard solutions;



H s-tagged Aerononas hydrophila G ycerolipid Acyl
Transferase (GCAT) gene was used to transformE. coli

W@ 2008/0663BL21( DE3) pLysS; Figure 4 1 shows the arCT/1B2044/004374
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of the crude extracts (5 & 1Qul) containing the

reconbi nant Aer onpnas hydr ophi1% GCAT enzyne was

tested towards |l ecithin usingNon-Esterified Fatty Acid

(NEFA) kit (Roche, Switzer] and), show nqg (tihe resence

oFigaea 34 ghosvr A GabbrabiRa cHE AR AIgHE S AD PR splulpR n:

Figure 42 shows growth optim sation of BL21(DE3)pLysS

har bori ng the expression vector petl 2-Asal GCAT= pSM
shipwiend 1 CsHolisv at nueieotitle 3@qOMce eschting & rlipifieacyltransferase enzyme

production_of enzynme with high activit ds
Pcsptdingto be prosartpzavien i Sy edowitas S Eb e o P ase
activity using the NEFA kit assay; Figure 43 shows the
partial purification of the Aerononas hydrophila & A
SBRigomnd X shdavsAcpdly pepéids feuaseesofshigyid agyltramsierase enzyme according to
phosphol i pase, activity associ (th_purified
Fihe Prasgnihseion raseStr e o QB Cel MacsS 1 s o
Purified with Ni-NTA spin-kit from Q agen); Figure 44
shows the expression of the Aeronpbnas genes in
BEKAIMPRKESubtilis 163 show ng the production of
secreted enzyne with activity towards both lecithin
and DGDG pUB- AH= construct containing the A
hyglria® v didarte e danst, BolfSving @Bblek ugGbnial bk Sedherein:
sal noni ci da gene, Culture filtrate was incubated with
t MONQbsmeaeglyceride 60 nmi nutes. Figure 45 shows an
ino_acid s ence _( 36) of the fusion

mrt?r_%?noﬁgggvy 8’?0?nu (grb% es?lhge of the Aerononas
hyr @ ahd MONORire irae¢hdugenisie demte gene in Exanpl e 17,
The underljned am no acids is a xyl anase si gnal
pepG Tdiacplgdiferrlas shows a nucl eoti de sequence (SEQ I D

453 g an enzynme from Aerononas hydrophila
fl\ﬁ%‘?ﬁ%egﬁ?%ﬁlaanase signal peptide; Figure 47 shows
the result of the HPTLC analysis in Experinent |;
Fi gure 48 sho;ﬁ1 the result of the HPTLC a alxsis in

A0e; G poSequencing and: neteroiog  EXRI'ES

NRRRAL VLR IR A oMeREsSabRbIRRAbED. WhlRorfidNOVS 2

ca ratron curve 1or diglyceride standard Sol uti ons.

Strains used:

Aeromonas salmonicida subsp. Salmonicida (ATCC 14174) was obtained from ATCC
and grown overnight at 30°C in Luria-Bertani medium (LB). The cells were
centrifuged and genomic DNA was isolated using the procedures for genomic DNA
isolation from Qiagen Ltd. Genomic DNA buffer set (cat.19060), protease K (cat.
19131) and RNAse A (cat. 19101) were all obtained from Qiagen Ltd. (Boundary
court Gatwick Court, West Sussex, RH10 2AX).

Host bacterial strain BL21(DE3)pLysS (Novagen) was used for production of the
recombinant Aeromonas enzymes. Competent cells of BL21(DE3)pLysS were used as

host for transformation with the expression vector pet12-AsalGCAT=pSM.



Fi gure 51 shows a nucl eoti de sequence encoding a lipid
acyl transferase enzyne according to the present

w0 poened3sn from Streptonyces (SEQ I D No. 54); FCTB200404374
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shows a pol ypepti de sequence of a lipid

acyl transferase enzyne accordfﬁb to the present
invention from Streptonyces (SEQ I D No. 55); EXAMPLES
For the avoi dance of doubt, ;the follow n

CE g ot ;
abtansforments roniiying dhe SRFOREHE HASINENYSE FHBWBAyel LB agar
MAG, = EVAReT A (e =1 gl yceri de MAG and MONO
a%dﬁuﬁ%n‘g%%gﬁgﬁrﬁl&g%ﬁg%e?‘c%ﬁlwﬁ%m = di acyl gl ycerol FFA =
free fatty acid EXAMPLE 1: The cl oni ng, sequenci ng and

het er ol ogous_expression of a_tra rase om

A@pnﬁﬁ\ﬁﬁgms@ﬁ WFS?F%V%?EHTSE#I% Sgﬁﬁ?ﬁ%ﬁp Yai ns used:

Aer ononas sal noni ci da subsp. Sal noni ci da (ATCC 14174)

was obt ai ned from ATCC and grown overnight at 300C in

LBétri 4t BeVA aniplifieatians (fI1tB) trafdferasepéres dame deanteridsugeagmic DNA

o0 eI S e S 2 S SRR ED (B e i
b .
R i gﬁ“&%%?glé .Gbﬂiifg% 90883ch ﬁi{rﬁ&f@ggm@/ﬁﬁ,gi?p HOE8AP Andtotal reaction

01) were al taine romaQ a%en
Lvalumé Rdurddat. y PEBureaciBatswivere p€ofiormed e otpregrasanablertbieanal cycler

2AX). Host. bacterigl. str 'm82]3(0DE3 S va 0
m}é%l)lgj%%?lg}mﬁg ocd’[‘j‘g{t}%‘ﬁ- 2115 th)rr ec ?‘%F‘h%n@ &%‘ﬁ 8?7%’?1?55 C for 30
enZ¥ RS 60CeRet eingelahd 6% °(Blot 1 RESNeS.YAS aderenalS@dension of 5
as host for transformation with the expression vector

peinuesid 2 ACARsEeMiad Tr ansf or mants contai ni ng t he
appropriate plasmd were grown at 37 0C in LB agar

medi um contai ning 100-ug anpicillin/m. Construction

ofh& RrERESEpBAcARa dITthe hhdedsaédeATompEMalmonicida was carried in 2

separate PCR reactions. PCR reaction 1 was performed using primer pairs,
aslUSNEW(5'AGCATATGAAAA AATGGTTTGT TTGTTTATTG GGG 3' [SEQ
ID No. 56]) and asls950new (5' GTG ATG GTG GGC GAG GAA CTC GTA CTG3'
[SEQ ID No. 37]). A second PCR reaction was performed to incorporate a C-terminal
Histidine tag using the PCR product from the first reaction and the primers:
aslTUSNEW(5'AGCATATGAAAA AATGGTTITGT TTGTITATTG GGG 3' [SEQ
ID No. 38]) and AHLS1001(5'TTGGATCC GAATTCAT CAATG GTG ATG GTG
ATG GTG GGC3' [SEQ ID No. 39]). The PCR product from the second reaction was
purified and digested with restriction enzymes Ndel and BamHI. 2 ug of pET 12a
vector DNA was also digested with restriction enzymes Ndel and BamHI and treated
with phosphatase. The restriction enzyme-treated petl2a and PCR product from
reaction 2 were purified and ligated using the Rapid Ligation Kit- (Roche,
Switzerland). The ligation mix was used to transform E. coli TOP10 cells.

Transformants were plated on LB agar medium containing 100ug/ml ampicillin.

The T7 promoter primer (5TAATACGACTCACTATAGS3' [SEQ ID No. 40]) and the
T7 terminator primer (5'CTAGTTATTGCTCAGCGG3' [SEQ ID No. 41]) were used

to verify the sequences and the orientation of the cloned transferase genes in pET12a



For all DNA anplifications of the transferase genes
from Aerononas, genom c DNA (0.2-1 ul) was used as

wa esopletssl and pfu DNA pol ynerase (2.5 units) wWeSI/IBRe@ 004374
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with | Qul of 10x pfu buffer, lul each priner
(50pnol /ul), 200 uMINTP in a t&tal reaction vol une of
| OQul . PCR reactions were performed in a programuabl e

thermal cycler using the follow ng conditions: 95,0C )
f wect@0 DI saaeenciE wos pedorgredgusingCAR Prism@eBightys, ™ gBerminators

0¢ for 1 m.nute a 0C fo ' j L1

e URero et a0t BN B S Edn R H it promoter
i defrh@ator pfinRks.t he transferase gene fromA

sal noni cida was carried in 2 separate PCR reactions.

PCR reaction 1 was performed using prinmer pairs,

| USNEW 5', AGCATAT T T : .
TR A A4 AL L TRy ¥t st s
A VR SSTANGVRES) 4r3EnpibIIND reskidnt. trasegany vRER picked and
reaction was, performed to incorporate a C-term nal
Hissdifell expresaign@salygist he PCR product fromthe first
reaction and the priners: asl USNEW 5 AGCATATGAAAA
AATGGTTTGT TTGITTATTG GGG 3' [SEQ I D No. 38]) and AHLS
1803 STHFFARELS CCADTIEGAN c/oA TGS GllBoATE 3T AT@reiEerase
GEC3' [SEQ ID No. 39]). The PCR product fromthe
second reaction was purified and digested with
r . P
\BIIRRIGT oF PLPES Ly R T e o RrerRialec o cell extracts
Nokéhg Bon-Hstemifled datty tAced (NIAE A ki (pdadspBwitagtandyhe
restriction enzyne-treated petl2a and PCR product from
reaction 2 were purified and |ligated using the Rapid
LindfioiRN 34 BLzl(ﬁﬂzv)BEys§M6ﬁﬁérmdéxprmﬁ)d V&bl PR1ZIA%alGCAT=
was used to transformE. coli TOPIO'cells

TpSMsar grannsinde? ensdium ool Yl ampicillve and incebaed iwiftghaking at

1 / ici hlin.The T r t [ . .
LR, Gl BT RAB Ll S s ing 1P1G
t @ 4hRND kel ifubatken (as EdrNahdATor@hd LeCHars. [SabPldsOvNG: taken at 0
41]) were used to veri f%‘at he sequences and.the

ohdusni.ad.iavd Dhoymatier ALY induchione tywymgeneiyvifypwas tested using the

5“01 . henci ng was perfornmed using ABI
rﬁé%(q%‘lf |%Bye{tan§ Ig?% nators Cycl e sequencing kit
with 500ng plasm d DNA as tenplate and 3. 2pnol T7
pGaovatheéptimisation for the production of more active enzymes

BL21(DE3)pLysS harboring. the expression vector petl2-AsalGCAT= pSM was
grown in LB medium + 100ug/ml ampicillin and incubated with shaking at different
growth temperatures (37°C, 30 °C, & 20 °C). The optimal condition for the production

of active lipid acyltransferase. enzyme was when cultures are grown at 300C as shown

in Figure 37. -

Partial purification of recombinant Aeromonas salmonicida transferase
Strain BL21(DE3)pLysS harboring the expression vector pet12-Asal GCAT=pSM

was grown at 370C & crude cell exiracts were prepared by sonication. The

recombinant enzyme was further purified from the sonicated crude cell extracts using



and term nator priners. The construct shown in Figure
35 was used to transform conpetent bacterial host

W@ 2008/0663BL21( DE3) pLysS ( Novagen) and anpi ci | | i PCT/IB2004/004374
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resi stant transformants were pi cked and used for
expressi on anal ysis. Expressi ofl of the reconbi nant
Aer ononas sal nonicida |ipid acyltransferase

Quantification of enzyne activity towards. | ecithin .
déeeNirNTY spin kié|froraxQiagen-s Rhespliplingse aefivélyi ysing ﬂrfalv&fﬁj% kit &

Aci d..( it ( ' _ i . .
AT B et FIRA o PUERS OO B DI REYLESS Besing s
pehdsZerASa ifcibdied poY Wrssubrstruse lecithiB amd diettion thOOug/ whs analysed
ampicillin and incubated s\gl t h shaki g% at §7OC Hnti I

obsing ¢hig layerhsomataarielly stawme,ihe resngs of drgadaiipmriogucts (see
uEigﬂge_J, TG (0.4m\M) and i ncubation was continued for

t next” 3 hours. Sanples where taken at 0 hour, 1, 2,

and 3 hours after IPTG induction. Enzyne Activity was

tested using.the NEFA kit and lecithin as, substrate. )
P iieh TeBIeR Gt O v PBPIERG ASFOUG ST TPe aRtFpge.  Stain
e - r p J

pgyg@%@#ﬂ D Hbtay@g RRr RRpeSSort h\%cﬁn?g_ h&$S A%me@ﬁef,m was

pSM was grown in LB nmedium + | OQu
agroivai 4tl 371Caand drudeucedl exdracist Wersharkpared by sdiitétenre rihe recombinant

growm h tenperature 370C 30 0C, .& 20 .00 . The_ optiml ...
ORI w?reffﬁ#ﬁ?wrﬁwé*ofg&w SgHcaled Fyde |°¥"12> e 5t g e NinTA
agyh LHARHE (Gi8en. hoYPIIMAS MReAtyC Ubihg MBS MNITRA dEiOWAd Akcithin as
Sgﬂo%algﬁshom@i%e Fi .urlgﬁ)si%a Parti tglc pugi fication
ofubstaahvasdentedisevhisres3Dal noni ci da transferase Strain

BL21( DE3) pLysS harbori ng the expression vector

pet| 2- Asal GCAT=pSM was grown at 370C & crude cell

EEXAMPE. BB Elopiai ¥ xpyessioni cfd droiondBydrephibivaasierase in E.
enzyne was turther purified fromthe sonicated crude

cé2 extracts usingthe N -NTA spin kit from Q agen.

-Phosphol i pase activity using the NEFA kit & Lecithin

as substrate. Crude cell extracts from BL21(DE3) pLysS
expoenaun gnaesphile (ARCET ér 4965) veasbabiathedi front HEICC and grown

VSRR i 3Py 47 THPONEH S R E TN e Pl PEELifuged and

OferfRAE TN R RORAE Lifink SBE procedures for genomic DNA isolation from
Qiagen Ltd. Genomic DNA buffer set (cat.19060), protease K (cat. 19131) and RNAse
A (cat. 19101) were all obtained from Qiagen Ltd. (Boundary court Gatwick Court,
West Sussex, RH10 2AX).

Host bacterial strain BL21(DE3)pLysS (Novagen) was used for production of the
recombinant deromonas enzymes. Competent cells of BL21(DE3)pLysS were used as
host for transformation with the expression vector petl2a-Ah.GCAT=pSMa.
Transformants containing the appropriate plasmid were grown at 37 °C in LB agar

. medium containing 100-ug ampicillin/ml.

Construction of expression vector pet12a-A.h.GCAT- pSMa:
For all DNA amplifications of the transferase gene from Aeromonas, genomic DNA

(0.2-1 ul) was used as template and pfu DNA polymerase (2.5 units) was used with



Figure 38). Partial Purification of reconbinant
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pet | 2- ASal GCAT=PSM was grown at 370C and crude cel
extracts were prepared by soni®ation. The reconmbi nant
enzynme ware further purified fromthe sonicated crude

| ' he Ni:NTA spin ki - _ .
PHOS m?éfo&&%é buiier W 63 RTRG (SHBTREER 204 R RIS e reaction
é%lﬁl%%%f ﬁigﬂg@&ﬁ £3LE6hs( @%g r%eﬁ%;&ggd ﬁlgg-r%g%i%%le’-themal cycler

oni ng a pression of
t iang file dslowing Econditlons:ABS S@nfras3thyehondhi 3G cyAFTCOL 05 °C for 30

oo PRl RN B 958 207 b btension of s
c&%&%ﬁfé{%d?m agﬁﬁ&l‘n c DNA was isol ated using the

procedures for genomc DNA isolation from Q agen Ltd.
Genomi ¢ DNA buffer set (cat.19060), protease K (cat.

19131)_and A (cat. 19101 Il .obtai

B Bl Reaom a5 15 TeBuFRSCAt Tencb P epge PRTCE £ B6s) s
Sé’a;ﬁ out%ll2ge§ﬁ§e-P¢@§éacﬁ&9§ erial strain

BL 1§%E3)DLVS (Novagen) was used for production of

t he reconbi nant Aeronobnas enzynes. Conpetent cells of

(DE3) pLysS were_used_as. host for. fran mat |
\%‘?# th?)ag‘*%} essi on"¢ect gFrsf%reI?ef(ga- ﬁglﬁémﬁ% I\/B.ﬁﬁ&’ AHUST
TrsaysEANEITG A AR ATGETT THEGTRITAN TBGEGA EBBGIC8E ISEQ ID No.
grown at 37 OQ in LB Eaﬁﬁ medi um cont ai ni n 100-u%
a4 aeid) ahlsoM (5' AJSHST BRiG G hRCHIG R PLEFANGT C%&%%TG , SEQ ID No.
p%e}l 2a- A. h. GCAT- pSMa: For all DNA anplifications of
t

"transferase gene from Aerononas, genon c DNA
(0.2-1 ul) was used as tenplate and pfu DNA pol ynerase

(2.5 unjts) was, used WitIhI | of 10(er uffer, Lul. .
eAdHCYI ]ﬁ@%\ reastig RIS Y ,orrg%touwﬂcmap,rq a ﬁ{e%alngstldme tag.using
Tﬁ@‘iidré’gro‘ﬂ%&ﬁ]@? ?Piet %@%ctid%%dﬁﬁ@ﬁﬁh@? gaiere perforned

i n a progranmabl e I cycler using the foll ow ng
conditions: 95 0OC for 30 seconds, 30 cycles of 95 0C

RS SRR A AR Tt gt riRr¥bedhrfoarcs seq.
ID No. 44, ) . and

AHLS1001(5"TTGGATCCGAATTCATCAATGGTGATGGTGATGGTGGGC3'
SEQ ID No. 57).

The PCR product from the second reaction was purified and digested with restriction
enzymes Ndel and BamHI. 2 ug of pET 12a vector DNA was also digested with
restriction enzymes Ndel and BamHI and treated with phosphatase. The restriction
enzyme-treated peti2a and PCR product from.reaction 2 were purified and ligated
using the Rapid Ligation Kit (Roche, Switzerland). The ligation mix was used to

transform E. coli TOP10 cells. Transformants were plated on LB agar medium

containing 100ug/ml ampicillin.

The T7 promoter primer (5TAATACGACTCACTATAG3") and the T7 terminator
primer (5'CTAGTTATTGCTCAGCGG3') were used to verify the sequences and the



mnutes at 72 0C was applied. The PCR anplification of

the transferase gene fromA hydrophila (ATCC # 7965)
wor®s06e3si ed out in 2 separate PCR reactions. RORIB2004/004374

reaction 1 was perforned using_prinmer pairs, AHUS

(5" GTCATATGAAAAAATCGTTTGTGTGT TTATTGGGATTGGTICS', SEQ I D

NO 42) and ahl s950

SBUGNT PORl BRIV ok bt McP Tl 2t o A sduehicing was

tcﬁéﬁérfﬁeﬁﬁlsﬂé' ABi 8986 B%ql%}%'m FelntBaliRCPIe g&&bg&ﬁg Bt with 500ng

e first reaction and t prinmer palrs:
1P AGHOANATGAAAARAT GETT. TER TG ploN iECGEATEEEHeRr pSkexd. D
No. 44, ) and AHLSIOO (S
1TTGGATCCGAATTCATCAATGGTGATGGTGATGGTGEECS SEQ |1 D No.

5 Kk cofdt®ich: QBV\FH ﬁ%gﬁrgm\r,(\)ﬁﬁst 4 36 FFotns a6k thnt"%telnal host strain
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purified and diges restriction enz
aBEZBéBEB)plzysS ¢Novagel] ad® ampiniliiorrefidtantiasnsédramnts were picked and
%git ed with restriction enzynmes Ndel and BanH and
FLXRISHOBIBESRISt ase. The restriction
enzyrre treated petl2a and PCR product fromreaction 2
were purified and |igated u5| ng the Rapl d L| gat| on Kit
(Mb&slolmﬁthedet@mms h¥érephile oferase in :

T eI S e

aAmll (GCNIH’I pSNiaevak/gio@nit EB Edil® + 100ug/ml ampicillin and incubated
(5l TAATACGACT%‘ACTATAGB 1) and the T7 term nator primer

(‘SI%WF‘{%\W@Q@%OG F Owetod.Ouis senched. vidhei dujturdyare then induced

f
R T -,
AﬂherE’ltaRn‘( at YOhBing Dy é( amg T&rom*sﬂﬁteﬁ) M8 TGy ﬁlﬁ&ctﬁcﬁﬂ UBABINY A ctivity was

klt lasmi d DNA as tenplate and 3.2pnol T7
ﬁF% %?g aﬁgﬁﬁé‘g 3?0“5'1“} AeTbstrats gFighiedDuct. shown
in Figure 40 was used to transform conpetent bacteri al
host strain BL21 (DE3)pLysS (Novagen) and an'p| cillin

resistant transformants were picked and
Growth Optimisation for the production: of more active enzymes -

BL21(DE3)pLysS harboring the expression vector petl12a-A.h.GCAT= pSMa was
grown in LB medium + 100ug/m! ampicillin and incubated with shaking at different
growth temperatures (37°C, 30 °C, & 20 °C). The optimal condition for the production

of active GCAT enzyme was when cultures are grown at 300C as shown in Figure 42.

Partial purification of recombinant 4./iydrophila transferase (GCAT)

Strain BL21(DE3)pLysS harboring the expression vector pet12a-A.h.GCAT=pSMa
was gro;;v'n at 3J70C‘ & crude cell extracts were prepared by soniéation. ” The
recombinant enzyme was further purified from the sonicated crude cell extracts using

the Ni-NTA spin kit from Qiagen. Phospholipase activity assay using the NEFA kit &
Lecithin as substrate. (Figure 43).



used for expression anal ysis. Expression ofthe
Aer ononas hydrophila transferase in BL21(DE3) pLysS The

WE200806G356t r ai n BL21( DE3) pLysS harbori ng the eRQY/ERS04104374
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vector petl2a- A h. GCAT= pSMa was grown in LB nedium +
100ug/ M anmpicillin and i ncubaded with shaki ng at 370C
until OD oo= 0.6 tol.Ois reached. The cultures are
t hen i nduced_usi ng | PTG . i ncubaj,i ap vas, ..

AMPLE 3: Expression.of Agreruonags trg lis 163

CHNEY . L = S22 - c
Ohour, | 9 2, and 3 hours after IPTG induction. Enzyne

ks Eﬁgﬁed using the NEFA kit and lecithin as
ﬁﬁ%ﬁﬁlrl%?gw?%iugure 41). Gowth Optimsation for the

PTQE strdroR: Bciliy @baGE bMRessivayesrSplIR DE3XPIBES were used for
harboring the expression vector petl2a-A h. GCAT=

. i . T= pSha
s hgteonlpgous expression afithe 4epougnati SeanpincPadilius syhtlis. The pUB110

i ncubated.w th akin ' : I

DR B LBl AL 0850 Bsor i e 252 promote
candb tdoRté9resiBR 1o e ugpressiond! the fisee AelorBynes. iapUB110,
when cultures are grown at 300C as _shown in Figure 42

Pée firstianyng peid O Hiednaisre SEorbecRan pL ACTyiargpergtused in frame

tr ferase . ) ' : ' -
B35y o g AT SRk e s
3viQ Eheikestiigtien sied Nhel terenting amadditipnaRaamaiciolayids in front of the mature
soni cation._ The .reconbi nant enz s.fu

ne r&ﬂe{\y .
pRreteinse PBE orAnfaies s setase sgnalsaapenee fysiangtae Neot, site for
t i EShbinbnt rOfRHiABGRe ciliihies BRelis pase
a%?fe\%o?wgéﬁg&ﬂ@% IJt’rhe NéFA kict: & Lecithin as
substrate. (Figure 43). EXAMPLE 3: Expression
of Lerononas transfer.as in Bacillus subtilis 163.
PG e oan LR OB Mo P i AR G BER i Grame to the
e@i?ﬁa? S8k RACYLEf BEHUBD VB0 12D tde PBES vet®iL PCTROwWERpekfdemed using
heter ol ogous expressi on ofthe Aeronobnas genes i.n
Bhe ifollaysing phbinier psirs fomed. fymdiophidr geet or cont ai ns -t he
al pha anyl ase pronoter while the pBE vector has the
P32 pronoter as the regulatory region for the
el;@R]?f%édtwﬂ p.fustAlIﬁxd‘og%E%T%IMG&@%?&G(E@GEUBFG@CT, SEQ ID
the first amno acid of the nmature 1 _gepes of
RlpoAfDiad 15 & T GG TCEARYEl ST R ANEOPEGA TR nSEQPANo. 47)
of the xyl anase signal peptide sequence from Bacill us
subtilis N
PCR reaction 2: US-Ahnhel (5 TTGCTAGCGCCGACAGCCGTCCCGCC3!, SEQ ID

No. 48.) and IsAH (5" TTGGATCCGAATTCATCAATGGTGATG3, SEQ ID No. 49)

PCRs were performed using the following primer pairs for 4. salmonicida gene:

PCR reaction 3: US-Asncol (STTGCCATGGCCGACACTCGCCCCGCC3', SEQ ID
No. 50) and IsAH (5 'TTGGATCCGAATTCATCAATGGTGATG3', SEQ ID No. 51)

PCR reaction 4: US-ASnhel (5'TTGCTAGCGCCGACACTCGCCCCGCC3', SEQ
ID No. 52) and IsAH (5'TTGGATCCGAATTCATCAATGGTGATGS3', SEQ ID No.

53).



via the restriction site Nhel, creating an additional
2 amno acids in front of the mature proteins. pBE5
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site for secretion of the reconbinant proteins into
the culture filtrate. PCR reactions were carried out
to obtain the Aerononas genes fuse in frane to the

PRl bedaR gerd o, drg i HRaT Pow A COPetectil pad sequenced

(S BRI 0 b o 46) ana

( apFLs AOLIORS 2 1{[ w@EBCPbé’NgamZLgI )anc‘ljlﬁaed as inserts
| ol 1T BENIIGATFANHERSHBERH 145 3shRANG. CHhk PC
Pwéﬁg?%—?perf or med ngﬁ}g the foll ow ng prSiI)ITEF pai rsS from PCR
f omctbonsshBrmiers det with dlheP@RBasuthliand Bed @sinssrte &ir ligation to the

5! TTGCCATGGECCGACACT. .. SEO | D No. 50 d
| BB PTGk N AT CAFEN BB B0y | b ND, 51)
PCR reaction 4: US-ASnhel

(5' TTGCTAGCGCCGACACTCGCCCCGCC3 3 SEQ ID No. 52) and
| ExpredoT TEGANECHRATTOAPCAA NBTTCATGSEeneSE@ | Baridus  subtilis and

53). Al .the P roducts.were cloned into PCR blunt 11
(%@W@@E%f%ﬁe FREE® i th reverse & forward

sequencing prinmers. Cones fromPCR reactions 1 & 3
were cut with Ncol & Bam HI and used, as inserts for
| Theiaeyd transferanes BEEIhe/ Meq deropopagfregies have been successfully

S TS  POoR HASE B he
| t@atruen wede tided tp tBnsfornt Bact/vatubnts andttransfohmants were selected by

Nhel / BamH / phosphat as pressi on _of the_Aeromhas
t PlaHBE ep Ké@%‘éggﬁ‘ﬁ- ﬁ%\%ﬁf}%cww%ﬁ%fﬁéomms isolated and

o B e e Cnoutas sber K2t gepes o

sBacidss fThke lcpltenediles®e HavendiEalactosyildiaedglyc el ADGIAE). galetolipase

Bg(?civlitly,u 1Sn J?igl%on]’tg h%@i%%%o%eé‘c‘?ﬂ Egggfgrgse and phospholipase activities. The
activity towards digalactosyldiacylglycerol (DGDG) was measured after 60 minutes of
incubation of culture supernatant with the substrate, DGDG from wheat flour
(obtainable form Sigma) as well as the activity towards lecithin as shown in Figure 44.
Bacillus produced the enzyme after overnight (20-24 hours) to 48 hours of cultivation
in the culture medium as a secreted protein. In some instances, the expression of the
Aeromonas genes has been shown to interfere with cell viability and growth in
Bacillus & E. coli, it is therefore necessary to carefully select expression strains and
optimise the growth conditions to ensure expression. For example, several-Bacillus- -
host strains (B.s 163, DB104 and OS 21) were transformed with the expression vectors
for growth comparison. B.s163 is transformable with the 2 4deromonas genes and is

capable of expressing active protein. DB104 is transformable with all the constructs

but is only able to express 4. salmonicida transferase.



constructs were used to transform Bacillus subtilis
and transformants were sel ected by plating on

whamwanyssin pl ates. The kananycin resi stant PCT/IB2004/004374
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transformants isolated and grown in 2xYT are capabl e
of het erol ogous expressi on of §he Aer ononas genes in
Bacillus. The culture filtrates have

al act oI [ p

S The act|V|ty tovvards

1{11%%! QH&QF;&E& < tllllwédhe(DGDG) was neasured after
60 m nutes of incubation of culture supernatant with
t Berofi Restrentagion®CDG fr om wheat fl our (obtainable form
Sigma) as well as the activity towards lecithin as
sh@ﬂl@l%llﬁmgure 44. Bacillus produced the enzyne after

er ni ght 4.hours) I

go Cstrg O g%oﬁ%%e iq gé’l? ao%ecgfléelﬂgg g 6{% 07%81116{5' h\fz%élgrygznla (Bxample 2)
|P@Han&§ﬁrankfé€asex pdrﬂssm@ @bntahﬁng\er onfer@Bog8 Nesimasicida  lipid
been shown to interfere with cell viability and growth
i acyBeasisfarapss.£Exampls| 1) were used ippliip sligye necessary to
carefully sel ect expression strains and optimse the
growth conditions to ensure expression. For exanple,
SENE€Fako/Bataih Icostahdsg tist A. ak}mhoﬂﬁlasgeh@SyaSD&hM RHIK(0R4 , and the

21) were transformed with t ressi on vectors

gﬁom St rSHRE e 14 e P et S Bk 125. The
Qﬁ&b%ﬁgleﬁmﬁ@w@ WAPARh&L @fYER@b§§§'aHE 186 tbi¥entation with

proteln Is transformable wth al

cDIRKO 123 wabhnamed SARI0F02bThe purifisp pm@n/eﬁroms éWERD@Qﬁ avas named

R BRI R or it e o LOals ARG aEa kAP 20

E.coli Fernmentations: M croorganisnms Two strains of
Escherl cia coli, one containing an Aerononas

¢cin grkeutiul ecadingnsi d acyl transferase and two
cont a| ni ng Aerononas sal nonicida |ipid

Se

: Tﬁ‘ Itransferases (Exarrple 1) were used in this study.
e

B coli strain-containi ng the A hydrophila gene

Waﬁe EE'@‘Q{ \QJD%%@& for AAAtARAg Fhe apims §6rﬁef’ihéﬂ q@rg/nltfypve&e 5 g/L

ni ci da gene was named
fmﬂema‘acptorﬁ vg/LhI\IaCDKcDizg/Ivvaeganaﬂr@Qi m‘g@R@@msﬂlanomdhéS mg/L

&ﬂcr)rrealr‘}ltp terlngorl \Afhe agar plates were incubated at 30°C.

LB shake flask

The LB medium (50 mL pr shake flask) used for production of inoculum material for
the bioreactor cultivations contained: 10 g/L tryptone, 5 g/L yeast extract, 5 g/L. NaCl,
100 mg/L ampicillin and 35 mg/L chloramphenicol. The shake flasks were inoculated
from thé LB agar plates, and incubated at 30°C and 200 rpm.

Bioreactor cultivation

The bioreactor cultivations were carried out in 6 L in-house built bioreactors filled

with 4 L medium containing: 10 g/L tryptone, 5 g/L yeast extract, 5 g/L NaCl, 8 g/L



Dl DKO125 was naned SAL0302. The purified protein from
HYDRO025 was naned REF#138. The purified protein from

wWODXMRAOBOB was naned REF#135. Growt h nedi a andPCIIIR2004¢004374
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condi tions LB-agar The LB agar Iat es used for
mai ntai ning the strains contait®wed: 10 g/L tryptone, 5
g/L yeast extract, 5 g/L Nad, 15 g/ L agar, 100 ny/L

npicillin and 35 L chlora heni col . agar
pKébB@A,M%P@/LMa%Q?%dz%{ 43edc ‘LCBSG‘SH’QP@ ¥ rafgkg%@LLéDD APT®

RO 30, Tho PADBNABS E14S )1 USGIEE Bior! Q0L KdRatls), 10 me/L

| oreactor cultivations

cem%ms}m);@}{gm a. 7yF1|‘gﬂDeCu§OggHz®/ ﬁfstrﬁlgm raes0y Hi@,w mg/L
npi _ci I n an cnl ora enl
TS0, 11 aiedt eV BAY ko MELL- RESOHAN A L BBl ot 0.1 mefL

pﬁﬁ%{)a}nggﬁg%g% gy }L %Paﬁom%?@() I R, ﬁ&ﬁﬂ?éaga 35 mg/L

ion |oreator t1*vattons “were ‘carr |
O@Hlotam;ﬁehacbm house built bioreactors filled with 4 L
medi um containing: 10 g/L tryptone, 5 g/L yeast
extract, 5 g/L Nad, 8 g/LKH2POQ4, 0.9 g/L MyS™4, 7TH20O,

RS AT oo
dia{;ip&ndﬁl)itelﬂao rigputs ONeultiREegS@RlAQiBed Gond the mglkimum specific
CustHAa HZO L H2 L
) LT o I G P

bkindSkelv QoL Mo/ L Na2MbO4 H2O, 1 g/L
;ﬁng%c ? Igg}d 35 6rT}[Z]/ L)lchl or anpheni col . The

bi oreactors were inoculated wth an anmount of LB

ﬁg‘tﬁﬁﬁg@f ‘(?Vg%ijl{o: 131%{ , gﬁtlfi%ﬁ%&g\% ftj% r om %@@% Wgs inoculated

SWRRIAHE ST ®ukaat e of 0.6 h 1, the OD oo of the LB
shake fl ask and the final OD oo in the bioreactor of

appr oxi rratel y 20). SAL0302 was inoculated with 10 nL

gi‘hetgioc Eors erd B&r%@%%ll%é %ﬁﬁk&gegnﬂeiﬁur% jﬁhC stirring

800-1000 rpm (dependmg on experiment), aeration 5 L/min, pH:6.9, pH control 8.75%
(w/v) NHz-water and 2 M H,SO4. Induction was achieved by addition of isopropyl p-
D-thiogalactoside to a final concentration of 0.6 mM, when 0.4 moles (HYDRO0303)

and 0.7 moles CO, was produced respectively.

Harvest

The following procedure was used for harvest and homogenisation of the biomass:

1) The fermentation broth from the fermentations was centrifuged at 5000 x g and
4°C for 10 minutes, and the supernatant was discharged. The biomass was
stored at —20°C until use. The biomass was thawed and resuspended in- 500 mL
of 20 mM NaH,PO4, pH 7.4, 500 mM NacCl, 10 mM Imidazole and Complete
(EDTA-free) protease inhibitor (Roche, Germany).

2) The suspended biomass was homogenized at 2 kbar and 4°C in a cell disrupter
from Constant Systems Ltd (Warwick, UK).

3) The cell debris was removed by centrifugation at 10.000 x g and 4°C for 30

minutes followed by collection of the supernatant.
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conditions; tenperature 300C, stirring 800-1000 rpm
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pH control 8.75% (wWv) NH3-water and 2 M H2SO4.
I nducti on was achi eved by addi &3 on of I sopropyl b-
D-t hi ogal actoside to a final concentration of 0.6 MV

when 0,4 nol HYDRCD3Q 0.7 mol es P

D oo She PRRpRtT SR ClaRRbd SSthorhy JoBTBATRR ok My & and 4°C
_ e 1 !

by el Opythipflsy Bfbu 8RSy BANRGH T Bcfihl®

f er mNTAE i sopsmwast Gent filtéredeiiraigh5000um ¥aandC#0@lEor (Pall Life

10 m nutes, and the supernatant s dj scharged. The )
bi onms Scifadese LEcantthe. gt 1At PPl §°Fh‘é‘“‘g?‘g??ﬁ§2“%%mgfaphw
t hawed glri\gn%ﬁrdﬁéuspended in 500 nL of 20 nM NaH2PO4, pH

7.4, 58 d, 10 nM I m dazol e and Conpl ete
(EDTA-free) protease inhibitor (Roche, Germany). 2)

The suspended bi.gmass was honogeni zed at 2 kbar and 4C
i rapie 10 s gﬁ&fﬁﬁ&%ystems Lt d

pgrappie puMMes 04 LOCAH]
(299 10BN 5lKed IGRL 56 niesr CRABYSH SB¥harose ff. gel and
0 x g and 4C for 30 mi nutes

( '
cento\ri\ﬂlujpﬁéatl on at “10.0 _ )
f cHargade avithy Niedulpdeatd @accofdinggo sthee medtosndestyib¥theby manufacturer,

supernat ant. was cl.arified further by.centrif ion at . .
1 Abspitheg Hioth checy orl oCaI T 285 segtitaiEn i o B 8F 20 mm
CRUHSED ), PP Ph, SOEenS PRt EAMM [P)daZbR. SIPehNet @hde Was applied to

fil tered%?lhrough 0.2 nmVacu Cap filters (Pall Life |
Sheewdesn aui)flemdatere § inlimin: dhaceoluon veastthen fgshed with 20 mM

I | at e.chropat ogr iC ifi cati ) )
PR GHE oAy SO0, AR RSy 1 N RO R i the U rgached the base
CRhd!Mhe(@CA T WAS tie) elu@d vide ke nvdft 20 5MMNaldfPO,, pH 7.4, 500 mM

Chel ati ng Sepharose ff. gel and charged with
I\Naghﬁﬁp’ﬁ%ioéng’&k@éﬁ%ﬁlﬁg to the nethod described by

manuf act urer, Amersham Bi osci ences). The col um was
equilibrated wwth 200 m of 20 mM NaH2PO4, pH 7.4, 500
MYXMNIPLELO 56rM | Fegtaentaiond0@Gndl  Barificatien wad apobredas  lipid
to tlhe colu ) m/mn. The col um

= N, atl

Fermentations
BAC0318-19, BAC0323-24

Microorganism

The microorganisms used in this study originate from transformation of a Bacillus
subtilis host strain, #163 with a plasmid containing the gene encoding the Aeromonas
salmonicida transferase inserted in the vector pUB1100IS. The expression of the gene
is controlled by an alpha-amylase promoter, and the secretion of the transferase is
mediated by the B. subtilis xylanase signal sequence (Example 3). The strains were

named DIDK0138 (fermentation BACO0318-19) and DIDKO0153 (fermentation
BAC0323-24).



NaH2PO4, pH 7.4, 500 mM NaCl, 10 nM I m dazol e until
the Uv280 reached the base |ine. The GCAT was then

w@baseeh3ni th 40 ml of 20 mM NaH2PO4, pH 7.4, S5BOI/IBA04/004374
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NaCl and 500 mM I m dazol e. EXAMPLE 5; Fernentation and
Purification of Aerononai |i pi&? acyl transferases
produced in Bacillus subtilis. Fernentations BACO3
18- 19, BAC0323- 24 M croorgani sm The i croor gani sims

e fromtransformation of a

S host strain, #163 with a plasmd
Bg %‘flﬁﬁﬁg ﬁelﬂgene encodi ng the Aer ononas sahnoni ci da

t nadhakeflasie (500sailt @chl ivolurhe witke baffleplUBhs 20dIdSI00Thd. of a medium
expression of the gene is controlled by an
a‘Pqﬁ’am@&yl ase pronmoter, and the secretion of the
ferase is nedi ated by téﬁE B. subtilis xylanase
SI gnal sequence (Exanple 3).  The strains were namned
DKEHPO38 (fernmentati on BACO8ES-19) and DI DKO153
(fergentati on BAC0323-24). Gow h nedia and cul ture
coMileWons Pre cul ture medi shake flask (500 nilL

t |4 BosWidderiagf | eshpo added 100 nL of a
ngg%tﬁ%(tgont alonp%gébr /\%mKZHPOZL 10 g/L Soy fl our

2AntifoamySH¥26(ext r act , B| osgrmlh@er 106 20 g/L Antifoam
SIN260 5 nL/L . pH was adjusted to 7.0 before
aut ocl aving After autoclaving 6 nL 50% .(ww Nutriose

eI QvA G REteRo f7l(BiSdforehapR Gl Was added at a
concentration of 50 ng/L after autoclaving.

After autoclaving 6 mL 50% .(w/w) Nutriose were added pr flask. Kanamycin was

added at a concentration of 50 mg/L after autoclaving.

Inoculation

A pre culture shake flask was inoculated with frozen culture directly from a 25% (w/v)
glycerol stock. The shake flask was incubated at 33°C and 175 rpia for approximately

16 hours, whereupon 50 mL was used to inoculate the fermentor.

Fermentations

The fermentations were carried out in 6 L in house built fermentors.

The batch medium (3 L) contained:

Corn steep liquor (50% dw) ‘ 40 g/L
Yeast extract BioSpringer 153 (50% dw) 10 g/L
Na€l S 5S¢/l .
CaCly, 2H,0 0.25 g/L
Mn(NO3)z, H,O 0.2 g/L
Antifoam SIN260 1 mlL/L
Kanamycin (filter sterilised to the fermentor after autoclaving 50 mg/L

The feed contained:



I nocul ation A pre culture shake flask was inocul at ed
with frozen culture directly froma 25% (w v) glycerol

weeske63The shake fl ask was i ncubated at 330C RECIIBRG®I/004374
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rpmfor approximately 16 hours, whereupon 50 nL was
used to inoculate the fermentd?0 Fermentations The
fermentations were carried out in 6 L in house built
fermentors. The batch nedium (3 L) contained: Corn
s Clugess muehydrgeos dw) 40 g/ L Yeast extract Bi oS?f{qg’{E%r
153 (50% dw) 10 g/L Nad 5 g/L Cad 2 2H20 0.25 g/L
M(NO3) 2, H20 0.2 g/L Antifoam SIN260 1nl/L Kananycin
(M dSogr7Ei@ri bised to the fernentor after autoct.&gikeg
m%/L The feed cont ai ned: d ucose m)nohydrateég (i
gN@@ 4400 4.8 g/ kg Antof oam SIN260 4 ni/kEL/ks
Yeast extract Bi oSpri nger 153 (50% dw) 150 g/ kg
(autocl aved separately) The feed in fernmentation
BReR:B #8traon,dBiB/EHRRS 1685 ha)ed based on the 150 g/kg
accu | ated CO2, according to the equations bel ow
tpclaved seaggiely) = 0, AcCO 2 < 0.15 Feed - flowjg/h] =
2.85 + 1-1.54, AcG0 2 > 0. 15andt < 12 Feed - flow g/h]
=21.3, t >12t : time (hours) fromthe point when
t The afeedinil &tretn@0on ABOGHS 1B eaichd3AC0323 mmisestartlebased on the

Laicgggllu%ﬁécf ﬁ@g,ne}cggrldlorpg t%Agogc%u%tlgHg be?ACO324 was started

Feed — flow[g/h] = 0, AcCO, <0.15
Feed — flow[g/h]=2.85+t-1.54, Ac€O, > 0.15and t <12
Feed - flow[g/h] = 21.3,t >12

t: time (hours) from the point when the accumulated CO, (AcCO;) reached 0.15 moles.

The feed in fermentation BACO0319 and BACO0324 was started based on .the

accumulated CO,, according to the equations below:

Feed — flow[g/h] = 0, AcCO, < 0.15
Feed — flow[g/h]= 2.0 +t-1.08, AcCO, > 0.15and t <12
Feed — flow[g/h]=15,t >12

t: time (hours) from the point when the accumulated CO, (AcCOy) reached 0.15 moles.

The pH was controlled at 7.0 by ad(iing 12.5% (w/v) NHs-water or 2M phosphoric
acid.
The aeration was 3 L/min corresponding to 1 vvm.

The temperature was 33°C.

The fermentor was equipped with two 8 cm @ Rushton impellers placed with a distance of 10

cm.
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= 15,t > 12t : time (hours) fromthe point when the

accumul ated CO2 (AcCO ) reachetl 0. 15 nol es. The pH was
controlled at 7.0 by adding 12.5% (w v) NH‘-water or

2M phosphoric acid. The aeration was 3 L/mn

corresponding to 1 wn The tenperature was 330C. The

ferment orwas equi ppedwith two 8 cm O Rushton

i-%@l—f—erspl aced with a distanceof 10 cm Harvest The
bgﬁ%nmsswisem&ﬂédba& & filghtERtal 48,080 16 £800¢ reinfiRk at room
10 minutes at roomterperature. The supernatant was

f iehtperatstee(Thei symtrnatard whe flidrt steilizedasndstbd filirate was used for
purificati ogﬁ&gd 981Fl(| ation tests. EXAVPLE 6:

ER 10g ap (e Gs in palmoil catalysed by a

l'ipid acyl transferase fromAerononas sal nwni ci dae.

SUMARY The enzymatic glycerol ysis experinents were .
i BXAMPEE 16y Evmymeatiti remopvalf of %?(:'A@#f yvigeplly oflaeiakysed dy a lipid
sol é_i or}to t.he reactor contai i pal moil and

R BH v YO AT AP A RS ons. AT the

reacti ons were conducted at 430C, using magnetic

stirring for 24 hours. After reaction, the sanples

webMMAR Y zed usi ng HPTLC, and in sone experiments the

result was confirmed by GC anal ysis. The conduct ed

trials showed that there was a good correl ation

behavegiyinhtic Wl edrolyeisc exparandnts werd [rtiaed f tBAGslddimh of the

MAGs, respectively. the | owest water.concent.rations .
t Epeal aeteRo oL & hokensioy Epnidnipe B hadd ekeroliwater in
: t@éi&iélg ﬁﬁﬁ@?%@{bn&hmt Hetleactidds &R Qﬁldf‘&@t@ﬁl #derct hag magnetic

possi bl e to reduce the anount o ) )
stirring for 24 hours. After reaction, the samples were analyzed using HPTLC, and in

some experiments the result was confirmed by GC analysis. The conducted trials-
showed that there was a good correlation between the water concentration and levels
of DAGs and MAGs, respectively: the lowest water concentrations tested gave the

highest MAG level and the lowest DAG level.

Based‘on the trials, it can be concluded that it was possible to reduce the amount of
DAGs in palm oil by a transferase-catalysed reaction where the enzyme used DAGs as
donor molecules and glycerol as acceptor molecule - in a glycerolysis reaction in
which monoglycerides were synthesized. This was in contrast to the glycerolysis

reaction with conventional triglyceride hydrolyzing lipases where the amount of DAG

increases.

Furthermore, it can be concluded that the water concentration has a significant impact
on the synthesized yield of monoglycerides and amount of DAG. The following
correlation was found: Low water concentration (<1%) and 5% glycerol gives
increased MAG yield and decreased concentration of DAGs. The obtained results also

show that primarily 1,2 isomer of diglyceride tend to be reduced.



DAGs in palmoil by a transferase-catal ysed reaction
where the enzyne used DAGs as donor nol ecul es and

W@bkopse6a3b1 as acceptor nolecule - in a glycer ol PGI/EB2004/004374
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reaction in which nonoglycerides were synthesized.

This was in contrast to the gI%%erolysis reaction with
conventional triglyceride hydrolyzing |ipases where

t he amount of DAG i ncreases. Furthernore, it can be
concluded that the water concentration has a

Sj t f

niéﬁg &9@2% g}‘cgng(%b TS cﬁﬁ’l‘} %%%c_?lr_ﬁ%s %ﬁ!g*%:ydthé’ crystallization of fat.
CThik eifeti msmlsosfmmtbllimM \A)ditfa!r producte hike Margarlr(e@ﬁzb shortenings,

e T
grx%laoﬂé' bt ﬁﬁggfcgﬁ(‘l&aiﬂﬂrbfvelth% éta?&HFyr OPB c%'rﬂily CRIrb@lRtion but not a

uced I's known that diglycerides,
eecpepietalrbmos‘zalbf idsgipearslesial pamt diewonkigherefare he praferable. It can thus
fat. This effect

e s

@Iaﬁ'ig;f 08O fvhl AIEEst GbYSd hderdstiafadianess) . I n certain
f ’ends’ it was observed that diglycerides inprove

the stability of b' crystals. A reduction but not a

of diglycerides in palmoil would
tm&)@i]gmr eferable. It can thus be concluded that
a reduction of diglyceride will result in a better and

nmore uniformoil qualit a fact, which nust not be
uPrdblenss FoReEEHng |dmrmd>ésr denent hPemg eé(é‘ﬂ’éé}lh%’ﬁ of product, e.g.

d\IN © §\Iﬁ rétlt dse%n ?feggﬁﬂmt End WMt eg%mT hor em Ot‘]iiﬁ Sgsmduct the

STin margarin
d@@&ﬁ‘ﬂb ngf diglydaﬁd@g bdtic thaVeh amepiteeand pobitide gd:ffacei |Einrsmargarme

bot h have negative and positjve effects. For
P8 uRHG0 o MPIPCt 9 GTRONITE CHYSIAL G PR E%) B Sed 5% order to

SEEHA! WoBerl 8hs gs’téﬁ%zdaddnpla§’t‘i<ﬁlt|§[|r1 TH 0E35M1 BEAPH the most. required

consiste cy an sticlt -ciystal formis
t shmonnetshbemg smail sttystabst and@, high @mlrﬁjg fmalhta@nyg theel laquid fraction.
d a hi

i et pfoerpel et g Ja PPy es‘f%%blg grystals cases

afﬁmcﬁue%? ih@vma@aﬁhg BEYGHRoStC 9@l Agfdu (1993) and
ructure of the margarine. According to rnqw st

AwabueI( 4196301 9ahhthmmsemcte aftdiglycerides g1 fat mﬁ@rdﬁh%&rémﬁé‘ré%ﬁom p’ to
d[% %r%ga?rhgteg’s Iclpgl}]:c%%ldeselte?arg tflgl b iBOP 'ﬁtoln’PB ft(; ‘Bmtﬂ%y §1% retard the

transition from o form to B’ form (Walnet ef al., 1991). For this reason it can be
defined that the presence of diglycerides retards the whole crystallization process.
Slow crystallization has a crucial impact on margarine application. The effect of
retarding crystallization in margarine blends containing a high portion of palm oil is
that after conventional processing the product may be somewhat soft, causing packing
difficulties, and subsequent crystallization may lead to a firmer texture than desired
(Berger, 1990). In spite of advantages and disadvantages, it may be important to find

the right balance between reduced and total removal of diglycerides.

It has surprisingly been found that it is possible to reduce the amount of diglyceride in

palm oil by enzymatic glycerolysis of palm oil using a lipid acyltransferase, for



b-crystal. But as diglycerides retard the transition
fromb'" to b, they also retard the transition froma

w0 o00s06635h" form (Wal net et al, 1991). For t hiBCT/ERIGIN04374
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it can be defined that the presence of diglycerides
retards the whole crystallizatidon process. Sl ow
crystallization has a crucial inpact on nmargarine

application, The effect of retarding, crystallizatio )

[ examaiedhe (RDBF difid 6B (ANTIPRE A i BBPIFo /g5l Without
oi:) ,1 t I+ I | :
bl b RRhd B gpR LS PRloeRRe BESS WG ORAMR bl together
awrth stiaH eeorint ofglysdral dridzhe xmmymagatdlpsed theofodlofingweaction:
texture than desired (Berger, 1990). In spite of

advant ages and di sadvantages, it nmay be inportant to

find the right bal ance between reducngIH and t ot al

i i ~ckt has surprisingly been

f olind~t hat it +s-possibhg to reduce the anount of Lipid acyl

di gl'yceride in palmoil by enzymatic lycerolysis of transferase
&l moil using a |ipid acyltransferase, forexanple the
GDSx |ipid acyl transferase from Aerononas

sal hGi ;W thout wishing to be b drdpy theory, in
thigggpg%g%gd¥ﬁe enzyme i s added to %gﬁn1oil t oget her
with small anount of glycerol and the enzyne catal yses
thef fol | awi ng reaction OH + (- OH Lpid acyl
gg:nsferase - OH 1,2 diglyceride gl >

g ol ==

nogl yceri de 2- nonogl yceride*Aftet the reaction the
pl us glycerol can, if deened necessary, easily be
separated fromhe reaction m xture by centrifugation

or qt her ocesses. The advantage of thy_ LS
thgfnngggﬁ%ﬁ%? of diglyceride (prefe?%ép§&%§%%ﬁdé

di glyceride) is reduced by a glycerolysis reaction

catal ysed enzyne. which js . Lfic fQr o s
SRR, e B SOME R Bkt 7 BESEL ol ity e specs
f @6mitherdatanseftamtby @aaifu@tion or-other processes: ‘

The advantage of this process is that the amount of diglyceride (preferably 1,2
diglyceride) is reduced by a glycerolysis reaction catalysed by an enzyme which is
specific for diglyceride without using the triglyceride as donor for the transferase

reaction.

The reaction products monoglycerides do not have to be removed from the reaction
mixture, but can advantageously be used as an efficient emulsifier for the production
of food products like margarine and éhortening. The process thus solves two problems.
First of “all the éfﬁount of diglyceride is reduced and preferable 1,2M.diglycé.rivde is
removed, which has a negative impact on the crystallisation properties of the
triglycerides. Secondly the reaction product monoglyceride can be used as an efficient

emulsifier in the production of food products like margarine and shortening.
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The reaction products nonogl ycerides do not have to be
renoved fromthe reaction m xture, but can

wa@edwansageousl y be used as an efficient enul si PCEIB2OY004374

t he production of food products |Iike margarine and
shorteni ng. The process thus $8l ves two probl ens.
First of all the anobunt of diglyceride is reduced and
preferable 1,2 diglyceride is removed, whjch_ has a

e arebadipaiets itoA preferabhy, K erave dhe Gipnoeaiseidssayodyced (f any)
the. triglycerj Secondly the reaction product
Wntgafrﬁjgsefgﬁag%{%gﬁorbe used as an efficient enulsifier

in the production of food products |ike margarine and
shortening. I n one enbodiment, it is preferab to .
oY, thiioBRag o rRdin BB IR Cihj T clile palm ofl, the
transfer i | '

R FisRRE ab AL lvRhol RUALERS el b by (IART] AT removed by a
tdeedomsatigh peekeboduradhe edihleydbrethingaboess.r esi dues of

water (if any) may be renoved by a deodorisation

process during the edible oil refining process.

ARk éarrve\ff EYreteBfify EdfanRGe A RNLAOES BF 1igie aé'ﬂecrolﬁlfsfefr&@ is that this

I'i'pi'd acyl transferase I's that this enzyne is |ess .
dependéntesoderendental ¢ watet eortterntrin threrepetiun mgriunei autheeause this

FRFaYBi gt b Caaieiegs [ PRRe L PR M Eh EGanllt Ry pgans that the
R oPfred iy dl‘ctﬁis_tcw 1% lirfkPeadO sigaifichily. ease
Y.

signi ficant is well known the water content in
gl ycerol ysis reactions are very inportant when

l.ipol ytic enzynmes |ike || . . thi

kT et e SE o it B EBReRR Rt hoR iR nt when

I1fpolakeasAes flike [(Pasés renk Yt itiels peewess (istandeh, 2@ldeEven small

the Tormation of significant anount of fr,eefa,ttg/ ]

st ofhvetesr ST 2ACISEIBVEF dBPRt BRPIYES Agrclines Wil gpuse the
| transfer. i ' ' A S&rcome b

Fbua o BRSSP pBEUE Y 44> THRATEDEM, (R BRicome by

alsigemhelipid scyt aantférase inrthé plyyerobeis readtighy cer i de as

donor during formation of diglyceride instead of

reduci ng the anmount of diglyceride. Materials: Palm

%‘{}%P?IBA(S% 3%tha€ﬁﬁaﬁ9§kﬁ4ﬂbﬂ ﬁpthe BRRgRAK]ySE ¥EREMysisreadtion, mainly

uses triglyceride as donor during formation of diglyceride instead of reducing the

amount of diglyceride.
Materials:

Palm oil: Palmotex, Aarhus United, Denmark
Glycerol: J. T. Baker, (7044)
DIMODAN® P: Danisco A/S, Denmark

Enzyme: Lipid acyliransferase GCAT from Aeromonas salmonicida expressed in

B. subtilis and fermented in lab scale (Transferase #196).

Methods
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DI MODAN(r) P: Danisco AJS, Denmark Enzyme: Lipid
acyl transferase GCAT from Aerononas sal noni ci da

wexpseesed in B. subtilis and fernmented in | abPGUE2604/004374

(Transferase #196). Mt hodsLyophilization of enzyne
The enzynes were desalted (PD-95 Desalting col ums,
Amer sham Bi osci ences) before |yophilization. The
desal ted enzynme were m xed with glycerol

( EyaphitizaGioy o€ ewtymieat i 0 3, 5:1). The sanpl e was

| yophi | i sed and added 10% water. The sanpl e contai ned
approxi mately 20 U (phospholi pase units) per gram

Deteraiifatd QRer®f dRARSPIPDLIA $RsAGhE Vidl¥mh® hASRAMahP Bi6sciences)
activity assay): Substrate 0.6%L-a ] ]
Pefershatyophilizhtion. neTlos vodebadietl (gnzamei #4rel 6@1ixed 0. with  glycerol

e o R 9L P IR AR v T
406 -csihingd AhRox@mtaddods o%ﬁhohp@séﬂﬂiﬁpgg?%f t ube

and pl aced i n an Eppendorf Thernom xer at for 5

mnutes. At tinme t= 0 mn, 50 nL enzyne sol ution was
dbleledmin¥itiom of fHoaphkolipask astivity (phesphelipast aetivigyressagps

anal yzed. The sanple was mixed at 10*100 rpmin an

Eppendorf Thernom xer at 37C for 10 m nutes. At tine
tqifdiren the Eppendorf tube was placed in another

t hernom xer at 99C for 10 minutes to stop the

r@a%t Len Phosghetiilgichylize 98% RlanhdAvanth| #4416 ).aAd0 Zdon-X 100

by,. usi he NEF Lt _fram WAK .

L5450 85106 o SR s A N i L T LY GG H 7.
f atshy pRsdeduer oduced per minute under assay conditions
Enzyme reaction Palmoil was reacted with the

gtOPciel onbsamteywes adsleditd en latmdr dpnegded tebrearidoplpessi ingn Eppendorf
rﬁ%r&%ﬁli%er} a-Jt—%l%l’é f%r gnrglin-{;?e%! &t ime t= 0 min, 50 pL enzyme solution was
added. Also a blank with water instead of enzyme was analyzed. The sample was
mixed at 10*100 rpm in an Eppendorf Thermomixer at 37°C for 10 minutes. At time
t=10 min the Eppendorf tube was placed in another thermomixer at 99°C for 10
minutes to stop the reaction.

"Free fatty acid in the samples was analyzed by using the NEFA C kit from WAKO
GmbH.

Enzyme activity PLU-7 at pH 7 was calculated as micromole fatty acid produced per

minute under assay conditions
Enzyme reaction

Palm oil was reacted with the glycerol-enzyme solution according to the following

recipes in Table 1 and Table 2

Table 1: Experiment I

Enz. no. Transferase #196

Sample no. |1 2 3 4




Table 1: Experinent | Enz. no. Transferase #196 Sanpl e
no. 1 2344d (%9 555 10 Water (%9 0 1 5 1 Q1 phase
wO200946081 89 (% Water in 0.5 1.5 5.5 1.5 t he PEHIB200I04374
m xture Table 2: Experinent Il Enz. No. Transferase
#196 Sanple no. 1 2 3 4 6 d9%% 5 55 10 10 10
Water (%9 1 57.5157.5G1 phase 94 90 87,5 89 85
82,5 (N Water in 157515 7.5 the reaction mxture
Taepal m did wdss scdl®ed inlka 40 nl Weaton gl ass and
he g ycer ol /en and gptiodal water was added. The
sﬁfﬂtﬁré/@as Q)I ac% in fheatilng H ock (Multitherm HP 15
theatin ct edr wiitgp dijf ferential stirring (15
1 h% ntLgrsgl l|e byeég) VAFﬁbOVICG - Thernmonodul 40 ST
t@ey rmst at]) ang readted under |the foll ow ng
onditiong: Redction tenperatuyre : 430C Magnetic

SWatari ngin:| 850 |rlpn |55 | 1.5

the reaction

ne
5
5
)
i

mixture

Table 2: Experiment II

Enz. No. Transferase #196

Sample no. |1 2 3 4 5 6
Gl (%) 5 5 5 10 10 10
Water (%) |1 5 7.5 1 5 7.5
Oil phase | 94 90 87,5 | 89 85 82,5
(%)
Water inf1 5 75. |1 5 7.5

the reaction

mixture

The palm oil was scaled in a 20 ml Wheaton glass and the glycerol/enzyme and
optional water was added. The sample was placed in heating block (Multitherm HP 15
Stheating block heated with differential stirring (15 wells) controlled by a
VARIOMAG - Thermomodul 40 ST thermostat) and peacted under the following

conditions:
Reaction temperature : 43°C
Magnetic Stirring : 650 rpm

Reaction time : 20 hours
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Reaction tinme : 20 hoursThe enzynme in the reaction
m xture was inactivated at 97.5Cin 10 mn. After

WO e@sn6nl t he sanpl e were honpgeni zed (U tra TeCT/EBRP04/004374

for 20 sec. and a honpbgeneous sanple was taken out for
further analysis. HPTLC Appli cBt or: LINOVAT 5, CAMAG
applicator. HPTLC plate: 10 x 10 cm (Merck no.
1.05633) The plate was activated before use by dryin

| Thewenzywenindhe ©8C0 mixturzovasGnadtivated ot SABHT i rr@m}:AI%er reaction

2,0 2,.0% sol ut i f t | ' '
20l e e bl (aP GRS B8 DT Bl ¢ bRk supic
Dlvat B biGok FNEMnABysanp! i cat or . Runni ng-buf fer :

P-et her: MIBE: Acetic acid (50:50:1) Application/Elution

time: 8 mnutes. Developing fluid: 6% Cupriacetate in
;ﬁf{? PO4 After elution the plate was dried in an oven

OC for 10 m nutes, cooled and i mersed in the
devel oping fluid and then dried additional in 20

mnutes at_ 1800C. The plate was eval uated visually and
st pplinatpr( EBEAWA RS dCAMACappliedfor. | n Experinent 11 the

ent.s. e b e phot oshop 6,0 and
?lﬁg?g%o&%t? : gq)?ﬂﬁé& ar@}ég rBigo'v\ggg\ggﬁcul ated from
calibrations curves of DAG and MAG standard sol uti ons
(see Figures 49 & 50). s chromat ogr aphyPer ki n r.
8ﬁlmplei§pms| a&PW%@"’@Fﬁ‘bﬁ%WdﬁV’é‘ﬁH&} a’é&ﬁ?‘b‘&é&% i tf‘PF minutes.
fused silica colum 12.5 mx 0,25 mmID x 0,1 nm

5% henyl -met hyl -silicone (CP Sil 8 CB from Cronpack).
Capplication:He2,0pim off g e2 OP@nsolttién mbf widabted plpatm  oil dissolved in

DCe}tﬂ%?c}fglrn:l:I\/I[:e!tEéno?s(g:19CWaso‘éSIgli£J & rtﬁaemH.P"l"lL(,2 p:fatg' using LINOMAT 5

applicator.

Running-buffer: P-ether:MTBE:Acetic acid (50:50:1)

Application/Elution time: 8 minutes.
Developing fluid: 6% Cupriacetate in 16% HzPO4
After elution the plate was dried in an oven at 180°C for 10 minutes, cooled and

immersed in the developing fluid and then dried additional in 20 minutes at 180°C.

The plate was evaluated visually and scanned (ScanWizard 5) directly.
In Experiment Il the components are quantified by Adobe photoshop 6,0 and the
amount of MAG and DAG was calculated from calibrations curves of DAG and MAG

standard solutions (see Figures 49 & 50). .

Gas chromatography
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12m heptane: pyridine (2:1) containing an internal

standard heptadecane, 2 ng/m .9%00 M of the sanple

was transferred to a crinp vial. 100 m MSTFA
(N-Methyl-N-trimethylsilyltrifluoracetam d) was added
aRerkithElmeaR420deapikary iGes Barwdtogeaphy 3qiipped egthaV@0T fused silica

OC.. Calcul ati gn;_ Response. factor.s for . .
EHB L 1 ek FoLD 5 bbb mgvfsiigone (CP Sil § CB from
detsih fﬂfd fromreference mxtures of these
conmponents. Based on these response factors the |ipids
in the sanples were cal cul ated. Results Experinent I:
The ai qf this experinent was to exam ne the inpact
ot amiegi Belar i de: gl ycerol acyl transferase from

d a &t da on DAGs in palmoil by
Sﬁ@%@@§l§§ﬁ§55§§%?Fon. It is known that a GCAT is able
t Detet@aSHIEY, 38RPCY acid fromlecithin the chol esterol
during formati on of chol esterol ester and | ysol ecithin.
In this study we have investigated the possibility of
t e to use DAGs as donor sand gl ycer,
a@gg%gé%%gnin order to redgce t%e an%unt g? DAGs in
peven Rinlpetdiglepr@duce ponoglgcer 2de. 12401 s 366l | known
inthe literature to use enzyne like |ipases to :
clotheymd, Gigcaiol ysi sireacki ons0 I n these l0eact i ons
triglycerides, s, t.he min bstrate d nmono-and
d?ﬁﬁ@%%??%%%zapeh?ﬁé react?gns 6§odug?s. In these
processes the amount of diglycerides increases
significantly and the anpunt of diglycerides produced
i Sample| pigparaben:hp@hmehhpidt Has adisiphtedofin nPadghgrtang:ppidine (2:1)

produced (Kristensen 04).., Faour differe I

CEEERE: et SRl SPhted beRi, 2 g il o, B B o qemple was
OfrarRBdrFRA0T do Mh XQEnW t Piab% Ty CRI OMIPPIA W (NIRISELyRN- WitBethylsilyl-
and treated in the sanme way as the sanples. Figure 47
strflusrdchiamid@swist adoibd bk thdPFdoton vads yseubatefl forh mampdseat 60 °C.
fromtable 1.

Calculation: Response factors for mono-di-triglycerides, free fatty acids were

determined from reference mixtures of these components. Based on these response

factors the lipids in the samples were calculated.

Results

Experiment I:

The aim of this experiment was to examine the impact of a dileceride:glycerol
acyltransferase from Aeromonas salmonicida on DAGs in palm oil by glycerolysis
reaction. It is known that a GCAT is able to transfer fatty acid from lecithin the
cholesterol during formation of cholesterolester and lysolecithin. In this study we have

investigated the possibility of the enzyme to use DAGs as donor and glycerol as



The results obtained fromthe HPTLC anal ysis shows
that the anmount of DAGs varies according to the

WO e@sN6nL conditions (referring to rati o bet weRGI/{R20042194374
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). Equal to all the reactions was that the 1, 3-isoners
of di gl yceride were in higher $ortion than the

,2-(2,3-) isoners of diglyceride. This observation
can be confirned by theory, which says that the ratio
oficckptdr | omedert o Ireduce( 2hB-gmduwbnelr DAGer idepapal niloand produce
is 7: Siew & Ng, 1999; Tinmrs, 2004). Furthernore,
al]p Vi('ﬁj he result, the HPTLC plate shows that the
transferase successfully reduces the anmount of DAGs.
The reduction can to some extent correlate to the
atrdsivelloknasym fth € LeththieNo. usq: fenmn@él#pdtp@sqswe catglyze glycerolysis
|somer Wit h .t gure 1

At 11, Sipncections PR 0 e el el P58 hono-and

e W TBrigat AL %%a&%&tpr@@uctér hh $hds® prébe@ﬂfs&ﬁé’fﬁﬁbum éfhdiglycerides
the ‘transferase has a preferred s&gm ficit or fatty
ampmasqsmlsmﬁcarﬁb'smd the. ameurd Qi edip m@swﬁé{@déa on level or high

dj rent n .5-5.5%
b B b BB SN AR Rt RRNE, 200 0 o ey
concentrat| on has a significant inpact on the
ynt hesi zed ampunt of MONO conbi ned to the reduce

Furieenbreaaple CAmPRFEORS WeRreded pam Spupasd t#fgl@ference of palm
S | o/t
O R o6, 15UERGTERN T Ant A0 BRLEL R g same way as the
f supdek. Aiptire 47 slespothd iresgltdé drectdB EHCamnmlysis otﬁtl[aés@mpske from table 1.
observed. The experinent also investigates whether the
am)unt of glycerol has an effect on the equilibriumin

1%¥§ﬁse(%t§15@@ €rom theGIPRLC Jﬂl’fﬂlkf@@shoxﬂ fHap ﬂf;‘erﬁ%ﬁm# 8PP AGs varies
s ows that higher concentration of glycerol - also
neaoiding unuhblreac@os@gedmbn%ﬁzﬁem@tq fafip tb;ﬁweedc@b Hn@t) Equal to all

result .in hi concent Pr ef er

P8 distions et it 106 0. BP PR RO e RRad el iger oition than the

el"ll(Q B0 B&hets- oF-dig96&ideNThis DOV atiSh cdatee @nfirMed by theory, which
dvant ages working with transfer ases instead of

| sayaﬁé& esratinf lihisomphthbdr .41 iwopninesulepgim oil is 7:3 (Siew &
L 38, 105 F B SIS ST 0 A v
Hhetiihe tdansfaesase tsiik&?'esslfﬁil}eradhcetshﬁe amtht 0HD A heakdation can to

band of FFA (FFA band was expected ta be visible
bmcesstent cgrrglate to the amount oef synthes?zed MONO.

If we compare the 1,2 isomer with the 1,3 isomer DAGs in figure 1 it appears that the
1,2 DAGs are primarily reduced by the enzyme-catalyzed reaction. This is in
agreement with the transferease has a preferred specificity for fatty acids in sn2-

position.

In experiments conducted different water concentrations in range of 0.5-5.5% were
used. It appears from the result that the water concentration has a significant impact on
the synthesized amount of MONO combined to the reduced amount of DAGs. In this
instance transferase #196 shows that if the system contains low water concentration

increased concentration of MONO is formed and corresponding decreased amount of
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sunmari zed that the optimal concentration of glycerol
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Transferase #196: 5%3: 0. 5% H20O The sanpl e procedure

in HPTLC anal ysis did not incll@fle specific wei ghing,

because of that it was not possible to calculate the
concentrations of the different conponents in the

r B iionbservedu Ths . exBedmestealod lm\rﬁallga‘t%Wbbtbelr ﬂ@tamcuntsof glycerol

spol el d on,visu eval uat on. Res d on 10
t b TR egthl 6 SHLPE RO S RysER dhingg % o0 cOL1% 0.
E?én!ﬁirecase F00d LinslvsOmbt Mgﬁ&Mnc&ﬁt&ch%fagly&ycﬂwﬁgé Bf¥affng double
e HPTLC plates could be confirnmed b uantitative

adl@ags eSeralynRAGHVIBet dose rwh a¢syliis highee Owaacangmatiord
fromthe sanple bycentrifugation and only the lipid
phase was exposed to GC analysis The GC results are

PPREGAEIOGU PreddR i edtibR isiridBOIten 3 lowesdidrien@frofdaeMil.c. less than
sel ected reaction in Experinent | Ref. #196 Sanpl e No.

latwudl%( %9 * 5 5 Water (%9 0 O O | phase (/O 95 95 GC
results MONO <0,01 0.34 DAG 6.21 5.77 * dycerol
contai ns 10% water Analyzing the result of the GC

SOHEYofi theWadvah@igss Wditkingt heths ehestéreskes afptead @fffiyRises is that the
fromthe reference in higher MONO content and | ower
m@}}qﬂél of MONQ @ﬁs@t\ﬁﬁﬁewsste F?Eféffsﬁ’é’etlﬁcée%@éﬁl thegeoncentration of

rﬁgﬂl Il“ﬁls'facttﬁ%oﬁp Thé&a %pﬂéééﬂt experiment. Figure 1 shows that none of the

reactions shows clear band of FFA (FFA band was expected to be visible between 1,3

DAGs and TAGs).

From this experiment it can be summarized that the optimal concentration of glycerol

and water for Transferase #196 is as following:

Transferase #196: 5%GL:0.5% H,O

The sample procedure in HPTLC analysis did not include specific weighing, because
of that it was not possible to calculate the concentrations of the different components
in the reaction mixtures. Because of that the observation is solely based on visual

evaluation.

Result GC
Based on the HPTLC results sample No. 2 was selected for GC analysis. To find out
whether the visual evaluation of the HPTLC plates could be confirmed by quantitative

analyses of DAG. Before analysis glycerol was removed from the sample by
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Concl usi on: Experinent | Concerning content of
nonogl yceri des and di gl ycerides in the product of
w@kopseebysi s, the results of HPTLC anal ysi s iPpdi/oe0ed04374
that there is a correlation between the concentration
of water and the anounts of MIND and DAGs,
respectively: The | ower concentration of water, the
| oner DAGs and hi gher MONO. GC anal ysis confirned
degitaengafion etliaily dle IlipidPhAGse Was dxposedtop@Cianelytis tlhe GC results are
reduced anp f DAGs counts for 7.1%of the total
aRtssetedbm Li&‘i’?/g%ltoi""des palmoil (Table 4). Table 4:
Degree of reduction of DAGsEnz. No. #196 Sanple no. "
2 Reduction of DAGs (% Experinment Il: The aimof this
part was to continue the optim zation of DAG reduction
in palm anal zethetra ferase-catal ysed
5 gF?@@lgoRﬁ%"rlts‘?{@?ﬁﬁ S¢: 8W§F%ar°§§’él erwiprl marily
purpose TS5 10 T=fbal anced reaction in which
t he anount ofRB G Has been Jreduced in tinme with
I nghgRreNsoncigntratppon of NONO In this part of the
rk 4dix different sanple conpositions
weli@ (Y95t ed ajpd conpared tg a reference of pal m oi
' le 2). The reference was
heating profile as the enzyne
: ben MageES 1t possi ble to observe and
determ ne dearde of thdrmal degradation during
reduction. G’Ogam&ts48 shows |t he result of the HPTLC
anaJ_c\fsJ_s._Lx_ rs—fromthe results in figure 48
t hd ]é@peci al [9:0¢ hg0-ahount |of MAG is varying. The
HPRL G amat ysi 82 moys~yat—Tjn sanpl es cont ai ni ng 5%
gl yCerol (Lanje: "1-3 here Jis continuous rel ation
bet}l\ﬁﬁfbl\/@h@[nscp@%&[ﬁtélati on and MAG yi el d: Decreased
anount of water in the reaction mxture is foll owed by
i ncreased MAG yield. The sane

Analyzing the result of the GC study it was found that the selected sample differ from
the reference in higher MONO content and lower DAG yield. This observation

10  supports the obtained results in the HPTLC analysis.

Conclusion: Experiment I

Concerning content of monoglycerides and diglycerides in the product of glycerolysis,
the results of HPTLC analysis indicated that there is a correlation between the
concentration of water and the amounts of MONO and DAGs, respectively: The lower

concentration of water, the lower DAGs and higher MONO.
GC analysis confirmed degree of reduction in DAG. In this experiment the reduced
amount of DAGs counts for 7.1% of the total amount of diglycerides palm oil (Table

4).

Table 4: Degree of reduction of DAGs



tendency is observed in the reactions containing 10%
gl ycerol (Lane: 5-7). According to the anount of

waele@spessi des, it was not possible to differenpCHIBR041®4374

10

15

20

25

sanpl es sol ely based on visual evaluation of the HPTLC
plate. Therefore, to be able tl@2di stingui sh between

the sanpl es, conponents were quantified by anal yzi ng
standard materials with known conposition of MAG and

DAGhz. Ng HPTLC pl af#®6ner ef scanned and handl e by Adobe

Phot oshop 6.0 and further fal cul ated by help froma
coBatplaabed cal cul jp2 ro (Mcrosoft Excel 2000).

T. v i i f the conponents anal yzed
byRegurtion §pr@§%sn 4 in ble 5 bel ow. Table 5: Enz.
No.<yTransferase #1996 Run oyder: HPTLC 1 2 3 456 7

l\/[&\l8(°/o 0,38 0.01 Nn¥. 0.J01 0.15 0.07 0.3 DAG (%

7.24 8.13 Nnr. 8.35 8.26 7.88 7.62 Reduction of DAG

13,29 2,63 1,08 5,63 8,74 (% Nnt Not neasured 5 - not

cal cul ated. The investigation supports the visual

e I .and gives a fine picture of the varying
Iégé#ﬂ%#&g%gl ycerides. It is seen fromthe results

that the highest degree of reduction in the anount of

DAGs was .achieved in sanple no. 1 (5% G 1.5% HO.. . ;
Fihe A of this pattove,0erapda s i ORtHPEAUNHAY baf eeftuction in paim oil
c 0 S '

A P R e T e P MY Bfstercase 196, The
t tuamaglyl pyrpdseaisytb tre@ohsd sreldwl@cad réaction 1B whachytherasount of DAG

sal ni ci da s.abl e t.0 reduce the..ano
e e Fedined T ime Mg Rrre SR et Ra R el MRS witn 5%
gl ycerol a correlation was found between the

concentration of water in the reaction mxture and the
ahmothist pariodf thiacxpenisnentetavork sixphifferenesapmplapempesijons were tested and

Cgor}ﬁgarllteé c} ia?e eroefnce\:’\%{’ 8£lm (t)lli] %il{gmth %1}%@1%1 IZT?QJI(? rZ)%% reference

was exposed to the same heating profile as the enzyme reactions, which makes it

possible to observe and determine the degree of thermal degradation during reduction.

Figure 48 shows the result of the HPTLC analysis.

It appears from the results in figure 48 that especially the amount of MAG is varying.
The HPTLC analysis shows that in samples containing 5% glycerol (Lane: 1-3) there
is continuous relation between water concentration and MAG yield: Decreased amount
of water in the reaction mixture is followed by increased MAG yield. The same

tendency is observed in the reactions containing 10% glycerol (Lane: 5-7).

According to the amount of diglycerides, it was not possible to differentiate the
samples solely based on visual evaluation of the HPTLC plate. Therefore, to be able to
distinguish between the samples, components were quantified by analyzing standard
materials with known composition of MAG and DAG. The HPTLC plates were
scanned and handle by Adobe Photoshop 6.0 and further calculated by help from a
constructed calculation macro (Microsoft Excel 2000). The quantitative analysis of the

components analyzed by HPTLC is presented in Table 5 below.



20 HPTLC quantified the degree of reduction (see Table

5). It appears fromthe results, that the reduced
w@pmanee3sf DAGs counts for 13,29% of the total PENB204/004374

of diglycerides in palmoil and the anmount of

synt hesi zed MONO rai sed from Q08®1% (ref.) to 0.38%

(sanple No. 1).Fromthis experinent it can be

summari zed that the optimal concentration of glycerol

and water for Transferase #196 is as foll ow ng:

Transferase #196: 5%3: 1. 5% H20 Conpari ng t hese

ob&d¥¢vations with the result gained in Experinment I,

—t-s—c-orfrmedtiet FconsTstenmcy T theTesutts
Enz'?\@'obt ai ned. 'J;Frﬁgs%rﬁf?aﬁgig concentration of water is
Run des ey gef ween 10y 1% HAQ depenjy ng onf £nzyne ¢ 7

activity and content of allvcerol .| Based lon the It wo

MONEX By | ment s fapsgiuct|ed)l i t |Qdm*be |d0OC! uded1s hat| 0.07i s | 0.03
possi bl e tolreduce it he anmgunt—of \DAGs i1 gggal-m—e
DAGt(ansf er ase-|chthl y4etld eadthi®h, 32 thed-Ehzyne ¥es | 7.62

. qrit S T O das prar
Redu%‘?rbc‘ﬁlagxﬁr lz;”%q ycg‘g ysi|s react|lion in m?%h 5,63 8,74
(%) nonogl ycerides i s gynthesijzed. ThHis is ijn strong

contrast tolthe glycerolysis reagtion wilth
conventional triglycerides hydrolyzing |ipases where
t-he ,aanun .DAG i ncreases due to the parti al
h@H‘r I?/tsrfléasglf:etdi vity of the triglycerides hydrolyzing
5 |ipaselcuBasied on the fact that the structure of
diglycerides is a mxture 1,2- and 1, 3-isoners and
that the transferase is specific to the sn2-position,
. . I o Q .
e by S Rl DA i BV e | SRy FRILERI the varying
pleod L tdigly EeklePLIE is7seeh fromb tHe malisahatothe highest degree of reduction in

e LT A

f S1RBAG HRARNE Sari Ak m&: ohfdths oBigHeaeH hysay@lm! ycer ol
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[en)

transferase 1s immobilised on Celite by acetone
precipitation. 10 M enzynme solution in 20 mM TEA
buffer pH 7 is agitated slowly with 0,1 gramCelite
535 (from Fluka) for 2 hours at roomtenperature. 50m

cg&ﬁdm;meﬁﬁleﬂqded during continued agitation. The.
precipitate is_isolated by centrifugation 5000 g for 1
nExnerignent 11 confirmed the observations that a” lipid acyltransferase GCAT from
15  Aeromonas salmonicida was able to reduce the amount of diglycerides in palm oil. For
the experiments with 5% glyéerol a correlation was found between the concentration
of water in the reaction mixture and the amounts of MAG and DAGs, respectively:

The lower concentration of water, the lower DAGs and higher MAG.

20 HPTLC quantified the degree of reduction (see Table 5). It appears from the results,
that the reduced amount of DAGs counts for 13,29% of the total amount of
diglycerides in palm oil and the amount of synthesized MONO raised from 0,01%
(ref.) to 0.38% (sample No. 1).



The precipitate is washed 2 tinmes with 20m cold
acetone. The Celite is tried at anbient tenperature
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in palmoil (see table below): Table % Palmoil 92.5

G ycerol 5 Imobilised diacyl gbgceroliglycerol On

Celite, #178, 45 U g 2.0 Water 0.5 Palmoil and

gl ycerol is heated to 42C. The i mmbilised transferase

WBsna thie expefineent itocanfber sisenarezad tthairihe optitinaluemhcentradd@ of glycerol

durlng g ion W a.magnetic stirrer.
g)rfér?—%ﬁz% ed%h@%%%’m’ﬂw&%é’es after 1A, 1, 3, 6

and 24 hours and anal ysed by HPTLC. The reaction is

stopped after 24 hours reaction tine and the

i Trankfetdss ¢tio@ri2y@e: Melé HiQ t ered of f. The HPTLC

analysis clearly shows the effect of the i mobilised

di acyl gl ycerol rglycerol fromA. salnonicida by the

fQ{) b aRte Wt%ﬁ? ‘Wlﬁleth@ Reksulieghifdd RNERferiment I, it is confirmed
cerlde in palmoil. publ T cati ons nentioned in

t#het atolvepnsistniy i tei nqwlssrle oh@mdn The, @pﬁnp@lr eansentiyfion of water is

refere at.i ons and varl tions of
BBirs e JoP AR O Ring PR Ry B S efert i etyeerol
wi |l be apparent to those skilled in the art w thout

departi n%fromthe scope and spirit of the present

i Bmdtq‘no e_ ma hmgquﬁﬁecwdé@@dx it gapehfy penslusied thalelh is possible to
0835 B8 dploof BPOAC ' halth!dh P8 ahdrCeaBL B B action, where the

éﬁéﬁﬁiel 0des D AUsaasrddneh elollstutest artde glyoetol yas| adeepter nhalecule, in a
suc eci fic enbodinents. | ndee vari Qus

nBlaFapaisirernsiop in phichreRqel H@Hg%lé S¥Nthizeda Ipipi i ip Yraog contrast
t
330k BB ML, 856, QRYLBMnal @HIERE A s whrs
| thie enoedt 6ODBE inctdases durctoshopartief hydrelysislabtvitingf the triglycerides

cl aj ms. REFERENCES
hydrolyzing lipase.

Based on the fact that the structure of diglycerides is a mixture 1,2- and 1,3-isomers
and that the transferase is specific to the sn2-position, even a small reduction in the

amount of diglyceride will have a huge physical impact on palm-based products.

EXAMPLE 7: Immobilisation of a diacylglycerol:glvcerol transferase (an lipid

acyltransferase according to the present invention) from Aeronionas salmonicida.

The diacylglycerol:glycerol transferase is immobilised on Celite- by acetone
precipitation. 10 ml enzyme solution in 20 mM TEA buffer pH 7 is agitated slowly
with 0,1 gram Celite 535 (from Fluka) for 2 hours at room temperature.

50ml cool acetone is added during continued agitation.

The precipitate is isolated by centrifugation 5000 g for 1 minute.

The precipitate is washed 2 times with 20ml cold acetone.

The Celite is tried at ambient temperature for about 1 hour
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The HPTLC analysis clearly shows the effect of the immobilised
diacylglycerol:glycerol from A. salmonicida by the formation of monoglyceride and

reduction of diglyceride in palm oil.

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system
of the present invention will be apparent to those skilled in the art without departing
from the scope and spirit of the present invention. Although the present invéntion has
been described in connection with specific preferred embodiments, it should be
understood that the invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for carrying out
the invention which are obvious to those skilled in biochemistry and biotechnology or

related fields are intended to be within the scope of the following claims.
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International Depositary Authority or of authorised
official (s): /oA-e-0- cs. Address: 23 St Machar Dpve '
wéhersteexsi Dat e: 9 January AB24 3RY Scotl and, URCTABEN€004374
Rul e 6/4(d) applies, such dete is the date on which
the status of International Depositary Authoritywas
acqui red. Form BP/ &Upa@EsT PREATBYDARE SYTERRBATONON THE
| NTERNATI ONAL REECOSNIHICN O HEFEPOSH@ NIGROORGANISMS
M CROORGANI SV FOR FORET B RIFRSISES BF POAFIER AR GEEREEURE

| NTERNATI ONAL FORM Dani sco I T ATEMENT
Cangebr ogade 1 1 ssued pur u%@@%‘%&ﬁ’% 10.2 by the DK-

Danisco A/g 1001 Copenhagen | NTERNATI ONALcREP@P A BX sPbF HORIRI¥INAL DEPOSIT

Langebmgad;eQent} fied on the fol |l ow NQispadmrdan weRule 7.1 BAVE AND

DK-1001 COW@S OF THE PARTY TO " REAVIONBLIDEPOSH AR YEAVHERDRITY
S I'SSUED | . DEPCSI TOR . | DEpyfid aCiiT prtRmERhiy pge

‘M CROORGANI SM Nane: AS ABQVE Accessi on nunber given by

t he | NTERNATI ONALDEPGCSI TARY AUTHORI TY: Address: NCI MB

41204 Date of the depositjor of the transferl:

Denmar_k

NAME AND ADDRESS OF DEPOSITOR

I IDENTIFICATION OF THE MICROORGANISM

Accession-numbeér given by the .

i ion refe e given b“ the
e oR e g INTERNATIONAL DEPOSITARY AUTHORITY:

DEPOSITOR: .
Escherichia coli NCIMB 41204

TOP10pPetl2aAhydro

1L SCIENTI FIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganisin jdentified under I above was accompanied by:-

a scieﬁtiﬁc description

Xla proposed taxonomic designation

(Mark with a cross where applicable)

T, .RECEIPT AND ACCEPTANCE ’

| This International Depositary Authority accepts the microorganism identified under I above, which was received by it on
22 Decermber 2003 (date of the original deposit)!

IV. RECEIPT OF REQUEST FOR CONVERSION
The microorgan.ism identified under I above was received by this Intemational Depositary Authority on
(date of the oriéinal deposit) and a request to convert the original deposit to a deposit under the Budapest Treaty was received

byiton . ]
Y (date of receipt of request for conversion)

V. . INTERNATIONAL DEPOSITARY AUTHORITY

: CIMB'Ltd,, . Signature(s) of person(s) having the power to represent the
Name .N International Depositary Authority or of authorised
official(s):

'/éer\. ce ﬂ” dn’t)

Address: 23 St Machar Drive j ‘ l
Aberdeen Date: 9 January 2004

AR24 3RY

Scotland, UK. ‘ ‘
1 Where Rule 6/4(d) applies, such date is the date on which the status of International Depositary Authority was

acquired.
Form BP/4 (sole page)




22 Decenber 2003 I11. VIABILITY STATEMENT The

viability of the m croorganismidentified under above
woasosteetsedon 22 Decenber 2003 2. On that dat epCThB2004/004374

sai d mcroorgani smwas: X w%able no | onger viable 1

Indicate the date of the original deposit or, where a

new depositor a transfer has been nmade, the nost

recent rel evant date (date of the new de 05|t or date

of the transfer). STHY TNARY| e
10.2(a)(ii) and (.%EC? ﬁsﬁﬁ ME\EEMS
viability test. 3l\/hrk W'th a cross the applica

box. Form BP/9 (first page)rv.

CONDI T ONSUND _ | ABERNZVIDNSY: FRRBEENPERFORVED4

. MTERNA ONAL DEPGCSI TARq NCl MB Lt d.
DMS?@’ﬁature(s) of person('s) %ﬁtﬁﬁekgpmm e represent
. |Lang % ernatlonal Deposiit RAGHIDR S DEPUS Yl\ﬁglme.m
DK-1 Be thority or of aLthextxreslemlthefomwn:ga#gs) Aber deen
DemmﬁkABM 3RY /| - - <_s"4 Scotland Date: 9 January 2004

Fill in i f the information has been requested and if

the results of the testiwere negative. BUDAPEST TREATY

" ON THE | NTERNATI ONAL RECOGNI TI ON OFTHE DEPCSI T OF

M CROBREARNERBDEEFR O [ SES OF PATENT PROCEDURE
© | NTERRRTCONEERERINBARI N “A'S RECEI'PTI NTHE CASE OF AN
ORI G NAL DEPOSI T Lapgebrogade ‘1 issued pursuant to.

Rule 7.1 by the DK-1001 Copenhagen

"NTERNATT ONAL DEPCSI TARY AUTHORI TY Dennark identified

Name: * ASABOVE ’ Accession numnber given by the -
. INTERNATIONAL DEPOSITARY AU'I'HORITY
Address: NCIMB 41204,

Date of the deposit or of the transfer

- 22 December 2003

II.  VIABILITY STATEMENT

was:

3 .

X viable
3

no longer viable

! - Indicate the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant
" date (date of the new deposit or date of the transfer).

2 In the cases referred to in Rule 10.2(3.)(13) and (iif), refer to the most recent viability test.

2 Mark with a cross the applicable box.

Formm BP/9 (first page)

The viabiiity of the microorganism identified under IT above was tested on 22 December 2003 2, On that date, the said microorganism
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waéeeBgsesn nunber given by the DEPCSI TOR | NTERSAITENA004374

DEPCSI TARY AUTHORI TY: Eschetd chi acoli NCI MB41205

TOP10OpPet | 2aAsal no 1. SCI ENTI FI C DESCRI PTI ON AND/ OR

PROPOSED TAXONOM C DESI GNATI ON The m cr oor gani sm

identified under | above was acconpani ed by: a

scientific description a proposed taxononic
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m croorgani smi I fied under |

apove, whi ch was received by it on 22 Decenber 2003
(date of the original deposit)l IV. RECEI PT OF REQUEST
FOR CONVERSI ON The m croorgani smidentified under
above was received by this International Depositary
Aut hority on (date of the original deposit) and a
request to convert the original deposit to a deposit
under the Budapest Treaty was received by it on (date -
of receipt of request for conversion) V. | NTERNATI ONAL
‘DEPCSI TARY AUTHORI TY Name: NCI MB Ltd., Signature(s) of
person(s) having the power to represent the

I nternational Depositary Authority or of authorised
officials): Address: 23 St Machar Drive Aberdeen Date:
9 January2004 AB24 3RY -

V. INTERNATIONAL DEPOSITARY AUTHORITY )
" {Name: NCIMB i/td., ' . ’ Signature(s) of person(s) having the power
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Address: 23 St Machar Drive . Authonty or of authorised official(s):
Aberdeen D 3
AB24 3RY .
Scotland _ Date: 9 January 2004 K

s Fill in if the information has been requested and if the results of the test were negative.




Scotland, UK. 1 Where Rule 6/4(d) applies, such date
is the date on which the status of |nternational
wOoepBdctzaLy Aut hority was acquired. Form BP/ 4 Pe0iiB2004/004374
page) BUDAPEST TREATY ONTHE11INTERNATI ONAL RECOGNI TI ON
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Danisco ABHE VI ABI LI TYSTATEMENT | S | SQeRriftitei@ica sk log
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OSIT! .
PEPOSE 9 January2004 > >

Escherichia coli NCIMB 41205

TOP10pPetl2aAsalmo

II. . SCIENTI FIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:

a scientific description

v

a proposed taxonomic designation

X

- { (Mark with a cross where applicable)

III. -RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I above, which was received by it on
22 December 2003  (date of the original deposit)’

IV. - RECEIPT OF REQUEST FOR CONVERSION

The microorganisim identified under I above was received by this International Depositary Authority on
(date of the original deposit) and a request to convert the original deposit to a deposit under the Budapest Treaty was received

by it on
(date of receipt of request for conversion)

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB Ltd., Signature(s) of person(s) having the power to represent the
' International Depositary Authority or of authorised
ofﬁcial(s):/ 1
Address: 23 St Machar Drive fierere s /D B—L
Aberdeen Date: 9 January 2004 -
AB24 3RY
Scotland, UK.

1 Where Rule 6/4(d) applies, such date is the date on which the status of International Depositary Authority was

acquired.
Form BP/4 (sole page)




Fill inif the information has been requested and if

the results of the test were negative. Form BP/9
woO2esmacsand | ast page) CLAIMS 1. A nethod of reduaBg4/004374

and/ or renoving diglyceridei¥roman edible oil,

conprising a) adm xing an edible oil wth an acyl

acceptor substrate and a fatty-acid CoA i ndependent

di gl yceride: gl ycerol acyltransferase, wherein the

fatty-acid CoA independent diglyceride:glycerol

acyl transferase i s chEPACESTI TRESTY O TREINEFRNATRONMLI Ch 1N
an edible oil tra IT‘PP‘Q’(’: $33) OFWRCaDRGAMSMS
diglyceride to glycero e RE T&@ES?QHE%]RFO ‘

cI aim 1 vvherel n the fatty aC| d CoA i ndependent
et cerot—a Immmmoamnprlsesthe

Dm@ggﬁg aci d sequence ot iff G e| n Xis one or

B the 1ol ow ng. ah et e%?‘%%m AV,

DK-F01 Yopehhage® TSN, M'or S| BIERNATEINADODERGCORY ADGnd@y

Dengbzki m 1 wher ei n t he anopritentffed ditigfoflodmespde i n t he
edible oil is reduced. #. A nethod according to claim

1 or cI al m 2 V\,herel n the fatty-acid CoA i ndependent

' 0 Ftransferase transfers an acyl

group ﬁm@@bgﬁsg@em%}p an acyl acceptor, wherein
t he ayWwH@E InssTargMEmwpound -conpri sing a hydroxy .
group (-OH). ™85SUEPnet hod according any one of clains 1

to 4, wherein the diglyceride is a 1, 2- diglyceri.de.

he—pr-ecedi nn

6. A netnod according to any one—of t..e precedid

L mArgbmER wherein acyl acceptorm s mmmfm@ékéﬁﬁ%dﬁ%ﬁ
hod according to any one O

Name: L he pregediqg cl al ms vvherel n,th | .accep tor-is.an
al cohol . 8. A method accor di mgsson?%ﬁ@fl g sx%&rﬁhﬁox&{le

Addressacyl acceptor is-an al cohol . Nemae4ippsd accor di ng

claim8 wherein the acyl accleabt°8t‘edfp§s"@‘1 offpedprsfr: . 10. A
net hod according to any one of tleIBecth:eQﬁﬂl ng cl ai ns

Clm WBSEE BubRedat ty-aci d | | ‘ I

|

The viability of the rmcroorgamsm identified under II above was tested on 22 Dec; b 2 ;
The ember 2003 “ On that date,

the said miCrOOrgmism -

3

X viable

no longer viable

! " 'Indicate the date of the original deposit or, where a ne i
s w deposit or a transfer has been mad
date (date of the new deposit or date of the transfer). . ® the most recent relevant

2 In the cases referred to in Rule 10.2(2)(ii) and ’(1'1'1'), refer 6 the most recent viability test.

3 Merk with a cross the applicable box,

Form BP/9 (first page)



CoA i ndependent diglyceride:glycerol acyltransferase

enzynme conprises H 309 or conprises a histidine
woesisthdessat a position correspondi ng to H s- 309CTAB100£004374

am no acid sequence of thelferononas hydrophila

l'i polytic enzynme shown as SEQ ID No. 2 or SEQ I D No.

32.11. A nethod according to any one of the preceding

claims wherein the fatty-acid CoA i ndependent

di gl yceridergl ycerol acyltransferase is obtainable .

froman organismfromone or nmore of the follow ng

v. ngﬁ%%g@gﬁéggﬁﬁﬁ%ggg @?P W%g Sgccharo ges,

tactobacit us, DesutfTtobacteri urm Bacit usS;

Canpylobacter,'Vibrionaceae, Xyl ella, Sulfol obus,
Aspergillus, Schizosaccharonyces, Listeria, Neisseria,
Mesor hi zobi um Ral st oni a, Xant hononas and Candi da. 12.
A nethod according to any one of the preceding clains
wherein the fatty-acid CoA i ndependent

- diglyceriderglycerol acyltransferase conprises one or .
nore of the follow ng am no acid sequences: (i) the

am no acid sequence shown as SEQ ID No. 2; (ii) the

am no acid sequence shown as SEQ ID No. 3; (iii) the

am no acid sequence shown as SEQ ID No. 4; (iv) the

am no acid sequence shown as SED ID No. 5; (v) the .

am no acid sequence shown as SEQ ID No. 6; (vi) the™ .

anino,acid sequence shown as SEQ I D No. 12, (V||) t he
[~ —_amno acid sequence shown as SEQ I'D No. 20, (viii)—the-
V. aﬁﬂﬁ@“ﬁEPHL§@ﬁ§€HE%A§%%ﬁHYaS SEQ ID No. 22, (ix) the

24 l\l\ 'l‘ ha

Z5

Name: am:me Laci d seque nce shown as s&EQretstm;n(sﬁﬁmng (hgi,c,\,,e,t he

9 lc;ic]!)d sequence shown “8 ehtEbeNtsmanﬁr@lDe%oﬁw) the .
‘m“ﬂsiﬁ . aci d sequence shown a IRBo 965N i) the
annmaua0|d sequence shown as SEQ‘KEfNOuaBZ) xivy—~the.

alftiy aci d sequence shown as PSEGIPBVRE4 (xv) - t'he
am no aci d sequence _shown as SEQ I D no. 55 (xvi) the .

-, amno acid sequence shown as SEQ ID No. 58] (xviT) the

U AT e R A B hE e e v rese:  (xvii i)
the am no aci d sequence shown as SEQ I D No. 61; (XxiX)
the am no aci d sequence shown as SEQ I'D No. 63; (xXx)
the ami no acid sequence shown as SEQ I D No. 65; (xxi)
the ami no acid sequence shown '

Form BP/9 (second and last page)



as SEQ ID No. 67; (xxii) the am no acid sequence shown
as SEQID No. 70 or (xxiii) an am no acid sequence

wobesledsas 75% or nore identity with any one OPCT/IB2004/004374
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sequences shown as SEQ ID N&. 2, SEQID No. 3, SEQ ID

No. 4, SEQID No. 5, SEQID No. 6, SEQID No. 12, SEQ

ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No.

26, SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 32, SEQ

| oIMNOMS4, SEQ ID No. 55, SEQ ID No. 58, SEQ | D No.

60, SEQ ID No. 61, SEQ ID No. 63, SEQ ID No. 65, SEQ

ID No. 67 or SEQID No. 70.13. A nethod according to

any one of the preceding clains wherein the fatty-acid

CpA i ndepepdgnte qje@lhc){ﬁ% rdrdfor O tHESiRg ﬁgg@ﬁ@é"sﬁ'cﬁﬁa&? edible oil,
conpri ses an am no acld sequence encod by one or

nmosmepading be acﬂmiﬂimg\iam gdiblecoid @uthdm 8&y| recrpbs: substrate hed a fatty-acid

ﬁC' B e BB TR gl SEYAERGe: sihe( thidatty-acid CoA
ﬁé?fdbgtedlgléf%ﬁﬂ@ 8lye&181Micy3@anzkhdels Nﬁaragt’er&éﬁ ad E‘t?enzyme which

nuc eoti de uence shown "as SEQ I D No. 10; (e)
nlmirmnhbld 9113511113@[&:@1 aiyb muasﬁOSE@dlglz’mde 1d glyééljal t h e

Vi o SREEIRESELAUTE Sk Ho-f8) R imsrmnin

n&h‘glﬁeﬁa@ Blys &0V aHRasRAWR @Snie ke MainoZdid &d eﬁJéemoﬁf GDSX,

nucl’eoti de "'sequence shown as SEQ I D No. 25; (Ilk

nwberett Xde ose quaweeot e ipllewingrainpanid resiques( )A:t‘ﬁel F,Y,H Q,
nﬁcﬁhe@#ir&e sequence shown as SEQ ID No. 29; (1) the

nut o sequence shown as SEQ ID No. 31; (mthe

n3icl ey hidehoslemderde Dhayith BsvhSkh ke Maourddf diglycdride in the edible
nucl eoti de sequence shown as SEQ ID No. 35; (0) the

neik ise8tieed- sequence shown as SEQ ID No. 54; (p) the

nycl eqt i e t :

el cot HEnIEEREE 1M1 RS 1SS Ygmr aireintnd Biy-acid Coa
independent diglyceride:glycerol acyltransferase transfers an acyl group from a

diglyceride to an acyl acceptor, wherein the acyl acceptor is any compound comprising

a hydroxy group (-OH).

5. A method according any one of claims 1 to 4, wherein the diglyceride is a 1,2-
diglyceride. '
6. A method according to any one of the preceding claims wherein acyl acceptor is

one which is soluble in an edible oil.

7. A method according to any one of the preceding claims wherein the acyl
acceptor is an alcohol.

8. A method according to claim 7 wherein the acyl acceptor is an alcohol.

9. A method according to claim 8 wherein the acyl acceptor is glycerol.

10. A method according to any vone of the preceding claims wherein the fatty-acid
CoA independent diglyceridel:glycerol acyltransferase enzyme comprises H-309 or
corﬁprises a histidine residue at a position corresponding to His-309 in the amino acid
sequence of the Aeromonas hydrophila lipolytic enzyme shown as SEQ ID No. 2 or
SEQ ID No. 32.



(r) the nucl eotide sequence shown as SEQ I D No. 64,
(s) the nucl eotide sequence shown as SEQ I D No. 66;

w@ 2Josibessnucl eot i de sequence shown as SEQ | D NeCT/@80044)04374
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t he nucl eoti de sequence shoisn as SEQ I D No. 69 or (V)
a nucl eoti de sequence which has 75% or nore identity
with any one of the sequences shown as SEQ I D No. 7,
SEQID No. 8 SEQID No. 9, SEQ ID No. 10, SEQ I D No.

134, SEleéﬂqé\@accb%m§E@ahPohb of e, probédihPcliins herebEDe fatty-acid
I D No. 25, SEQ I No. 27, SEQlDNO 29, SEQ | D No.

3§oA3@erqupq@; dlgtycelgg(zgllygpr acy:l;t@ns@q ip) ohgam@he frgm@n organism

60685 YignRis Vgt APleste eR Abfhond” S ohhge: Succharomyces

agaeoebdegs, t Qi a@l@ﬁzu@ﬂf Shepoesens)i Ngucedbaiciibis, Desulfitobacterium,
corrprlsmgamxm thetreated edible oil with one or )
mBeeligod Cammsiehasin: s Vigripeeaedeat eDdelfdpodSuliolpbus, Aspergillus,

g?glfzg%g?clﬁéigél é;?g;f@ci%‘lteg?cﬁ N%}Sj.s%pz%n %é%rhzz%bzum Ralstonia Xanthomonas

/ acyltransferase characterized a
apnéQayskdawhi ch in an edible oil transfers an acyl

i b AR ACHALEaH A8y B Ot HsrPreesding gamaPefein the fatty-acid
r
| BURAIRLS! SRARL A S UElHafRIE HpBAGLig or e of the
afdlimttizg amimd Sddséquer@sndetie adiigd gcidrsegengt yloevmbs SEQ ID No. 2;
acyl transferase characterize enzym ichin

oiDuhe 21 pRareRue ShoRR S BB N of Bkt Sep Rl sequence
U Shdny &E31h 1D N 14 lewmb %i%l Rfjudhck @H&bsﬁ dé SED ID No. 5; (v) the

conprising an edi bl'e”oi | i provi ng
calylgtoaamd sAURRTe qshoweaStSFéé IEfN@aﬁ dvi éhfd@mmaclch_s’equ@m@ shown as

<S5 88,5 3P B B AR AEE Bat ACSLLLNGERS. i

C RI0 &RBsdqiencRBhBANnae IS!E@HDI DRNCE, (M0tthE afdd®¥acidbRfuehdt shown as
X is one or nore of the follow ng am no_aci d residues

LSEQSN Np, 24 (x)vtheqminp aqid ssggnes Siown a5 SEQdDale o34 i(ig the amino
g8, Sl 1B ND AR BRI Mo s S0
ID No. 30, (xiii) the amino acid sequence shown as SEQ ID No. 32, (xiv) the amino
acid sequence shown as SEQ ID No. 34, (xv) the amino acid sequence shown as SEQ
ID no. 55; (xvi) the amino acid sequence shown as SEQ ID No. 58; (xvii) the amino
acid sequence shown as SEQ ID No. 60, (xviii) the amino acid sequence shown as
SEQ ID No. 61; (xix) the amino acid sequence shown as SEQ ID No. 63; (xx) the
amino acid sequence shown as SEQ ID No. 65; (xxi) the amino acid sequence shown
as SEQ ID No. 67; (xxii) the amino acid sequence shown as SEQ ID No. 70 or (xxiii)
an amino acid sequence which has 75% or more identity with any one of the sequences
shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6,
SEQ ID No. 12, SEQ ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26,
SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 32, SEQ ID No. 34, SEQ ID No. 55,
SEQ ID No. 58, SEQ ID No. 60, SEQ ID No. 61, SEQ ID No. 63, SEQ ID No. 65,

SEQ ID No. 67 or SEQ ID No. 70.



19. Use according to any one of clains 15 to 18
wherein the fatty-acid CoA i ndependent

waolgbyesssi de: gl ycerol acyl transferase transfer BCEHIB2CY 104374

10

15

20

25

30

group froma diglyceride toiéan acyl acceptor, wherein

t he acyl acceptor is any conmpound conprising a hydroxy
group (-OH). 20. Use according any one of clains 15 to
19, wherein the diglyceride is a 1,2- diglyceride. 21.

Use. ackaidhdladcordify t@agy Ghe of dhapret&dih® cRENYWMEIEiA the fatty-acid
acyl acceptor is one which is soluble in an edible

oiCoA Zdpdependens céighigerigegbycas) ybirapiegassi gemprsepg an amino acid

wher ej i : _
e PR o RS 5R0R ot R B RN RIeorB spdfRices:
alnahehuclédtideldsguence ehishivings SBQADENG 23 wherein the

acyl acceptor is glycerol. 25. Use according to any
offd the ne¢legtife seguenge ghewe phSERADINe18;- aci d CoA

[ - di Lade: vd.t ransf erase
RENEGELEE S g ateh e e

r éBi theiauciéothlepogudnice shava beSPQIDINg. 109 Hi s-309 in the
am no acid sequence of the I Q as _hydrophil a

| (& dhgaydeciile prareans fppaa 2 B NG, 115 or SEQ I D No.

32 ' glzai ms 15- 25
L R O e Y S T ol
d{g)|thepudletdidglsyqeenct slaoyh a3 IVQIBrMe.1; s obt ai nabl e

fr an organi smfrom one o of ,the follow ng
g@ﬁgL%PW3@§ ﬁﬂg?c%§$§ﬁf@%%%@Ebﬁgéégharonyces,
L@?HH&ﬁ&ﬁ&ﬁkh@M@gﬁ@&EE&WﬂwﬁSEQHBQQ&QQQPUS'

Lact obaci | | us sul fitobacterium Bacill us,

CEh¢ pidestise seqniebes SravorasSEQYDEN.27; Sul f ol obus,

il lus., Schi zosacchar ~rLi~steria, Neisseria,
NI dhpusdiitids e S FUPL SO TBNRD A cand da. 27
Udp tRCRalEbtidg stquendy sioven & SBOaDN%o.B3; 26 wherein the

fatty-acid CoA I ndependent diglyceride: glycero
agyt w?écfcéndsﬁm@aﬁwh%a%%g NoBé; of the fol | owi ng

2@3% %g&%@@?%ﬁﬁgf?é%é&ﬂ ad §18Q NP 3361 d sequence

(o) the nucleotide sequence shown as SEQ ID No. 54;

(p) the nucleotide sequence shown as SEQ ID No. 59;

(q) the nucleotide sequence shown as SEQ ID No. 62;

(¥) the nucleotide sequence shown as SEQ ID No. 64;

(s) the nucleotide sequence shown as SEQ ID No. 66;

(t) the nucleotide sequence shown as SEQ ID No. 68

(u) the nucleotide sequence shown as SEQ ID No. 69 or

(v) a nucleotide sequence which has 75% or more identity with any one of the
sequences shown as SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10,
SEQ ID No. 11, SEQ ID No. 13, SEQ ID No. 21, SEQ ID No. 23, SEQ ID No.
25, SEQ ID No. 27, SEQ ID No. 29, SEQ ID No. 31, SEQ ID No. 33, SEQ ID No.
35, SEQ ID No. 54, SEQ ID No. 59, SEQ ID No. 62, SEQ ID No. 64, SEQ ID No.
66, SEQ ID No. 68 or SEQ ID No. 69.

14. A method according to anj one of the preceding claims comprising admixing

the treated edible oil with one or more food constituents to formulate a foodstuff,



(ii) the am no acid sequence shown as SEQ I D No. 3;
(iii) the am no acid sequence shown as SEQ I D No. 4;

W@ 20op/06d381 ami no aci d sequence shown as SED | D NOT/IER2004/004374
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(v) the am no acid sequencél’shown as SEQ | D No. 6;

(vi) the am no acid sequence shown as SEQ ID No. 12,

(vii) the am no acid sequence shown as SEQ I D No. 20,

(viii) the amino acid sequence shown as SEQ ID No. 22,

(i13) thereidfoa #iyadedqlendadeiadent adigiSEQidebxiNerol 4eyltransferase
(xlz1 the ami no acid sequence shown as SEQ ID No. 26,

( fharagtpidzednisan £87HNe &gt de aghwliple il Srofer agpacylgegroup from a
(xih) t.he ' P g 0 S . .
g TR SEHERTEAOR, B0 TRD L M illng ancror
( ¥mvovikh gpribriisly alattiselgurdaeing homroraendr@d) Rlipycedde from said
(xv) the am no acid sequence shown as SEQ I D No. 55;

(sdible aihe ami no aci d sequence shown as SEQ ID No. 58;

(xyii) t ' cl i e : . . '

(%’i i) pﬁ%%%q g%t@'g%:‘:?% seqﬁg‘?meg’g ‘iﬁ?‘%@% E@él%l‘\@b‘im%mmfe’fase
6dharfotéridedt dveard Bhayana evhdcls @6 ue neigbls iWramsserSEQ 4d91 Neoup from a

63; . (xx) the am pg acid sequence. sho SEQ D No. . .
pdiglyegndls tg BlECHRb 1B %Ecman%fé%%%a %?é@@@nwlble oil for
6:/. X L4 [ ; as SEQ I D No.
7%“%&6%%)}% eT %’{S)&gﬁﬁgﬁ&}%‘aggﬁtgggg%%@% ich has 75% or

nbT.e Usbeadcotdingvictaimahy oorvdainf 16 heheseigube detsy-sdidwioAsindependent

B SSu i or e B B s B P oD
NRheré X356hd B MNore dffthe %\bi@gémélém.? %@iﬂggﬁglze@ Lgk?\ V’i%, F,Y.H, Q,

SEQ ID No. 30, SEQ ID No. 32, " SEO |
NG, N5 or$SEQ | D No. 58, SEQ ID No. 60, SEQ ID No. 61,

N 70 Baeeilingaiy, Al of disokt b o B Wer e Rmount of

WiiglyekRdd Mehé adible-dlisdedseAd. ndependent _
di-ﬁgl yceride: gl ycerol acyltransferase conprises an )
ahi-no adsalaewlivade aycerfeafl slpimnd Solo hpméessin tthe fatty-acid CoA

f ' N u : cl eot i de
ehR0n, POl SBARL RNy IS Cr ok fdrow from a
séiglyeaide hamvaeybaccEiQr, MheNbn th adyt jcdepter ivmlyeoiripdand comprising
sequence sho s SEQID No. 9; (d) the nucleotide

s%]@(fg

2

AEESONB SEQ I D No. 10;

0. Use according any one of claims 15 to 19, wherein the diglyceride is a 1,2-
diglyceride.

21.  Use according to any one of claims 15 to 20 wherein acyl acceptor is one which
is soluble in an edible oil.

22. Use according to any one of claims 14-19 wherein the acyl acceptor is an
alcohol.

23.  Use according to claim 22 wherein the acyl acceptor is an alcohol.

24.  Use according to claim 23 wherein the acyl acceptor is glycerol.

25. Use according to any one of claims 15-24 wherein the fatty-acid CoA
independent diglyceride:glycerol acyltransferase enzyme comprises H-309 or
comprises a histidine residue at a position corresponding to His-309 in the amino acid
sequence of the Aeromonas hydrophila lipolytic enzyme shown as SEQ ID No. 2 or
SEQ ID No. 32.



(e) the nucl eotide sequence shown as SEQ I D No. 11,
(f) the nucl eotide sequence shown as SEQ I D No. 13;

w@ gjosibessnucl eot i de sequence shown as SEQ | D NeCT/PE2004/004374
(h) the nucl eoti de sequencélsshown as SEQ I D No. 23
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(i) the nucl eoti de sequence shown as SEQ I D No. 25; Q
t he nucl eoti de sequence shown as SEQ I D No. 27; (k)
t he nucl eoti de sequence shown as SEQ ID No. 29; (1)

t hg. nucl Bed iadeorar@guen ety ShewWsf @kitbkQ 325 Neherdd,; the fattheicid CoA
nucl eoti de sequence shown as SEQ I D Ng. .33; %@ t he
nirslependegt dickrsatde slyspohacdgastaasoisnptainaple figm pm grganism from

nucl eoti d

"4 SB: b SRSHENGR0 SN RS SERNRAG: sBroflie Recharomes
nugkeeddcls SeEptbacRr z&hp\l\lﬁ'traptoaﬁfaub D Neroladillus) ) Desdfitobacterium,
nucl eot i de sequence shown as SEQ I D No. 64;

t he
nierides, d&@w@lr%éershomf iggacere) | Bogla GGSu%?"}’b‘t’%}e Aspergillus,
n
SR RIS TSR BEQAR N B, B msiomones

nued Eakdiida. sequence whi ch has 75% or nore identity

t h th
WI an ogcg:or eDglpe&(iuo%gcg ﬁiﬁh own}\ﬁ36 rg@Q'ﬁ)q) fﬂy-amd CoA

1] D ,
%’dﬁgg‘%ﬁp d%%éce'r%\ ) 53%1 a%tra%%erﬁb%Qé)gB %‘ESQ i of o?Eﬁ?ore of the
31[011035@ hidirdoaci® ScquSa@si ) tﬂ@.anﬁﬁo aGBEQedqdnkip shdxn aﬁm ID No. 2;

59, SEQ I D No. SE . 64, .SEQ I D .No. .
6 1>N§een1ﬁ9 RE! sgguweégmescﬁiﬁ(? 300 D Recminp fgid sequence
U ShhlY a0 ah 106 24, m;&%&&n%@fdedequéd&e shéh ¥s BEDADORD. 5; (v) the
i ndependent” di gl ycerid ﬁ@\{cero |transferase is

usmihoi avid sgevieneet shommst ErTyF@tfal(Vi 2l aoinoi avkd giquence shown as

Vﬁpm 320 zwsst ani Iuallcl) la¥1da§°'equgnc%l s%%\evn rseS%%ﬂ N%?%O, (viii) the

amino acid sequence shown as SEQ ID No. 22, (ix) the amine acid sequence shown as
SEQ ID No. 24, (x) the amino acid sequence shown as SEQ ID No. 26, (xi) the amino
acid sequence shown as SEQ ID No. 28, (xii) the amino acid sequence shown as SEQ
ID No. 30, (xiii) the amino acid sequence shown as SEQ ID No. 32, (xiv) the amino
acid sequence shown as SEQ ID No. 34, (xv) the amino acid sequence shown as SEQ
ID No. 55; (xvi) the amino acid sequence shown as SEQ ID No. 58; (xvii) the amino
acid sequence shown as SEQ ID No. 60, (xviii) the amino acid sequence shown as
SEQ ID No. 61; (xix) the amino acid sequence shown as SEQ ID No. 63; (xx) the
amino acid sequence shown as SEQ ID No. 65; (xxi) the amino acid sequence shown
as SEQ ID No. 67; (xxii) the amino acid sequence shown as SEQ ID No. 70 or (xxiii)
an amino acid sequence which has 75% or more identity with any one of the sequences
shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID Ne. 6,
SEQ ID No. 12; SEQ ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26,
SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 32, SEQ ID No. 34, SEQ ID No. 55,
SEQ ID No. 58, SEQ ID No. 60, SEQ ID No. 61, SEQ ID No. 63, SEQ ID No. 65,
SEQ ID No. 67 or SEQ ID No. 70.



acconmpanyi ng description and the figures. 31. A use
substantially as herei nbefore described with reference

WO ooosles3acconpanyi ng description and figures. PCT/IB2004/004374
119

28. Use according to any one of claims 15-27 wherein the fatty-acid CoA
independent diglyceride:glycerol acyltransferase comprises an amino acid sequence
encoded by one or more of the following nucleotide sequences:
(a) the nucleotide sequence shown as SEQ ID No. 7;
5  (b) the nucleotide sequence shown as SEQ ID No. 8;
(c) the nucleotide sequence shown as SEQ ID No. 9;
(d) the nucleotide sequence shown as SEQ ID No. 10;
(e) the nucleotide sequence shown as SEQ ID No. 11;
(f) the nucleotide sequence shown as SEQ ID No. 13;
10 (g) the nucleotide sequence shown as SEQ ID No. 21;
(h) the nucleotide sequence shown as SEQ ID No. 23;
() the nucleotide sequence shown as SEQ ID No. 25;
() the nucleotide sequence shown as SEQ ID No. 27;
(k) the nucleotide sequence shown as SEQ ID No. 29;
15 (1) the nucleotide sequence shown as SEQ ID No. 31;
(m)the nucleotide sequence shown as SEQ ID No. 33;
(n) the nucleotide sequence shown as SEQ ID No. 35;
(o) the nucleotide sequence shown as SEQ ID No. 54;
(p) the nucleotide sequence shown as SEQ ID No. 59;
20 (q) the nucleotide sequence shown as SEQ ID No. 62;
(r) the nucleotide sequence shown as SEQ ID No. 64;
(s) the nucleotide sequence shown as SEQ ID No. 66;
(t) the nucleotide sequence shown as SEQ ID No. 68
(u) the nucleotide sequence shown as SEQ ID No. 69 or
25 (v) a nucleotide sequence which has 75% or more identity with any one of the
sequences shown as'SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10,
SEQ ID No. 11, SEQ ID No. 13, SEQ ID No. 21, SEQ ID No. 23, SEQ ID No.
25, SEQ ID No. 27, SEQ ID No. 29, SEQ ID No. 31, SEQ ID No. 33, SEQ ID No.
35, SEQ ID No. 54, SEQ ID No. 59, SEQ ID No. 62, SEQ ID No. 64, SEQ ID No.
30 66, SEQ ID No. 68 or SEQ ID No. 69.
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29. Use according to any one of claims 15-28 wherein the fatty-acid CoA
independent diglyceride:glycerol acyltransferase is used in combination with a

crystallization inhibitor.

30. A method substantially as hereinbefore described with reference to the

5 accompanying description and the figures.

31. A use substantially as hereinbefore described with reference to the accompanying

description and figures.



