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f the herein gged documents, and each document cited or referenced in

PRIk EREGHmetRefs b3 iedrBottec prerdih Byprersra®éa; United
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BRSPS HSEy BYEd e PO PN Udible B o Wer2btrsmera52003 and
IREerha BAA0MROAB MpRlication Number PCT/IB2004/000655 filed on 15 January

2004. Each of these applications and each of the documents cited in each of these
applications (“application cited documents™), and each document referenced or cited in
the application cited documents, either in the text or during the prosecution of those
applications, as well as all arguments in support of patentability advanced during such
prosecution, are hereby incorporated herein by reference. Various documents are also
cited in this text (“berein 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.



TECHNICAL BACKGROUND Oils and fats consist of complex mixtures of
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or components. The crystallisation of these 5 mixtures depends on
the characteristics of the TAGs (structufe, chain length, saturation
compared with unsaturation, and the like) and the interaction of these

TAGs with each %thg E{E%@rding the presence of DAGSs, previous
THGERE GATeRN Q have significant effect on the physical

properties of oils and fats. These vary from rate of crystallisation,

polymorphism changes, melting point, crystal size and its ASie
Cbomyd i 5CRBHE OB ek AR G e SRR MacRirycerols

ORQUNGEY, ASidPARS areepnhinresentposmall fhantiyesllisation of these

dgf?ggjﬁly palm oil and olive oil, which are ?géo@%nﬁeh%%q%%sammm
@méwm&%\ﬁw&ﬁtﬁﬁ’ét&ﬁﬁ@’& e SIS reérs i s

&%@f@&%ﬁ& inrRai ailokisiiks) kadhd patmdidacis GeimcbASis)With each
“co mercially important. edible oil. Palm oil has gl%en %grggﬂg%rﬁt{%taﬂg have
ofereRrgwdifg the PEFRTaUSd 41818 CR08 T AGVANTAg&oUS properties.
Sﬂ*ﬁﬁﬁb%g{%%ﬁ@%lpﬁ@cmgb tfesitabadda29 mmivastﬁbmxyate of

and plasticity at room temperature. Irég%dltlon, cotmgarﬁg[lwuh oth

n

cvpgelisEssPYAMPEIPISTE RS JE D% R o TaERE VitAT Anhapits (Siew,

vitamin
igal chemical composition of refined palm oil is about 93% triglycerides,

6% "diglycerides and 1% monoglycerides (MAGs) (Okiy, 1977). 25 When
palm oil crystallizes, a complex 3-dimensional network of the present

15QMRPBAD ISP frmachdrdedhesiyetds, deseifred chat Ak kidger phmounced, as

diversity of the building blocks (TAGs, DAGs.and. MAGS) in,the networ ,
IeGnere eslignestet lfhémﬁé‘n%?ﬁ%ﬁsb@aﬂla‘ﬂ%‘%é’v%é‘g i RSSO, which

SEysiallization Wil haRnemiacelsiarg DIAG) HOFE)eT s thedity wéshese oils
confirmedﬁé Drozdowski}%199_4). Furthermore, his studies showed that
SR AFNETRATS BGPELHIPGStion variation in the triacylglycerol

molecule, the more difficult was the transition between the different crystal
gggsgisl. ngﬁ&Og@g60%?%£§E%%%0§499é§2§%} %s commercially important edible
oil. Palm oil has been a prominent fat and oil resource for the food industry due to
several advantageous propertieé, such as high productivity, low price, high thermal and
oxidative stability and plasticity at room temperature. In addition, compared with other

vegetable oils, palm oil is a rich source of the anti-oxidant vitamin E.

A typical chemical composition of refined ;ialm 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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As previously mentioned, a high content of diglycerides in palm oil affects

resancs of diglycerides in such oils is disadvantageous. In patticuans4/604374

diglycerides in edible oils (in particular pglm oil) can lead to a low quality

oil. The problems relating to the diglyceride content in palm oil and other

edible oils and fat have been the subject of many studies and different

solutions to attempt to 10 overcome the problem of too much diglyceride

c ' ' ure.+Fhe J S e producer Amano on i

e e Bl il ecs i

proctdiizatiempopetiisy (Okijednahtd ATR) BlsyTheS8process is based on

the use of an enzyme LIPASE G "AMANQ" 50 which is able to 15 degrade

diglycerides to free fatty acids and glycerol. This enzyme is a diglyceride

'(”ﬂmmqmrqﬁ@m@wémm(Mﬂ@émﬁlrmgz}fﬁg@ﬁgefﬁw@ﬁmdiglywiaes
: cy istillation ar fractional crystallisation.

Eﬁg@giggego ?ﬁ% d?é%ﬁl%%%lbg %{ﬁ%c%}lﬁgc ors{t%ae%é%zaﬁ%‘gtﬂ:uﬁ B Siysis of residual

diglycerides 20 in triglyceride preparations in emulsions. The process is

qu.&eﬁ. is @f diglyceride with Lipase G fram Amano, Japan
%Jpra)g.ﬁl'éf?e%p?égg{eﬂs%%\bsa@ % rgi F%ﬁ%ee%ggyc%ﬁa %ﬁ&‘tﬂ%ﬁé‘n RO GrRlmoils and
dravisibrefo it estbigrddetiananydigiydiesidentb fﬁf&t@@i%{@ﬁd@yﬁerﬁempt to

She-watenph IS rat fter reactign and.the enzyme is _partly

reused. 25 JFE 6265‘?%2 tgeg}: %sgé \t: aﬁtf:earnc]%erf%\]i‘ﬁébnlg?ﬁ SIS of
diglyceride, which is manufactured by treating oils or fats with a partially
ghycer) %gp@g&g%,ﬁ{g ) 48 Jipase) in the presence of a catalytic

amount of water and lisya |p%%él?ﬁé1€$s,%gl, c-‘ngp%%}u ?c%?%r{{gri‘ﬁ"{ﬂ nzyme Inc.,

pRedenms upratylaidntamyticirestersparnthes diyberidriols 8Axdatsils, This
PR REOQUELISInGY UM gspecially su Eﬁﬁ'fﬁgﬁr&gsﬁas @’?ﬁe%rlﬁigﬁ is able to

substitute. Thus, lipase G and Rhizopus derenzer lip
GrEpAteinbieerivtice With dtoracidecus! egditheasld FauatsT e a diglyceride

aies, was Mixsdwith pa 2Q/ 6351 RCT/1B2004/004374 4
(?f?ezitisgm melting po%%ractio@S@A%%%?é &ride, fgl%l 5%%%‘6?’2%)‘ roduced are
mye@_b%vacuum distillation or fractional crystallisation.

Wg%og%stallization properties (Okiy et al., 1978, Okiy, 1978). 5 'The
D

EP 0558 112 describes a process for the enzymatic hydrolysis of residual diglycerides
in triglyceride preparations in emulsions. The process is based on the hydrolysis of
diglyceride with Lipase G from Amano, Japan (supra). The process was enhanced by
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 fhe 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 tipase (1,3-specific enzyme) were

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



with regard to the partial glyceride-specific enzyme). The mixture was
stirred at room temp. for 1 h, and the enzymes and water emaysghigelye
WO 2085kfdPutter containing 1.2% diglyceride (acid value 10.5). 5 The prior art
thus teaches ways to reduce or remove the content of diglyceride in palm
oil and other edible oils by enzymatic reactions. These processes rer on

the hydrolysis of diglyceride with a speC|f|c dlglycerlde hyd |
meafing iﬁm’ﬂﬁthpc@mfrﬁacﬁaﬁny(é&&’s drahwridfo fé%é?

&ggﬁ%ﬁéﬁ@r‘%ﬂ c%lﬁ(fie?é ﬁ%%ﬁz@fﬁﬁ@?%@@ ﬂﬁmmﬁsmed at room

advantage of usmg asp

ecifi
te@ﬂﬂiyw'mmﬂahmmmwé WCHReROHA S oIS g aining

%t}y acids. T 6’1‘%&5 ee fatt |ds have to be removed from the palm oil.
1 1 ﬁS gf‘l}ree atty acids is often considered 15 as loss of

5 product To overcome the problems with the removal of free fatty acid

TR AEAFBID LIS he rabions itk o dceonde - roee

me the problems with high diglyceride

S (10%

oﬁ%{@ra;&mrpalmeubama}ommgem@m TOEAIYATARCTIRG R BE Dydrolysis

lycerides fram palm o L&%%QY A8 Finylighaten of fr
g’;@dﬁ?@@éﬁé@ ﬁcsPr?g y(fg y%gro Ih drdlyzing e ﬁ?gq%gs (E.C % 1.1.3) (fncl)ro -
ENANBIEsSaRdIBIGRAGL5IBOER ﬁaaszanga ssobros Bog ey fidnean

alia treatment of a food materi DA LemRAsglycerol with a

10 -%ﬁﬁ%ﬁd’@%ﬁ?ﬁlﬁk@rﬁyss méa%c%v% water environment. However, both
1,3 specific triacylglycerol hydrolyzing enzymes (lipases) and DAG/MAG
“hydrolyzing enzymes result i |n a icant &%&@ ig g@@;ﬁg@ga@&y&m is the
The dirsafiraieg egﬁlt At fy %?ﬁ A )

sis of mono erldes 30 However, in

cﬁ@éﬁ@a&‘@@@@efoﬁﬁéubsorﬁd@ppfﬂﬁnm&ﬁar exeaER e BB eAars; fiyg to be

loincrease h gﬁ%%;{%%%ﬂéﬁ%%ﬁ%&@ﬁ@rwﬁsmmm{i

15 as loss of product.

To overcome the problems with the removal of free fatty acid and the loss.of product

caused by the free fatty acid formation we have found a new method to overcome the

problems with high diglyceride content in palm oil and other vegetable oils.
20

Enzymatic removal of diglycerides from 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 glycerolysisin a

75  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.
30

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



functionality. Thus, in one aspect it is preferable to reduce diglyceride

w&ORIeRE Gx\éi}hout decreasing the monoglyceride content. In another
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' @CdgéioA are very difficult to control in
0

aspects it may preferably to reduce both the diglyceride and FCT/IB2004/004374
monoglyceride content. 5 Lipase enzymesg can also result in a detrimental
increase in DAG due to the hydrolysis of tiacylglycerol (TAG), the bulk

ligid gresggt in food oils, In W02000/36114, US2003/0028923 and

BB 605 ek repiatent of ds ranfewitiiea tountdiccacilgh@dnge content

asRBveRe WhiE L, RE ORGSR 219 I 1 ltransferase (DGAT)
enzyme, or.an a%ense_ seq%lgr%%%%gﬁgf)%g'tgﬁz%?&ﬁ e PREAHT Enigeferably to
téﬁ%"llﬁ@l Rl dostinsaiie autanpnegtiectidsl sistein. the "Kennedy

pathway" where a diacylglycerol (DAG) is combined with the acyl groups
| CoA to form a triglyceride (TAG). Thus, these documents teach

acy - - , . "
?r{répﬁfﬁggw;geﬂg% ?Mmﬁmmgﬁc@fmmg@me@? the hydrolysis
aTocoDy &1 Tha BCAL deoien in,these documents are
not lipid acyl transferases and/or g?gIgcesr%lﬁéﬁgggo?g%yltransferases in
accordance with the present invention. In particular, DGAT's require the

s&itable_for use commercially for treating edi

B %fbi‘ﬁi’fé‘ly%%b‘é‘ﬁ%i?e?ﬁ@ h&hés@ﬂgm&vbﬂbﬂo&ﬂ&ﬂ%ﬁvimQmig)w,@giyoeml
peedenisgiasy| Gy a&&% z ctions relying on fatty ~
b St gﬂ[fﬁ?é’ﬁﬁ fﬁ%‘%&ﬁg%ﬁrl}%ﬁm {hdgueht. The
&t/ TRacH Rak inidhsreroesante tokdsme i fRB1EMBEESSIAR O ennedy

PHHEARENENHAeS IR Bchid e d redy amount of TAG jn the plant.
This contrasts shalrplys/) \%Wﬁ t%%m%iﬁ%&%t%ﬁc\?v éﬁ ﬁif’r‘%ﬁ{e??’%ﬁlﬂf@ﬁ} CoA
tRe Brastriaebicarifor idiuctidest ThGavhitstrednsing AiBIeerigasuction of
(@AGYIR alapdibiamil AP0 2

hos holi?)?d :diacylglycerol ac%%@s%@g%%a&rﬁ%%hCeﬁti%ﬁf%es?h% DGAT
%%ﬁ) "B &Gy EritEs T AessIpEn dtyitrassfdifiomaposphaliBidses and/or
digbithinddainterdlia diasyiglyesrols (. s require phosphalipid
as the 6 acyl donor. gghis contrast?s%?f?&?ev%h. ta(ladﬁtrag%rgﬁ?gﬁ% L.
where the acyl donor is DAG. This document does not teach the removal

Infm@limmmg%m%@ﬂ@@nce of acyl CoA or fatty acid CoA to function.
Acyl CoA is not suitable for use commercially for treating edible oils as it is
prohibitively expensive. However, these enzymes will not work 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 -
p::rveiion and/or production of TAG whilst reducing diglycerides (DAG) in an
edible oil.

WO03/100044 teaches a phospholipids:diacylglycerol acyltransferase (PDAT) which
catalyses the formation of triglycerides (TAGs) by an acyltransfer from phospholipids
(lecithin) to inter alia diacylglycerols (DAGs). PDATs require phospholipid as the



acyltransferase in accordance with the present invention. SUMMARY OF

THE INVENTION It has been found that the use of fatty-acid CoA

independent lipid acyltransferases as defined herein, specifically

fatty-acid CoA independent diglyceride:glycerol acyltransferases, results

in the selective reduction and/or remowal of diglycerides (preferably

1,2-diglycerides) from edible oils. The term "selective" as used herein

means that in an edible oil enviromnent the enzyme utilizes diglycerides )
aci AIGE)T. plajeretirase-dighpturivisk the aresprtraneprierrehersl it agihdpnor is
DK@CW%X?{%QS%Q AGShOr mancglycerides (WASA); fhkS.dalyeatdamg a lipid

can be removed and/or reduced from the edible oil whilst leaving the
acytteusicofstiglypcesideriae thishaihe pedsanged qBH&bstantially unchanged).

The amount of monoglycerides in the oil either remains unchanged (or

substantially unchanged) or may increase. In some applications, the
SHVIdAARS MoAdHhyBekE& INENe oil may be reduced. In one embodiment

there is provided a method of reducing and/or removing diglyceride from

a foodstuff, comprising a) admixing a foodstuff or a portion thereof with an
Itdey meoefrandsdirstihte usach s fattty-awit Gul indepsadegentipid acyltransferases as

adglveeride.gly 9%@&8‘?@5@1‘5@4&?&”%1%6&}@th%@é}%ﬁféﬁrCqﬁ\gl ceride:glycerol
independent diglyceride:glycerol acyltransferase is characterized as an i
aenzgméerabieh nesaliedibléheil wiectransredusiiary Paddp feeipval of diglycerides
iglyeeride c el in@furthanembodiment there is provided a
(p%ne'ﬁﬁoc}fﬁre%%gﬁg aned?or removing diglyceride from an edible oill,
comprising a) admixing an edible oil with an acyl acceptor substrate and

TRdatyeqid Cod independent fighcarideolycenal asltansiemsanwiereisnzyme

the fatty-acid CoA independent diglyceride:glycerol 7 acyltransferase is

ugfiapactishivestides AR AGE)nREHIRANI drletpferidiFea ansRirimpagirentially to
AHRHREEPIA HIgNCETIR &R IHCRIGO R R Hidle8SRERG INETe s PIRMidRE Ees can be

method of reducing and/or remoymg%:l[glyceride from an edible oil, . e i
rBANSASHE 8 R RS QAT PG PO r RIS e e el

R fityrRddnGaf indepansentdiglyeasiderglyserahaayitemateragecwvhiessin the oil
the fatty-acid CoA independent digl _ceride:glxcerol acglltransferase IS
cihar oty wachanged (or substantially uwric anged) or may increase. In some

applications, the amount of monoglyceride in the oil may be reduced.

In one embodiment there is provided 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 embodiment 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



enzyme which in an edible oil transfers an acyl group from a diglyceride to
glycerol, and wherein the fatty-acid CoA independent diglyceride:glycerol
acyltransferase comprises the amino acid sequence motif GDSX, wherein
Xis one or more of the following amino acid residues L, A, V, I, F, Y, H,
Q, T, N, M or S. Suitably, the method as disclosed herein may further
comprise adding the treated edible oil or a portion thereof to one or more
food constituents to formulate a foodstuff, such as margarine or spread
atytteafiples indneanirsdiment csrecis hiohidetn wdiblseibrantiaysigign acyl
g%%,é ﬁ"lg(jﬂei%e%%%gng nddieqlt Z%%/'gﬁro glycerol acyltransferase characterized as
an enzyme which in an €dible oil can transfer an acyl group from a
diglyceride to glycerol, in the manufacture of a foodstuff, for reducing
IRn0fRsrameMnehépsaferablidmalectiehstest g ang/andremenioghg diglyceride
diglyceride from said foodstuff. In a further embodiment, there is provided

fipe gaedibls fath capiaTtsbig m&é@@ﬁ&é‘%ﬁ“ﬁ@@é"eﬂa : '@@@rapyl acceptor substrate
aﬁ&ygr%%@i%e eharagieiead-as a&%@ﬁmﬁ%ﬂ%%inﬁmﬁg@i@@%ﬁ%erem the

transfer an acyl group from a diglyceride to glycerol, in the manufacture of

fattfowibtGrAGndensieiany disbesridainiasn profEansersmés fobetifripd as an
e%%{?eﬁgbgn s ﬁgg@%Qf‘olténSfﬁtférﬁf@é'ngwﬁgyégqur&ﬁaét&iﬁ%%o glycerol, and

t di glyceride: glycerol acyltransferase characterized as an ]
varezryimehwHittyincah Comblndipealentahshsesaitag)y epudpednnasferase comprises
ﬂ% | q%g%%ig)sgl C%E:%l o E?%ﬁ?ﬂut@ﬁé%ﬁ% ?spo‘l:'ig'm'emgije Eﬁftﬁ%%ﬂming amino

and/or removing (preferably selectively reducing and/or removing)

adiglyesdids fror 3aitl Ediblélofd, 7a NnMnwther embodiment, there is

provided the use of a fatty-acid CoA independent diglyceride:glycerol

acyltransferase characterized as an enzyme which in an edible oil can

Srambler tie acyhgdosplisomsaddiglpoe itk thuglyeseromn prishadd e fiveiest edible
edible .oil, for improving the crystallizatiqn i i [

o SR R e B i et o

wighearide: ghyestdbacyknarisferase characterized as an enzyme which in

an edible oil transfers an acyl group from a diglyceride to glycerol, in the

manufacture of an edible oil, for reducing and/or removing (preferably

Iselectivelyoetineiny dndtoriseprovidg) 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 a
foodstuff, for reducing and/or removing (preferably selectively reducing and/or

removing) diglyceride from said foodstuff.

In a further embodiment, there is provided 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 a

foodstuff, for improving the crystallization properties of the foodstuff.

In another embodiment, there is provided 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.



diglyceri.de from said edible oil wherein the fatty-acid CoA independent
diglyceride:glycerol acyltransferase comprises the amino acid sequence
motif GDSX, wherein Xis one or more of the following amino acid
residues L, A, V,|,F,Y,H, Q, T, N, MorS. In a third aspect, there is
provided use of a fatty-acid CoA independent diglyceride:glycerol
acyltransferase characterized as an enzyme which in an edible oil
transfers an acyl group from a diglyceride to glycerol, in the manufacture
ohasfaedstvibcempriaing anpesinie Dikéaisikn e ving-thedotystallidegianient
properties of said foodstuff, wherein the, fatty-acid CoA independent .. .
e IB e P AR SOErREFRISGeS hETHR HeT dBqarile of
cHRQHIHERS%, abeseinpisanaian e ofdheteltowingaminsu@cidre of an edible
residuesL, A, V. I, F, Y, H, Q, T, N, Mor S. WO 2005/066351
op 9y IBHBO NI A B ARNNER PSEL O SESHE BIEMVENTION The
terms "fatty-acid CoA independent lipid acyltransferase” and "fatty-acid
CoA independent diglyceride:glycerol acyltransferase” as used herein
means an enzyme 5 which has acyltransferase activity (generally
i5lassifiad apECHRR- L pinvassordanes with thedkmzamridyendenclature
Recommendations (1992) of the Nomenclature Committee of the

dighseatitlabraormbacol ke R AR IMEA AR BTOIBGyY MifhEtap e ofl
(SRR IPRIE PR URANSIRHING 2k 36 )1 gEeH, o McAndliglyseise do-andlible

or more acceptor substrates). 10 Thus, the "fatty-acid CoA independent,

oibifarsteinsferd i ey Fe Ay iR REaRRTgRRe )

BONRRRIE AR A RECHIHING I IRSRISRE RIHPVRNT QLIS iAdepaIERe Which
has acyltransferase activity (generally classified as E.C. 2.3.1.x), but

dighresridgisbaarlaayljaarsirassy reapTera s BIRIAT§OF gequence motif GDSX,

meqm"ieiga@;ie{:m%c@f%e%ﬁswﬁ%%i@ﬁ@sd%&mﬁaaemﬂw,ey, Y,H,QT,
typically classified as E.C. 2.3.1.20. PDATSs are typically classified as E.C.
19.3110188. Thus, the fatty-acid CoA independent lipid acyltransferase or
fatty-acid CoA independent diglyceride:glycerol acyltransferase according

to the present invention is an enzyme which has acyltransferase acti\/itg,
Jpyta third aspect, there is provided use of a “fatty-acid CoA independent

- diglyceride:glycerol acyltransferase characterized as an enzyme which in an edible oil
transfers an acyl group from a diglyceride to glycerol, in the manufacture of a foodstuff
comprising an edible oil for improving the crystallization properties of said foodstuff,
wherein the fatty-acid CoA independent diglyceride:glycerol acyltransferase comprises
the amino acid sequence motif GDSX, wherein X is one or more of the following amino

acidresidues L, A, V,LE, Y, H, Q. T,N,Mor S.



which is not any enzyme classified as E.C. 2.3.1.20 or E.C. 2.3.1.158. 20
The fatty-acid CoA independent lipid acyltransferase enzymperoipfakiy a4

WO 2085986 3ablependent diglyceride:glycerol acyltransferase enzyme according
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to the present invention is one which B 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 25 invention is:
DETQIYCETHB [BAE) SURYEEHo N m%cerides (MAGS) This contrasts

sharply with enzymes known as diacylglycerol acyltransferases (or 30
diacylglycerol O-acyltransferase) (DGATs (su%lgi %r%g mes aredcj%s

o
Tias B:fs 2Ry2@)dvhion dadapsadent fiRifsisy ety pro%%égfd'ld CoA

in%%gg_&%g@é O&?{Qg%ﬁ&ﬁﬁg 200499437 4s %uied-D&Ein megh€aa snzyme

cero G) For the avoidance qf dou Is are
wfﬁ&tym&@meammmd@ﬁwiimdgawa%}ﬁ%%’@%go?%@gg%sb’éﬁ Whordance

independent digl eride:g%gok&%ggg{gmim@aycofdﬂmd\wmndaMG
wifle esEAEAUENIS Th

e reaction catalysed by the enzy cording4o
CWMﬂWenmma@htié@@nsﬁérgwmﬂﬁ”ﬁﬁ%cﬁy @%y?argéwiogﬂ,

enzymes known as_phospholipids:dia ﬁ;{@)@g@@kp@ﬂ@@ﬁ@f@;&&ﬁg@&ﬁﬂﬁ o one
wherhaT e F BRSSP Ko fipi sB s§ch as lecithin) + 1,2-DAG -4 triacylglycerol
of TR sechsepbaisgiaitipid For the avoidance of doubt, PDATS are not

fatty-acid CoA independent lipid 15 acyltransferases or fatty-acid CoA

independent diglyceride:glycerol acyltransferases in accorgance, a’ h-gc':?d CoA
TRIRSERLINERtieniPrétmbabidaprdeny-Heid Al Ehtenipi

%ﬂé{ﬁ@@@%ﬁ%&: }?g%%o%ﬁgygﬁag%gﬁg\iﬁ%&g%@@%wtgb/npzemm invention is
slassifind whiEkGag &g 1FanSenrap S INEYABS IR SRS ERdndear 21 U1t
v?tlngclg%g rrig)%: | %%?é@f%%f‘%%ﬁ%ﬁ?ﬁgﬂ%é lQBGA’I) ora phosphoiipid:diacy}giycerol
acyltransferase (PDAT). DGATs are typically classified as E.C. 2.3.1.20. PDATS.aT'e
typically classified as E.C. 2.3.1.158. Thus, the fatty-acid CoA independent lipid
acyltransferase or fatty-acid CoA independent diglyceride:glycerol acyltransferase

accofding to the present invention is an enzyme which has acyltransferase activity, but

" which is not any enzyme classified as E.C. 2.3.1.20 or B.C. 2.3.1.158.

The fatfy~acid CoA independent lipid acyltransferase enzyme of fatty-acid CoA
independent diglyceride:glycerol acyltransferase enzyme according to the present
snvention 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-acyliransferase) (DGATS) (such enzymes are classified as E.C.
2.3.1.20) which catalyse the final step in the Keennedy process, namely:
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membrane independent, i.e. may be a protein that is not, in its natural

Wgr%i({%ment, associated with a membrane by the presence of a
me

MBIaha anchor or membrane 25 spanning domain. For th@avagianeens374
of doubt, the fatty-acid CoA independent {jpid acyltransferase according
to the present invention is not an enzyme taught in any one of
WO003/100044, W02000/36114, US2003/0028923 or US2003/0074695. 30
Al WBIRES havih @ ady traisigraseiastlvitycthelgmame may have lipase
activity, e.g. phospholipase activity, (generally classified as E. C. 3.1.1.x).
WO 2005/066351 PCT/182004/004374 10 The fatty-acid CoA
iRtepandentiipideecyrasioraspimascerdance Wity INE@MeSE! independent lipid
inveption is a fatty-acid CqA independent diglyceride:glycerol
SSTIHSIETASS At s B TSR AR iy ety Gansterases in
Rrefenkblycthétfaily-priseGovagenendent diglyceride:glycerol
acyltransferase according to the present invention is an acyltransferase
which comprises the amino acid sequence matif GDSX, wherein X is one
CFiaececabiheatalipaigyominamagict A0SR to And/pledent ie ol MoMontrasts

or S. 10 The term "dig{l ceride:glycerol acyltransferase” as used herein is
& m‘éﬂf& A df&{&_mAm@bn@emhosphehpzds:diacyiglycerol

digyyeatidergly cRIDAAVy licansfierase”. For the avoidance of doubt, the term
"fatty-acid CoA" is the same as the teens "Acyl- 15 CoA", "fatty-acid

“enzyme.CoA" and "Acyl-Co enzyme A". These terms may be used

iRtexghaligrRbIY hrseinadT heseeiple oil useslin aprocess.gy i
ﬁo the preﬁgﬁ invention may be in the form of a crude zlﬁqo&n%g&g%e%; TQAG) *
SFARRPHAPIA one embodiment, preferably the amount of diglyceride is

reduced rather than completely removed.

For the avoidance of doubt, PDATs are not fatty-acid CoA independent lipid
acyltransferases or fatty-acid CoA independent diglyceride:glycerol acyltransferases in

accordance with the present invention.

" Preferably, the fatty-acid CoA. independent lipid acyltransferase or fatty-acid CoA

independent diglyceride:glycerol écyltransferase 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

spapning 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
WO03/100044, W0O2000/36114, US2003/0028923 or US2003/0074695.

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

phospholipase activity, (generaliy classified as E.C. 3.1.1.%).



The term "reduced" as used herein means that the amount of diglyceride
in an edible 25 oil treated with the enzyme in accordance mithgmpresst

WO 200500481 is less than the amount of diglyceride in the edible oil before
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enzyme treatment. Preferably, diglycéfides are not completely removed
from the edible oil. 30 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

:. lisat tihjpnddsledisksamall betardmpstamsithhie present
T%@%%é%%%%@é%%é%}l O%;Bd?%. Jil am&sﬁnf of 1 eL%F-di lycarde 10.therpese
ncrrnb st e e oG e ~

e and
storage condition éﬁﬁﬁg%iébf h&emmercial oils. the ratio of 1,3
te ﬁ}g@{igg}lf?ﬁ?g%@ceri eis f8:33. The removal of 1;2 diglycerides will
have the most impact on the crystallisation properties. 5 As will be readily

apparent to th ill e thed: ap ilﬁl’@gc&mwlg[p]‘endﬁ@mﬂ@@asferase
RSEERT R i

rolle e reaction time and temperature, of the reactiongln ;mino
acoilamgaadior witeab inviersimséy %hfﬁﬁ@%ﬂ%a?’éaé&i‘é’ r%%ﬁ%ngl%%gr%rongd |
by the flow rate, 'aRcthestinid Ay bronsferaseder foloiintgeamino aci
a%ﬁ‘?&&?ﬁﬁc%orné%sﬁ g?it%e present invention is capable of transferring an

anhesaupraniaFgilyde i3 aAbeyP-acceptor, wherein the acyl

-acceptor is any compound comprising a hydroxy group (- OH). 15
Suitably, the term "diglyceride" as used herein means one.or more of ith the

TheselidyCaridpoenide; SikglpbaRaErPRIfEEDI A HE S gy Bous wi
1,2-diglyceride.. The terms jdigly gjg@am@j}dasytgiyhmﬂaﬁea’fsed

tq’fé‘?e'ri?' t&¢ ea%%[gz%&?y.g%o The ittgrm "diglyceride" does not encompass
digalactosyldiglyceride (DGDG) and/or lecithin, e.g. phosphatidylcholine.

For the avoidance of doubt, the term “fatty-acid CoA” is the same as the terms “Acyl-
CoA”, “fatty-acid enzyme CoA” and “Acyl-Co enzyme A”. These terms may be used

interchangeably herein.

The edible oil used in a process oOr use according to the present invention may be in the

form of a crude oil or may be a refined oil.

Tn one embodiment, preferably the amount of diglyceride is reduced rathgr than

completely removed.

The ferm “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

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

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



e

C
‘and which' comprises the amino acid sequence motif GDSX, wherein X is

,.KPAe or.Ws%re of t §6followin amino acid residues L, A, V, I, F, Y, H, Q; T,

UYL o W e -
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Preferably the acyl acceptor is one which is soluble in an edible oil. 25

%,ﬁth_e‘_acyl acceptor may be an alcohol such as for example ethanol

or po{yvaﬁ:’eht alcohols, including glycerol and mixtures and darvBiRER)4/004374
thereof.- Suitably, the acyl acceptor may l?i one or more of a sterol, a

stanol, a hydroxy acid, sorbitol, sorbitan or other carbohydrate. 30 In one
preferred embodiment the acyl acceptor is glycerol. WO 2005/066351
PEmRBR064/0aUEF4cA2: Thibe manaested &Sont IMEntg!

p \éi.dz-?% a agldetgod of reduging a_n&éor r_em.ovirr%ﬁ g%%?ﬁégg?%m an églr@)ileep ends on
oil, Corfprising ‘&) ABM R HAEMeBR \iith Bethcgimsereiah eilstaty-aaitd of 1.3

 Conlymeplendendifiyyaeiilnghgsrol apydransierass WAL will have the

atty-acid. CoA independent diglyceride: glycerol acyltransferase is5
ﬁ%}ég?c]trél |%(§ anf?éen%’r?%i W dRRsEi_Sses acyl transferase activity

N SHSBE S5l aPRAESED fPatie SEISE cararAY fhaies bredont imibatiomount of

isligyeesitts caDbe eieialbdtbe arviacerRpYHS _ cetde. .
aﬁg‘/{r)g a i ch%gde._PreferabI?y the fatty-agg%%%%gle%%%%%ﬁgﬁg% reaction. In a
acytranarerasa A EoPamghHt é?ﬂ‘@%ﬁﬂ#ﬁ/é@ﬁ?@%&'@é‘péme@ﬁmﬁa&ib@ ihe flow
that@cyl bond between a fatty acid residue(s) 15 and a glycerol backbone
of a lipid substrate, wherein preferably the lipid substrate is a diglyceride,

- preferably 1,2-diglyceride. Preferably, the fatty-acid CoA independent lipid

doyifeartdfcraseliptd arndinguiorthiesdoresent By eniion 40as NolAC Q0. ¢
t }g}gﬁ:&gides and/(% m(}cl)?no%{ly erides. In other words, 20 pré‘f@ﬁﬁﬁﬁg the present
atty-acid CoARHEpetHd ?%ﬁ’alﬁgyﬁf’aﬁéﬁ}rﬁé% deeetiveliglyceride to an acyl
digfiypenidedieprfehablyyseleatiorfes ki diahipsridesaThisdRid.substrate |
be referred to herein as the "lipid acyl dgno_r". T%Ijg?n a 'c%#Jl a;aril‘g}éy growp (-
Wi'[r the present invention, one or more of the following -~ = .o

Suitably, the term “diglyceride™ as used herein means one or more of 1,2-diglyceride

or 1,3-diglyceride. Preferably, the diglyceride is a 1,2-diglyceride. -
The terms “diglyceride” and. “diacylglycerol” are used herein interchangeably.

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 4 sterol, a stanol, a hydroxy acid,

sorbitol, sorbitan or other carbohydrate.

In one preferred embodiment the acyl acceptor is glycerol.



25 advantageous properties can be achieved: reduction in diglyceride
content of an edible olil; a reduction in the diglyceride contgitiofeanieditier 4

WO 283 0flut a reduction in the triglyceride content of the edible oil; a
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reduction in the diglyceride content of #f¥e edible oil without an increase in
the monoglyceride content; a reduction in the diglyceride content of the
edible,oil with an increase in the monoglyceride cantent: r {
Tiglyberide ambedipgotisnaresRsh H@;‘fﬁ%gﬁ&epé%ﬁ%‘#t %]}%gnt%% t%g%ﬁl%k@ ,andj.or
red%ggoragn%% iglyreride contastal themgiitngilayitdouringignifedie oil with
T{HRGEES i the atty acid content in the %bl? &)il. WO. nggé}@?ﬁéyltransfemse
bemglwommusﬁm@@%?é}ébﬁ}% f}-acji%l%gﬁ independent lipid -
C Itran%tfl%rafa%j{n_ a%{;&o@&QC%\H@PEﬁ&mr%@nymﬁdmgjﬂcpgﬁomtgﬁlsferase is
B%Iyﬂs reaction (preferably glycerolysis) b g nsfesrin aJ&RXQC%d which
chayiqeoizpdram the avgiyee rivale réf%?ﬁﬁfﬁi’)he%sf ?Eéi’g'&’%% an alcohol e
(preferably glyceral) thar Qéqlgﬁ ipgEREnaghgeerids nsofeeulgsmose ol e
ORTHE e %%1%9&%%% vt or?ee oonthe ol fpr%t qiper with the
fatcepirrhadyl grodipsiteselally, % &%ﬂ?&%&@(’ otif 15 L Thus,
preferably the enzyme according to the 10 present invention comprises

the amino acid sequence motif GSDL. The GDSX.moti{iis cgnr"llge’@ gﬁof
ﬁm&mmm@mﬁmgqmé@%ﬂﬁ%&%ﬁﬁéﬂ Within the mOti?IS a

catalytic serine of the lipid acyltransferase enzyme. Suitably, the serine of

the GDSX motif may be in a position correspo cgij?%%os er-16 in

Prefozivbnds: a8y hgcrep RN ASIRSE I PRMEIRS ’Barulr%ll?rl??ﬁ?%%ckley

(Journal of Bacteriology Apr. 1996, Vol. 178, No. 7, p 2060-2064). To

determine if a protein has the GDSX motif accaording {o the. prese ding to the
inventibly, thise stfyerré i@%@%?%i%’&dﬁﬁ%{fﬁ% el Woording

en ma_rkov

model profiles (mJ .20:Boleslal he Blamcyalanabbefiam is fattiaasirhsesidue(s)
BFBFBteiR domain families. Pfam contains curated multiple; SQAURNCE. berrate is
aiig@géynsrtdm@ahhwﬁﬂd&m@%‘&n%’ ?8%‘8r}’£ﬁaaﬁ<ofmode%ﬁ?
gﬁrg?grlcl%ride, preferably 1,2-diglyceride.

Preferably, the fatty-acid CoA independ@nt lipid acyliransferase according to the
present invention does not act on triglycerides and/or monoglycerides. In other words,
preferably the fatty-acid CoA independent lipid acyltransferase 1is selective for
diglycerides, preferably selective _for’.} 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 she edible oil; a reduction in the diglyceride content f}f the
edible oil without an increase in the monoglyceride content; a reduction in the
diglyceride content of the edible oil with an increase in the monoglyceride contenf.'i; a
reduction of diglyceride and a reduction in monoglyceride content of an edible oil; 2
reduction in the diglyceride content of the edible oil without a significant increase in

the fatty acid content in the edible oil.



HA/Ms) for identifying these domains in new sequences. An introduction

w6 63%{8 25 be found.in Bateman A et al. (2002). Nucleic Acids Res.
0: 276- . Hidden Markov models are used in a number-oPgatdizasean4374

that aim at classifying proteins, for review 3see Bateman A and Haft DH
(2002) Brief Bioinform 3; 236-245. Litt ://www.nebinlm.nih. ov/entrez/ ue fc
‘?cmd=Retrieve&db=PubMed&list aids 30 =12230032&dop act
bttp://www.nebi n1m.nih.oov/eutrez/ uer

 fosiorhlys thstfeste &cid-Rub Madsdist i 14&dopt=Abstract WO
2004966351 PCT/IB '04/00437§é 1’4%%?%%%?&%@”8 fafafigRcordance with the
~ hidden Markovmodéh Oé‘f?&k?dwﬂli%ha}ﬁsappmdimﬁh@rmgatggé§gol .
e PEEIUE ERIWW@%}G@@%‘%Q%%%C‘PE%?' r?{quuence ana|y5|§;,813) by
5 E?ﬁoga%qtg%;g%ie%; of protejns and nucleic s CanBirigE i fherdig-BAG) to
" Press, ISBN 0-57 §§6%‘i‘3r4’ I@@%@)&m@@dﬁwm-p@@ﬁ@ggc@%@ﬁmle cules. ;
eeet Fhcliveal thondistiesringter R TSl 5L Loyls, Lé?A. Alternatively, the - o= 1.
X motif can be identified using the Hammer SOEVAIE PiRee aenepted acyl
Instructions are provided in Durbin R, Eddy S, and Krogh A (1998)
_Biological 10 sequence analysis; probabilistic models of proteins and

 mugeigacks, Campardge University Press, ISBN'0-521-62041-4 and the
réfere’nc?ésnthéqreglﬁ,%%%%g@ﬁm\ﬁ@Mmmeeﬁsmﬂﬁ,ed;w&m@ﬁ{y%cc%%igghm the

10 pressalieamotion kerRRiAM holabas ~ e
o TopetiieatotoT kermiRisM datahiss £ be accessed. for example, t
“several servers which are 15 currently '|c?%§%n§%ﬁﬂ 9Rdkng websites.

o hitt JAwww. saner.ac:uk/Software/Pfam/index.shtml http..//fam..wustl. edu/

TR Ao 6tys immmlochtn/dafas,calkise/. 20 The database offers a
wRAH GhSACHEY ; 'Qecr'e%?ne c'ah_"ente'r-ag%r%)%?i/ﬁ%gﬂ]ﬁ%%@&d&spﬁﬁfﬂﬁ@lﬁetéaIkerine
a

parameters of the databSes He gfdkarlisidaentenditierchs, anal gior
3e T . _ .. ¥ L 401y, the
s e Brée o miantdosain: Ts GRLAPLREH fng._';fééi‘ﬂ'_'é&yesi‘im,m
15 WARSPAI T B%ytic enzyme taught in Brumii <.
Apr. 1996, Vol. 178, No. 7, p 2060-2064). . o

Buckley (Journal of 'Bacteriology :

=117523 14&do t=Ahstract



database and as such its presence in any query sequence will be
recognised . The 25 database will return the alignment of the-P{aneRefs74

WO 25@8eHdus sequence to the query sequence:, A multiple alignment,
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including Aerornonas salmorucida or Agromonas hydrophila can be
obtained by: 30 a) manual WO 2005/066351 PCT/IB2004/004374 15
obtain an alignment of the protein of interest with the Pfam00657
consensus sequence and obtain an alignment of P10480 with the

Pfam00657 consensus sggu ' 1P RcETLHe Eesarib lied in th
Fapaweialsh 63‘3%3?8& Hntﬁ)eF %ﬁ%@ﬂ%@rﬁé&tiﬁcaﬂon of the@%fam%%p%e? e
PEQRSENEHEsEestieDarthe Batliddye Hifers keoghtion (b ovPAriofigRmRuence

of the query seguence to the seed.ali the RIaM9RETze Universi
apYHSEn e %th%ér.lﬁgﬁgsélé’ B%%i%?‘%%%%%%%ﬁéﬁﬁem and isge .nlvcrsﬁy
pindicatethby GEAF2MERK ThB dinthaquerityesuanekagrda GrsBhifirse rom

displayed in the same W'ndowg'g}g Aeromonas hydrophila reference
Vééi%%@:‘iﬁ“f‘ﬁéi%s% 855t K8fdinonas hydrophila GDSX lipase are

numbered in the NCBI file P10480, the numbers in this text refer to the
numbers given in that file which in th | QRIS S Edai@w kage,
Adtsryid s fRgifit 'ﬁ%ogfi S rlggiaﬁﬁeggr@%?c%l%gﬁ%referred o I.Jac ,ge
embegineshatedrsenldh thetipdadiivtefasaéianas o IA8S) Biological
invention. 20 The Pf lgnment yas per (Elgure, 33;angk24d) Thenbrid
Sﬁ?@mﬁga@éhégé?véﬁ"a?&%lﬁge%cg}?ﬁégregﬁ g%%%g’an%gin Eglpr_elferable Heee
(BRQHIEREs AT Preseriandhe endythesdtreasesritreite AbfoHy MER2

and methads of the 25.invention: Block 1 - GDSX block
profile provided thrt}lin tgls spec&?camorg

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

hitp://www.sanger.ac.uk/ Sofrware/Pfamyindex.shiml

http://pfam. wust].edw/

http://pfam.jouy.inra.ft/

http://nfam.ceb 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 domai.n 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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hid hid hid hid Gly Asp Ser hid 28 29 30 31 32 33 34 35 30 Block 2 -

ock hid Gly hid Asn Asp hid 130 131 132 133 134 135 WO
Wl

66351 PCT/IB2004/004374 16 Block 3 - APT block HRE TBBR064/004374
Where 'hid" means a hydrophobic residugsselected from Met, He, Len, Val,
Ala, Gly, Cys, His, Lys, Trp, Tyr, Phe. Preferably the lipid acyltrar sf rase
enzyme for use in the compositions/methods of the 10 invention can be
T oot s gevs sEoan, IR BRI s
pfam00657 domain fa%r%?@%n%cga]%lg&%%?g h@ﬂ(g@f‘ﬁ’l@ O EX consensus
domainseditsnesinglioviehegsrtiimaidercibeReaferably when aligned
with the Pfam00657 consensus sequence the lipid acyltransferase for use
in the compositions/methods of the invention have at least one, preferably
more th&dn one, preferably more than two, of the following, a GDSx block,
a GANDY block, a HPT block. Suitably, the lipid acyltransferase may
have a GDSx 20 block and a GANDY block. Alternatively, the enzyme
mayhdbeougisthedasdekeand "a HPT block. Preferably the enzyme
compri d Sxhlock Preferaply, when aligned with the
Pfamogg‘%;g%%nﬂs%%%aﬁg %eoc{gtgﬁc%f%g)géﬁzrﬁ@‘ﬁﬁ“ﬁé% Sftpace the database offers

compo8iiciréiencih chisvohuthalimueationf ey e @ire as R c REier bl N Ement of
than 2@@@&9@@@9 g/ngégg% tggn teWO, p e{erably more than three,
BITAore 1R Giterpicré thinysend rlignament and

preferably more than four, prefera
six, préferubippiobhy tHaAZeVeRRHY. Both the query sequence and P10480 will be

displayed in the same window,

The deromonas hydrophila reference sequence:

The residues of deromonas hydrophila GDSX lipase are numbered in the NCBI file
P10480, the numbers in this text refer to the numbers given in that file which in the
present invention is used to determine specific amino acids re;idues which, in a

preferred embodiment are. present in the lipid acyltransferase enzymes of the

invention.

The Pfam alicnment 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 - GDSY block
hid hid hid hid Gly Asp Ser hid
28 28 30 31 32 33 34 35

Block 2 — GANDY block
hid Gly hid Asn Asp hid
130 131 132 133 134 135



preferably more than eight, preferably more than nine, preferably more
than ten, preferably more than eleven, preferably more thag-tyglyshs/004374

WO 20§fdfed8Bly more than thirteen, preferably more than fourteen, of the
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following amino acid residues when 3Q&ompared to the reference

A.hydrophilia polypeptide sequence, namely SEQ ID No. 32: 28hid,

29hid, 30hid, 31hid, 32gly, 33Asp, 34Ser, 35hid, 130hid, I3IGly, 132Hid,

133Asn, 134Asp, 135hid, 309His WO 2005/066351 PCT/IB2004/004374
pild-The pfam008sx£EDSX domain is a unique identifier which

gflistinguishes proteins possessing this domain from other enzymes. The
5fam00657 consensus sequence is presented in Figure 1 as SEQ ID No.
.“This is 5 derived from the identification of the pfam family 00657,
database version 6, which may also be referred to as pfam00657.6

W %Eh%ﬁ]%&sgﬁﬁeﬁgﬂ%m@sw RecdpelRRERWISINGUIRerVal, Ala, Gly,

releases o atabase. 10 For example, Figures 33 and 34
CshpHishbystabnma iganidift of family 00657, from database version 11,

which may also be referred to as pfam00657.11 herein. The presence of

the GDSx, GANDY and HPT blocks are found in the pfam family }5 ds of th
PoGBEDHlydhe bigid asEhumsiorase ARAPALY Bt HEISTERO T RS Rigihods of the

rdatabas B s i idaRbr e RisM faBdN-A0 65 udBtrterably, the
1?3?&3&5%%%% ependent lipid acyltransferase enzyme according to the
present invention may be characterised using the following criteria: 20 (i)

Ptltg:%exea%%g Me RORSES s arvilipasiameR Rl RowWhigdeh pyolitedgiingd asofile) of
ester tranhsfer activity whereby the acyl part of an oriFﬁtigal (g@%rsbor%ﬁﬁg domain
Hipipfanf0dsh chimetnails reiselss R B ReRF foPtach £&F: ity the “Om
L0z e comprises:HheAmReAcid sequence motif GDSX, wherein X is

one or more of the following amino acid residues L, A, V, I, F, Y, 25

H,Q,T,N,MorS.; (iii) the enzyme comprises His-309 or comprises a
ﬂ}!&%&'@ﬁ; residye fifned with the Pfam00657 consensus sequence the lipid

acyltransferase for use in the compositions/methods of the invention have at Jeast one,
preferably more than one, preferably more than two, of the following, a GDSx block, a
GANDY block, a HPT block. Suitably, the lipid acyltransferase may have a GDSx
block and 2 GANDY block. Alternatively, the enzyme may have.a GDSx block and a
HPT block. Preferably the enzyme comprises at least a GIDSX 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,
préferabl}f 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 A.hydrophilia polypeptide sequence, namely SEQ ID No.
32: 28hid, 20hid, 30hid, 31hid, 32gly, 33Asp, 34Ser, 35hid, 130hid, 131Gly, 132Hid,
133Asn, 134Asp, 135hid, 309His
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position corresponding to His-309 in the Aeromonas hydrophila lipolytic

wg%?@}%?hi)wn in Figure 2 (SEQ ID No. 2 or SEQ ID No. 32). 30
Prefera

, the amino acid residue of the GDSX motif is L. W@CT/IB2004/604374
2005/066351 PCT/IB2004/004374 18 mﬁEQ ID No. 2 or SEQ ID No. 32
the first 18 amino acid residues form a signal sequence. His-309 of the
full length sequence, that is the protein including the signal sequence,
without the nC?I nce g@ referably, the fatty- acrd CoA independent
IiPId acyTtran %era ESTHMES: the present invention
comprises the following catalytlc triad: Ser-34, Asp-134 and His- 309 or
camp %gmsoe ine residue, an aspartic acid residue and a histidine

residlie res c?%?ffnﬁ'fsp%@%ﬁ%eéér?é%ﬁ&ﬁ%& favee-3as AR N HA Mad!. This is
Hisi369 ﬁnoﬁinetﬂé) zwﬁﬁmaﬁlmrdf@@ %Mieweﬁ%e'%ﬁ%% which
2 (aSE %‘% %%%6 ID No. 32). As stafed above, in t
Ce’SH6 (? $OHEMD No. 32 the first 18 amino
acrd resrdues form a signal sequence. Ser-34, Asp-134 and His-309 of
fuII length se uence, that is the protein including the signal sequence
equa%} 35818 %?Bcflé"ﬁ?ﬁdIZIQ@‘-E‘é"f?ﬁ % msing fhenialeasesteif the plam

idatdbadhie sequence without the signal sequence. In the pfam00657
consensus sequence, as given in Figure 1 (SEQ ID No. 1) the active site

" residues correspond to Ser-7; Asp-157 and His-348. Preferably, the

Tty excitkloAFipdependendinid apyiamsioass SnZHMEAROMIng Cb%% from
ﬁjr resent mveinfron mgy be char errse using the following critéria: ’
dSe VEIsion

& enzyme possest teferradity dvnEnrRag el ddmein.as

ester transfer activity whereby the acyl part of an original ester bond of a

st li d ac or an ac | acceptor to form a new ester;
% T edf(gnzy {f&%@ Z sprofomed-gm fhe pfam family
mm@m r@e@emﬁﬁmmmgéycmuesm&%e@ﬂﬁ&eﬁ% ASRAUE can be
&%Q ok %entlfy the pfam family 00657,

Preferably, the fatty-acid CoA independent lipid acyltransferase enzyme according 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 ori ginal ester bond of
a lipid acyl donor is transferred to acyl acceptor to form a new ester;
(it)  the enzyme comprises the amino acid sequence motif GDSX, wherein
X is one or more of the following amino acid residues LLAV,LFY,
HQ T,N,MorS,;
(i) ©  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.
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histidine residues at positions corresponding to Gly-32, Asp-33, Ser-34,
Asp-134 and His-309, respectively, in the Aeronaonas hydé%)lt)é%zﬂlj’gﬂmgc, 4

ID No.
32). WO 2005/066351 PCT/182004/094374 19 Suitably, the fatty-acid

CoA independent lipid acyltransferase enzyme according to the present
invention may be obtainable, preferably obtained, from organisms from |
1SR 11596, thedptpwingigenartbrenidhasisuepidarsikys form a signal
acc

arornyces, Lactococcus, Mycobacterium,: dine the sional
sdopctotsacHite 36 o DA AEREA S B e S heluding the sign
Vibrionaceae, Xyiglay; SpifoleluscAspiagilusyt Sthibosrtpiohfy (B8, sequence
S?_Cﬁgteerha? Neisseria, Mesorhizobium, Ralstonia, Xantho,nonas and :
wdodidhe Sigitabbpdia%atty-acid CoA independent lipid acyltransferase

enzyme according to the 10 present invention may be obtainable,

preferably obtained, from one gr more of the, followi ISMShe according to
Pheftanbnabénfel i, CAd RSSRERIEAT MBI, Blidtomycos oo e
et SIERIRY e BB Folywihnctelytiv, Srepistddeusp-134 and His-
énes, Lactococcus lactic, Streptococcus en tQe residue,
mrmaghﬂpéﬁeﬁat%@@iI%‘ﬂ%ﬁ%@?%ﬁuﬂ?ob%é (éﬁr%ﬁ% %ﬁe%gﬁgﬁéﬁ[’%aénst
Bacillus sp. 3 agtggﬁmb@gﬁ%gmgimimm,wé%a@@di %309 in the
r&hfsid ug’sof aricus, Saccharornyces cerevi iaefeAfggﬁgﬂlt@ {g5/elSor Figure
Sebizosasdyanarhijed PPt DRE SR SRuastiserta -
Pl iRyRIES NeisseriamanivejtidisdeqoenizotiianmioiS FREdHR 2 or SEQ
natéarum, Xanthomonas campe trls,FXazthorinonaT?e onopagis aNdasp-134
ICahttidaharafiibdis 20 SR ASPHCEEHISTS 4V the fatty-acid CoA .
ﬁi’%ge' ndegt lipidhacylitansietaseeraoae tiatcor ding tocteénpiaekuding the signal
vention IS obtainable, preferably obtaj 0 e protein, i.e.
UGS R ek e S el

tty-acid Codindapandaphipidaaylvansierdeepfanfife dcooramy 1c THECR S as
%ﬁreese Invention comprises one, or more o{ the f

saguencBigure 1 (SEQ ID No. 1) the active siie resﬁﬂQX"éB&@sﬁsﬁ?ﬁ acitkr-7, Asp-157
and His-348.

Preferably, the fatty-acid CoA independent lipid acyltransferase enzyme according to
the present invention may be characterised using the following criteria:
(1) the enzyme possesses acyl iransferase 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
(ity  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
1D No. 32).
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(i) the amino acid sequence shown as SEQ ID No. 2 (see Figure 2) (ii)

Wgnﬁ)mi&gaqcid sequence shown as SEQ ID No. 3 (see Figure 3) (iii) the

amino acid sequence shown as SEQ ID No. 4 (see Figure 4) 38§ Tilipf/004374

amino acid sequence shown as SEQ ID Ng. 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) WO

26%q@%%%@féﬁs%zgmm:m(@idm;ﬂmm@@ $BAVRBCRcording to the

shwn as, : 1gULs ii).the amino acid sequence

sEown as SEQOID Ngr. gzoﬁif-‘%grg’%gk rgﬁ ‘)?r%gya?mtﬁ%l %%’i 8%%?8&%}%@&% one or

%gigﬁ% Ngs ?@@@m A 25@?11(3)@-‘ the deminocaci] sequpnime BQW@@?EhSmmyces,
, laur xi)dhe amino acid sequence_shown as ]

ID No. 88 (lgigurg 24)%)%6}?}’1%( ar%;i}ngg fé%cggg[uefﬁggr%w S S?:eéj‘@"baﬁef‘fum,

gcﬂzg@da: ig éjgl@ﬁy;qi(ﬁk)fdﬂg arﬁ%ﬁani:cbsm uenkgaigwn éﬁé{éﬁﬁ)@-;\l@ ';'g;spergillm,

gHIe amino acid seque shown as NO. 3

EAr A o SIS S NESI G, WSanss Jenthomonas

@gurar8iyal0. (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

%wwmﬂ;?amd.w%@mmmag iﬂb?ﬁﬁﬂ&!&@s‘é@%h@éa@(&@;@g to the
<6 Inderd) E.anino acid s uenc%s n as SE&I No. 67 (xxii

g% amino acid §€Ql%g:’lc% 5 _tgé\?r%lg’ e@%&%ﬁaﬁ}e x\%’ﬁn"&ﬁﬂb’&@i@ of the
Sebeieing wpioishas 2&vyormoleitepfitiiterony ne Ol e SRRUESSiomyces
shown as S@é&yf c%,s'SEr%/l NO.SAﬁE% ID No. 4, SEQ ID No. 5,

SEQ ID No. 6, EQ?JE) No. 127 SED ID'NE6° 268G 1D NEeBPeatEes D IgSenes,
KerioanSEQ | BN, 26 SBEQABNw:s 28 BEEAE:NO S3eprdz R tsNOR2mophilys,
PEQIRNN: 349585 D No. z}i ID%IO.. 58, ?é’l No. 60, SEQ ID

No. 61, SEQ ID No. e s Eiso N e rsree DR
Gompylobacter jejuni, Vibrionaceae, Xylella Jastidiosa, Sulfolobus - solfataricus,
Saccharomyces cerevisiae, Aspergillus terreus, Schz‘zosaccharomyées-pombe-,*Lz’steria
innocua, 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:

D 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)

(i)  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)

) 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)
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- Suitably, the fatty-acid CoA independent lipid acyltransferase enzyme

ﬂ%%%giag to the 25 present invention comprises either theparmirsz@aido4374

“'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 andiho acid sequence which has 75%
or more, preferably 80% or more, preferably 85% or more, preferably

90% or more, preferably 95% or more, | | it amine acid
(diquehcersitmr dsSSECD ?@8“?8? ﬁ@ﬁ%%gé@%%%ggsshown as
(2 IR 3001 108, a0 el egBENED St s ESSEID No. 32 or

amino amg sequence shown as SE, Im 344%,0 2% 5066351
(RCT/{2EOAKDAGASaRE? THETRIAS Opraseneivéition, the

egres gtldmegg]%g ﬁgﬁ@ﬂ&@ﬁ%ﬂﬁm@&) ohssgueacFiateradals which

( e thé'Same. ee of identity in_accordance, with the present
(_;Eﬂye ntiten m;ﬁydmsiihmmtg?m’ﬁéé %%g%%j‘g%@ﬁ}%r E}ﬁ)g krams
own,in the art idedd (pfegiam2sackage
(’(‘I‘g)og g%wgnaﬁz#%@%}éﬁ@isggﬁgin Pa(?%(%&e Version 8, A g st 1994,
(GENetiss Sompatid STt STHCRBHEE D1 elﬁﬁ’/laﬁ&mmgcgnsin,
UsS53711 “{I?eg!;?‘ﬁ'h% &NLBSGn (OZBY IDoRY e cRiguRioligy 48,
Q&Yé-ﬁ% usmg?he ollowing settings for %%g%ei uen?ﬁg%)e
(ﬁampaﬁsaﬁﬁmidrwmﬁm&ﬁﬁ%gé %k@% nalty of 0.
&0 Siitabinthe falyAciibCad depsademinisl s8ylransierase
&Hzy accorglng to tﬁe present invention com I’I% s an amino acid
@eqpeﬂ&eamﬁfﬂhahtdsﬁg%merﬁﬁ?@}l ﬁé@@w Y% Or more, more

referaply 90% qr evpRRsspefEDakily, 85% or more identity
(gﬁfﬁsa%@%aﬁ%%? %Cﬂge%l‘%%%%s shown as (s?E% Ng, 2, SEQ ID No. 15 3,
GEQ |BdlaninGBG! BN, e RG] é%*l No. 12, SEQ ID No.

@NSE@B IaDggN:I&' 221 SEQIRNGoRA SESANNDIRESSEQ 1D No. 28, SEQ
0. ,

ID No."32, SEQ ID No. 34 ID_No. 55, SEQ ID No.
68:i)SEQel Brikine QGZdSE@q}?PWBPWR@?éﬁg%é]}ISEQ ID No. 65, SEQ

{%c&[}')"' 87 98,55 QUR N3 d2 Sl dlEOTAKEEOA independent
ipid-acyltransferase enzyme according t%pﬁe presentigwe\ﬂ%1 tioxnr}i th any one of the
Gatfiprisesumrcordidoredsrase MINRIAGamirb A SEduehtds:

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 1D No. 28. SEQ ID No. 30, SEQ ID No. 32, SEQ
1D 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. 2or

‘as SEQ ID No. 3 or SEQ ID No. 32 or SEQ ID No. 34 or comprises an amino acid

30

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.
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(a) an amino acid sequence shown as amino acid residues 1-100 of SEQ

Wd%s%£ Qr SEQ ID No. 32; (b) an amino acid sequence shown as amino
S

acids residues 101-200 of SEQ ID No. 2 25 or SEQ ID No. 3ZCBBa04/604374
amino acid sequence shown as amino agid residues 201-300 of SEQ ID

No. 2 or SEQ ID No. 32; or (d) an amino acid sequence which has 75%

or more, preferably 85% or more, more preferably 90% or more, even
rfioréhprpfepably B5theoprasere intentity 10 thoylope Obf3IQ:MAPHBAALISh the number
s%]%%%%edg%%%d tin ‘é@éﬁ) abave. WO 05%0663 5L, . .

P 41004597 TRD I HTE Rty ACIHEHR Piislsatiaein msrerdance with
dbyprassfirasertiaymenpdsoingtiy tietpreBeat Bivantian ¢amBBRIRRL R ograms
%an%eigft@hhee Efuqtllog/ylgii ameggléamd s%%léemce : (@) an amino acid

sequence showiras amifo RIS 78-48% 9 syermorseks g (Program

e ual3fhi5 thy) AtiisvvininaPicEaes)cNeesshpVen A%gl’i@{n@mgw&e%amputer

-88 0 ID No.2.or .ID No, 32; (c) an amino acid sequence
S S S BN 558 SR80 1SN bl Moot Wnseh
BLY70) ah aofinelaleichbeq Bivleg shaB)n #53205N0a5Ig raRdusHbiRE Ridhes for
EO %Dtﬂg.sz %renlo SEQ ID. No. 32; (e) an amino aC]Id sequence shown )

SHMNG adid realquse =PI IH or SE FIPFRRS PBRIBEY BN RSAR @)tension
penaltyind @did 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 15 the amino acid sequences defined in (a)-(e) above.

Suitetihylthdatagpaidic o Mingependeniiid AeFBSIRI 238, 8RZYTS rding to the
%%gglgglri] %%%jle present Invention mnay comprise an amino acid sequence
:

oduced by the eXpressish 8P SHEH ARG SeiHesHowiienbiefediile or more,
mestureblyed s Zctajntive, nuotegidfaly oo 6hawRanSERADNR F{R88bly 95%

SIBR Vhentity with any one of the sequences shown as SEQ ID No. 2, SEQ ID No.
3, SEQID 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.

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

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

(2) 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;

(¢} an amino acid sequence shown as amino acid residues 201-300 of SEQID No. 2 or
SEQ -ID'NO. 32; 0r

(d) an amino 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.



(b) the nucleotide sequence shown as SEQ ID No. 8 ,(see Figure 10); (c)

the nucleotide sequence shown as SEQ ID No. 9 (see FigggerAgoobothe s
WO 20¢ideBtlde sequence shown as SEQ ID No. 10 (see Figure 12); (e) the

nucleotide sequence shown as SEQ IZ2No. 11 (see Figure 13); 25 (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) th
SuHEBgtite SegusriddshoindpsBED IWN&CE?@@&_%&,?QQ@%? %ﬁzt%ré%ng to the

nucleptide sequence.show B e 281d ;sd§ es:
PR S R Sy oL B (e D @Hﬁﬁ% )
(ahusletine gequmsmm@sasg@nmwwégfﬁg@é‘ﬁﬁigﬁfé%g;ég?( g o Lot

nucleotide sequence shown as SEQ ID No. 31 (see Figure 27); (m)the

ntﬁﬁ&@?@bé ence shown as SEQ ID No. 33 (see Figure 9£|gc¥e85 ' 2 or

5 @%Aﬁﬁﬁ&%a@@ﬁ%@mmmm@ﬁem&% é& HaWkip- 2 or

as SEQ 1D No, 35 (see Figure 31); (o) the nucleotide sequence shown as

Sl§é TGI“S&%Figure 51); (p) the nucleotide sequence shown Iiﬁ{\l? 2
Jant9hife)dbie nuplentidshorquenamistowmiric IBRid385% %ﬁ% 0. < of

nucleotide sequence shown as SEQ ID No. 64; (s) the nucleotide

se%%@n@ Rowfrt as SEQ ID No. 66; (t) the nucleotide sequence %%N 9
B3 ERIHR Mad 68funteshuieatidenieoeidesfain! 43S EPITRE. 69 =
or (v) a nucleciﬁg%e sequence which has 75% or more identity with any one

of 16 é\é‘h

ces shown as SEQ ID No. 7, SEQ ID No, 8, SE%ID 9
(& SESIRNeid&qShe: Khdvo 428EQ aidssidses 2¢gH Nt » 93@(3‘70- or
ID No., 23,6\S[E3 ID No. 25, SEQ ID No. 27, SEQ ID No. 29, SEQ ID No.
315BRAHB R0

%8'SEQ ID No. 35, SEQ ID No. 54, SEQ%;D Ng. 59, SE
MoaB2n SR | BiNentd, 8 IBNGS %6 A SEGHYNE8 BESBPTITRE more

(
9. 15 Suitably the nucleotide Seaven 198,80 e .
préf@féﬁ% 5%330 8rBre> cveR FEFPAN P BYe S merdMeERKity to any one of

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

10

Suitably, the fatty-acid CoA independent lipid acyltransferase enzyme according to the
present invention may comprise an amino acid sequence .produced by the expression or
one or more of the following nucleotide sequences:
20  (a) the nucleotide sequence shown as SEQ ID No. 7 (see Figure 9);
(b) the nucleotide sequence shown as SEQ ID No. 8 (see Figure. 103;
(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);
25 | (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);
(1) 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);
() the nucleotide sequence shown as SEQ ID No. 27 (see Figure 23);
30 (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);



more preferably 90% or more and even more preferably 95% or more

widehiitywith any one of the sequences shown as SEQ ID No. 7, SEQ ID
NG. 8, gg%]ID No. 9, SEQ ID No. 10, SEQ ID No. 11, SEQ IDPNOIBB104/604374

SEQ ID No. 21, SEQ ID No. 23, SEQ ID . 20 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
I(N dhe8usiBE Dien&Ishimane SHRID e fafysB6iHiHaa 31):

in lipigl acyltrausferase ac ing.to.the 25 present invention
m ypf)ﬁeggﬁg%iﬁ%c %%?go%ﬁgﬁﬂr%r&%&&giﬁ@%ﬁ%t thereof
(fép)etkempticativer mqtmadeinym ale SO Eyolutien) Suitable LCATSs are
k? "%ﬂé%@ﬁ&%&%@g m%geh%]btainagﬁér@gﬁne or more of the following
o] @amsms or exampler amm %,a’? , MiCe, ﬂi(ﬁgéns, Drosophila 30

mreeaee 2 NElathogasiectidantgninaladinguirabBongd and ©ryza sativa, nematodes,
t. WO 2005/066351 PCT/IB2004/004374 24 In one

fupgi;and ye
e%ggg%%%%?(?ﬁgﬁas’ﬁ@ggﬁ %‘%3@& tllﬁrﬁroﬁéé:yltransferase enzyme
adtotdimyclzohidpsegenidavantioneelbenheding acyltransferase

o) {Hea?lll?ci eciefsaebllyeobta%ﬂed, frorgg’ﬁ E..coli strains TOP 10
harbouring pPetrzainyare aHd BBRISEABANG 68p8Sited by Danisco A/S
dfvlangetirogiide sqiitcEONERPRINFFED DKREOMAKHNAS NG one of e

10 Budgg etnzég% %trgses!g @aﬁn E&co nition of the Deposit® of
Microorganisms Tor the pu{r:% b PRI SR RareER 2 NeatR i Q ID No. 10,
Collset@iidNmdiistrBE QDI Noand, Fest) Bertes 2N GBI Xt Maehey 1 o
Stre%, égﬁg’?ﬁéfo %Pt?ﬁﬁdﬁ?\%on ég jE‘)fé;amber 2003 under accession '
numbérs 41204 & fue’s 1L N5 v eiPQ 8 8Nsre33bREQ ID No.
wheRbc &Y dit. a5 SRQUIBCbRr g ST EPresent | @mhwgg@[%tm No
is pr(%d%%g it ut6' 8r?$§%?}5>&$u tantially increasing the free fatty )
acids in thé foodstuft. et "tfansferase” as used herein is

15 interchangeable with the term "lipid acyltransferase". |
Suitably the nucleotide sequence may have 80% or maore, preferably 85% or more, -
more preferably 90% or more and even more preferably 95% 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.

20 25, SEQ ID No. 27, SEQ ID No. 29, SEQ ID No. 31, SEQ ID No. 33 or SEQ ID Né_
35, SEQID 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 acyltransferase according to the
25 present invention may be a lecithin:cholesterol acyltransferases (LCAT) or variant

thereof (for example a variant made by molecular evolution)

Suitabie LCATSs are known in the art and may be obtainable from one or more of the
following organisms for example: mammals, rat, mice, chickens, Drosophila
30 melanogaster, plants, including drabidopsis and Oryza sativa, nematodes, fungi and

yeast.



Suitably, the fatty-acid CoA independent lipid acyltransferase as defined
herein catalyses one or more of the following reactions: intgresigqficasiany.

WO 2@5/He8d3ksterification, alcoholysis, hydrolysis. The term "interesterification”
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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.

25 The term "transesterification” as used herein means the enzymatic
Iealalyastddanstaniod fataeyldfiud esPRURsHt deio AralHaRRIASY frgyme

fatty acid) tg an acyl acg bEthg yﬁg,{g@c G-Assad herginbiee
Wﬁﬁg%g%%ﬁﬁgesggfg%ﬁ%%%é %}r%gmatic cleava 3gof a covalent bond of
pRereelsl detivitive, Fynesutidh sothstriacbRS! KOs wHae G Ray dro and

products WO 2005/066351 {5 G T/1B20RMO943(A 12 6QEMDINRS YO D6 penhagen
Pgﬁﬁé%@(\%{l@fﬁ%& ?ﬁlgeglﬁgr%%éé%t combines %Vitfl(%‘le OR group of the

1alghiohAs uiska therBinddhestFmatyicotibe hetereativanl ArgPepitippahthe Deposit
containing a hydraxyl, & , aroup. A sinathe deime SskRlySisliection of
%@Wﬁ%ﬁ%ﬁgﬁé&%‘%ﬁoﬁ%#ﬁlﬁgﬁﬁan acyl group from a IipidetoI ;
Tthe QihDiopef adFesdRietule (NSRBI SR Sivivkehasstreh dHerdeen
hydrolysis requires.the separation of .t eche-s2PrEREQIM04 and
St ﬁaéé]&sl%ﬁ SF%vrﬁ%%uﬁ%g?gﬁ%%%@i%%ﬁlsing theS free fatty ac:idsa'l'][l
19e mgedihecsirespansythat preferably the lipid acyl transferase according
to the present invention has 100% transferase activity (i.e. transfers

100% of the acyl groups from an acyl donor onto the acyl acceptor, with
mefeylblytihactityiny antedibihoil a5cerdingrim & reRpal/EyHEon the product

.enzyme may. transfer less than < : FOURE j in the
RS FSTI (ES S i il (AEK AR PRk Bl n
faeyiransferase activity accounts for at least 30%, more preferably at least
40%, more preferably at least 50%, more preferably at least 70%, more
preferably at least 80%, _ o

The term “transferase” as used herein is interchangeable with the term “lipid

acyltransferase”.

Suitably, the fatty-acid CoA independent lipid acyltransferase as defined berein
catalyses one or more of the following reactions: interesterification,

transesterification, 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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more preferably at least 90% and more preferably at least 98% of the total

woege%me 20 activity. The % transferase activity (i.e. the transferase activity
) 00

Qgpgélntage of the total enzymatic activity) may be deterhtimagdoydiess74
following protocol: Protocol for the deter%ination of % acyitransferase

activity: 25 An edible oil to which a fatty-dacid CoA independent lipid
acyltransferase according to the present invention has been added may
berakirastedifolletingrite gauslaii Rastios WHIHHEIHGERQR R he OR group

aﬁdit?h%or ic phase containing the lipid material is isolated and
SALS 80&9 5L.C according to the procedure detailed herein below. From

the GLC analyses the amount of free fatty acids and diglycerides are

%%termﬂﬁd. A Sg control edible oil to which no enzyme according to the
USH PRretidRT4ED e Blrohalida I5Esioa#salinh sRrpawnd wanyfainiae a hydroxyl

- gA0R/066351 PCTIIB2004/004374 26 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) - %
Fastyadidigeniroh: oiMy-TairBeragermelecularayaighiof ids;
A % diglyceride = %,Di%y?éﬁgg{control) - % Dig%k{:%}ride%r%zg)%ln%%ﬁ%g&er of an
Y ZTRRGEIRL R Unid: Welsh 5t tyeertie; Whkstramitewse Acilityassfer which
ralawaiechas/abRIse Bé@ﬂi@e@&ﬂ&%é@ﬁ@bﬁﬂﬁﬂ?ﬁi@x@&t@i’iﬂbl%#?mferase
activity = ((A % Di/(Mv Di) - A % Fa/(Mv FA)) x 100 10 A % Di/(Mv Di) - A
% Fal(My. Fa) +A % Fal/(Mv Fa) % transferase, activity = _ ((A % Di/(Mv
’g‘f.?/ ﬁ’é‘}%ﬂk}f PRSI 1000 3 A DIRRRAB A thie reestagyhechime disty acids”
ancresishetéintheaibtenikieytgemsaipiablyyotngeases SHESIRMNAIY present .
iizi%bt?'a j niiig%g}t ggzgr e. By this we.mean, that the ‘i)ncrease in free fatty
JA3R ot AdveralNAE AR iRy TrHHE s i oaf Sy prxbeeups from an

acld aoes no

aghedtaof theprisentitveniprodhevtgimowitherigubsientially incraasinghie oil

environment; however, the enzyme may transfer less than 100% of the acyl groups

present in the lipid acyl donor to the acyl acceptor. In which case, preferably the
acyltransferase activity accounts for at least 30%, more preferably at least 40%, more
preferably at least 50%, more preferably at least 70%, more'preferably at least 80%,
more preferably at le_ast 90% and more preferably at least 98% of the fotal enzym;z
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 activiry:

An edible oil to which a fatty-acid CoA independent lipid acyltransferase according to
the present invention has beeg‘ added may be extracted following the enzymatic
reaction with CHCl;: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,



free fatty acids" as used herein means that the amount of free fatty acid in
an edible oil treated with an lipid acyltransferase accordlngl;e{ngz%e%r% 4

WO 2085@néit is less than the amount of free fatty acid produced in an edible

10

15

20

30

oil or composition when an enzyme 25-gsher 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

ceopyentional lipase e.g. Pseudomonas cepacia lipase (Lipase PS, Amano

Japan) or, Rhizo us ? el e RaS et]:aﬁ )‘aéf‘?i§bﬂ@lﬂlié decrease

Féﬂyld%é‘?ﬁlﬂit é\éfﬁﬁ&%%sg eh(}l %ers ?ﬁg]rﬁenafﬂctlon %h%s taken place
gﬁ&@gy&gﬁ,b% galbyleedtrifugation or vacuum distillation. WO

200% 066351 PCT/1B2004/004374 27 Optio allgél th yme may be

lkémfﬁﬁédaﬁ&ﬁw«@%%’ e O enz{/%g%tlc r |on has taken place.

%g aﬂV&%éQ@:ﬁH&)&@ﬁng&immﬁqaeﬁi&ted and left in the edible

uitably, the enzyme may be deact|vated b ém for ex§mple 51In
Abﬁt’ecbgibcmmem/ﬁw@lﬁﬁ elesirpldiapt e &%ng ferase for

n_theermetbr% gcgig\g,grm&; énay be immobilised. When it
1czﬁ{ge e enzyme is immobilised an admjixture comprisi i
'R@ytmsﬁ:m:e aﬂ@%e@ﬁi@lﬁt@%@%ﬁ%&ﬁﬂfﬁ} 5ag ’fg? activity:
ﬁ)example corgg%smg the immoEdilispehanENTIe: B Y RVRabNigRg the

éﬁrzymel IS poSsibie t&(ﬁ%ﬂﬁ\fﬁlﬁﬁ ItA X Butab ydheAmmaNisath)

enzyme may be used in a flow reactor or in a batch reactor containing a
reaction mixture which comprises an acyl acceptor and an edible oil as a
two- phase system. The reaction mixture may be optlonally stirred or
sonicated. Once the react|on has Jea

YewotiGrempeliii Indthe15-mime .

Suitably, excess acyl acceptor (such as ex ess che ol) may be removed
after the reaction, e.g. by centrifugation or vacuum distillation.

Immobilised lipid, acyltransfera

R R BB G T g o ape Uy Atehorcased

RiERAHRSI wbdlaedgeﬁmnesegmcey\mubmppmnm thpanserese in free
ts“slftll!;egcig gz)%sa&g%v%ge §P &E?ec% TE[e é: Iacil{ysof the edible oil.

In some aspects of the present invention, the term “without substantially increasing
free fatty acids” as used herein means that the amount of free fatty acid in an edible oil
treated with an. lipid acyltransfcrase 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 (Lipase PS, Amano Japan) or

Rhizopus oryzae lipase (LipaseF, 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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referred tb in EP 0 746 608; or Balcao V.M., Paiva A.L., Malcata F.X.,
zyme Microb Technol. 1996 May 1;18(6):392-416; or Retz M.T.,

En
WILEEPER Chem Phys Lipids. 1998 Jun:93(1-2):3-14; BOrnSeiweE004/004374

U.T., Bessler,C, Srinivas R, Krishna S.H %5 Trends Biotechnol. 2002 Oct;
20(10):433-7; Plou et al, J. Biotechnolog% 92 (2002) 55- 66; Warmuth et
al., 1992. Bio Forum 9, 282-283; Ferrer et al., 2000. J. Chem. Technol.

Bibyeiohaidy, Ahe lofianChrisfensenictkd 1885 NachwaehSandeRORRION, i
10, 98-1Q5; Petersen and Christenen, 2000, Applied Biocatalysis.
AT RE RSP R 56 o AHERREA s e AP @A GRSTITR b donctivaied and lef

ingerpide deranibyeiare Eﬁ@m@ﬁﬁ@i95%%&@&%%Waﬁﬁﬁﬁ%xample
herein include covalent coupling to Eupergit C, adsorption on. )
polypropylene and silica-granulation for example. WO 2005/066351

A& DOLELARAHORAT the Zidyiairiabin RAARRANISAWATNEse for use in the
contai ngfa diglyceride, preferably a significant amount’of dig yceride.
5?8%?3&9, fihs SRR BH e P e oo balisdinghGiien dflsseskratse that the

feamyae &dervestfem Qﬁﬁﬂrﬁikﬁm&{%ﬁsﬂﬂ@I?E%?figcpé%[grn&%bﬁhe edible oil

or any palm qil fraction or olive ail. More preferably, the edible nit

fraction
i?i’;&fﬁ‘? QREITHSPERR 815RI AR/ SeparHka AAMDINith theghmthtibthieed enzyme,
®BinihtaeLfishe: eie-hdeiaeVsatnentiaLsHbsiale and the lipid

acyltransferase, as a person skilled in the art would readily appreciate this
can be done in any combination and/or order. By way of example only,

heiRbl decaRinnbURsH Me-smRYReadmixed with ible oll followe
% addition of the Iipid,acyltrans.fg??se. Alterﬁativg?/ﬁﬁgégﬁ%#er ol ?na?lg%%macmr

RS AR CATE D LG AHEeh soanprisnen 19y vl Sersaivoned ticcddbie oil as 2

a&e%m@im&ﬁfﬁl@fﬁliﬁﬁaﬁﬁﬁeﬁ_iﬂ&@éiﬁigya{?é('ngﬁsﬁﬂ%ﬂhg%l}mcamd‘ Once
cceptor.substrate may be admixed followed by admixing of the
aheszﬁfi‘éié‘t}b AStECRRRAT r SRR dfbFe SrRTAmErn ey eRpcEibourstEd| and the

e
thiee islibstantsmimmebethe eible S

the | i%\ac Itr nsferase‘) g?be admixeﬂﬁ%ﬁ%&%%%%gggﬁa%&y CRCCSS
ﬁ%‘;ﬁ?% orggig %rri@&’Bu?Et LRt iher JERLIaB o etth & et foshtiont tie vacuum

distillation.

Immobilised lipid acyltransferase can be prepared using immobilisation techniques
known in the art. There are numerous methods of preparing 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 AL., 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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edible oil. Suitably the method may be carried out at a temperature of
between 30-50C, 25 preferably between 35-45C, preferaté%gg%@%rl}l 04374

Preferably the present invention doeg giot encompass the enzyme

treatment of an edible oil when admixed with water containing

constituents. Thus, the present invention envisages the 30 treatment of
Pr%%é%?igletﬁg REESE, bR- iP adgvedibler éhvimrimising \Wdighoels preferably a

IB2004/004374 29 Although water may be added to the oil prior or

sighificantraneiathef BEWREDBsent invention, in a most preferable

embodiment no water is added. If water is present in the edible oil,

preferably there is less than 10% water. pres more preferablyless. s fom or
PrtfferablEodideshitanibin RS STHAR I AT %gs Tgbr%n@g?{ éss than 0.4%, af .

less tf}?a %on HiESSAADRBYpamessian P8t maleigrésemy any palm of
degﬁﬁgb fr}é)gwe.en O’.P. and 1% water may be present in the edible oil. In
framieenthdéimeltt the edible oil used in a process according to the present

invention may be supplemented with one or more acyl donors and/or may

be supplemented with 10. one or more | acceptors angd/or. De vin.
Meupptefoeitsd Hritedibln hés srimee QE)a(C (g(ce ocr)isegln%nggr?g @%ygre acyl
donors. By "supplemented with" means that either the acyl donor and/or

the acyl acceptor is not naturally present in the edible oil andi .
Witk szgad timhcirpdrdaiagenf éh?e?%kﬁﬁﬁrﬁﬂ‘?e%‘fﬂeﬁ%@#%?es ﬁ?ﬁgﬁgﬁﬁgﬁ e lipid
acgrqualgsif%%%o Bt uibhesliRid acu ansieyakirimditzopfaecetaiftisien be done

resen

hvention. Suitably, th t | , bsirate
iR ONCETS A P BT 05 Dy o substt

or may

m%)éraggpalalﬁ&@@ SPhRlRidaie Isnitunyw2Ql Syitatdyti tneodibp Eménejrapsgierase.

acceptor may be glycerol. Suitably, however. it he CERlowed b
thﬂthmg%@ég%ﬁéxw F}Pg' ﬁﬁ‘rﬁ‘g‘f‘@g& tg%ygl:apzfg rltt%%éno for owee ™
instancer Suitabldhe sinplemerian aeyhtvelptiripidbe divoibimationd acyl
ao?slé?ycet;ol an ora:e or more further acyl acceptors. .25 The-uge of, j
1% A substrate
aseptEIRhtEa Rith e F}??Oésﬁﬂﬁﬁgd IIRREn B Al | 188 SLAR
mixture with the edible oil. Alternatively, of course, all three substances (namely the
edible oil, the acyl acceptor substrate and the lipid acyltransferase) may be admixed

simultaneously.

Preferably the method is carried out at a temperature above the melting point of the

edible oil.

Suitably 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, L.e. in a low water environment.



10

15

20

25

30

(lyso-phospholipid) to be produced in the oil. The use of an oil

W(z%g)plemented with a plant sterol and/or plant stanol allows for a plant

F61%6t&t and/or a plant stanol ester to be produced in the edibleHoits374
Both plant sterol esters and plant stanol e§ters have been reported to
have blood serum cholesterol reducing ettects when incorporated into 30
the diet. WO 2005/066351 PCT/IB2004/004374 30 Enzymatic
IR iRt s G S SH AR5 A5 PORITE T M,
1,3 specific lipase (Novozymes, Denmark), is usegq?tq1 rggégen%ﬁ@%?n%urq%e present
JPHAROTai) adestpsherrblarabsdimeninaporasemiodifiinh thevmeltisgresent in
aharasesyns pladit, ailsand fais DU interesterification. one or
two of the polyunsaturgjt/ed fatty acids in the triglycgriigggsg & g%éan?arably less

CHAPDe- Yol ettt acialags abaa o lapothan BibRwliss tiems(faey, aaislthan 0.3%,
B RSP Oy ThIS dianefesoffalty Epégénflroﬁh %ﬁ,%lettax!xlrgwst}#%ﬁﬂei% water

modification of the melting point of the food olil wit inroauctio
fopvbaripimbindhe rblanilobilisation of lipases is described in

US5776741, US4798793 and US5156963. US6284501 describes the
interesterification of phospholipids. An immobilised transferase can be
BRonscankrdingamiiaa siiblecom arssl in s yeddor alipasisg 15 feqiesent invention

adi 7BRId. QA inden L lipid acyl transferase as )

gemsiizribélil Eﬁee%%%gtr%vgg gg%fﬁn comg(i!r%%%%trﬂll\’/%%? aa)i/ﬁ enfléigtegﬁffggﬂﬁnenwd with
fiBa<E. A Al erriestandicationsahe sepleyidnnbleitsbatepseare more acyl

eleralivi e HiRd.PHiSeRALALE, ) Ipg & the fatty-acid Co
indegpfendent lipid acyl trans%r%ﬁg?zi %icg%%ggﬁérge?%é%rﬁ bé l(}'/gle’%j t either the

totherRfornHET denveitisremiey stalmeatsrurtipibrsetr anfultheriadpest, and is
ibadaresantinventiampravdesiamsthed of imRy Yiﬂ%éﬁ?&%&’ %ayd%é‘té%“%ing the

%%gerties ina foodstpff comgri_sing an edible oil, comprising admixin
BlibRCoiFHRtRCAARY | the cEpidr vl bwaséeasg drfatycanidrCoAwith the present

ineependent diglyceride:glycerol acyltransferase as described herein and
optionally a further

Suitably, the supplementary acyl donor may be other than a DAG. Suitably the
supplemental acyl donor may be for example a phosphoiipid (e.g. Jecithin).

Suitably, the supplementary acyl acceptor may be glycerol. Suitably, however it may
be an acyl aceeptor other than 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
(lyso-phospholipid) to be produced in the oil. The use of an oil supplemented with a
plant sterol and/or plant stanol aliows 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 ester§ have
been reported to have blood serum cholesterol reducing effects when incorporated into
the diet.



crystallization inhibitor. In one embodiment the present invention provides
a fatty-acid CoA independent 30 diglyceride:glycerol acyltrgg%;%%%hué 4374

WO 2abopééplaration of a foodstuff comprising an edible oil for improving
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crystallization properties of the foodstuffy WO 2005/066351
PCT/IB2004/004374 31 Suitably one or more further crystallization
inhibitors may optionally be added. The present invention yet further
FRGYIEES thesrsecairdaty-adis Gomatdbpehtipatesightenbiphop® TL IM, a
acyltransferase as_described herein in.the manufactyre o
1 o mpridif élﬁﬁsﬁc%‘fﬁ’mﬁrr%?% F‘;ﬁ]ﬁ hésc%%%ﬁz%gg%ep&b%pﬁf%%gﬁ 'gri%ns ffmy
Lo8dsiuffidranahsrasaeshdibe fresent friepiibn peitideshtiteasastits of edible
fatty-acid COA independent diglyceride:glycerol acyltransferase as
oilegaAdati herein in combination 10 with a further crystallization inhibitor
in the manufacture of a foodstuff comprising an edible oil for improving

the crystallization properties of said foo ff. The further crystallizati .
DrRgtonERERPI6E ArRPEBn Vi Tal e s? Ilgtzﬁaeti%omfh)qurmiﬁ\éch%% or%g{g? in the

e.of serbitantisiaasates: IesitsiscdAGHtbr paiysoabatdsoforaéher oil low in
example. ADVANTAGES 1In | resent invention by useof the meth
trensgfat e aHANADRHIBA %&”ﬁ&@%fﬁ&iéﬁ%ﬁ?ﬁ%%r?zﬁ%% aug(Hf Hows the
heisindesse iRdherlaimesimetine ffod reinathguwinedduiipdighiberites fatty
from or in an ediblg oil, a selegtive reduction.in dig| I z
o B ARSI B Bfel SR A T b Be Y b R g and
15 5igatieant ineraase inliesifelyirdidsidskaicafothd fhotthalipids.

present inventive method can, be carried out without substantially
increasing free fatty acid content of the edible oil overcomes the problem

o Ipss8biRted ushn e syeideBipaitlisctié atein gvitie swoaventiorlagipasased for
it is necessary to remove the 30 free fatty acid during the oil refining, but
1¥Pasf_=’éfined palm oil is treated with the lipid acyltransferase according to

the present invention (thus negating the need to treat the

In one embodiment, the fatty-acid CoA independent lipid acyl transferase as described
herein can be used in combination with a intercsterification lipase. The lipase

interesterification and the acyl transferase steps are preferably carried out separately.

In a further aspect, the fatty-acid CoA independent lipid acyl transferase as described

herein can be used in combination with conventional.crystallisation inhibitors.

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.
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WO 20051066351 PCT/IB2004/004374 32 crude palm oil with a

conventional lipase) it is not necessary to remove the fatty acids because
WREUSHSATOf free fatty acid does not increase substantially. Inpaddhiiom. 0601374

alternatively, the present invention results if the removal and/or 5

reduction of diglycerides from or in an edi% e oil, with no significant

‘decrease in monoglyceride levels. In addition or alternatively, the present

ingeitibly iesulis b ioeuAme @ aamio: raustion of di g ldesyjram ot |n

an edible oil, whilst increasin\é@éfnonoglyceride 10, Ieve% ?rﬁLgélgeI&b & %clilded‘

This contrasts prior.art enzymes which utilise monoglyceride as a

subisérptesanditheiriere yadaaenie Ao flmeroghs igg_in the edihle

oil ,lﬁ're pr;sent invention is advar?Fageous as%oegn%?%e Lire i?(:ao‘g\ independent

adtiSr Bty SRl eArassatestdessaig witheine meyh€ahanufactue of a

5 dependemidofpisnRathenitle dPBPHIPRS Eﬁ@%lgt%t%qﬁ}é%r%@g%?gpﬁies of said
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%erﬁtior}éfelies on the presence (and addition If necessary) of' g
s heap commodity. COMMERCIAL RELEVANCE OF

REMOVING/REDUCING DIGLYCERIDE IN PALM OIL 20 Diglycerides
rn(q-:‘[&ard the crystallisation in palm based margarines and shortenings For

nySRAFE, Rk dise dRcseste dayeRTipaagadnites dhowtisef gilm Bitty-acid CoA
ComRpRHAAN RAFRNReaRSS LS ilabik rtially because . |
of 25 e onorr;iﬁglér},E and per%qma_ril _%%capse%%%é%ﬁ#a%%gg rziéxerﬁgé §f combination
P 8|%W5F@ﬁﬁﬁ’é‘?%t ftye frotuemsfaciormdfte SruandE tbgiprising an

(Fdipralisy ﬂfraﬂxﬁibblﬁgQhW&‘iﬁfm%ﬂﬁlﬁSﬁrH%%rﬂﬁgl %ggc{&gi usly

restricted to the use of palm stearine, and p ein, with some use of
palm kernels and its fractions. Today, this is more diverse, because of

CoOhéehiitnery-pasRad B GERISAIS WAPIRGMS Y ARRGHIS, Ielting profiles. . . .
30 With customers trying_to increase the use%rf %E}%%oﬁ%fg%% aX}i%ar"lté?n inhibitor

tﬁ%‘%ﬁﬁsﬁ?qsogé@mﬁ forereR s sstrermiesu dsaithine BB forepdiserbates for
itei:mn@(te'ssary to add "pro WO 2005/066351 PCT/1B2004/004374

ADVANTAGES

In the present invention by use of the method taught herein, and in particular by
selection of the enzymes taught herein for use in the claimed method, for removing 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 (F FAs).

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

30 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
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33 crystal" promoters to initiate crystallization in low trans or no-trans

formulations thereby preventing or delaying post crystal foﬁ@i@%&%ﬁfﬂ
as Sorbitan
Tristearates, lecithins, PGE, Polysorbgtes, which will slow, delay
post-crystal growth has been seen. This is a 5 symptom of high
diglyceride presence. The commercial benefits of the present invention

. nr%%y ﬁgﬁrp BR QLM .abineifolidWinge)d) iedotesthesmedd ISRAT the fatty acids
additional monoglyceride to the gdible o{ﬂd%&lggﬁgr%%%ﬁfﬁﬂgu nd/or later
besarisgte €O S TAETLE G RS Ted emuisit

idely ‘used emulsitier in food systems. 10

b) decreases in diglyceride from about 6 - 8% to about 4-5%, and even

more. c) increases the flexibjlity on plant (factory) ¢ ity = NBBCRmoval and/or
IrrestidGtion inrpﬁ}iﬂﬁ%ﬁﬁﬁelé’vemé?ﬁ?%?taf%vﬁgggﬁ mragj%j?%le%:%eases in .

. . i . . .. .~ : . " & 1N

. e%%gggg%ttalg 05i$SUeFR) §t sanae fadmlﬁaudnwmmldlml@)%gl&écf@as

remove some fully saturated oil 15 triglycerides, because we reduce the
meedlfoeddstarfomotion. In this regard manufacturers conventionally

add fully saturated triglycerides to formulations in order to "promote”

‘crystal formation and overcome undesirable delayed crystal farmationday and/or
Ihedditidacopodtesamivstich %ﬁé?%%é?i‘([)%n%og s?ar%f)%fm of having a ,
Sh Q%{ic}?%tf Q{E%QBQEQW%QWQIQWM@IS whilfoinstasing, wapgglyceride
would contain 20 concentrations of cﬂgl cer'dees sufgici‘%ﬂigg delax ﬁﬁ)ﬂﬁ@iyoeride
lgrawin thersidbspid dRisEPRBER .%Ire era%@%e?a—pr.lmq in the case of
a&“%%%‘é}?&‘t% ang shartenines) cLiiRGoant ttmoas Elyeraids ibjhasdibfe ol

p§1m oll treated in accordance with the present invention, the diglyceride
content is sufficiently reduced within a given blend or formulation so that 4
e 158 o aciara) duhsamelecrigoerilavokonits &S

opment becomes less im%ﬁ_’m
[

LDl lyerpificat ather the
ToviardElpalerpiasa SRS, Wi I%CQF N4 %nggfggfﬁgﬁgg}{grgmgn Rather th

eased liquid oif costs, and without . .
e@i’%%{ep’la%ﬁﬁﬁ&ﬁ‘%gﬁ% pheatiawsniameplacdine o thntheaystenidand addition if
an

or partial replacement of anfi- crystalliseys, 30
necessarg') of glycrf):rol — which is cheap ¥:omm0c{15cy‘

COMMERCIAL RELEVANCE OF REMOVING/REDUCING DI_GLYCERIDE IN
PALM OIL

Diglycerides retard the crystallisation in palm based margarines and shortenings

For many years, we have seen 2 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 18 found to enhance the p’ quality of an oil blend. However,
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 1s

. u
seeing more crystallization issues than ever before. Where it is necessary to add “pro
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WO 2005/066351 PCT/IB2004/004374 34 B Trans fatty acid Today, we
see legislation and public opinion against the use of trans acids in food

W%FB&H &fodevareministeriet, Denmark 2003). So, this has ledtaB2004/00437

performance 5 problems. Manufacturersgghere possible may wish to

switch to palm based solutions because of the high levels of C:16:0 and

C:18:0 isomers found within this oil type. The result is that we are
beginaingtoseeHcredartheORsHRIHOMBLPAIM J0, economies dhat, . ormulations

previ us% did not use palm. 10 C Crystallisation inhibition of diglycerides
c

iR CRaRBro 6 cfe e Ytsa Batereial AamatiaB befosre foimutdtede. Also
figetespedialipriadss ueli asyfiactienatedpalm gl npars H!@a[r&%'smif%“iﬂhins PGE
a > £

1;?1 tions (PMF), fractionated shea fat as well as many other exotic fats.
DAl oRaIRh AN Gl clidam dhagcas sialigraxsth chas dwible RME This is a

therpitim b tash iRmyceRESBaLenly contain palm fractions: The most
delicate aspect of chocolate manufacture is the crystallisation;: of the, fat.
Diglycerides will have a negative impact on the crystallisation,. for

DamplantemaudiRgear iR BresHaU RIS, 2091),29. D the following:

Crystal, quality Triglyceride guality greatly affects performance, an

é&i&éﬁ‘ﬁ%&hﬁf 8954%&é@do%d@wghmmla@@é@ﬁmﬁhﬁ@&;am@pmmsﬁng
skRDdalet&2irlal 2l NBAGNIR; B98I HA)S, L XRINGNCONBINO R o,
ggo{g:al interesterified palm stearine fraction and 25 palm kernel'as har )

LR TBRFSHA Y STRIS ISR 6. T886 e ebispdetlanthd eatity mafre.
ehysiatbizaliofe CRA ISR i PIRUNEIRAGKH MDA 0l ug."-In_turn this .
calls, for, the need of cg}@;stal%romoters,égch Eas I:%rdﬂl\%/lgﬁ:o éc%cr%ﬁgrm production
Jefk el?'fiﬁrystal stabilized crystal formation leads to symptom known as
danibine g} wipieR: AR arpation: pdeshiash ghéstal type eventually
‘rgverts to th%more stable Beta form, and so gives sandy 30 texture. This

b 1O5aRSr o I SrAust hiamassiblope sesticssome fully saturated ol

- BN0H06EH1 REANBAVNOHARART hSHhRPME Unka) promotion. In this regard

manufacturers conventionally add fully saturated triglycerides to formulations in order
to “promote” crystal formation and overcome undesirable delayed crystal fblmatiﬁn in
the product post—sale. Such crystal formation is a symptom of having a significant
amount of pahn oil or its components in a formulation, which would contain

concentrations of diglycerides sufficient to delay crystal growth to the desired crystal

type (ie. 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 bleﬁd 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.



Fat Modification During the chemical production of fats for use in high fat
solid food products such as 5 margarines, spreads,

) ) : 4/004374
wO 2008fif@8fibnery/chocolates, trans fatty acids are introduced n?t%Tlll%%z%%%h 0|F
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during a process of hydrogenation (h@'gening). This allows for the
modification of the melting temperature of the food oil to ensure a suitable
consistency of the final food product, e.g. a table margarine, which is
Bg(%ggstﬁ gadable at room temperature, or a chocolate yvhich IS sol?d
uring storage, but melts in the mouth. 10 However, chemical production
uses large quantities of solvents such as hexane which are considered

o %ﬁ‘r%%l?eéo 1%‘?5%’%0&&'&?{9&@@ %ﬁ?ﬁb@agaiﬁquﬁﬁsmmmetmnmﬁn food
0 e solvent prior to use of the moadifi oll/fat as a Joo Ingredll nt.

i B B APPSR ior 0r B OB P T mance

pr}gf)bc?ge&?s‘? %ﬁﬁc&%ﬁ?%ﬁ@% andiregistonshcentithatdpaianpasedjoslutions

pro ers rare now Swi chlng to a#s native |Or\$/-tra{£1\8m ten?%tlve

beEhesoibftbpdiel Isyaheobfodds srdHe: My ENEOMES i1 this OiF type. The

(B'EIUSE‘ as an

' reigugéefg lent for 20 g@ﬂ&ﬂﬂg?@&ﬂy Y SRreadsdaacestButtd palm in economies that

acements/Equivalents Cocoa butter contains a unique composition
pavhichsty diitisst assapidBonfectionery 25 which melts in the mouth. In

order to substitute cocoa butter using cheaper alternatives, plant oils

have been hydrogenated to produce trans f?%y acids, thergbé/tsraising the
Criiting o winh® for i e B RSTIdes 4L AT SF coRTattBRery which

melts at body temperature. Such modified plant oils are known as cocoa

butter equivalents (CBEs) or, in the case where the. modified.fat
ConbianBine Gl dé BBt B CRORBITA B, EREOAINdys Soeb

replacements (CBRs). 2l Rrohl el MO OIS/ dG63tshated shea fat as
ﬁﬁ@?ﬂ%ﬁﬁ@éﬁé&)ﬁ?? ‘g%qggﬂlz%gnd CBRs is thg??e h qulogtenatif)rho%s much as
wellrsaitear cdbereesgtin S Wh RIF LI 08S SHE A B %e Jettimental to
hg&gbmdg&emm% Fishaseaddsthersg ofilpwottaits piantfoilsjars: The
Pfrictions thereof, which have a higher melting temperature. Balm. oil and.y.. g
npeaim dsilifrateti GARCAY cOfo RRRFSVSH 2 s 1h (A rédpect as amajor
Diglycerides will have a negative impact on the crystallisation,- for example

demoulding can be a serious problem (Siew, 2001).

D Crystal quality

Triglyceride quality greatly affects performance, and this is evident, from examples of
a iypical 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 MA Gs. Further, delay in crystal stabilized
crystal formation leads to symptom known as “sandiness” whereby transformation of
desired crystal type eventually reverts o the more stable Beta form, and so gives sandy

texture. This symptom is particular problem for Industrial type products.
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5 component low in trans CBRs/CBEs. Cocoa butter replacement. (CBR)
fats are used to provide preferable characteristics to chocolate products

ngfgﬂsé{‘éﬁéh-tempering, reduced post hardening, stability, blo@@r/18200.4/004374

resistant. It is particularly desirable to use non-lauric/non-trans fats such
as palm oil. 10 The crystallisation properﬁés of the fats used in CBRs play
a key role in ensuring a suitable balance between the product melting in
trsORpUTSERIISt retaining the above preferable characteristics. The use
of low-trans fats, such as palm oil, in CBR blends is particularly desirable
%gg\glgt?ée%%ons. The use of palm oil in CBRs is .described in

45 he ol prepared in accordance with a process. of.the
present invention can be used ias an ingredient for chocolate, for
example within a fat blend as a cocoa butter replacement and/or

e P A o I A T s
Maldalntd) %rgﬁé%g“é%mﬁé%ﬁ%%%ﬁa% BT S EaHeBerskinto the

THE PRESENT INVENTION S

gﬁggggstm@i;% iﬁ é@@@_ﬁ@&r@’_@ W@E@lﬂieﬂ_emMﬁﬁQgSang%ﬁg Bii8%s for the
R ¢ IERRAGINY ay comprise.any one 25 of the .
following ar:%ino acid seq uﬁ%@%ﬁﬁ%?ﬁ@%ﬁ%%%%%ﬁ?%ﬂmwe consistency

Rbdheotins Sequanedast: ¢:3e Wid2006RM6354RA TG00 GATAI3 %t room
Tarmebificla\isca,Glafx: . No. 58 5ZP 00058717 1

mipg?agerg evgaffally gtp%ﬁr%? 1gc%)(egﬁip %P(%Sg‘g)@%p%ﬁﬁ’@gﬁ% 13-":“’_‘%‘1’4’[}1'
cttsstrdae tvwrkhlgpr pdggfrphig vgcllagggs pgviwcgreg crfeverrdt 121

PasiRac-aSRRiA ' tpavpr.ysirtdrpd. gprgrivgsg 181 ]
praatrrrl.% Igipalvlvt%ﬁlcf‘gr’\%tﬁg rﬁe%gvrfar% c%%%ﬁ%&cs:l&é fﬁ}ggf’gﬁﬂgé‘ 16 borane which

tigeAmRpdcRhingidpas dashe souty e gtal/Hegtihwirsbreg yipe) aadiete removal

of the solvent prior to use of the modified oil/fat as a food ingredient.

In many countries the use of partial hydrogenation for food;production is;being limited.,
by legislation and ‘regulatory . controls, and: many. major. food . produéers fare Now::

switching to alternative low-trans alternatives.

The oil prepared by the process of the invention caﬁ 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 subétifute cocoa butter using cheaper
alternatives, plant oils have been hyd';égcnated 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 Whe:re the modified fats enhance the characteristics

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



301 faghlsfiac sggrgyamld aidevgsqld wnsphtsivt igiggndigf stviktcmvr 361
vplldskact dgedairkrm akfettfeel isevrtrapd arilvvgypr preep?ﬁggﬁﬁémﬂﬁ*

wo 200iaana1w Inetigefnq glaesavavhd eeiaasagva svefvdvyha 18
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pwvngvqlrd latgvtvdrs tthpnaaghr avgervieqi etgpgrplya tfavvagatv 15
541 dtlagevg SEQ ID No. 59 nt 1 ggtggtgaac cagaacaccc ggtcgtcggce
gtgggcgtcc aggtgcaggt gcaggttctt 20 61 caactgctcc agcaggatgce

cgecgtgoee gtgca Hegocaggceisiaah bk geodgaagagns fats which are
5&8%&%&‘%&%%%%%%9%03@ agcgg%gtga acté(ﬁqa%ttc I%gcf‘ 1o the

cERK86CIHCO WWB@QQM&%W@% %gcagggccgcgse of low
ﬁggégﬁﬁggg%gﬁ%%%ﬁg%g&&%gwewmgﬁﬁgﬁ@ﬂ@@wgemperamre. Palm

gcacgtca cggcggtcga agtccttacc geecgtageg .
otﬁ%@mgﬁbmmgammo@am@@@e%@g@wwgaﬁ%@gg%spect as a major

gaggacgctg cgcaccc gga 421 acaggacgac caggtcgcac
ceHREYTY 8‘633&5862%%%% gc%%ccg tcgcetcgge 481 gatgttcggc
aggtaggcca cgacccggtc gccggggecc accccgagge tgcggaggge 541

cgcagcgatc gcggeggt actergdehteghaagteristics to
%@%@ﬁ%&&%&%‘%’%@@%@ﬁ%ﬁﬁ%ﬁ%ﬁgc tcgcgga agag&ggc;oom
ﬁ@&%@gﬁﬁa@ﬁs@a@g@@@ogd@ggggﬁﬁc@ﬁ%m‘g Cigy ™

cggaggcgag 721 cactotogt 9999190, LO0CARSIOAG CaaaAgiRGuCh as palm oil.
rgsédadat %@Bﬁgﬁ%%%%ittcgagg tcggttaccg accagegeea. o ooy
mmmgmwm@a%m@éém& cRatE JoidRaEEE X
ggtaggttg gegegttctt tgcgctecte, 901 aleHUoaCts Cacaadakaglgcgasigieogathe above
%ﬁé%ﬁ@@%@%%ﬁgﬁ%%a%g&ﬁ?ggc 35 9691%ggacggtgc gaté%%’:fgt%lt' CER blends
@@%Egﬂ@@mmCmm@ft@E@%@%ﬁ%@?@ BhCatdtagcac
gcgggacgcg gaaaccgtal: AA3CACCtA8RAEES oFRIneeHIChY GRS is described
@tﬁ%‘ﬁ&l@r&%gﬁgg?a g%gg?%%gtgcctgcttgc cgggcaggge 1141
Roteregdg4gctgtggtg cgggcgggag ggctgtegcet tcgaggtgtg ccggcgggac

1201 actccgggcc tcagcecgtac ccgcaacggg gacagttctc ctcecttccg ggctggatgg

40 1261 tcccttccee cgaaatgegg cgagatctce cagtcagece ggaaaacacc P
Tosteinpas 8 naggtaditeguitbgaBCAEHc A B § 6 g‘fb‘é%{t%‘%n cambe usedas
gggl%%?g 1gnt tﬂ)qggﬁggolate, for -example -within a fat blend s a cocoa butter-

replacement and/or equivalent.

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:



1381 ggaccacgtg cggcgaccag acgacggttg ttcctcggta tccccgctct tgtacttgtg
1441 acagcgctca cgctggtctt ggctgtcccg acggggcgceg agacgcetgtg
W&cﬂ‘@é’t@ﬁ@@llSOl tgtgaggcca cccaggactg gtgcctgggg gtacCogtsgr/sanes/n04374
actcccgegg acagcectgeg 45 1561 gaggacggcg agtttctgcet getttctceg
gtccaggcag cgacctgggg gaactattac 1621gcgctcgggg attcgtactc
ttcgggggac ggggcccgeg actactatcc cggcaccgeg 1681 gtgaagggcg
oHQeiRgEE QICRACIAA6ECCaICLYT agctggtcge cgaagectac 1741
‘gacttcgccg gacactitgic gticciggcce tgcagcggcc agcgceggcta cgccatgett 1801
g%@gtmdchaggtcgg ctcgcagctg gactggaact cccctcacac gtcgctggtg 50
1861 acgatcggga tcggcggcaa cgatctgggg ttctccacgg ttttgaagac ctgcatggtg
5 1g@2]10cgg8rdecgce tgctggacag caaggegtge acggaccagg aggacgctat
ccgcahqdi@@aﬁg&lemg@%mm@mm@%a@ﬁgmt@gagﬂgcg

N rP99afghle GO eagrCYryytteTcc cggatittic
oo §§@&?§r{z§§£§g§g T 3
R gautyaG, 5
KOS0OGHA0

& geratraycgg
10 tggCARELARRE (ofoye aﬁg%%@?g?cggt 4
cycgyiteamBasy g uaam : BS80S rerdi Q9GREAII
- agtt %@di@ﬂmamwwge@mnmmrm@wmma@p%
20056858 Pw ngimiuaicasd 38 Rasiova ety igaizagaegt
(5 gca é@@&%’g&’@&%ﬁv%ﬁﬁ’&?@%ft@i’@@ﬁ’é‘%‘@j@*%@&ﬁﬂﬁfé@f%@a@b«
accccaacgc cgctgggcac cgggcggtcg gtgagcgggt catcgaac ag cggtggtggce
Riggagaccg geeegggeceg t-cgetctat 2461 gtggacactc tcgecgggega
?ﬁgg% 9a cgggggcttac gtgg g gg gc 5 2521 gagcactgcg gcgatctggt

ccactgmm@mdﬁw&&@%ﬁ%@%@@ga@%%%ﬁ
20 cggditgagctstemngoagtotigecg HrcataTee R oaawgasy gt
ccot f?ﬁ‘gcﬁgfﬁﬁ@ﬁic & Engigese

c:ég

€0 th c % ' cgea
270 m@%ﬁgﬁ%@@é % ggff%%? i E%g“«@%@@é S
009e00gaaeogtalsqdagddy ‘e Ggics ﬁ%&i@gc‘é‘g
25 tegcififaegitqyricascard 62825 006agkacestd Syalaetoa agtcggggga
ccg égﬂc@@ﬂa@ﬁ%@é@@f@gg@wa@@gmggmgmw@m@ge@ccmggc
481 gaigttcgge aggtaggeca cgacccggte goeggggece acccegagge fgeggaggge
541 cgeagegate geggeggtae gggteegeag ttctccecag giocactegg teaacggecg
601 gagtteggac gegtgcegga icgecacgge tgatgggica cggtegegga agatgtgete
30 661 ggcgtagtty agggtggcge cggggaacca gacggcegeeg ggeatggegt cggaggegag
721 cactgtggtg tacggggtoy cggcgegeac ceggtagtac teccagatey cggaccagaa
781 tecttcgagg teagttacey accagegeea cagtgeeteg tagiceggig cgtecacace
841 geggtgctce cgcaccoage gggigaacge ggtgaggttg gegegtictt tgcgetecte
901 gicgggacic cacaggateg gecggetgegg citgagtgtc atgasacgeg accccticgt
35 961 ggacggtgcg gatgegytga gegteggaty coteccetaa cgctecceegy tgacggagty
1021 tigtgcacea cafctageac gegggacgeg gaaaccgial gyagaasaca cotacaacces
1081 cggecggacyg gtgggtticg gocacactta 8gggteggat geetgotige cgggeaggge
1141 agteccgggg tgctgtggty cgggcaggag ggctgteget tcgaggtgty ceggogggac
1201 actecgggec tcagecgtac cogeaacggg gacagticte cteecticeg ggetggatgg
40 1261 teccticece cgaaatgegg cgagatetee cagicagcee ggaaaacacc cgetgigece
1321 aggtactctt tgcttcgaac agacaggecg gacggtccac gggggaggtt tgtgggeage
1381 ggaccacgtg cggegaccag acgacggtig ttecteggta tceeegetet tgtactigtg
1441 acagegetca cgotggtett ggetgteecg acggggcegceg agacgcetgtg gegeatgtgg
1501 igtgaggcca cecaggacty gtgectgggg gtgeeggteg actecegegg acagectgeg
43 1561 gaggacggcey agtttetgct getticteeg gtecaggeag cgacetgggg gaactattac
1621 gegetegggyg attegtacte tegggagac ggggcccgeg actactatee cggeaccgeg
1681 gtgaaggygceg gttgetggey gicegetaac gectatccgg agetggiege cgaagectac
1741 gacticgeeg gacactigtc gitcctggee tgcageggee agegeggeta cgecatgett
1801 gacgctateg acgaggtcgg cicgeagetg gactggaact cecetcacac gicgeiggty
50 1861 acgatcggga tcggeggeaa cgatetgggg tictccacgg tttfgaagac cigeatggty
1921 cgggtgecge gciggacag caaggegtge acggaccagg aggacgctat ccgeaagegg
1961 atggegaaat tegagacgac gitigaagag ctcatcageg aagtgcgeac cogegegeey
2041 gacgeccgga tocttgicgt gggetaccee cggattittc €ggaggaace gaccggegee
2101 tactacacge tgaccgegag caaccagegy tggcicaacg aaaccatica ggagttcaac
55 2161 cagcagcicg cegaggcetgt cgeggtecac gacgaggaga tigcegegic gggegaggtg
2221 ggeageglyg agttegtgga cgtctaccac gegtiggacg gccacgagat cggeteggac




2941 gcccagcgct tigccgaaca ggtagatatc ggecgtcgact ccgetgtggt
cgcaggcccg // 15 Termobifida\fusca\ - GDSx SEQ ID No. 60T &szgﬁﬂ%g‘[
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61 gpaedgefil Ispvgaatwg nyy g y gtavkggowr 121 eaydfaghls flacsgqrgy
amidaidevg sgldwnspht slvtigiggn digrstvlkt 181 cmvrvpllds kactdgedai
rkrmakfett feelisevrt rapdarilvv gyprifpeep 241 tgayytltas ngrwinetiq
efngoiaavMdigsiaasIgDyaRehal ephalnteicB0YIAERS ¢
gﬁdﬁ%ﬁi&d&tﬂama@hww t g9gsa dtlage
veCorrmbactadasisrere RIS 180 SELITIN G Bl 20,4
nidfiiacasrinrg agares % earasisiduialedsya 61
afy 3 AR RS s dvpalh @ééd%m@%wbgﬂg&mﬁg:eMsrm 121
JicYa)s gigevaceieibageratidoat-dgetitragiod gRgsararFda e 1
hepirdsaaskao edayiphosardcpetadieseAF ARt SERIRGR AZHARIRY 35
24 caltetpridene PussspRER? ARIGIGERRY GAYRNIRY -
a - (1CCH &

dafgibooeRs P SERCPRORKRR IS IAREHE | oty 1§ t

C achiyctgc :
Cg gg%%%& @%@%@ﬁ%ﬁ&fgﬂ%&@a@wgﬁmﬁt@mhgmagccg
agdat ofg cgctgagcgg tgggaatgag 121 gtgggcgggg ctgtgtcgec
atgagggggc ggcgggctct gtggtgcccc gecgaccceccg 45 181 gecccggtga
gcggtgaatg aaatccggct gtaatcagca tccegtgecc accecegtcgg 241 ggaggtcagce

TeecohiadalftstatgédgPEggatcctct cggactcgge catgetgtcg 301 gcageatcgc

gctccegggt cttggegtee cteggctgtt ctgectgcetg tecetggaag 361 gegaaatgat
Gpogeagigatacaccyg gtggtctcat cccggatgec cacttcggeg 421
ccatccggca attc cag ctccgggtgg aagtaggt atccoatac gtcoataac
1 vggsggpraatr rr%%?pal \glvta[tlv?g\gp?g%etiwgrm\%geggqgw &ggpvgargq ggtgacg
61 gpaedgefll lspvgaatwg nyyalgdsys sgdgardyyp gta\fkggcwr sanaypelva
121 eaydfaghls flacsgqrgy amidaidevg saldwnspht s!vt_:g:ggn d{gfstvikt
181 cmvrvplids kactdgedai rkrmakfett feelisevrt rapdarilvv gyprifpeep
241 tgayytltas ngrwinetiq efngqiaeav avhdeciaas ggvgsvefvd vyhaldghei
301 gsdepwvngy girdiatgvt vdrstfhpna aghravgery iegietgpgr plyatfavva
361 gatvdtiage vg

Corynebacterimn\effciens\ GDSx 300 aa

SEQ ID No. 61

i llaacadg arcetagapp gessggiree gaeastsitd vyialgdsya
631 rgit;ggzap:r ggpfch"%sg nypelihaev tdiicqgavt gdl.ie,prtlg ertipaqvda
121 fedttivil siggndlgfy evaggireri agenaddcvd ligetigeq| dgippqldrv
181 heairdragd aqvvvigylp lvsagdepel gdvseadrrw aveltggine tvreaaerhd
241 alfvipddad ehtscappqq rwadiqgaqt dayplhptsa gheamaaavr dalglepvap

1

SEQ ID No. 62
nt

ftat tt gttatcgget cgteetggat ggatccegee agatggogta

1 ttcteg1g %t%tagcggg%%ggcﬁ%tgtgt%caacagccg agaatgagtg coctgagegy tgggaatgag
121 gtgggcaaag clgtgicgee atgagggage ggcgggctct gtagtgeece gcgaccicccg
181 gocecgatga geggtgaaty aaatccgget gtaatcagea teeegigece acceeg 1:c:gg
241 ggaggicage gceoggaghy tetacgeagt cg gatcctct cggactegge catgetgieg
301 gcagcatege geteccgygt cttggegtee cteggetgit ctgectgetg tecetagaag
361 gegaastigat caceggggad tgatacaccg gtggtcteat cceggaigee cacticggeg
424 ceatcecggea attcgggeag ctcegyotgg aagtaggtag catecgatge gicggigacg
481 ccatagigag cgaagatetc atectgeteg agggtgctea ggecactete cggatcgata
541 tegggggegt cettgatgge gtocttgetg asaccgaggt gcagettgtg ggcticcaat t
601 ttcgcaccac ggagegggac gaggctggaa fgacggecga agageeegty gtggaccica
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50 481 ccatagtggg cgaagatctc atcctgctcg agggtgctca ggecactctce
cggatcgata 541 tcgggggcegt ccttgatggce gtecttgetg aaaccgaggt gcagcettgtg

W@ getreads 601 ticgcaccac ggagegggac gaggetggaa tgacggcee@rigaona/on 1374

agagcccgtg gtggacctca WO 2005/066351 PCT/IB2004/004374 39 661
acgaaggtgg gtagtcccgt gtcatcattg aggaaddcge cctccaccge acccagcettg 721
tggccggagt tgtcgtaggce getggcatcec agaagggaaa cgatctcata tttgtcggtg 781

tgcteanacadaaleicstHoctgl z&t&g,%gaca@eg@%g%%%ﬁ%%t%%azggg@t gal
, t%ﬁ%&g@@%gﬁwgétgﬁl
Zzzﬁgtﬁm@mmm@%&ma@tatg@ebg@d@gfg@w@c@g&@gggtt 961
chtg%b ‘ghiecgiefote tiraupghisgortgtencarayd attigtmeggtaccecy

102 Ei& %ﬁ&gﬁg@@q&@e&ﬁ@ deatiagdn Fé@@gegmftttc
ocki UL e e
099ABAGHGghddaREasAGAESREAR d595asac
tcCHOtygaCcayRgagRacAfbdd RARIIBECERI GHEAHIATRE .

ccg fp@%@%ﬂﬁ@@t@@g@@eg@@mww@tcgagmggtycm@mw@@&t‘ccgg
gac g sl
[Le[s[775/e]e]

ACCOOYANGA TSR I3 B6GIESCAgRIREE
gtga’é@fbg@tgc@mwmgggm@ GGECERES HEaGSREE & AIRIRATOtO
15 151! @@%ﬂ jegegenaie adacagere clggtcarco aigtenadagIganeasg:
tga}g@ﬁaﬁ i

Geaes epaeae EeRiggeancotas g%tglggggattcc
ﬁﬁéﬁ@%&% g%@%%%c ggt;%gé@g E’iggﬁ ;@G%?gtaatt

R GeRRTRISg8 @%@@@@ﬁ%ﬁt@am@c@gz{i
999@@? g :i;i".u caeYy fdn t; oreil 1 19 ata
CageryejeageHs 6666 ArRAeIaEat CALGHG,
9946868 cgcuatiygg attmiget 808Hetgat RRGEARNAGcA/LLIRIAEUCICT
tgtd 6885 EeeIgaat 1egUy w teunga g cy Rty 30atEikac
e
186 Rk dattsts TN Esaadar B g?:;‘g&@ga agipreRaceeea
19215cagenaeas 480688 & 248 éﬂ%&éﬁ cag

gcédedtgadocd B8 taucgurl geadoagoesah §BAE GEaaRa s 6aadacht

HeRpeae 204t igtcgygtemégptaa tegeggtece
B L )
CoegsOeadaLat dsiaa03Y @gﬂ}%@i@? chg,g%%g@:c atcggaggt

2521 getgeegece cgggegaagg tggaggtggt caccgccagg gagaagtaga ceatggecat
2581 gaccgeccee tiggeectit cotigaggte clegecegee ageagotggc tcaattgeca

2641 gagteccagg gecgecagygg cgatgacggc aacccacagg aggeaacigee cacccggage
2701 cteegegatg gtagecagyg cacctgaatt cgaggcctea tcaccegaac cgccggates
2761 agtggegatg cgoaccgega tecaccegat gaggatgtgc agtatgccea ggacaatgaa
2821 accacctcetg gecagggtgg tcagegeggg giggtecteg gectggtegg cagecegtte
2881 gatcgtcegt ticgeggate togigtegee cttatecata gcicceattg aacegectty

2941 aggggtgagc ggccactgic agggeggatt glgaictgaa cigigatglt ccatcaaces
i

Novosphingobium\aromaticivorans\ GDSx 284 aa

SEQ ID No. 63

ZP_ 00094165

1 mgqvkHarr capvilalag lapaatvare aplaggaryv algssfaagp gvgpnapgsp
61 ercgrgtiny philaealkl divdatesga tthhvigpwn evppaidsvn gdirvil
121 ggndvsifvgn ifaaacekma spdpregkwr eitecewqad earmrsivrq iharaplary
181 vvvdyitvlp psgtcaamai spdriagsrs aakrlarita rvareegast kishisrrh

241 hpcsakpwsn gisapaddgi pvhpnrigha eaaaalviklv kimik
f



2161 gatgatgagc agcacactgc cgaagggttg ttccccgagg gtgcgecagag
ccgagtccag 2221 acctgeggece tgetceggat catgggecea accogegaiho004374

WO 20888et&baca cccccaggat 2281 cccgaaggceg ataccacggg cgacataacc
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55

ggctgttccg gtgatgatga tcgeggtece 234 gacctgecct gacccecgeac
ccgcectecag atcctceccgg aaatccecggg tggecccctt 30 2401 ccagaggttg
tagacacccg cccccagtac'caccagcccg gcgaccacaa ccagcaccac 2461

S%%q@j:mg%qtgggatagga cggtggeggt gacatcggtg geggtcteee catcggaggt

21 gctgecgecc cgggcgaagg tggaggtggt caccgecagg ga aa taga
CeptggasatcREBiuggorgnerarst eI

atﬁc g fggagetgge
tcadtgoees2BA £t : g@.‘ Ut s e gRe fRGY
. e
c F 66 c a9 o
tegaeg ggg%g&ﬁggtaggcm gga@amgh@t;iczm@a %

0075500 D0oCEIY Bt BI0SES - PRAatega! CABTIERR *%.ggg?agt
e g

0 4

T 4

X

(CbEoRE) G B5A0R8d Asai3ERY DNGCEa 45 ZP
JngaykigisandieiagdopagtrgeasicensB AL SRS
%ﬁqidsvn

g8

gVERNaResRy=6 beregrginyqentiaresk PEIRAIERES G AHTRIA

gdtsivtisigtetieg t 8 C%ﬁg%@%%?g@ %%E% §a BERYRIVI]
Ry a MBSO el oo chaiaunrcegas
AR e L bt A
ca@g¢gg§g@a§@g@@§wtm e geaEs C@gﬁ ‘@C |
ctegeiugceraneyidgescod CRYS < g Eggf.ﬁt d2lskeiascygcca
gc‘t%%@%%ﬁ?%&ﬁ@g&%ﬁg S eaalac g GhaaRaginteiioc

1261 glagetacty © ° fitat gicgetegea aaﬁg{écgtc

1321 agcgcaacag aaacitgtce glaatggatt gatggtitat gicgetey

tgca geagtgacgg agegegtgga
1381 gaagggaacg ggegeatege togttaacgt cotgag ‘
1441 tggagchatac tggcagtgte atcggtgtac gcgeegecat teocatgeot gtacgcgeeg

H

g coelicolor\ GDSx 268 aa

SEQ ID No. 65

NP 625998,

siviaagaa itgaataqaa gpaaadgyva igdsyssgvg‘a_gsyssssgd
611 nglifg\ligai;y iwaa%hspgt fdftacsgar tgdvisgglg pissgtglvs mggndagfk
121 adtmticviq sessclsria taeayvdst pgkldgvysa isdkapnahv vv:ggpffy
181 Igticigise tkrtainkas dhintviagr aaahgftfgd vrititghel csgspwinsy
241 nwinigesyh ptaaggsgay Ipvingaa

{l

SEQ ID No. 66

1 scocggeggee cgtgeaggag cageagecag cccgegatgt cetegggeat cgtetteatc

aqaccgteca tegegicgge gaccggegec gtgtagttgg cccggacclc gteecaggtg
16 211 c%%gcgggcga tgtggcgggt ggtgegotge gggecgegee gaggggag?c gte;ccagaag
181 cecatogtea cgttctecgg ctgeggtteg ggetegtcog cegceicegte cgtegacteg
241 cegageacct teteggegag gtcggegetg gtegecgica cegigacgte ggcggccccg}g
301 ctecagegeg agatcageag cgiecagecg togeectecy ccagegtege gelgedy % t
361 tegtegegag cgatecgeag cacgegeges cegggcggca geagegtgge gecggaccy
471 acgeggtega igitcgecge gtgcgagtac ggetgetcac ccgtagegaa acggoc?agg
481 aacagegoegt cgacgacgic ¢ggacggggag tegetgtegt ceacgttgag cocgga tc:ggc
541 agggcticgt gegggticac ggacatgtcg ccatgatcgg geacceggec gcct?cg gca
601 ccegetttce cgggeacgea cgacagyggge tttcicgecg teticegtee gaacigaac
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181 tccatcgcaa ggacggttcg atcgagatcc aacgat cgtgattgc cgcgagaca 241
agcgtccgat cgtgcetgggc aagggtggeg cgaagatcaa g9 9ag9 gaggecgcac 301

WGC%{ 6@3%‘%1'['[0908_&'['[9 ctcgacacca aggtgcacct gttcctgcat gtgaaggiqg;gﬁ,;mﬂ“ﬂ

acgagcgctg gaccgacgcc aaggaaatct acgafgfaaat cggcctcgaa tgggtcaagt
10 421 gaagctcttc gcgegecgct gegecccagt acttctcgec cttgecgggce tee gcaag
481 ggctacggtc gcgecgggaag cacc9ctgg cgaaggegeg g cctt tt ct 541

teCHORtgapeRouiceou e OagEaS S HIRLRINSCE-G.AGS. 9595 60
cc99 tﬁ@@@@éa@emc@@gﬁg@;m@méggﬁ%@%@ fcga

661 tcheeetGeckyigyeiregaagoccar cl BRIIIYgCR CoRiENaasGgcygc
aggt gﬁ%% et ‘-‘ggg%%a &Gﬁ sralsctytcctegticastag
Coneicilit (L L R e ersna
aaga@gagtmmm&ﬁﬂgm%@%ﬁ %@%@%fﬁ% (heE e
GRetCata g cca

ggad &%we@gbmggca@@é@mgétﬁ
i%% G o o oo e
catc A ctacc%% ‘tfﬁ-‘o'r:"a\a g o
ol 8l e e o
aga%ﬁg%mhgwgg%g&%a%&fég salidct et caoa st té%‘é%gc? (184141
tgcﬁggwwme@wmmmfm&%ﬁ%&g GREIEEHCC

120 € HEYguodegey waguygtacrioggeycigaieaags deie&yace
aat g & g@%%f@%@;%{ afite wrnaetatae cagloggadticoageeeya
ol

- gga’cmgg cié?%ﬁb% 9%&%‘1‘%@

&

C
tegtigatgudantoemaligetagdiyeeygigmaige g 5 L1G

gtgc}g COURS (esaneatoR CEISSCa88ca SEQ @:&@gaﬁs_g%ﬁ :
1 mig f @%’3@% S %%g&aa%ﬁ%%a@ggw@g@@g@ms.g@tmfcgs i
ggd 61 ckrsikahipy lwa ﬂsp_st fdftacsgar tgdvisgqlg p sgtg 121 adtmttcviq
sesscisria taeayvdstl pgkldgvysa isdkapnahv wigyprfyk

& g@%@%%égamgccac
(99dWaageagigosggiaararaiadach &3@&5%%&: %g@ @?ig% )

S.avermitilis\ GDSx 269 aa

SEQ ID No. 67

NP 827753
1 mrrsritayv tslilavgea ligaatagas paaaatgyva lgdsyssgvg agsylsssgd
61 ckrsskaypy lwgaahspss fsfmacsgar tgdviangiy tinsstglvs Itiggndagf
121 sdvmitcviq sdsaclsrin takayvdst pgqidsvyta istkapsahv avigyprivk
181 lggsclagls etirsainda adyinsaiak raadhgftfg dvkstftghe icssstwlhs
241 ldliniggsy hptaagqsgg yipvmnsva -

SEQ ID No. 68

Sy

1 ccacegoegg gteggeggeg agicicctgg coteggtege ggagaggttg gecegtgtage
61 cgttcagege ggegeegaac gtetictica cegtgecgee gtactegtty atcaggecct
121 tgcecettget cgacgeggee ttgaagcegg tgecetictt gagcgtgacy atgtagetge
181 cettgatege ggtggaggag Gcggeggega geaccgtgee cteggeeggg gtggeetgag
241 cgggeagige ggtgaateeg Gccacgaggg cgecggtege cacggeggtt atcgoggega
301 teeggatett cttgetacge agetgtgeca tacgagggag tectectetg gycageggcy
361 cgecigggdty gggegeacgg ctgtggggag tgcgegegte atcacgeaca cggeccigga
421 gegfegigtt cegeectggg ttgagtaaag cctcggecat ctacgggogt ggctcaaggg
481 agttgagacc ctgtcatgag tetgacatga geacgeaate aacggggecy tgagcaccee
541 ggggcgacee cggaaagtgc tgagaagtct tggeatggac acttectgte aacacgcgta
601 gctggtacga eggttacgge agagatcelg ctaaagggag gticcatgag acgticeega
861 attacggeat acgigaccic actecicoic geegtegget gegeecteac cggggeagey
721 acggegeagy cgtccecage - cgeegegges acgggctaty fggecctegg cgactogtac
781 tegteogyty teggegeegg cagetaccte agctecagey gegactgeaa gcgeagitocg
841 aaggcctatc cgtacctetg geaggecgey cattcacect cgtegtteag ttcatgget
801 tgctcgggey cicgtacgay tgatgtecty gccaatcage teggeaccet gaactegtee



%ii Ingvtltlzi%Ise trlfrtainkas dhintvlaqr aaahgftfgd vrttftghel csgspwlhsv 40
esyh ptaaggsggy Ipvingaa /I SEQ ID No. 66 45,1
FABIBEAIAG 74

WO 208gtgesdgag cagcageecgg ccecgegatgt cctcgggegt cgtettcate 61 aggecgteca
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tcgcgtcggce gaccggcegcec gtgtagttgg cc
gggacctc gtcccaggtg 121
igigngCga tctggcgggt ggtgeggtge gggeegegec gaggggagac gtaccagaag
cccatcgtca cgttctccgg ctgcggttcg ccg gg gtc ccgct cc tcgcctgc
%%swtdemg@cga@@ %é%gga@@

M@W e &E@;Cma%% sc%w

H9esatrhgeagnaiag

g% ch;=1 g;g:gbgctwasgaac
C@aemg@@t@a@
t‘%Q‘z“iQEg §9t®@gtﬁgmgcs4 t%:w:ﬁag@f gte QWQ
gg B@_"&?“ U atgth

Cﬂmgateg@@mm@gg@@ggegm?rg
41586 gt%%g %c: é@%%&é\%ﬁé i g dﬁ@ @%@04374
Al .

o
?p

€ 65@@@@@%@@@3%3@9593

: ag61gaigs eitcrut gagisaycd tttcc actt
t%@?%é dagHeaRist Joc
g c@é,%;dmmwm@m% Gigroece

tcmmmmgg E@S@ia& & %;gﬁﬁ?ﬁ
?: gcg% ??%&g%g ﬁgtgtﬁ@g@@g@gmm
cgcctgtt ccggegeecg 1021 tacgggtgat gttctcteeg

gacagctcgg cccgeteage tceggeaccg gectegtete 1081 gatcagcatce

8%%9%%?0 : g%g&%@%@ﬁﬁ@ﬁxmmaect gtgtgctcca 1141
ot f gc tcetgectgt cgcggatege caccgecgag gegtacgteg actcgacgct 10
gcccggeaag ctcgacggeg tetactcgge aatcagcgac aaggcgecga
it Jtsd- 261 cgtcgtcatc ggctaccegc getictacaa getcggeace
cttgcatcg gectgtccga 1321 gaccaagcegg acggcegatca acaaggcectc

Wgaccaccgggcaccgtcc tcﬂgﬁéﬁacccajil?% 13{§ %%CCCGCCATCGTTCGC
¢ettcace
CGGGACTT“CATCCGCGA‘TTTTGGGATGAACAC‘ITCC -0 AR AN GeTTGCTACAA

GTGCGGCAGCAGACCCGCTCGTTGGAGGCTCAGTGAGA‘ITGACCCGATCCCTGTCGGCCG
CATCCGTCATCGTCTTCGCCCTGCTGCTCGCGCTGCTGGGCATCAGGCCGGCCCAGGCAG
CCGGCCCGGCCTATGTGGCCC"?GGGGGATTCCTATTCCTCGGGC‘AACGGCGCCGGAAGTT
ACATCGATTCGAGCGGTGACTGTCACCGCAGCAACAACGCGTACCCCGCCCGCTGGGCGG
CGGCCAACGCACCGT CCTCCTTCACCTTCGCGGCCTGCTCGGGAGCGGTGACCACGGATG
TGATCAACAATCAGCTGGGCGCCCTCAAGGCGTCCACCGGCCTGGTGAGCATCACCATCG
GCGGCAATGACGCGGGCTTCGCGGACGCGATGACCACCTGCGTCACCAGCTCGGACAGCA
CCTGCCTCAACCGGCTGGCCACGGCCACCAACTACATCAACACCACCCTGCTCGCCCGGC
TCGACGCGGTCTACAGCCAGATCAAGGCCCGTGCCCGCAACGCCCGCGTGGTCGTCCTCG
GCTACCCGCGCATGTACCTGGCCTCGAACCCCTGGTACTGCCTGGGCCTGAGCAACACCA
GCGCGCGGCCATCAACACCACCGCCGAGACCCTCAACTCGGTGATCTCCTCCCGGGCCA
CCGCCCACGGATTGCGATFCGGCGATGTCCGCCCGACCTYCAACAACCACGAACTGTTCT |
TCGGCMCGACTGGCTGCACTCACTCACCCTGCCGGTGTGGGAGTGGTACCACCCCACCA
GCACGGGCCATCAGAGCGGCTATCTGCCGGTCCTCAACGCCAACAGCTCGAC CTGATCAA
CGCACGGCCGTGCCCGCCCCGCGCGTCAC(3CTCGGCGCGGGCGCCGCAGCGCGTTGATCA
GCCCACAGTGCCGGTGACGGTCCCACCGTCACGGTCGAGGGTGTACGTCACGGTGGCGCC
GCTCCAGAAGTGGAACGTCAGCAGGACCGTGGAGCCGTCCCTGACCTCGTCGAAGAACTC
CGGGGTCAGCGTGATCACCCCTCCCCCGTAGCCGGGGGCGAAGGCGGCGCCGAACTCCTF
GTAGGACGTCCAGTCGTGCGGCCCGGCGTTGCCACCGTCCGCGTAGACCGCTTCCATGGT
CGCCAGCCGGTCCCCGCGGAACTCGGTGGGGATGTCCGTGCCCAAGGTGGTCCCGGTGGT
GTCCGAGAGCACCGGGGGCTCGTACCGGATGATGTGCAGATCCAAAGAATT



1441 gtgctcecggce agceccctggce tgcacagegt caactggctg aacatcggcg
agtcgtacca 15 1501 ccccaccgceg gecgeccagt ccggtggcta cctgecggte
WOckiigdty ccgcctgacc 1561 tcaggcggaa ggagaagaag aaggagesgions/onsts
gggagacgag gagtgggagg ccccgeccga 1621 cggggtecccc gtceccgtct
ccgtcteegt ccgggteceg caagtcaccyg agaadgeccac 1681 cgegtcggac
gtggcccgca ccggactceg cacctccacg cgcacggeac tctcgaacge 1741
gccggtgtcg tcgtgcgtcg tcaccaccac gccgtcctgg cgcgagcegcet cgeecgeccga 20
01 c CcCe at ggagaccgac ccgtccgcgg
é&&& &8&%@6‘@6{%‘%& §etgcccgac cgtgaacgte
gccgtgaacg cgggtgcccg 1921 gtcgtgcgge ggcggacagg ccceccgagta
C gagcccacca cggtcacctc 1981 caccgactgc gctgcggggc, 25
%&%@gﬁrﬁﬁ)s DSx 269 as SEQ ID No. 67 NP 827753. 30 1 mrrsritayv
5 tslllavgca ltgaatagas paaaatgyva Igdsyssgvg agsylsssgd 61 ckrsskaypy
T e ranbspsssiaimacsgar tgshAangErrnesigivs fieendaes BdsuhanHenid
- aﬂsa@mmwwﬁtkmmm@m@m\a%ﬁﬁ%G%Aggﬁsﬁ@%%
@W@@@@&Wﬂ%@%&%@%&%ﬁ% FREN, CC

) %W%ﬁfégﬁﬁ%géggﬁ%ﬁcg%tagc%%f e
QGCgcegant Grotict lgcegee gtactegttg atcaggeect
121tgcccttgctcgacgeggec ttgaagecggtgecctictt gagegtgacg atgtagetge 181
ccttgatcge ggtgggggag ccggeggega geaccgtgec cteggeeggg gtggectggg

atcgcggc@%?%l%%?ﬁ?é?f@@@%’éﬁ%?ﬁ A S R anigrERAsE

GELIBHYYATAATEYEREHHN [P FITHOBItgggggy tgcgcgcgtc
15 atcacgcaca cggccctgga 421 gegtegtgtt ccgecctggg ttgagtaaag cctcggcecat
ctacgggggt ggctcaaggg 481 agttgagacc ctgtcatgag tctgacatga gcacgcaatc
Qn coata cdoction of diglyceride in palm oil.

1 graﬁx of palm oil»contaihing 7% diglyceride is scaled in a glass with hid.
50 mg glycerol and ‘10 pl enzyme solution is added. The reaction mixture is agitated
20 with a magnetic stirrer in a beating chamber at 40°C for 20 hours. The enzyme
reaction is stopped by heating to 100°C for 10 minutes. A reference sample added
10ul water instead of enzyme solution is treated in the same way. The s&nples are
analysed by GLC according to standard procedures (see hereinbelow) and the amount
of faﬁy acids, monoglyceride and diglyceride are calculated. '
25 Caleulation:
From the results of the GLC analyses the increase in free fatty aczds and the decrease
n dzglycendes can be calculated:
A % fatty acid = % Fatty acid(enzyme) - % fatty acid(control);
Mv Fa = average molecular weight of the fatty acids;
30 A% &iglyceride = % Diglyceride(conirol) - % Diglyceride(enzyme);
Mv 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)




541 ggggcgacce cggaaagtge cgagaagtct tggcatggac acttectgtc
aacacgcgta 601 gctggtacga cggttacggc agagatcctg ctaaagggag

wo 2008i66atgag acgttcccga 50 661 attacggcat acgtgaccte actccRetigaeotégattt
gcgecctcac cggggeageg 721 acggegcagg cgtccccage cgecgeggec
acgggctatg tggccctcgg cgactcgtac 781 tcgtccggtg tcggegecgg cagetacctc
agctccagcg gegactgcaa gegeagttcg 841 aaggcctatc cgtacctctg
gcaggccgcg cattcacect cgtcgttcag tttcatggcet 901 tgctcgggeg ctcgtacggg
tgatgtcctg gccaatcagc tcggcaccct gaactcgtcc WO 2005/066351
GPCIBY884/004374 42 961 accggectgg tetcectcac catcggagge
aacgacgcgg gcttctccga ccgtcattgacg 1021 acctgtgtge tecagtccga
cagcgcctge ctetceccgea tcaacacgge asgegtac. 1081 gtcgactcca cectgeeeg
Paiaadibyac Agtyttes §a00:4H ARG i pmp g HELeRt t&gﬁtgi’co”f
5 f9SO0HSIRE R LAPA3361900 551201 TICYABUEATRAIHRANNCRAFBCHIAS]- mothyl-

gccatcaacg acgcggccga ctatctgaac 1261 agcgccatcg ccaagcgcgce

siligoug 4CBaBil 6t Srembdgegmegktaagagecace 1321 ttcaccggee

C?%%%g cIggigagcage acctggetge acagtc ¢ a cetgetgaac 1381 atcggecagt

cctaccaccc gaccgeggcece ggceagteeq geggctatet g g9 g 1441 aacagcegtg
IprtggE Rl cad gobtasreade PR ARGt S 1500 Y HaEe 1-0u!

DERLAYFHgRCI6 PRYCacctic gacggegatc t gticgagag 1561 gecacgg
cacggagtt.gg'9 99 9caccggyg 1621 tcgttcegcet cgtgtcgtac gtggtgacga

10 OCmecaprtgeaietgctgggte tttccgecge 1681 tc]gccgg a ggatagcgtc.ttccagcccg

Oggﬁc(%%%qgtggge@g:ttc ttggtcaccc: 1741 agcggtactg cagsigacc
ggcacCCqggc C(’:a_ccgtgaa gqtcgccgtg aacgtgggeg 15 1801

0

Isothguyel dioggBy8eggy.caggcaccgg agtdgteggt tgcacd@eg gtgaccgtca

Té{%r%%r%{gc%gg@;gggpcggc ggggtcgtcgjtaccgeggcec gecaccgeceg
ctcccggag 1921 tggageccga getgtggteg pececegecgt cggegtigte
gtcctcgggg gttttcgaae 't 20 Streptomyces diglyeeride:glycerol

15 SARYHIApIEAsR B IRMNGF 6fnple was:dissolved in 9 ml Heptane:Pyridin, 2:1
containing internal standard heptadecane, 0.5 mg/ml 300pl sample solution was:
transferred  to. a crimp vial, 300 pl MSTFA  (N-Methyl-N-trimethylsilyl- -

trifluoraceamid) was added and reacted for 20 minutes at 60°C.

20 ISOLATED

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
25 natﬁraliy associated in nature and as found in nature.

PURIFIED

In one aspect, preferably the polypeptide or protein for use in the present invention is
30 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.
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ACAGGCCGATGCACGGAACCGTACCTTTCCGCAGTGAAGCGCTCTC
CCCCCATCGTTCGC 25

WECHBEBRETTCATCCGCGATTTTGGCATGAACACTTCCTTCAAE BSHelifes374

TAGC'TTGCTACAA
GTGGGGCAGCAGACCCGCTCGTTGFAGGCTCAGTGAGATTGACCCG
ATCCCTGTCGGCCG :
CATCCGTCATCGTCTTCGCCCTGCTGCTCGCGCTGCTGGGCATCAG

CCCGGCCCAGGCAG

CCGGCCCGGCCTATGTGGCCCTGGGGGATTCCTATTCCTCGGGCAA
GeANEGEEOTIDE SEQUENCE ENCODING A POLYPEPTIDE

AT OATECR A TIEANIGIOARSRAAGCAACAACGCGTACCT
CGCCCGCTGGGCGG 30

CGGCCAACGCACCGTCCTCCTTCACCTTCGCGGCCTGCTCGGGAGC
GIGACCACGGATG - ., ; . . . g
IRk Corains i A PR e iEinkse e e eropertics
GABGATIGRRRAT@@olypeptide which is suitable for modification may be isolated

CGGCAA ACGCG.GGCTT&:GCGGA GCiGATG CCACCTGCGTCA
8%(?8%(5‘ %C% m producing said polypeptide. Various methods are well

COFECUHIARCAEE GEGEREACTRRMAGHARGEAGATCAACACCAC
CCTGCTCGCCCGGC

. TCGACGCGGTCTACAGCCAGATCAAGGCCCGTGCCCCCAACGCCCG

€@ TGeNYG TICEHOGIBSDNA and/or ¢DNA library may be constructed using
T ATGTACCTG TCGAACCCCTGGTACTGCCTGGG
%@ﬁ:@%@%‘iﬁg QL Jaessenger ﬁﬁg frompiﬁe organIsm producing the polypeptide.
KGBGOGRGHUCATEASC AL CRGOGEHEACACBOTEAREIGE GlBMcleotide
Iye G N . )
ﬁ‘cé% .A%d%%&%@%ﬂ%@d&&95\%8@86@@6’&%5@%&%&&%@0m the
BOANCC Ap@FETEER®d from the organism. Alternatively, a labelled :oligonucleotide-

A R R ARG A TR S S R S e T S AP AR St be -
GehEGEB R AntacHcCaGEinT CHBECRARE GIEAAGE GSHAGAG L and

- %Jé%%\%%%&cgc%g%\ (@é%(gfssér&%&?%&%&s?&ce CTCGGCGCGGGCGC

CGCAGCGCGTTGATCA

SRR ERAT GRCER G RO CHRTARS I GRS Fagments
E CTOCKGRAS TECRACBTSAB CAGCBACIGERGRGEIE GGG THEAGEzyme-

: Co - : X . .
SEESMERTIE N s susnic PNt e i v
‘BEtCeddrAgTCOtT agar containing an enzyme inhibited by the polypeptide,
A LSS L BTG P RC RS RS E T RS HAGGET CCoCaTA

GACCGCTTCCATGGT 4
CGCCAGCCGGTCCCCGCGGAACTCGGTGGGGATGTCCGTGCCCAA

T . . .
I e AR ST s ety emsck asofiorbonshpentdaay be
PGRATL YWORE031y65635asRUITvBE 0044084l Tde thadSireptomyceosphoroamidite
- ide: | f .70
A R T TR AR Db e s sy 156,
oIDBS GRGHRENCHbAY PARMUARANARS SEIBAABIGBAVITI3, p 801-805. In the
p&%@ﬂ'&%&%ﬁfé\l 1'%&: (()Bct \éﬁlgyrglc onﬁgsFa%DsA}MEsised, e.g. in an automatic DNA

synthesiser, purified, annealed, ligated and cloned in appropriate vectors.
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IDENTIFICATION OF A DIGLYCERIDE:GLYCEROL

ACYLTRANSFERASE ACCORDING TO THE PRESENT INVENTION 15
ThssayTestielz paptiove dueohafdigiysadd 8R9Im Bif srafscpamsiay mixed

containing, 7%diglyceride i IR gRssWitihtigh 20img. %&gh Lioat
SyfﬁgFgﬁzayf%ﬁé@g“gti)éﬁ%néggé?ﬁﬁgeé?ggctiqn.mixture is aé%?atqu, 0 Wm = .ng
frpagarsioStpmehinia leatngchambeaEinf ¢ RBIrEAtFh dlepegpriance with

regction ig stopped.by, heati : IS, ALeieenseSaMPEenti
SIS TORHALET e g G AR Solton ey e

erinstea enzy ution iIs treated in the same way. )
nidiesdn plesare. aitalyBditbpgL@eroulinteobstamnagpiacsglimerase chain
(see hereinbelaw) and the amount: gf fatty. aci i .
OB LG A BB G o i o O 8 0,202 orin
Sanalysesthe (Geirensd I83HE R Ypdi8s-aRththe decrease in diglycerides
can be calculated: A % fatty acid =% Fatty acid(enzyme) - % fatty
acid(control); My Fa = average molecular weight of the fatty acids; 30 A
% diglyceride = % Diglyceride(control) - % Diglyceride(enzyme); My Di=
@Wﬁ%@% gtsof diglyceride; The transferase activity is
a rcentage of the total enzymatic activity: % transferase
activity = _ . ((A % Di/(Mv Di) - A % Fa/(Mv FA)) x 100 A % Di/(1\4v Di)
WO 2005/066351 PCT/IB2004/004: is.Perkin: :
T B SO0 b i B g peprides
hivaedihdigsectiprotibsnx defsad erbin (The fitmnthiskheaidsgequence” as used

h&%ﬁ?ﬂgfgg“{y Iél% i%ﬁ%ﬁﬁ&?&é&és&ﬁléﬁ%@ &hﬁgmgtide sequence, and variant,

homologues, fragments and derivatives thereof (such as portions thereof). The nucleotide -

sequence may be of genomic or synthetic or recombinant origin, which may be double-

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

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

In a preferred embodiment, the nucleotide sequence per se encoding a polypeptide having
the specific propertiés as defined herem does not cover the native nucleotide sequence in
its natural environment when it is finked to its naturally associated sequence(s) that isfare
also in its/their-natural environment. For 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
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Carrier gas: Helium. injector. PSSI cold split injection (initial temp 50C
heated to 385C), volume 1.0l Detector FID: 395C 10 Oven program: 12 3

wOvessrsasperature, C. 90 280 350 Isothermal, time, min. 1 0 mmg 141004374

Temperature rate, C/min. 15 4 15 Sample preparation: 30 mg of sam
was:dissolved in 9 ml Heptane:Pyridin, 2:47 containing internal standard
heptadecane, 0.5 mg/mi. 3001il sample solution was transferred to. a

crighervak30 Lt MBiE :Methyl-N-trimethylslyl- triflugraceamid) was
addeé ang reacted for%éwﬁ%gtggﬁg 88@(?1-2%%§ég&5r hRESpawth which it is

prepablK Agsecir ettt prgeaiisifor use in the present invention is in
an isolated form. The term "isolated" means that the sequence is at least

substantially free from _at'lt‘aast one other component with which the

gy dssu ot gty sOUI AL, o "
e g ; . ; .

the present invention is 30 {Sn f‘%&’ﬁ?&ﬁéﬁﬁ@ﬂ%fi@%'wﬁﬁwmmwhm it has

thsPRsREsiralselis iat T erativelidpucenstate - €.9. at least about 51%

pure, or at least about 75%, or at least about 80%, or at least about 90%

pﬁ{%ﬁ%gt least about 95% pure or at least about 98% pure. WO
;E@%if;ygggﬁ?&@g’g‘%ﬁif; ﬁf{ DE ACCORDING Toe e spesfic
PRESENT INVENTION 5 A nuicledtidé SedtiBh ot SHeB dife dechniques (i.e.
68?9@@333@-%}1&%0@@@3@améipaﬁma&ﬂ?@aﬁﬂlé?ﬁg%@: B 3&nvention, the
RRYRSRISS MG medification may be isolated from any

cell or orgaﬁ\izum pE?Io"i;J(I%l[(i:tlirz:‘é%I s%grfg{lﬁ% %épff&ig&\? oL Hdthogyarehamical methods

WHIItRifR dhe ait foetherieGleiov i anadl ¢b9R SRAUSBRRRAOKAL, Sor 21523
gﬁ@ﬂ]@{%@g@g@g@@ow&q@g&r&%@ﬁ%@% %%Xz%ez fonstructe using

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 Hlanking the desired mutation sites,

A suitable method is disclosed in Morinaga ef 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 direcied mutagenesis, such as described above, one can infroduce
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
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chromosomal DNA or messenger RNA from the organism producing the

polypeptide: If the amino acid sequence of the polypeptide isrlx%g_ )1004374
q16" entify

polypeptide-encoding clones from the, genomic library prepared from the.
organism. Alternatively, a labelled: oligonucleotide 15 probe containing
sequences homologous tolanother known polypeptide gene could be

wﬁ%ﬁﬁﬂ%@% polyBBRideeNtRding cbnesapetiveliibrasalrgues such as those

ation and washing conditions of l% strin e lsetdiiable for th
dd&ﬁéh@dti%lﬁl)pcﬂyﬁéétia%f’-genmgpéﬂ)rhees couléeﬁtegﬁ%ﬁé&%ﬁ%d by inls%rtieng o.r _ ¢
b Ifg?gcr@l% 1, 20\RHAgROBIC A el a&mqfeeamn\yﬁhtopr?dgmésd@@ractmsms-
plasmid, transforming enzyme- negative_bacteria with the 'resulting
WHRHRMGHESD KeAekBFamRO; i ‘bll’é%ﬂ@?ﬁ '"RP3fsformed bacteria onto agar

containing an enzyme inhibited by the polypeptide, thereby allowing

clones expressing the polypeptide to be identified. 25 In a yet ] leofid
At OB S RSB0 ] SRR e ucleotide

& rggn%rﬁesd Sxptbeficalinby.sptabishedstanddtd snethognes.gr teenzyme such as

phosphdroamidité method described by Beucage S.L. et al s
i och eenershboe b0 ABOUEL LA A URB b by onel Protein
AMatthes gt a(1984) EMBQe) o3, :80p180Botithatipiosphlzaaniditquences and

me%od, ofigonucleotides are synthesised, e %}}:nfﬁ auto c%t:f& Dé\éAué%e DNA
imymﬂhesisaﬂtﬁé@ﬁﬁed}léﬁﬁeﬁl%oﬁeﬁ@%‘i@@ NI appropriate Vactors. _
s%\vlglfn%og{%%ﬂy R BLORMRRISH 45 4bcThetablel dotitie geqderitenméyvariants

e of mixe

genomic and synthetic origin, mixed, synthetic NA ihods f
obriirdoreykdergaisorrie a‘ﬂﬂl’cme&'ﬁ:&]n%?é?%?gﬁ%ﬁliga%glga% MNQethods for

ragments

of ”t{‘ngi%t&%ﬂﬂigﬂ%% SRNAGHGIA [EBCRISDOGSCERM aL3dra6hcBRit 03 606.
POl

techniques. Each ligated fragment cor nds to vari g
i S e BT O AL St i

‘ @g?%@;@g RRly ey asesghan reaction (PCR) using specific primer's, for

instance as described in US 4,683,202 or in Said R K et al (Science
(1988) 239, pp 487-491). 10 NUCLEOTIDE SEQUENCES The present
faerionalsasRonRIsaRes HalRoiils stauehoesénuodindoplypepliges into «

Having the Specic propertie a5 deincd et R iAYGS8Mr improves

functionality of the encoded polypeptide by various means. Using in silico and exo
mediated recombination methods (see WO 00/58517, US 6,344,328, US 6,361,974),
for example, Iﬁélecular evolution can be performed where the variant produced retains
very low homology to known enzymes o1 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 vamants 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
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herein refers to an ofigonucleotide sequence or polynucleotide sequence,
and variant, 15 homologues, fragments and derivatives' thereof (such as

W‘bé?ﬂ?fﬁéﬁﬂ%reof). The nucleotide sequence may be of genoNWCOIB200:4/064374

synthetic or recombinant origin, which may be double- stranded or
single-stranded whether representing thé%ense or antisense strand. The
term "nucleotide sequence" in relation to the present invention includes

' theli . A, Preferably it megns .
e G S M L
eYWBoUIn <t e hogl cutitl elbsgsidheeped setioncoflingrappaly@eblideéut beneficial

' e ffic. pr ie fined herein does.not cover the native
e s e N R IR AL A o
reiEigrEssbei mﬁsﬁm&ﬁhatdsﬁdﬁ?&nﬁ imflkﬁétjm}ﬂé-aﬁgﬂifﬂ such examples
: ment. Eor reference, we sha t referred . . .
Ul R e T p—

"Hutioe aptiviboiive ketjweton' imeins ancrative eorjesiitte RERUENERIRA substrate
iS5/l tj ironment and when operatively linked to an entire .

proar/n%)fstgﬁ% W%%tv%% cﬁ%@ha?%?gﬁﬁe 0°associated, wiieh prontSteFRehiEy sability,
iedteraty ermvirelio entviti(sp cthBoiyly re pisidefeth cerpres amicivE NS BR s, e.g.

B Eﬁﬁ%eglgy E otide sequence in its native organism but WO
2005/06635 C&?}ﬁi’% g004/004374 47 wherein the nucleotide sequence

is not under the control of the promoter with which it is naturally

agsogipted withi t orgapism, Ryeferahly the polypeptide is not a native
polypeptideag %@%gga%?%% %Ié}lr%‘{ﬁgt%é g?p(%@égdﬁagcﬁfgaﬁéo 100 tools an
eptirenp s dptieiéethad tosiimpiteviedtiveemriomatitgntfahe aubenét has been
expressed: by its native nucleotide sequence. Typically, the nucleotide
sequence encoding polypeptides having the specific properties as
defiably-hBreilinglprepicasiesisg vecdnbithenirdbisachnig besH|eridf, ie. may
EBSRMPINARLPNAY HpWEYSS d G BB OLihS

invention, the nucleotide sequgeﬂr?gg@g%a %eeY%)%?l Esised TR gpppared to a
B%‘ﬁ?@%iﬁ@zﬁﬁ@nﬁééﬂlmémﬁl%éwmmmmé% (e}, GauthersAIdogt, 70%,
2042988 NugsdcidgRes@ymp S6{ 240+ Horn T et al (198Q) N

Acids Res Symp Ser 225-232). 15 %LE%‘U?%R%%LWH?&" Stlllfe parea
enzymes may include any enzyme with esterase or lipase activity. Preferably, the

parent enzyme aligns to the pfam00657 consensus sequence.

In a preferable embodiment a variant lipid acyltransferase 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



Once an enzyme-encoding nucleotide sequence has been isolated, or a
putative enzyme-encoding nucleotide sequence has been identified, it
wo 260ayckssdesirable to modify the selected nucleotide sequer&e/BR004/004374

example it may be desirable to mutate the 20 sequence in order to
prepare an enzyme in accordance withthe present invention. Mutations
may be introduced using synthetic oligonucleotides. These
oligonucleotides contain ide GHERSRS githesdasirédve low or no

“ﬂ%‘iﬂéi?ﬁi’??&ﬁ%%%éﬁ X %ﬁﬁg‘gl%%god% disclosécﬁh?ﬁﬂ(Morinag et al

ABigtechnolagy[diaB A6 A6 A8 ammSeRETIIStoRY BY iRtroRifkinghospholipids
mutations into £nzyme-encod] ungeﬁ)y igaessHbeddtvity or a
%@oﬁ%ﬁ%&%ﬁg%ﬁgﬁ&%ﬁ é?(s)qéﬁemistr% 89)%?3%% p 147-151). Y
cHmntgsdiehsifeaitected mutagenesis, such as described above, one can
introduce 30 mutations randomly for instance using a commercial kit such

as the GeneMorph PCR mutagenesis kit from Stratagene, or the Diversi%
‘\RERfapslonutaginesis kit opinGhsniorentm uyoEs defrasy acivity on
methods of optjmising PCR b %ﬂ%e 2 9@&% 35%ith the parent
%Wﬁﬁ%ﬂ@g/ﬁ?ﬂl%i@ %\gﬁﬁgﬁﬁc%agn%%%gbeg{com bﬁ% vgith the@use of P
eggj,tﬁgenic DNA analogues such as those described in EP 0 866 796.

Error prone PCR technologies are suitable for the production of variants

of lipid acyl transferases with preferred characteristics. W00206457 refers
10 deimslecular exelutioneakliprsemay Al methari o Bbtamh feigycerides and/or

sequences js to fr. ent nonsidentical nucleotide sequences, either by
Iﬂgﬁ%lﬁﬁmﬁ%ﬁé ré%qt?ﬁ%%e%nzymes or an enzyme such as Dnase |

and reassembling full nucleotide sequences coding for functional proteins.

Alternatively Qne can yse one o ' ident aptidancreased activi

AHGTEHYEY a fﬁrilr?&l%o U e%f%’%ﬁ?%ﬁ% the fe%_s%ﬂnbly of the full . }tly

A akeadershquendéorDiNg shufflyanocreaisfsrEitg RbMGied % o e

suitable for the prodyction of varar ipickac ip1@sREMIER, - clycolipids,
15 follosingy i 50?@%@%3@3 ?Jil}[)\iii% r%%tr?c%gg%% éﬁ%?rﬁin%ufﬂing' cgan ’

S dnundnERO 5008, EmaeieesyErantelyetEdeshufiiing can also

be combined with other forms of DNA mutagenesis as described in 15 US

6,180,406 and WO 01/34835, N

Variants of lipid acyliransferases are known, and one or more of such variants may be

suitable for use in the methods and uses according to the present invention and/or in
70  the enzyme compositions according to the present invention. By way of example only,

variants of lipid acyltransferases are described in the following references may be used

in accordance with the present invention: Hilton & Buckley J Biol. Chem. 1991 Jan

15: 266 (2): 997-1000; Robertson ef al 1. Biol. Chem. 1994 Jan 21; 269(3):2146-50;

Bromlik ef al J. Bacteriol 1996 Apr; 178 (7): 2060-4; Peclman et al Protein Sci. 1998
25 Mar, 7(3):587-99.

AMINO ACID SEQUENCES

The present invention also encompasses amino acid sequences of polypeptides having

30  the specific properties as defined herein.



Thus, it is possible to produce numerous site directed or random
mutations into a nucleotide sequence, either in vivo or in vitro, and to

WQEHESEKeEtly screen for improved functionality of the encodaet1/182004/004374
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polypeptide by various means. Using in sjljco and exo 20 mediated
recombination methods (see WO 00/58517, US 6,344,328, US
6,361,974), for example, molecular evolution can be performed where the
varanier detietd refaingmyerydanonamalagy ieddewn enzymes or .
ki Tty e tem

pgot%i/ns. S‘%h variants therebx{obtai'ngsd may have signil
artXI6GT ¥ ofRUPEHSR 1588 eRsgieias: bl Hupvaoy érstatmwsartiiodeasid‘amino acid

sequencs’ ORAHMSRARE B IRIINg gxample, 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

VEitaaisind Ushi RewuMAEIRHS R RS0 DA ssTsened {or Improved _
functionality of thewéncod_ed polylgeptidg./ égiTheﬁggﬁigastﬁ%{r%)%tﬁoe‘me’ or it may be
ABBVESKAEHRISLLY Q6 d s ke wisRaarhbEvoRitbrenethits: ARSAsdbigiques.

identification and selection of variants of the enzymes of the present WO
(2?3%%%6351 PCT/182004/004374 49 inventio‘n which have preferred
JYer%ﬁcgw&ﬂ&ﬁ%ﬁ?%P%md@eQﬁMiﬁmmma polypeptides

ﬁaﬁgﬁﬂ&@ﬁﬂ[@dlmgﬁ W of non-predictable but beneficial
mutations or variants. There are numerous examples of the application of

molecular evolution in the art for the optimisation or alteration of enzyme

anlbviie e hRBFanes RIASHER LIS 19k lyggi{ge%cgsto%'ce?ﬁg é?%g{;?ﬁ%{oq}%epﬁdes

t
following: optimised expression and/or activity | 0S
A& d'&nzymatic activity, altered substrate and/or product specificity,
increased or decreased enzymatic or structural stability, altered

?nz matic_activity specificit¥ in pr-1e ed environmental conditions, e.g.
eurﬂé% aqm%?‘?ﬂiffigﬁﬂgi’r% 1z dritdoendpififtar of thpérsom-skiliddrinterial may

Baedasto Laitiginotegul T ey ohiinRd oI aty SRBNIRIMAY. B ASIEAA0. 1 rocen
improve thf{fgnctjlpnaclfiy of the enzyme. £
carbonaie, pH 8.4. The dissolved protem may be denatured and reduced for 15 minutes
at 50°C following overlay.with nitrogen and addition of 5 1 of 45 mM dithiothreitol.. .
- After cooling to room temperature, 5 ul of 100 mM iodoacetamide may be added for
the cysteine residues to be derivatized for 15 minutes at room temperature in the dark

under nitrogen.

135 pl of water and 5 pg of endoproteinase Lys-Cin 5 pl 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 (0.46x15¢cm;10pm; The Separation Group, California, USA) using solvent A:
0.1% TFA in water and solvent B: 0.1% TFA in acetoniirile. 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 usig pulsed liquid fast cycles according to the manufacturer's

instructions (Applied Biosystems, California, USA).
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Suitably, the lipid acyltransferase used in the invention may be a variant,

i.e. may 15 contain at least one amino acid substitution, d%'S’:‘ﬂBz%54 004374

at least 20%, 30%, 40%, 50 %, 60%, £§%, 80%, 90%, 95%, 97%, 99%
homology with the parent enzyme. Suitable parent enzymes may include
any enzyme with esterase or lipase activity. Preferably, the parent

sﬁ%ﬁﬁc@%ﬁ@ﬁ@p@m@@@mwmmﬁce. 20 In a preferable
embo

diment a variant lipid acyltransferase enzyme retains or
incorporates at least one or more of the pfam00657 consensus sequence

T,Egninl%s%ﬁip iﬂ@ﬁj%%sgggngﬁgfﬁgagalﬁthgiéwfaqu 'ESblUBRQ'_ g26 degree of
nZymes, such as lipases with no or low lipid acyltran | :
smm@ﬁmﬁﬁWﬁWB@maﬁﬁgﬁ%s rﬁé%lgu%?%er%%% |g%\ft(%§|§1€)& pt_lde
HHRCGe AR e R ieiRe salvaschycroticimguelphicncoding
aC}r/)IFrans rase enzyme with significant traj ferafe acti\éié éelﬁé%gé?’forﬂere the
susedrptippephtsodigeaiisy rﬁf@fﬁ?fiigc’o‘?stﬁe %ﬁgge?ﬁcl}hl\s/e nééon. 3077 T

; es,uitaﬁnyﬁ m%ugidrggéﬂg@ﬁsg@m}sm@mgss dasttatnihvantlopymeiibthe sEyeeitamino
With enhanéed enzyme activity on polar lipids, rebtgerabl gho%mggmg%gvn can
mw@yemism%'#@@m/@%@%ﬁdﬁéﬁ%ﬁ 2/ 157% 55 when ’
bgc;ﬁrg&a&g%{hgdgﬂﬁgﬁt_enzyme. Preferably, such variants also have low

0 activity on lyso polar lipids. The enhanced activity on polar lipids,
phospholipids and/or glycolipids may be the result of hydrolysis and/or

" E%%?S;@EEVHQA%%&@%EWB ahbath. imbacikdt lipighence should provide
era

acyltransferases for use in the invention may have decreased aghivity @n .o the
Anitlycenils é@@l@??ﬁgﬁ%@%@iﬁ%ﬁ&%r%ﬁﬁ%@ﬁdéa%%‘élgﬁpagraeyglljwft% oo
at@tcla nggfthggﬂ%’ 10 Suitably the_variant enzyme may have no activity

on T lycerides and/or mono glycerides and/or diglycerides.

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

homology in terms of sequence identity.

In the present context, a homologous sequence is taken to include a gucleotide
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.
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Alternatively, the variant enzyme for use in the invention may have
increased activity on triglycerides, and/or may also have increased

WERANANPH3Tne or more of the 15 following, polar lipids, phosphglipi _
e 2004/004374

lecithin, phosphatidylcholine, glycolipids, digalactosyl mono glyceri
monogalactosyl monoglyceride. Variants o lipid acyltransferases are
known, and one or more of such variants may be suitable for use in the

mathoas And 4 cordingto the pre invention and/or in 20 the )
enzyme cgc?mpos t%%éngcgg%?gg%%%%%c%%éé’nf T etiB By Haler with the aid of

%%aﬁ%}e @ﬁ*ﬂﬂ&b&ia&wéﬁﬁpicbmgjme@g@a&ﬁ@. qEﬁﬁwe&}ﬂﬂ{&ciauy available
I s.may pe.useg Jn accoraance with the present
e P Sl et AR B TRE STt rwomay seaences

997-1000; Robertson et at J. Biol. Chem. 1994 Jan 21; 269(3):2146-50;
Bf/yrﬂghlgfc%,]. cteriol 1996, Apr; 178 (7%:1.2060-4; Peelman et al Protein
Sci. 1998 A?%S’ ﬁ%)?fi“?“ifé‘?‘gmﬁbc& HEUSROEFENREESS THe HRsSRguence is

" inliengdnveitbo thnontirassesaminndcidcbe auene esnf I%’Imgpggj%gme is directly

] cific properties as.defined herein. WO 2005/066351
E%JT!EH%I Bauz%?o%g’osﬁagﬁo PR R 0 Pt enseqaeneesidue ot o
iSimpnohlmosisalitth the‘termaptedy pEptide! and@ﬁiﬁéﬂ;&?@ﬁb@ﬁ%@ﬂﬁe@aﬁgmmms

ol }@&E@gﬁe term "aming acid sequence” is synonymous with the
term "pepti e"&ggtr]ﬁgegr%lrﬁ%r{i‘é? sé@d@ﬂ%ﬁ?éﬁ%@% efared/isolated

from a suitable source, or it may be made synthetically or it may be

oaped oSS RTINS IO S e e

acid sequences may be
e o o et . SRR el
amine.Agld seayenses from isolate g‘gl IS ws: Purifi

polypeptide may be_ﬁznégzea}g?féod gﬁlciplf%g %5t [Re e 8- PMatignaent, thus
i bt O gS R i s

Qnate; 4. The dissolved protein may be

denaturlé%r.] @ﬁ%%%%ﬁéee 5 Sr%ir% ggice comparison methods are designed to
produce optimal alignments that take into consideration possible insertions and
deletions without penalising unduly the overall homology score. This is achieved by

inserting “gaps” in the sequence alignment to try to maximise local homology.

However, these more complex methods assign “gap penalties” to each gap that oceurs
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

--commonly used gap scoring system. High gap penalties will of course produce

optimised alignments with fewer gaps. Most alignment programs allow the gap
penalties to be modified. However, it is preferred to use the default values when using
such software for sequence comparisons. For example when using the GCG
Wisconsin Bestfit package the default gap penalty for amine acid sequences is ~12 for

a gap and -4 for each extension.



at 50C following overlay..with nitrogen and addition of 5.| of 45 mM
dithiothreitol.. After cooling to room temperature, 5 | of 100 mM

wo 20auessetamide may be added for the cysteine residues to BEHERIAHI&Y ™
for 15 minutes at room temperature in_the dark 20 under nitrogen. 135 | of
water and 5 gg of endoproteinase Lys-é in 5 | of water may be added to

the above reaction mixture and the digestion may be carried out at 37C

under nitrogen for 24 Rours, Zn.theresutbing Meiidesmey tie sepdvatish of an
Cplg Or%e"%ﬁéas’%lﬁﬁ’ié%ol&?a VYBAC C18 column

. o : o ?63)(15 miﬁ%’é\@ computer
offilgaSepanationt Grodpz CalifoRfasItSAY iR ATRATE 0.1 98 TFA N
water apd solvent B 0.1 % TEA] topitelensSelecietpeptides Beayrb@ackage
Pﬁ%gmﬁ?at%%%c? %nsg%e%g%%ﬁ%%ﬁw column tj%ng gle s%,m%lgol\é%am hat
@mximlgedagm@rmm Begeribing. I5&der 'Pﬂ@éﬂ %Z&é)'m?fﬁr )
using an ied Bigsyst AGes Heingitiaed, linei ackage
5 cﬂ@@ﬁé%g%ﬁ%% ?ﬁé&%ﬁéggﬁgg :?Etructions (Applied Biosyst sp 18)
(alemibeli54). AD S005/FBeBELIP AT MPIeoH Ed% %%fs&g%e%ﬁer ’
F'éDﬁE;N_%T'BgI%% EQUENGE HAMOMIG YiEhe1BresentieveBIABWISRKS suite of

€ uSe of sequences having a degree of seéquen identity

cOisaaencedlamdoty BitASHinohdd Sdduere ALy paptae ¥ online
shavgﬁglhfsgéj: gjguggi)p?e{ tigs ?%@,e‘f)gﬁé@WQSOE@”Y—BO'}ZEOH@@&V@:, for some

INg such a polypeptide (hereinafter referred to as a

10 amelogaus seqpefisetd) Yo Hisre lireGlekn HesibIBEE Meand &l &ty '

aving a gertain homol ' ' ' tdineaidenas sovide enc

B SIS e R oI v con S

(@BRSVIMiidbntity et 0. 99 h&%b&%@ﬁhﬁ%@o%&&g\?ﬂé’%&eﬁ %%r ()
ﬁgﬁ%ﬁ%sg&@% i.snrl%lﬁtﬂé% e and/or encode a polypeptide which

{inctronal activity and/or enhances the activity of the enzyme.
15 In the present context, a homologous sequence is taken to include an

15 at iggg%(:{ge- final % homology can he measured- in terms of identity, the. alignment
process itself is typically not based on an all-or-nothing. pair comparison. Instead, a
scaled similarity score matrix is- generally used that assigns scores to each pairwise
comparison based on chemical similarity or evolutionary distance. An example of
such a matrix commonly used is the BLOSUMG62 matrix - the default matrix for the

20 BLAST suite of programs. GCG Wisconsin programs generally use either the public
default values or a custom symbol comparison table if supplied (see user manual for
further details). For some applications, it is preferred to use the public default values
for the GCG package, or in the case of other software, the default matrix, such as
BLOSUMS62.

25
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).

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

the sequence comparison and generates a numerical result.
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sequence which may be at least 75, 85 or 90% identical, preferably at
least 95 or 98% identical to the subject sequence. Typically, the

Wettivitsgefes will comprise the same  active sites etc. as the spigghaRINB1374

acid sequence. Although homology can also be considered in terms of

similarity (i.e. amino acid residues havingsimilar chemical 20

properties/functions), in the context of the present invention it is preferred

to express homology in terms of sequence identity. In the present

context, a homologous sequence is taken to include a nucleotide

s@@ﬁléﬁﬁéﬁmﬁéhmay&imahwasﬁ%ﬁ%soria@@ﬁtii@kﬁltb@aéubéﬁfafﬁbiy 8F amino acid

I nti aI n cleotide e enco

gﬁ%@%ﬁ&%ﬁhg p#iglgentg mven % St%ﬁ é’ﬁc@) g"%f@&ﬁyytheélm"alenf
bcxaﬁmmﬂmshmb&tﬁqﬁeﬁgma&ﬁab sede Hor thehasIvVES similarity

Ithou , can also be
SIH der d in te rﬁs@&f%sm ari Q/’ r? g’ég’é’ é%’if’ﬁ%ﬁﬁﬁéhﬁﬂ@hlpﬁthlc

éﬁ@ﬁ’ﬁc@f mmﬁmtmﬁsmhmmmwﬁh@lﬂgemitp@ﬂw $iSstance is
of sequen |dent|ty WO

dt 0 homolo term
2005/0%63%%%%%@%26’85% %ZE% ﬁirﬁ%’l’d’&y% pHeketRs espmie acid and
ebriamitetrish epeitorlnoleigadatininithdhis mﬁi@ﬁeregagﬂy a@ilapi8ine; and amino

ms, These cammercially available computer
I L S ol R AER MO0 AUHEPEblneaage include
wmwym,bmmmgmqvmmm%ﬁ%ﬁﬁ Q88ne, threonine,
ﬁﬁ&%ﬁﬁféﬁfﬁeﬂmﬁﬂ Juifh the other sequence and each amino acid in one

seguence is directly compared with the corresponding amlno acid in the
other sequence, one residue at a time. This is called an "'ngaPPe s d" ali

CHﬁMﬂQ%%sﬁHﬁoﬂQr%%%ﬁ %‘% ah&pmle ntsﬁﬁ%@%‘ %??rée <§) erf%%e\?}ég T)z;ble below.

over a relatively short nu resiques y

Ao asads daribistentanbéenbdn ﬂﬁxfaﬁscmlthkeimm; eorgigeEasion ihate Bine line in
SXamRienaAR g{g;%lgﬁggﬁﬁﬂg raéa g sglqbuences one insertion or

deletion will cause the following amino acid reésidues to be put out of
alignment, thus potentially resulting in a large reduction in % homology

when a global alignment is

ALIPHATIC Non-polar GAP

ILV
Polar — uncharged CSTM

NQ
Polar — charged DE

KR
AROMATIC HFWY

The present invention also eﬁcompasses homologous s‘ﬁbstituti'on (substitution and
replacement are both used herein to mean the interchange of an existing amino acid
residue, with an alternative residue) that may occur 1.e, like-for-like substitution such
as basic for basic, acidic for acidic, polar for polar ete. 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),
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15 performed. Consequently, most sequence comparison methods are
designed to produce optimal alignments that take into con;i )ﬁ%&/ﬂouu
homology score. This is achieved by irngerting "gaps" in the sequence
alignment to try to maximise local homology. 20 However, these more
complex methods assign "gap penalties" to each gap that occurs in the -

dizliginoteryse theit] formtithinanteerrinabiar ofqfiititalcatinBJacigslegcine  ormithine
(hse?e ?1%3[%16 lfgprg]de %WAQ‘ éz,f P20 Sﬂ@ﬁy]i@ﬂﬁ%ﬂ”ﬁdﬂ%ﬁa}anine and
rélatedness between the tw mpared sequences - will achieve a higher
psegrEthanone with many gaps. "Affine gap costs” are typically used that
charge a relatively high cost for the existence of a 25 gap and a smaller
penalty for each subsequent residue in the gap. This is the most
Rephiramelytusey ghp beonade dystemattighagaippenalties 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
Vestau hwatvescidenqusiog seshsditdassifebkesprnc groopsplatomy, Fomserted
xample when using the GCG.30 Wisgons| tfit
oA AE it o Ay iy e SR e RRAAP R B AHE such o
meiehsian] \WEH 2085 1P6635h REEBR0DAIOM48 7tid 4peaicutatibraplycine or -

maximum % homology therefore firstly requires the production of
 aGERAFARorh, IUNE T Eh At G0 ARl AR R e o more

BB RIidrreRiageatn posid ingoutiHushnesl alighmeatdsbththGE €killed in the art.

Wisconsin Bestfit cﬁ%grg Deverel t al,1984 Nuc. Acids Research 12 .
T SERAHES O <O Tt & ] DTG SRR i ino acid

reSRTIRaNEaRS; i alud e.-barbare aubktimitad teothe BLASThpackdge’ s(sdeagen atom
Ausubel et al 1999 Short Protocols in Molecular Biology, 4th Ed - Chacpti_ar
raflayr A he (wiesEhtbet BIOLSSYS RioPBREF AS RIS the peptoid form are

KRENEVRRKS shite,ahpRBIaiSOR Jos! sl B BEASDBNGOEAS, 198 6769371 and

available for offline and online searching (see Ausubel et al 1999, pages
HomeioDCs yendindintechor 5 2b s plicktions it is preferred to use the

GCG Bestfit program. A riew tool, called BLAST 2 Sequences is also
available for comparing protein and nucleotide sequence (se

.FEMS | ) ‘
Nyslsobis sequeaey 17A(5e 20 156, PERE MIITHIONL &t Sesine,ppolypeptide

having the specific properties defined herein may include within them synthetic or
modified nucleotides. A number of different types of modification to oligonucleotides
are known in the art. These include methylphbsphonate and phosphorothioate
backbones and/or the addition of acridine or polyﬁysine chains at the 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.



187-8 and tatiana@ncbi.nlm.nih.gov). 15 Although the final % homology
can be measured interms of identity, the alignment process itself, is

W@y brat based on an all-or-nothing. pair comparison-: Inslie@f;}ngz004/004374
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scaled similarity score matrix is generally used that assigns scores to

each pairwise comparison based on chérhical similarity or evolutionary

distance. An example of such a matrix commonly used is the BLOSUM62

matrix - the default matrix for the 20 BLAST suite of programs. GCG

Wisconsin programs generally use either the public default values or a
chistomelgetides cohigarisennith E)I%uhplies ¢aeesusermmaBpldicdUthBle present

i I lications, it js,preferred to use the public default
\Eﬂ%@o or8 ﬁiﬁg DacKage grqﬁt[%el%‘é%g%flé‘ﬁﬂ’eep%BM Yhé parhex of ways.

rtihéx vatiehtasf BlGSUMES. MQNEMMSE.M@M&&%}@%&%?@ by probing

AP 1i§:alcusl%% eu&i(g}g threanmulti le ali nt. feature in DNASIST i =
a%cfﬁ_ é%??ware%, based on ﬁ%fdgfﬁﬁ%ﬂ%e BpetAmBledpdgduals from different
(PipgtoDG B hiitio MHGO88)/ Berei AI30h)cART:2 A0 éaggf'lﬁaﬂﬂ@ularly cellular

_ has-produced an optimal alignment, it is possible to calculate %
E%%é o%fsp%ré)%%%}y%ﬁo sea%%%%‘%g%ﬁtﬁﬂ%ﬁam&wéwg cells), may
thisodtafrad ehdhedeboenkaoampa iSeand OERGISE 2MRENEA be capable of
rs%%gﬁv\é\{fé%%%%}S%G g FéCs;I'/182004/ 04374 55 The sequences may
also have deIRtions ansertions B aibstiiERsbEMITEwETF Tisiegdsrein.  Such
e o B el S DIvA
- . Deliberate aming.acid substjtutions may be made on the basis
g%s%‘%%%%y R potar a,fntszﬁ%:rlﬁa’, K5 %ﬂthi}}g]%‘i‘gq GGy I dre P Iferyprising all
andfot efiemnipii péthic seqidmevinnhtuag-ohitestasidlie3iasdenaRsBsnditions of

seceRdany, binding activity of the.substance ig_retained. For example, )
nega‘%@ely cha%e qn%%%é%cidsg }Iﬁlcllll:jmaecggﬁ TEURnS ARely dearAiiainiag species
posidlagiyeshandedlalivincdeits mititide pybyperaiie asginingsARE a8iihces of the
Arids;with uncharged polar head groups having similar hydrophilicity

values include 10 leucine, isoleucine, valine, glycine, alanine, asparagine,
glutamine, serine, threonine,

Variants and strain/species homologues may also be obtained using degenerate PCR

which will use primers designed to target sequences within the variants and homologues

. encoding conserved amino acid sequences within the sequences of the present invention.

Conserved sequences can be predicted, for example, by aligning the amino acid
sequences from several variants/homologues. Sequence alignments can be performed
using computer software known in the art. For example the GCG Wisconsin PileUp

program is widely used.

The primers used in degenerate PCR will coniain 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



phenylalanine, and tyrosine. Conservative substitutions may be made, for
example according to the Table below. Amino acids in the same bloc}éui&”

w0 20beéEdnd column and preferably in the same line in 15 the g estamn
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may be substituted for each other: ALIBHATIC Non-polar G AP ILV
Polar - uncharged CSTM NQ Polar - charged D F KR AROMATICHF W
Y The present invention also encompasses homologous substitution

(suhstitytignande 20sapiRse Renadbativaseitidessis fomteadihthe property or

interchange of an existing amé'%ac%gﬁre idﬁjéa evgiéla an alternative residue)
fehationaf Iy RemkeRRORRE S B IRE RS SUCH “As Basic for basic, acidic

for acidic, polar for polar etc. Non-homologous substitution may also
occur i.e. from one class of residuge 5’? nother or alternglet%gl {B"%’dﬂgetgfyrimer,

PobsilsatisesiAueneidnSrBeRsad) &6 dhedl GIPHathSrenatter Teterred

et.o.%?@R%@Q%Qﬁ@?&r@&ﬂi&ﬁwmﬁﬁm@mmam@@ labelled
gtnithine (hereinafter referred to as B), norleucmg.orn{tlune !gherel aflel e tabels
iennt i R AEOIHEASAISATES RADAIYIL SPikS aa ,

o?ﬂ%@%%& 8- iBariagenenttmay iatsokeetoredeSuglupmatiers) amirs and other
acids.”Vdriant amino acid sequences may chQde suitable SPacer drauns g o 49
fihginandy %éliﬁ@iéé&%é@e@?%%blt%@ﬁﬁﬁo i PFeIRTR P e <
n%%gg%%ﬁ%? {nclusing alky! sroups stikvapasethyly atiy tanpioglyhgetopsdn of the
a

ition to amino acid spacers such as glycine or J3 10 alanine residues.
inviatineasoraddisiaiation, invoives the presence of one or more amino

acid residues in peptoid form, will be well understood by those skilled in

the art. For the avoidance of doubt, "the peptoid form" is ysed. tq,ref . :
Raavalonis st FeR e NS PR SIS 51 ip o 7

groupison
lggepfgﬁﬁgé’c?éﬁﬁﬁﬂﬁﬂlﬁﬁ Bynthetically, or by any means available to those of skill in

the art. They may also be cloned by standard techniques.

In general, primers wiil be produced by synthetic means, volving a stepwise
manufacture of the desired nucleic acid sequence one nucleotide at a time. Techmiques

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 will 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 info a

suitable cloning vector.

HYBRIDISATION
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rather than the a-carbon. Processes for preparing peptides in the peptoid
form are 15 known in the art, for example Simon RJ et at, PNAS (1992)
w@g(08y66887-9371 and Horwell DC, Trends Biotechnol. (199@&3@00%(}4374
132-134. Nucleotide sequences for use in the present invention or
encoding a polypeptide having the specifft properties defined herein may
include within them synthetic or 20 modified nucleotides. A number of
nucleotides are known in the art.

di f modification to ol
S B S dhiDr bl ERBEET ey o the
asrifomttes aflditoprateacridinatinmpolylygine chains: a3 MR HPL5L RS, either

of the molecule. For.the purposes of the present invention, it is to be
SRR R 5 TR oBiabe okt s et st agrpgomplementay

ntleetifled by any method available in 25 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

omwlenﬂ‘ﬁglﬁé_xﬁmimesetmsemgefam HeM BRI HRG RRQNEBGEShich a strand of
déﬁgpssed. erein ortﬁn denvrtlve, fragment or 30 derivative thereof. If
t

e sequenceis %6"an| SRR UL G theousk thess thriraatasnwell as the

qandsesusdd anpificaliedo identifyisimitan codingotepense IR L ction (PCR)
q&g@&r’nsegtc. WQ 2005/066351 PCT/IB2004/004374 57 Polynucleotides
which aré Rot 100% homologous to the sequences of the present
invention but fall within the scope of the invention can be obtained in a
Rymber of év? s, Other variants of the sequences described herein may
0

be obtanad for Sxampi By PIEUTRA S SNATIBSeL Mideotidm seauprpenithat arc
ieativtdeiats, fobextsipe individualmbiaresdifiarertc DORMIAHENS AR AUINRD, ohiect
Eg%ﬁév&%léﬁg?%tgsréglhg{eggllglar hoc[‘nolo ues particularly cellular

omologues found in marmmAnar BalEt sy hagnir ed e atueahareof.
primate cells), may be obtained and such homologues and fragments
there ig& eral will be.capable of selectively hybridising to the
sequgn%egiﬁ%%&aﬁ%]%hgl Seqlence g HEBIRSEcHEh 5 ueterlsmefary to
Brlotteindtrbyrp ipiiy c eNAbldising s oTthd e k08d 01 gRREHED Mhcussed herein.
libraries from other animal species, and probing such libraries with probes
comprising all or part of any one of the sequences in the attached :
Bedudiretitisingditindensohaitidrnmahe melting temperature (Tm) of the nucleotide

binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning
Techniques, Methods in Enzymology, Vol. 152, Academic Press, San Diego CA), and

confer a defined “stringency” as explained 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 1o 25°C below Tm.
" As will be understood by those of skill in the art, a 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



medium to high stringency. Similar considerations apply to obtaining
species homologues and allelic variants of the polypeptide or nucleotide
wo 26eaugsses of the 15 invention. Variants and strain/species MO i&Yyd#84374
may also be obtained using degenerate PCR which will use primers
designed to target sequences within th&ariants and homologues
encoding conserved amino acid sequences within the sequences of the
.present.invention. 20 Consery q ;gan ' @ho pol i
by R B peral & polvpepides
natigniségroigpepeSiouendeliakgiments can be performed using
computer software known in the art. For example the GCG Wisconsin
PileUp program is widely used. 25 The primers used in degenerate PCR
Mdlcoriftirniciye the preserd eyerTEranecpOSASSEN EEANANERS d?g@oﬁ@ﬁ complementary
stringency conditions loyer than,t fareloni Wi e o 65°
S R o .- 65
2B\ UERSTJERBRE be®blainb NGkl MifedredNmaitigineblsof13go nucleotide
characterised sequences. This,ma: fuls ! ]
A e B R N
a particular host cell in which the polynucleotide sequences are being

ﬁ)’(ér%eisse ' 3%%%?}%‘@&%&%%%%{% @&e%ﬁéﬁ%ﬂcﬂ%@%@%@gﬁ&m to the

in-order to Introduce restriction polypeptide

10 deeesniliosesitescer fisalterethdaropdinchiditg coormbiasatpolyjsptaess of those
encod%&}g the polynucleotides. Polynucleotides (nucleotide sequences)
HFTHES %ﬁ ‘may be used to produce a primer, 5 e.g. a PCR primer, a
primer for art alternative amplification reaction, a probe e.g. labelled with

revealing Jabel by canverfion M&RIS 09, LAEARRClVRPhre com lementary to
ﬂb%pr'ifa%g Vel Iélasﬁ,scc))rlr ﬁaee[%%/nucleg_tl es mafy be cloned into vg_ctor_s. ‘
Bucbopemibes, probgbradiseothdhefrageotideviniavensered i yssogr drapap| (including
at least 20, for example at. 2R ARG 42 Dl leotides in length, and
15 %ﬁlél' ?ﬁ%grﬁﬁ%%%rgcg%gtftﬁ%%rmgpoIynucleroti es of the 10 invention as
used herein. Polynucleotides such as DNA polynucleotides and probes

B0 NN Sl QB MR ERCUER G GRBR AR BB AR boquences
SBy any means available to those of skill in ] .

that are capable of hybridising fo the nucleotide sequences discussed herein under
conditions of intermediate to maximal stringency.

20
In a preferred aspect, 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 0.2x55C).

95 In a more preferred 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
30

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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the art. They may also be cloned. by standard techniques. 15 In general,

Wprimers will be produced by synthetic means, involving a stepwise

MANDYA4CRL of the desired nucleic acid sequence one nucleotda/aB204/004374
time. Techniques for accomplishing this ysing automated techniques are
readily available in the art. 20 Longer polynucleotides will generally be
produced using recombinant means, for example using a PCR

(pEIpHardgeveriai rddetivedtoloniny mméﬁ]lljﬁsééﬁbli)ﬁ%;lwél |k gﬁgo&@@@@gﬂu(}k otide
a paipafgri t 15 to .30 nucleotides) flanking a region of

thgéllipid o%ériggéﬂgﬁggaﬁgﬁggﬂw#cﬁ%ﬁgrg@%%% ‘i%‘%?&ﬁ@?%h?@iﬁ@lgh &xpression may
pqérniryashsing \withtr of RNAieTeD Naioht2ibRA4r o ABEBRIBMBEers and other

human ing lymeggase chain 25 reaction under conditions
which b%i%% gg%{g{l ggrﬁpﬁ?%%%%n gﬁ??cearc?’é)&?egr%%?ﬁsis%}gtiﬁﬁnﬂﬁ’éﬁm functional in

aﬁ\ilmerti@a@ﬂ%mﬁ(b o= byqnﬁg;iﬂ]igﬂ;@f&@ﬂm BHMiUIE %@c@é‘icﬁﬂﬁfx‘ﬂd%%ers' may be
gel.an r ifie : primers may be designed to
ol l?"é:‘-’c%sge ST BRES 8o ae e sleprmtsfiom two

contain suitable ‘restriction ernzyme

DN AgshdsE o etomi as seitetited lsiing, vector. 30 HYBRIDISATION
WO 2005/066351 PCT/IB2004/004374 59 The present invention also
encompasses sequences that are complementary to the sequences of

tépralenentidenodusedduue bess thatmbieapabliensf YREdISAG EIE L ucleotide
tgg@gﬁg&qﬁgy%o&t&%@?s?nt igvegtion or to sequences thatare
complementaty thereto. e T6m Ry BHURRRG rutfacriedery dlppending on the
iﬁ‘éﬂiﬁ’&éc‘w@@fmﬁgsmytgzhimhﬁhbsﬁmdqnfimgus‘éqlféﬁﬁég Béﬂr?%éfvﬁgsﬁg,nedfwith signal
g@mp} tr . base pairing” as well as the process o
ampjifﬁ:‘ggggﬁﬂ%}zaﬁ?&{o%gt(k‘:%%%?yrﬁgr)gls% gHB?FFP@SCﬁ8ﬁ1{1§C$Q§1U€nces through a
tBERitglspirekay M gredenytiieatibmalsbrengompasses the use of _
nucleotide sequences that are capable of hybridising to the sequences

that are complementary to the subject

EXPRESSION VECTOR

n . L] i
The term "expression vector” means a construct capable of in vive or in vitro expression,

Preferably, the expression vector is incorporated in the genome of the organism. The term

“Incorporated” preferably covers stable incorporation into the genome.

The 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.
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sequences discussed herein, or any derivative, fragment or derivative
thereof. 15 The present invention also encompasses sequences that are
o 2easmpiBAIENtary to sequences that are capable of hybridising b 04004374
nucleotide sequences discussed herein., Hybridisation conditions are
based on the melting temperature (Tm) of the nucleotide binding
complex, as taught in Berger and Kimmel (1987, Guide to Molecular
oA £ eehpid uge pMeifiadsdeniazyinedogyphigt ¥6pAceidleefien depend on
ress, San Diego CA and confer a defined "stringency" as explained
thelowt MEbiriREEING SR BREARPGE urs at about Tm-5C (5C below
the Tm of the probe); high stringency at about 5C to 10C below Tin;
intermediate stringency at 25 about 10C tg 20C below Tm; and.low .
‘Biringetwy ataabetiizoens 958 %E 6@%5?}&5%% L &iS8rstood by th By which
c‘gn?g' I?Iy;gnti A BslOaxi g, SHpaansy, Rrhagisatinehtaehphessier tetracyclin

identity or detect identical nucleotide sequences whijle, an intermediate _(or.
s atemgotbsS ARO FELSFADR TS SGEAT O CLASLL SAar oy on (25

: c[gégltl%% dpﬁlxﬂ@@?ﬂtﬁagequences. 30 Preferably, the present invention
encompasses sequences that are complementary to sequences that are

capable of hybridising under high stringency conditions or WO
ggtgé(%G6%?1blé>%géﬁB%O@ﬁQQﬁ&?éx&Qﬂmefmediatpx_atimg:‘emcysﬁ:mocnsused to
0 nucleotide sequences encoding polypeptides having the. specific

tproplerties tedtmad hesbisMore preferably, the present invention

encompasses sequences that are complementary 5 to sequences that

are capable of hybridising under high stringent conditions (e.q..65C .and .
D SO eSBE bSO PSAPNEECHIAES A BI iean gaclootde

& %ﬁl%%ngg s £nfodingnalvipeptides bavinglHridpegifaduepettiesdisg polypeptides
detined herein. The present inventionilgtl%o [elgl';?s to I’HJC[eotide

BevuertbessteaitanRyBrfs a1 AR HPRTRR SHGR ERGUERESS ielentide sequence

el nrlgiog campismeRian saavencesbosmpisblissed hellgind growing

e present invention also relates to nucleotide ste %Hco%st tgatGa{oev
donpismehtjaocarllientBdiiPERS AYBRUISRE thE SO
sequences discussed herein (including
The vector may further comprise a nucleotide sequence enabling the vector to replicate

in the host cell in question. Exampies of such sequences are the origins of replication

of plasmids pUC19, pACYC177, pUB110, pE194, pAMBI and plJ702.
REGULATORY SEQUENCES

In some applications, a nucleotide sequence for use in 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 nuclectide sequence
of the present invention operably linked to such a regulatory sequence, i.e. the vector 1S

an expression vector.
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15 complementary sequences of those discussed herein). Also included -

W(y\gm%&gﬁcope of the present invention are polynucleotide sequences

that are capable of hybridising to the nucleotide sequences dRCTIdBae4/604374
herein under conditions of intermediate ¢gg maximal stringency. 20 In a
preferred aspect, the present invention covers nucleotide sequences that
can hybridise to the nucleotide sequences discussed herein, or the

cbhapiemenpaiebbotinkedlorestrinteni congitition evhe BTN G RRSHE) described

28dna marg praferigd.aspect. the present invention coyers nucleotide
sequences that (:gfr;1E &%ﬁ%ﬁﬁe ?ﬁ%rﬁucﬂcﬁﬁglggqﬁ%n%’ég o dgmanner. A

hegsiatooy thrsuomsplEaperttityelinist,d Uinder digingtiagesniceondiians (& Guch a way
E‘lﬁ& Q%Sir% &S )EXPRESSION OF.POLYPEPTIDES 30 A nucleotide, )
sequerice #or usocef %%h%o%lrl:ié%g?l lfﬁ%%tll%r?clglrl oF %ﬁ%@&fn&ogc}%%eﬁﬂé@auble with
Hias/irnntted sppeificeproperties as defined herein can be incorporated into a
recombinant WO 2005/066351 PCT/1B2004/004374 61 replicable vector.

The vector may be used to replicate ‘and express the nucleotide

Sdquéerce, fhm@mimﬁﬁﬁ’_ahwm&ﬁmlnpmﬁmnpﬁt@ﬁ hﬁggglg%%rs and other
essl e contrplled using control sequences which include
g%?xr B?Jﬁéﬁén n 515%1%%

moters/efthancers other expression regulation signals.
Prokaryotic promoters and promoters.functional in .5 eukaryotic cells may

he u LY cific or stimuli specific promaoters may be used.
o R o 3 T B L T A hvs polymerase
hosing/eitor more different promoters described above. The polypeptide
produced by a host recombinant cell by expression of the nucleotide 10
sequence may be secreted or may be contained intracellularly depending

nh@@eéeqz_gza@s_eijgdibﬂhhaweﬁoﬁﬁ@ﬁqﬁhmeoﬁiﬂg&ﬂgfuﬁe@’ﬁ?}ﬁi& bRwing the
igned with sianal. spguences which direct secretion.of the substance

%%d%ing s%q#ences throug‘rl]?ga\H pﬁaérrﬁgﬁlérrlaa’roéiﬁﬁloﬁﬁ: B GHkady Bic e selection of
hatarabpanss 1B RPRE SSIBNYBGTQRomoter, secretion leader and terminator

regions.

Preferably, the nucleotide sequence of the present invention may be operably linked to at

least a promoter.

Examples 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 havi'ng the specific
properties as defined herein for use according to the present invention directly or
ndirectly 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 Shi-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 -



The term "expression vector" means a construct capable of in vivo or in
vitro expression, Preferably, the expression vector is incorporated in the

WO 2si66a8lof the organism. The tern 20 "incorporated"” prefe W%%‘fg““”
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stable incorporation into the genome. The 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

s capable of o, e oAl & s
cdh’éviﬂmti@bﬁﬁ@%ﬁlﬁ&%@%y?eﬂu@%ﬁfaﬁ?é%?@%o rﬁ’&ﬁ@%}zﬁe@%e ve}f:tac*)’S Foited with
@ ]t% PR g@gtgfo&ﬁa%e/&s&%&f theypieseRhifiveiiomtay dmironment.
ransfofmed into a suitable host cell as described below to provide for
expression of a polypeptide having the specific 30 properties as defined
T 8%%5‘5&8 J%Qg)%(%ﬁ%&%?/é%%@%méﬁ@ WadHhellcheifer dfevssttotion of the
e.g. plasmid, cosmid, virus or phage vector, will often depend on the host
geatlintonghizdt-it is to be introduced. The vectors may contain one or more
selectable marker genes - such as a gene which 5 confers antibiotic
resistance e.g. ampicillin, kanamycin, chloramphenicol, or tetracyc

in .
Frasistarcaphlieniatvel yrefasbiic disn FRESIBE G SOSRETE e B &% nucleotide

A sé’oﬁéﬁ?{&%‘l’ gt préé@ét descriRaddn MMOIEbI3 Y astiar emeying uspoljpeptide
\/

[
ro, for example for the production of RNA or u%dfo 1%1{§rjansfecto%r
hireingftiresRcietist DENPTHES 25 IR BFEALRRAMER:, T hiR ARG Ot

provides a method of making nucleotide sequences of the present
invention or nucleotide sequences encoding polypeptides having the
HpP8difichirbperties as defined herein by introducing a nucleotide sequence
15 into a replicable vector, introducing the vector into a compatible host
cell, and growing the host cell unde;ti;éonditions which brinq al?o t
TreplicamioRhststhealEcroiTIE U8B P RS RIAREH VPR S '%%Eé%ti
K lgeegg?@pIL{]}%@@M@Q@@E@a@mﬁ@fdﬁ%&ﬁ@bﬁﬂ;dﬁyﬁ?@.th.e specific
xamples of such sequences are the origins of replication, 20 a A
LSRN DO STBEDAMES G 1707 PR ARy
H§ECQIH 'ﬁ%qgémbinam production of a polypeptide having the specific properties as

gay cell that

defined herein.

Thus, a further embodiment of the present inveﬁtion 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.
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In some applications, a nucleotide sequence for use in the present
invention or a 25 nucleotide sequence encoding a polypeptide having the

Osﬁﬂé)éfﬂ@ﬁbperties as defined herein may be operably linkedROTRIB2004/004374

regulatory sequence which is capable of froviding 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

stygenerloptast preieminvenfandperabl i@ A4S US AEROHBION e casier 1o

SgaY @&é_i.e%{(t)lg@e‘\égctgr IS 390§er§nex res.%ion vector. WO 2005/066351

PCT/1B2004/003374" 63 Th& terh %‘?%%Fé FIRAQYY Ferariehizom the yeast cell, or

jUREgIOSioTIEsviTe i ﬁ:goegquxjrepétslgl;{sggjt}%@g@f@@{g{ﬁpﬁp@s@_ In these
| '&?H‘é ction.n their inten manner. A regulatory

ggéfgg%%g éopergl%@%\%agh% g%%%é“sgﬁwé & %lﬁﬁ?ﬁ@d in such a way

that expression of the coding sequence-is achieved under conditions

eﬂ{y%y% ' he control sequences. The term "regulatory

seq uencefﬁy%érllgc &%ég %r%%%’tg}‘%c Ad %‘?ﬁ%ﬁr&é‘ﬁ?’a@dﬂ%}t kagbreadlionmay provide
reguRabirsighsiena Omibédifarmisproragierisuagdndhe poundhsanse f%;mcatidn
ﬁ%?iﬁ{iogigan%n RIBIS/} eolgg;lerase lﬂéndlng site. Enhanced expression of the ’
nticleotide seqlt}gnce ancoditig ThaSre RARTRBOIEA PR Beshbetisseded to
agﬂ@ﬂﬁeﬁmrérbmmmaaIsotmchjwedxﬁmﬁhﬁﬁ@igﬁé@;bgf?@um of the present
hetgiglggous regulatory regions, e.g: . promoter, secretion leader an

terminator regions. Preferably, the nucleotide sequence of the present

invention may be operably linked to at least a promoter. 20 Examples of
syifaple prpm for directing the transcription of the nucleotide

sequence % a%é?a{;c%tear%l? uaﬁgé%c%r]ci/eena%ir RESTSEE WENUSEARL in the art.
CONSTRUCTS 25 The term "construct" - which is synonymous with

AL RYeRas "conjugate”, "cassette” and "hybrid” - includes a nucleotide
sequence encoding a polypeptide having the specific

The term "organism" in relation to the present invention includes any organism,that :
could comprise a nucleotide sequence according ‘to the~present invention or a
nucleotide sequence encoding for a polypeptide having the specific properties as

defined herein and/or prdducts obtained therefrom.
Suitable organisms may include a prokaryote, fungus, yeast or a plant.

The termn "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 confrol of their native promoter

which is also in its natural environment.
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sequence, such as the Shl-intron or thggADH 30 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 WO 2005/066351 PCT/1B2004/004374 64 direct or indirect
ttachment. In some cases, the termso caverth tueal .
'@5' A Olrrfi%ititortm3 0 %Hsegﬁﬁlcﬁe%{%gl géqﬁ;e?:[ce c%%tisng for the&tr%%te%%lgﬁﬁ%aﬁyorgamsm
caagaiiate dagthortheof]ildity pengsnet prosnefe raamdoldedid¢hesqaradsotbifing for a
their natural envirgpment. 5.The consiruc =8 ntain, or express. a
B gp@g%n?&%vg}%wsefosp?ﬁgl s‘?e%gﬁgﬁ%gg the genegt?cﬁ%:%(?ﬁé?u%% éorcétg;r%se defined
hapticesicos; pr difiablyhireinpphisudts ampeispeddtdeast cellsakedtiieed herein, or

sequence of the present inventian Qf a nucleotide sequence encoding a_ .
ﬂb%%boe%’t‘f&ge ﬂiﬁ%g&tvmg% ee?s{%%la |c(%éreopeafﬁse%egisc def %Ieudg Reréih opsgrg:bolly?pme a
nikkedide sepremetendi@$ar G oL diteitdaviip sicaiiciin: petponetoathdefined

- present jnvention jncludes a ell that 15 comprises either a nucleotide
hgéedﬁélﬂé r(ﬁ\%88{#@(%0[?&}ﬁ%ﬁ?@%%%%\ﬁﬁ%‘?ﬁ%&pecific properties as

defined herein or an expression vector as. described above and which is

R R s R e SRR ociment or e

present invention provides host cells transformed or transfected with a

uclsotida sequenge of (e present nvention aranudelde. SEUERES oaniom
AR )?%rees%aers %r’po ?/pgf’) igegﬁgvmg fhe spegﬁlc properties as de Ned & )
Hrerejies Dheutefideyitbberghtsdwit echatn patiolk audhbinesaidu/edior and

may for example be prokaryotic (for example bacterial), fungal, yeast or

plant cells. Preferably, the host 25 cells are not human cells. Examples of
Teuaithbiles hacieriabhaktrorgamsriiprarieagrane hegativevetaleciumentegranthe art, for

ositive bacteria. 3Q0 D | t ure, of ti usnge ...

e %%gé%nsgeea%aor?y 68%% cfg %?a@%gﬁ%lap ‘?:[2)%%5 A ﬂﬁ)gﬂl%ef? 'Igﬁzﬁ?%ﬁ, paned edition,
1989, Cold Spring Harbor Laboratory Press). If a prokaryotic host is used then the

nucleotide sequence may need to be suitably modified before fransformation - such as

by removal of introns.
In another embodiment the transgenic organism can be a yeast.

Filamentous fungi cells tmay 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 (4dnmu 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.



specific properties as defined herein, and/or the desirability for further
processmg of the expressed protein, eukaryotic hosts such as yeasts or

WOSM&%6/i may be preferred. WO 2005/066351 PCTIIB2004PE0ABR240-8)4374
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In general, yeast cells are preferred ovegfungal cells because they are
easier to manipulate. However, some proteins are either poorly secreted
from the yeast cell, or in some cases are not processed properly (e.g.
hyperglycoSyIation in yeast) In these instances, a different fungal host

tabl h t cell h
yeast ungagﬂ% %%Iégtl%ﬁ% -%r#és; tpc))r%l\#éé 3fce)r poosgfffi %é%%%ﬁ%%msemed m

fnﬂdmumlsmgx()@.g. myrlstoylatlon glycosylation, truncation, lapidation and
tyrosine, serine or threonine phosphorylation) as may be needed to
FRURIGRIMARIalegiEe jactivity on recombinant expression products of
the present 10 invention. The host cell may be a protease deficient or
protease minus strain. ORGANISM 15 The term "organism" in relation to

resentmventlo inc des a is at could comprlse a
R R TR D R 0 D P B et suiebl

- sedsnte eohadi ragﬁonalmkybem@ﬁl@aw ﬂﬁd%ﬁ@@%ﬁfﬁﬁ@fﬁ@@ Aremonium,

gflé]e her in angd/or products obtained there om 20 Swtable organlsms
i it spFo 3?% MG g“ﬂ?éggf%%ﬁ‘i Hesgenic

organlsm" in relation to the present invention mcludes any organlsm that

£om rises a r%rucleotlde Se ueng? coding for a polypeptide having the 25
SpeciCproperies as defined 18 e 5 ad s Botimea® 741665 which

thadee filorn sM&M@&WfGﬂﬁa@i&W@@!ﬁﬁ@iﬁﬁ&ffﬁﬁg and culturing
u otlde se ce codi ptide having the specific '

%r%lé I€s as%i ne%erg% a&hlﬁ%hg%@éﬁ?%weﬂf SfelebRyfes as applied to A,

ma&kedﬂd@m@;ubmmmmonp@m dndhie gepameratAeIoBanisY. 8371) 17A:

Tfrm ‘transgenic organism" does not cover native nucleotide coding
sequence3|n

Further teachings on transforming filamentous fungi are reviewed in US-A-5674707.

In one aspect, the host organism can be of the genus Aspergillus, such as Aspergillus

riger.

A transgenic Aspergillus according to the present invention cen also be prepared by
following, for example, the teachings of Turmer 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. (éOOZ) 'frends
Biotechnol 2002 May; 20(5):200-6, Archer & Peberdy Crit Rev Biotechnol (1997)
17(4):273-306.



their natural environment when they are under the control of their native
promoter which is also in its natural environment. WO 2005/066351
WO 2(S/¥$682004/004374 66 Therefore, the transgenic organishf-dfird04/004374

present invention includes an organisnggcomprising any one of, or
combinations of, a nucleotide sequence coding for a polypeptide having
the specific properties as defined herein, constructs as defined 5 herein,

TMestqsTFaRdgfimed harsin, plasmids as defined herein, cells as defined
herein, or the products thereof. For example the transgenic organism can
also comprise a nucleotide sequence coding for a polypeptide having the

shesificPeanaiiinsas definesdeaieioryndentharcbat gkesta heterologous
promoter. 10 TRANSFORMATION OF HOST CELLS/ORGANISM As
indicated earlier, the host organism can be a prokaryotic or a eukaryotic

5 OWgenians Bxarplesief stilaklelpiiaryetic aouisihnilide Eastategmuvided in, for

Bacillus subtilis, 15 Teachjn the. transformati f prakaryatic hgst
cRowelF AL, TR A e o i i P AP Bkt 199)
igg5AvLeporatory Manual, 2nd edition, 1989, Cold Spring Harbor

Laboratory Press). If a prokaryotic host is used then the nucleotide
sequence may need to be suitably modified before transformation - such

IASh RS ROVALRE INtiRASsAR: Bprolh Sueibadimentctretkansduoita pastoris (see

organism can be a yeast. Filame fungi cells may be transforme
10 TR DAHST Ao MR e TSR Po S By g terologons
epjretdprnation and transformation of the protoplasts 25 followed by

regeneration of the cell wall in a manner known. The use of Aspergillus
as a host microorganism is described in EP 0 238 023. Another host

Q'S £t bena:-DlrpbFheeisiopolithegereratisonriig Seschsatifores cerevisiae

transforming plants may be found in articles,b tryk nnu Plant
e e ot LR Rt Ay Rl o

15 JAEEe:Feodndyntisbti- bechideletiAprEnf94 ¥7:27) ValfheutéacifhRose and -

R, planransiomation may be found i £P-AQ449575.

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

For example, a transgenic Saccharomyces according to the present invention can be

20  prepared by following the teachings of Hinmen ef al., (1978, Proceedings of the National
Academy of Sciences of the USA 75, 1929); Beggs,.J D (1978, Nature, London, 275,

104); and Tto, H et af (1983, ] Bacteriology 153, 163-168).

The fransformed yeast cells may be selected using various selective markers — such as

25  auxotrophic markers dominant antibiotic resistance matkers.

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.

10 cerevisiae, or Schizosaccharomyce spp. including Schizosaccharomyce pombe.



WO 2005/066351 PCT/IB2004/004374 67 General teachings on the
transformation of fungi, yeasts and plants are presented in following

WO ALY RANSFORMED FUNGUS 5 A host organism maj GE B Hingid374
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- such as a filamentous fungus. Examplg of suitable such hosts include
any member belonging to the genera Thermomyces, Acremonium,
Aspergillus, Penicillium, Mucor, Neurospora, Trichoderma and the like. 10

Fepckings dretrapsipianinhitayeentopsciun@iakenr puiedvediihy be used as the host
US-A-5741665 which states that standard techniques for transformation
St§ftEEntous fungi and culturing the fungi are well known in the art. An
extensive review of techniques as applied to N. crassa is found, for
xample in Davis and de Serres, Methods Enzynnal (1971) 17A: 79-143.
PRI IRAR TGS B FARSIOTAATYHIAAENRSUS AR sre fevisries isuch as H.

bliEphdbpha (8Y i @NRASPECO NS hest prganism can be of the genus
Aspergillus, such as Aspergillus niger. 20 A transgenic Aspergillus

according to the present invention can also be prepared by following, for

ERAMHBORSAEBCPIMUN DR TRIT AT IGC 994 (Vectors for genetic
manipulation. In: Martinelli S.D., Kinghorn J.R. (Editors) Aspergillus: 50

years on. Progress in industrial microbiology vol 29. Elsevier Amsterdam

A98dkt R BB 68)-BR Gon e (Rtassi ORVBHilBM ale W2 THNGLRAS RE8Diew of the
reviewed 'In Punt et al. (25902) Trends_Biptechnol 2002 May; 20(5):200-6,

ST tg P&)}I@ﬁtkﬁ %ﬂ@ﬂﬂ&leﬂb@ﬂow S devyanicP hvsiol Plant
RODIHG35% 17 AT L1E32008Y 0RA3THi&Bu (Agro-Food-Industry Hi-Tech March/April

1994 17-27), or in WO01/16308. The transgenic plant may produce enhanced levels of
phytosterol esters and phytostanol esters, for example.

Therefore the present invention also relates to a method:for the production of a transgenic
plant with enhanced levels of phytosterol esters and phytostanol esters, comprising.the
steps of transforming a plant cell with a lipid- acyltransferase: as defined herein (in
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 oi-amylase gene (Bacillus).



TRANSFORMED YEAST In another embodiment, the transgenic
ism can be a yeast. 5 A review of the principles of heteralagays o374

organ
wo z'ﬂﬁrqg‘é%ression in yeast are provided in, for example, Methods Mol Biol

10

5

25

30

(1995), 49:341-54, and Curr Opin Biotgghnol (1997) Oct;8(5):554-60 In
this regard, yeast - such as the species Saccharomyces cerevisi or Pichia
pastoris (see 10 FEMS Microbiol Rev (2000 24(1):45-66), may be used as
a vehicle for heterologous gene expression. A review of the principles of

hetﬁgﬂ%%#s gene expression in Saccharomyces cerevisiae and
I gene products is given by E Hinchcliffe E Kenny (1993,
"Yeast as a 15 vehicle for the expression of heterologous genes”, Yeasts,

Vol 5, Ant . H St | , it amino aci
ANERRR PTOLEPIR OF AP P DA g acing 1% SRS the amino acid

nsformation of yeast, several
sérpRatermatiph@iatdecihdave bé&xamdplasiopetidesnaxarepieked immunosorbent

transgenic Saccharomyces accordi t r t] 0 cnrti
o8 B T BT BEAEN gL Firia, Car (R0, B dtanieeh ppring
(thedyptional Academy of Sciences 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
ASolpRtiverTagrkEmabasendsodgaiimtrisphivquaskersiaominBiithetibisided in the

resistance markers. A suitable,yeast ost.oggﬁp@ cap be selected from
afh & 68 PHBRS G AN EIR AR lgy}(éggtcgas%l&les lsu%%s a?s,’ but not limited to,

yeast species selected from Pichia spp., Hansenula spp., Kluyveromyces,
Yarrowinia sp

p., Saccharomyces . includi 306G isiage,
T o e
(RERHOL685], RGI UB2BRLROMREN BeA(Stlairlehth< o thyiplsopamamercial kits

yeast species Pichia pastofis may be used as the host organism. In one
ABHYS ﬁf%‘é?‘ﬁ%s&?%’r"g"é{ﬁfgﬁﬁ may be a Hansenula species, such as H.

5 polyinorpha (as described in WOO 1/39544). TRANSFORMED

si'ﬁﬁb'ﬂ SL/*ePplbétNe;r %%[lécsules or labels include those :;radionuclides; enzymes,.

fluorescent, chemiluminescent, or chromogenic agents as. well as substrates, cofactors,.
inhibitors, magnetic-particles and the like. Patents teaching the use of such labels
inciudé’ US-A-3,817,837; US-A-3,850,752; US-A-3,939,350; US-A-3,996,345; US-A-
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 B-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.



A host organism suitable for the present invention may be a plant: A
review of the 10 general techniques may be found in articles by Potrykus

WO GRS Plant Physiol Plant Mol Biol [1991] 42:205-225) ancrGRESI.1374
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(Agro-Food-Industry Hi-Tech March/April 1994 17-27), or in
WOOQ01/16308. The transgenic plant ma§7]produce enhanced levels of
phytosterol esters and phytostanol esters, for example. 15 Therefore the
present. invention also relates to a method:,for the production of a
transgenic plant with enhanced levels of phytosterol esters and
Pl Siariel @gEssicomptsingathe a@fsot ﬁpammmgchipl@nm@bwh
b%gﬁ%flt@% g déeflned herein (in particular with an expression
vector or construct mprlsmg a lipid acyltransferase as defined herein),

and growing a plant from the transformed plant cell. 20 SECRETION

RisBiidsiabie e RRRRIdB o R SRt oM NG oy o

expression host into t e culturé me fom where e enzy
haotessthsi Bpﬁ@ﬁfwgreﬂemcs@ﬁcﬁwﬁrﬁiﬁndhmpmdm lrg&mcﬂmm aﬂmaerologous
g&%nt(l)e e selected e basis.o
Cg[ressmn ost. %—?dogd%& %LI nng’? sequ%rn%}eagn acfsocl:r)e use%a\?\ﬁ Sﬁ%mnes for
W&Fﬁ%ﬂi@ cpﬁe‘éqenmg\/@atm @y.pﬂ:abm(a:m ptesayf be useful to encode a

fices are 1 108 originating .30 fro
T S S R S R S 2 A
sersioneidly. dveiteils patdidy), the a-factor gene (yeasts e.g.
Saccharonnyces, Kluyveromyces and Hansenula) or the a-amylase gene
(Bacillus). WO 2005/066351 PCT/11120041004374 70 DETECTION A

Vhsidny ottiotaddlader bietsingah dbmeasurifigthesieprebsiovitf tiference to the
ﬁ%@ﬁ@cﬁgéxgggﬂgw §Jnown in the art. Examples include

enzyme-lin dlmmunoso ent assay (ELISA), radioimmunoassay (RIA)
and fluorescent activated cell sorting (FACS). A wide variety of labels and

gniloptagdechniatesase known by those.Rkilled in the, 10 attand cancr o m:

bé used in various nucleic and amino aci assays
No. 1};

Figure 2 shows an amino acid sequence (SEQ ID No. 2) obtained from the organism
Aeromonas hydrophila (P10480; G1:121051);

Figure 3 shows an amino acid sequence (SEQ ID No. 3) obtained from the organism
Aeromonas salmonicida (AAG098404; G1:9964017);

Figure 4 shows an ami.no 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);



A number of companies such as Pharmacia Biotech (Piscataway, NJ),
Promega (Madison, WI), and US Biochemical Corp (CIeveIand OH
AR (04374

WO 205BR-Bmmercial kits and protocols for these procedures. P
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reporter molecules or labels include thoge radionuclides; enzymes,,

fluorescent, chemiluminescent, or chromo,genic agents as. well as

substrates, cofactors,, inhibitors, magnetic particles and the like. Patents
Feaohifghbersise sif unhilbbeisléntiddequenses B1TB37)133-ABE8B078uence;

- US-A-3,939,350; US-A-3,996,345; US-A- 20 4,277,437; US-A-4,275,149

‘and US-A-4,366,241. Also, recombinant immunoglobulins may be
m@u@dWMWMi%aﬁgmmME@mPR@ﬁElmmmo 2 showing

peptide haying the specific.propesties.as defined herein ma § N
% Ny % g pr(gte%n %‘P}’ exzﬁr%lep o1 8% TR &Xtraction an Eed denotes

diffdfieatian fﬁﬁ@DﬁXm@lﬁsmﬁaﬁm’s@h&e@M’@Meﬁsmﬂdﬁdeﬁd the active sites

RO W SR O R R A el P gy ot

thenvehieatio inalide aprotenlyiolereage 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
Figlivép ahtives wﬁmmmmnwesm@mme; BCIdHR20081004@ansferase

71 G ne fus SSi ste sjlnn leﬁggll! ave been re |ev’\4eq qg%‘ U hila-
%‘Eﬁ’ﬁ 3f’e Ff&%‘%’éﬂé 05 IORL R PSR A e T drophila;
invention, the amino acid sequence of a polypeptlde having the specific

ert] s defined h rejr be li agﬂa e roI ous_seque
‘fpbgb% ﬁ] Qjﬁjsmn pro Zefn or e>(<:'ampe ors fra]e%n%ﬁg 0 pep?%aeg%rarlegld acyl
tﬁtahsa?@%emSaceoaﬂlI@dbaﬁeqjmgesn nansaactbipisbdade tsefuktmide Bagomonas

l encode a chimeric substance expressing a heterologous epitope that
ﬁ'g 0%65 Zed by a 10 commercially available antibody.

Figure 11 shows a nucleotide sequence (SEQ ID- No. 9) encoding a lipid acyl
transferase according to the present invention obtained from -the organism
Streptomyces  coelicolor A3(2) (Genbank accession number
NC_003888.1:8327480..8328367);

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

AL939131.1:265480..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 7Z75034);

Figure 14 shows an amino acid sequence (SEQ ID No. 12) obtained from the organism

Ralstonia (Genbank accession number: AL646052);
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The invention will now be described, by way of example only, with

reference to the following Figures and Examples. 15 Figure 1 shows a
WEPARIBHEEST consensus sequence from database. version 6 (SRQAR2: NP 004374

1); Figure 2 shows an amino acid sequegée (SEQ ID No. 2) obtained from

the organism Aermnonas hydrophila (P16480; GI1:121051); 20 Figure 3

shows an amino acid sequence (SEQ ID No. 3) obtained from the

ORJANSI 5 ARKPKRON AFuS PRI QS@EJ@@Q >hR96 17)1:[ Figure 4 . .

spowﬁﬁ an amino acid sequencg( EQ ID%%&%%ﬁﬁédfﬁon@n %%Cﬂng a lipid acyl

OFGEMSIF P SHUBotn e Scsent BisPRE Pl Aot essigmiusmbelsions ;

NP 631558); Figure 5 shows an amino acid sequence (SEQ ID No. 5)

taineil)%r m the oganism Streptomyces coelicolor A3 (2) (Genbank
2S8R, ﬁtﬂ‘ﬁ SR AB22489: 3890 GRS hpreteinaistdcacitbde CAB39707 1

s{enmmyesgg},émgq] phiainged fromt nism_Saccharomyces
cerevisiae (Genbank ag?eossion nl?mber Jﬁ‘%@“ﬁ%szcd’&c?fd%%%%%ﬂﬁ
PCT/IB2004/004374 72 Figure 7 shows an alignment of selected

FeguencessiRiMENE SRRYR: . K ows a .
Eaig}uvk\?se alignment of Sélzgtml%S%No. 3 wéltiﬁl ég%% lggtgers}ﬁj\\/?/?n%%%"dmg NCBI

FRISS aRRESEtTe FRdside Aty STHE bigrial:4630tM ecisnmanetingghothetical protein

@m@e&@g&ﬁg&ugg&rm‘gﬂsx motif containing the active site serine
16, and the active sites aspartic acid 116 and histidine 291 are

highlighted (see shaded regions). Numbers after the amino acid is minus

Higwsignal seewenae:dnightie 213N QNs4 nuelepldersequense (SEQ ID No. -
g%encoding lipid acyl transferase 10 accor%?#gelé f%gé} 'g;jés RRShvalitich protein
0

jtaned fréfitine 8T Aeron48r¥EIRyafopitaseFigdre Bfhet@Ns®  protein

isictpatidecseavEneakSEfRI} No. 8) encoding a lipid acyl transferase
according to the present invention obtained from the organism

Aeronsonas sahnonicida; 15 Figure 11 shows a nucleotide sequence
KB I Niows eﬁQﬁ@l&gtﬁprégq%@)ﬁlce shown as SEQ ID No. 23 enceding Scoe2

NCBI protein accession code CAC01477.1 GI1:9716139 conserved hypothetical
protein [Streptomyces coelicolor A3 )

Figure 20 shows an amino acid sequence (SEQ ID No.24) Scoe3 NCBI protein
accession code CABS88833.1 GI:7635996 putative secreted protein. [Streptomyceé
coelicolor A3(2)]; '

Figure 21 shows a nucleotide sequence shown as SEQ ID No. 25 encoding Scoe3
NCBI protein accession code CABS88833.1 GI.7635996 putative secreted protein.
[Streptomyces coelicolor A3(2)];

Figure 22 shows an amino acid sequence (SEQ ID No.26) Scoed NCBI protein
accession code CABS9450.1 GI:7672261 putative secreted protein, [Streptomyces
coelicolor A3(2)];



transferase according to the present invention obtained from the organism
Streptonzyces coelicolor A3(2) (Genbank accession number N

C .
WO 20688881L:8327480..8328367): 20 Figure 12 shows a nucledtfdb'E3UENEE™
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(SEQ ID No. 10) encoding a lipid acy! ,}E@nsferase according to the
present invention obtained from the organism Streptoazyces coelicolor
A3(2) (Genbank accession number AL939131.1:265480..266367); 25

Fg%l%lfer%g‘?él?mgv% Auglesiide Sqaurns eHSKE 40 3% T thcatiingreckipig Scoed

ansferase according to the present in i tained.from_th .
mﬁéqﬁmcﬁamﬁé?ﬁyéégecé}é\ﬁg%@%lenéi{#g?g) LR NktiSied protein.

75%14[3}', Be(g 5&%%%1%4 g@% an amino acid sequence (SEQ ID No. 12)
[ tRinad from the organism’ ‘Ralstonia (Genbank accession number:
AL646052); WO 2005/066351 PCT/IB2004/004374 73 Figure 15 shows a

nucleatide sequence (SEO 1D NaedRReceding dibipld@zs) SansieMEBL protein
Fg%%r r%ﬁggsf?)o%%ge é}rgesent f%ventior‘;3 ((%)gb%ained from the or?anism Ralztggi ;

oEigeion 6 i< SREITING, 20CSANNER| PABF ad IR Bodg He T omyecs

CAB3 Z_(X Q .Gl:4539178 conserved-hypothetical protein [Streptomyces
°881%ﬁ8<§lor ,& ; Figure 17 shows a nucleotide sequence shown as SEQ
ID No. 21 encoding NCBI protein accession code CAB39707.1

1453178 ¢ icARrekeiRmlSY edcopdicetanding Scoes
Pg%]égilos %&‘8{? b %%?%@%%ﬁbf a%%ﬁﬁow% éD No.22. ;1 "
NECBE2 i@Bhprateqssiapcedn oM @AY 477 E1v7TE1 I RServEGF
@%&%Fg{l%%'S%@gﬁg&([,ﬁ@%ﬂpyces coelicolor A3 (2)]; 15 Figure 19 shows

eotide sequence shown as SEQ ID No. 23 encoding Scoe2 NCBI
protein accession code CAC01477.1 Gi:9716139 conserved hypothetical

RroteinfStgpiomyces aRliceier A3eice (SEQ ID No.30) Sriml NCBI protein
accession code AAKS84028.1 GI:15082088 GDSL-lipase [Streptomyces rimosusi;

Figure 27 shows a nucleotide sequence shown as SEQ IIx No. 31 encoding Sriml
NCBI protein accession code AAKR4028.1 GI:15082088 GI3SL-lipase [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. Saimonicida (ATCC#14174);

Figure 31 shows a nucleotide sequence (SEQ ID No 35) encoding a lipid
acyltransferase from deromonas salmonicida subsp. Salmonicida (ATCC#14174);



Figure 20 shows an amino acid sequence (SEQ ID No.24) Scoe3 NCBI
protein 20 accession code CAB88833.1 GI:7635996 putative secreted

VORISR IEkreptomyces coelicolor A3(2)]; Figure 21 shows a ROE/ektite 004374
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sequence shown as SEQ ID No. 25 en%%ging Scoe3 NCBI protein
accession code CAB88833.1 GI:7635996 putative secreted protein. 25

. [Streptomyces coelicolor A3(2)]; Figure 22 shows an amino acid sequence

(SERIBINGRG) 8086 NIRRT AERSHIONHRIS CABS %490 ekt i
GI:%%?ZZGl utative secreted protein, [Streptomyces coelicolor ,f%%w;dSI(l)smg the

eI dtsosEgsR e Tershoeslosers s M thgNatanah&wstan for Biotechnology

THEBRANGESSAIENAD SN A% HQ JNOred - ERSRIING FERS i
protein accession code CAB89450.1 Glg6722%€1 putativte se_cr%tewﬁ PEDSX morit

Sretdised (oithp dHaNees wasHe st ABIYPe pitaeioacsparrcapelamiially encoding
; o As | . .
%ﬁ%ﬁéA %4 gﬁg&?g@% RING17 R RC08M MR, PEIRIR WAGLLRRIORHOMR o the genus

793 putative lipoprotein [Streptomyces coelicolor
REEPPIIGEte 258hewstnindohabs ettt snomiapis EOIIVNhoRalstonia

SeARGrRG0Rs QINGRI REORID acGR3sipne o
G|:6562793 puta?ive lipoprotein [Streptomyce%%ﬁ%\g(%? F%:l]}reé Pairwise

BBSERERIE H9 WA G Ycierabuchhe 18 e T NetEe) i SHrasaC 8| theatmiino terminus
acgepionente AMEAOARLGL AR08208% CRICIRRS fsleRigmyces

rimosus]; 15 Figure 27 shows a nucleotide sequence shown as SEQ ID
No. 31 encoding Sriml NCBI protein accession code AAK84028.1

EER082088 D Bl lipasfbsyeatp "B065S I WE- 48599 Eonsensus
an amino acid sequence (SEQ ID No.32) I‘;fld acyl transferase

sromRerdiaralRyallsHilmserecnron st e alromrahel y mrieks svdeences to
SRIPENEE (SRGhIsNREIRNICPHNGAIRY 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 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.
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acyltransferase from Aeromonas hydrophila (ATCC #7965); 25 Figure 30
shows an amino acid sequence (SEQ ID No.34) of a lipid acyltransferase

he msep s+
31 shows a nucleotide sequence (SEQ+R No 35) encoding a lipid 30
acyltransferase from Aeroinonas sahnonicida subsp. Salinonicida
(ATCC#14174); WO 2005/066351 PCT/182004/004374 75 Figure 32
B alhemelagugsaisiba Aetamaopets Yehed@an be igSMifiechtmingg the C-
the basic local alignment searc ,too_l(iéa\ilc? ALt al\%las%ioggﬁl: d%g&ter for
RIS RE IRt RN RS S A BRa The Completed-geriome
databases. The GDSX motif was used in the database search and a

_number of sequences/genes potentially encoding 5 Vi ith lipolyti .
S B VB S BRI BRI 8 e ALy PR depicts
SleRIMYCEs  aRshmenas. andRaisionia. Ikddacstampferbeiowythels lecithin.

Ralstonia” solanacearum was aligned to, the Ae]:hoé

erbiom
RrRF U AP Se g ENiGRRHGRIE SA RNSHS RI I  e0

oy PR R - Xt

fefp g&ﬁﬁ;ﬁﬁ%ﬁjﬁﬁg@gﬂ}ﬁplg@rag,im&t&;:_&nﬁtﬂr&)g&t&lyﬁn&éslﬁu&s cultivation after
histidine and aspartic acid can be identified; 10 Figure 33 shows the
PYamaubstian: [family 00657, database version 11] consensus sequence
(hereafter called Pfarn consensus) and the alignment of various

sequences to the Pfam consensus se e rrows ingdicate the .

Biiie S oHES 1 ARG B AR RO P TR Ble rPression

bgc ot 15%@} EQAGSQIWI—O?S(M%%E wekiRMddnl &99@)3@%1@&&5 M production
o] 3’(-) 9-1791. Capital letters in the Pfam _consensus indicate

obneeryee rasitudsieh nasHy IEmIRREIMbISStRe (S iSHAGHcYEP 4 tested for
?8@%&3&& ste.the hidden MarkovpradelohieyPfaiBiRofsanN R expeghedpositive
oTl a ‘

sidue but'did not, so a gap Is inserted. The . symbol indicates a
residiok neitidR eoabirbsibheig tesidue in'the Pfam consensus. The

sequences are the amino 20 acid sequences listed in Figures 16, 18, 20,

22, 24, 26, 28 and 30. Figure 34 shows trﬁ]:%i@%%%giél famil S(S)l%GSZcﬁve livid
Haantads \iberonorafe ﬁ%’H%CE?eéé@ﬁ g Biam e P
GODRERREShAnthie AlgRmanheubsoas teduance ieaction mixture was analyzed
using thin layer chromatography showing the presence of degradation products. Lanes:
1. Noenzyme; 2. -+ A.sal—10ul 37°C;3. -+ A.sal -20ul 37°C; 4.+ Ausal -
10ul 24°C; 5. +A.sal-20u 24°C;

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 pet12-Ah- 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;

Figire 41 shows the activity of the crude extracts (5 & 10ul) containing the

recombinant deromonas hydrophila GCAT enzyme was tested towards lecithin using



the Pfam consensus sequence. The arrows indicate the active site
residues, the 25 underlined boxes indicate three of the homology boxes

WO HeR#ieH by [Upton C and Buckley JT (1995) Trends BiocheEasi@0/004374
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179-179]. Capital letters in the Pfam copisensus indicate conserved

residues in many family members. The =’symbol indicates a position

where the hidden Markov model of the Pfam consensus expected to find
fLgsidugibul POk S8 Wp? |ABERBEhe! B SURRHINGIGRIGE e presence of
residue 30 without a corresponding residue in the Pfam consensus. The
aelirerrBsEriowR dnisPinseheligibiesdisied in Figures 2, 16, 18, 20,

26, 28 and 30. All these proteins were found to be active against lipid
substrates. WO 2005/066351 PCT/IB2004/004314 76 Figure 35 shows a

- Bigwestiophosetairpeth -aurseian- of il dbeliding vae carheninimahe expression

His:ta er S S icida lipid acyltranst ene; Figure 36 , .
R R T A AR P RS pouction
o piotybethwidietihighofa ety miviwants AlesafmoniCidh lepiglacts were tested for

I:glgl:é/sltPrl;i\(r;ﬁferase .tOﬁards Iet%ift: ' R hﬁe/vells from left to right indicate: a

i} : .
ositive (%lﬁ?r%f, A eafsi e control (.6 extracts from emptyplasmid) and

samples collected after 0, 1, 2 and 3 hours cultivation after TPTG

induction, 10 Figure 37 shews growth optimisation gf BL21(DE SS9,
RIS i B e M AR o & 4
adltivatiofa 39l oCraesisitest snstmevprg dtietiphosfledipase aviihihighsastivid with
towards lecithin. Cell extrac [ ted for phospholipase activity using
]%Hle‘l%ééﬁsk{l?%gr&&%éﬁ Esom a?eEFéx%' C%

say. s from left to rlgﬁt: positive control; negative

- Homr Bt sit NisHiduspisk diows Qiagendell extracts from

BL2I(DE3)pLysS expressing active lipid acyltransferase incubated with
the substrate lecithin and reaction mixture was analyzed using thin layer

e dtb plaphy Srowimgetseopredeihce O degragiationeprodudtsi/lienesbiilis 163
. ngyme. 2.3 - v -Q{Hw% At |29
%(IDOEJ{% n})?{)&lctléasgk s’le%yétgzcénéggzshowﬁsl [%a rltla p%gr%*f'afds ﬁ‘nogl? t]ﬁgl and

24C; 5. +A. sal-20u 24C; Figure Ificatio
INet¥enapldB shifrorieristr iy IcPpigisiagadbe 4. hydrophila gene and pUB-AS,

construct with the 4. salmonicida gene, Culture filtrate was incubated with the

substrates for 60 minutes,

Figure 45 shows an amino acid sequence (SEQ ID No. 36) of the fusion construct 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 [

Figure 48 shows the result of the HPTLC analysis in Experiment Ii;

Figure 49 shows a calibration curve for monoglyceride standard solutions;



showing the phospholipase activity associated with purified His-tag

protein. SE _ Sonicated extracts, His = Purified with Ni-NTA spin-kit from
WO WREH8RSP5 Figure 40 shows the expression vector petl2-A. <G CRHY8R1A™

containing the C- terminal His-tagged Agrornonas hydrophila Glycerolipid

Acyl Transferase (GCAT) gene was used to transform E. cols strain

BL21(DE3)pLysS; 30 Figure 41 shows the activity of the crude extracts (5

BhRuD epstainingibeattecombinfntdieierddasthydaop bilbiGBAT

enzyme was tested towards lecithin using WO 2005/066351

PCT/1B20041004374 77 Non-Esterified Fatty Acid (NEFA) kit (Roche,

ﬁé\d}geggn@@@gowiﬂgcﬁe&mechemfe atiivelsz ymidovargltheferase enzyme

phospholipid, lecithin; Figure 42 shows growth optimisati f e,

eI 5SS RERURREAE LR S P e He D A LB AT

5 pSM showing cultivation at 30 OC resulted in the production of enzyme

with high activity towards_lecithin. Cell §XH3C§ were tested for dine t

IFRBShORBESE ARG R Er At R ARG A58 gocording o
peiakawiicatinnoftie Sespmapas (SEORDIA& 45)10 salmonicida Acyl
Transferases showing the phospholipase activity associated with purified
His-tag protein. SE = Sonicated extracts, His = Purified with Ni-NTA
BriRMib e Qiagen); Figure 44 shows. the expression of the Aerwnonas
genes in Bacillus subtilis 163 15 showing the production of secreted

10 enzyme with activity towards both lecithin and DGDG. pUB-AH= construct
FONANING Aha-A onydianhile Genewans sHBE-Agt eenalybkwiibitherdin:
salmonicida gene, Culture filtrate was incubated with the substrates for
R TREOBEERIE5 shows an amino acid sequence (SEQ ID No. 36)

wfdoefusion gjyugﬁdy&eglcfmgmtﬂgﬁwesis of the Aeromonas

hydrophila lipid acyltransferase gene in Example 17. The underlined

%ﬁ@l&%%@g ?Wdﬁ%%‘é%@i%g% fif&% Figure 46 shows a nucleotide
15 PeayensaddEG:HbNo. 45) encoding an enzyme from 25 Aeromonas

hydrophila including a xylanase signal peptide;
F A=F1)E‘ree fatty acidg y gnatpep

EXAMPLE 1: The cloning, sequencing and heterologous expression of a

transferase from Aeromonas salmonicida subsp. Salmonicida

20

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

23 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
30 recombinant Aeromonas enzymes. Competent cells of BL21(DE3)pLysS were used as
host for transformation with the expression vector petl2-AsalGCAT=pSM.



Figure 47 shows the result of the HPTLC analysis in Experiment I; 30
Figure 48 shows the result of the HPTLC analysis in Experiment II; Figure

WO 2¢)8MeriE1a calibration curve for monoglyceride standard solR€ors2Wi@04374
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2005/066351 PCT/IB2004/004374 78 F'&ure 50 shows a calibration curve
for diglyceride standard solutions. Figure’51 shows a nucleotide sequence
encoding a lipid acyltransferase enzyme according to the present
nvantiemiencaHeMapyaRs HADIQIRN D FreRa AT aC in LB agar
polypeptide sequence of a lipid acyltransferase enzyme according to the
BRY FRUEHRBIE RS repRisidyRERI(SEQ ID No. 55); EXAMPLES 10

For the avoidance of doubt, the following abbreviations may be used
herein: MONO = monoglyceride MAG = monoacylglycerol =

gl eoprs s vesko RetlirdsatalgblbRSMein. 15 DAG =
diacylglycerol FFA = free fatty acid EXAMPLE 1 The cloning, sequencing

and heterologous expression of a transferase from Aeromonas )
Kol AbTen nplificalimmppfcthe anstemis tees Remrieivmosaiemeonic DNA

@R3Py FalmonicidadAd; a%é%zé)mmayg&{%@{%mg WOWLed with

overnight at 30C in Luria-Bertani medium (L he cells were ceéntrifuged
HAY gEABRREDNKTWad 1 srab puimgy irpretuburdd reMgdnbinie pietebmaction

enlation o Riager Lich Gshowis DO ﬁ?ta(gﬁ&ét%ﬁ AR EEARE cycler
K (cat. 19131) and RNAse A (cat. 19101) were all obtained from Qiagen

usiare(thsudeiipyissurpashitionk Court West & usserdriioaley. plode °C for 30
s{%h%}%',a%%tp@nf&'—?%ﬂ%ﬁﬁ%&lﬂ@%éNQVﬁﬁeZ‘)dﬂﬁﬁtEéeﬂﬁ%ﬁ%H&ﬁQﬁt&ﬁsion of 5
e

minutes at 72 °C was applied.

The PCR amplification of the transferase gene from 4. salmonicida was carried in 2
separate PCR reactions. PCR reaction 1 was performed using primer pairs,
aslUSNEW(S'AGCATATGAAAA AATGGTTTGT TTGTTTATTG GGG 3' [SEQ
ID No. 56]) and asls950new (5' GTG ATG GTG GGC GAG GAA CTC GTA CTG3'
[SEQ ID No. 57]). A second PCR reaction was performed té incorporate a C—éerminal
Histidine tag using the PCR product from the first reaction and the primers:
asIlUSNEW(5'AGCATATGAAAA AATGGTTTGT TTGTTTATTG GGG 3' [SEQ
ID No. 38]) and AHLSI001(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 BarnHI 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 £ coli TOP10 cells.

Transformants were plated on LB agar medium containing 100ug/ml ampicillin.

The T7 promoter primer (5 TAATACGACTCACTATAG3' [SEQ ID No. 40}) and the
T7 terminator primer (S'CTAGTTATTGCTCAGCGG3' [SEQ ID No. 41]) were used

to verify the sequences and the orientation of the cloned transferase genes in pET12a



30 recombinantAeronzonas enzymes. Competent cells of
BL21(DE3)pLysS were used as host for transformation with the

WO BNVessitn vector pet12-AsalGCAT=pSM. WO 2005/066351PCT/IB2004/604374

PCT/1B2004/004374 79 Transformant;) ontaining the appropriate

plasnrid were grown at 37 C in LB agar” medium containing 100-ug

ampicillin/ml. Construction of expression vector petl2-AsalGCAT- pSM: 5

For all ificati f SaEA , inators

%Crti%rrh %%?g%%ﬂﬁtﬁ%gsﬁg@%emp a%@gﬁgjgfu DN%}%I% ygn?grgseém .

(3.6l eiptg)enemgdadwitth 5000 ofl DR bIPDUNEF mlatnapdmetpmol T7 promoter

éggnmollugt, 200 UMdNTP in a total reaction volume of 100ul. PCR
gﬁgﬁgwgféxﬁ%lr%sr'med in a programmable thermal cycler 10, using the

following conditions: 95 C-for 30 seconds, 30 cycles of 95 C for 30

5 T efé)?régg"hl%o o%n%r&r‘%inggl:r??gg%g &éﬁ&@ EHH%F&% %&@a@mr@cteﬂal host strain
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(hes C was applied. The PCR amplification of the

Bansi@Bselsss Mbovakesilmohivigioilis tesistaniriansmemirateereareked and
reactjons. PCR.reaction .1 was performed using primer pairs,
B USRNBW B ACCAT RS AA AA AATGGTTTGT TTGTITATTG GGG 3'
[SEQ ID No. 56]) and asls950new (5' GTG ATG GTG GGC GAG GAA

TC GTACIG3' [SEQ.ID Ng. 3 nd PCR reagti
RO R Re e e g o S SRR (RS ROMAR ferase
product from the first reaction and the primers: 20

SIUSNEW(5'AGCATATG A T : 1 ow

SN R R L Y AT O A PF N A AR o et

Gili NBG- BTG AT CaT SBIGNBHSE B oibeas)yiredapdR product

from the second reaction was purified and digested with restriction

enzymes Ndel and BamHI. 2 ug of pET 12a vector DNA was also

ThigEiteckvaith RIsHICHES izt dergeinenths srmuesitntiester pgWithsal GCAT=
phatase. The testricti nz -treat g Rduet ing at

Egﬁi TEacton 2 %eir'eégﬁﬁ?i!#gég aﬁ g %%;/%ﬂugs%\%ﬁt%%ﬁéggdﬁﬁ%ﬂon Kit S_hakmb *

ROChentiSWiResland) Tob ligatisachss wie usdtrresiapsiermipdwsd rome PTG

%@gﬁ%leﬂ@ ?&g}?ﬁﬁ%@w&%ﬁlﬁ% 3P, LeR-aga% MG SARRANRehere taken at 0

ampic B _ _
hour, 1, 2, and 3 hours after IPTG induction. Enzyme Activify was tested using the

NEFA kit and lecithin as substrate.

Growth Optimisation for the production of more active enzymes

BL21(DE3)pLysS harboring. the expression vector peti2-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 petl2-AsalGCAT=pSM

was grown at 379C & crude cell exiracts were prepared by sonication. The

recombinant enzyme was further purified from the sonicated crude cell extracts using
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30 The T7 promoter primer (5 TAATACGACTCACTATAGS' [SEQ ID No.
40]) and the T7 terminator primer (5'CTAGTTATTGCTCAGCGG3' [SEQ

WABNGH0e3TY were used to verify the sequences and the orientaamRidiBoos374

cloned transferase genes in pET12a WO 2005/066351
PCT/1B2004/004374 so vector. DNA secﬁ}encing was performed using
ABI Prism(r) BigDyeTM Terminators Cycle sequencing kit with 500ng

PlgeTELPN gsdcrplalpeslabapmInbHAMAE AP INRAN, NERA 1t &

primers. 5 The construct shown’in Figure s used'to transférm

Cgﬁ?%férﬂsoagféﬁﬁﬁlehoﬁfgﬂaiﬁe@ lez e B3y SBLN GO ). ps Bxpressmg active

ampigilinseesistaatdrpsinrmants pjcked. and Jused for expression

analysis:' Expression of the recorﬁ%%r%g%ti%ﬁlﬁgﬁgsrggﬁ%%i%ll%a jgvas analysed

ASieattrlaxe drouaingtiephivsloiwing the aotvinesovfaddsriebititn pragucts (see
ied on cell extracts using Non-Esterified Fatty Acid (NEFA) kit

(Roche, Switzerland). In Figure 36, BL21(DE3)pLysS harboring the

expression vector petl2-AsalGCAT= 15 pSM was grown in LB medium +

HRuym ampeigilip apd.incybated with shaking at 37C until OD600.= 0.6 ]

toLO is reached. The cultures aré&tﬂl(‘egr?2 Tﬁ;} cet u‘%‘fﬁ’d"l’ﬂ‘f’é]“‘io.% I3y Strain

iREAdabE b orhmbeuriog thbenexsdisiors. SampleziDeteddCABEISM was
e e A T BR gombinant

using the NEFA kit and lecithin as substrate.

e pRsdtend stheiapariad dreny fheew Bicat(DES)eLyd SdarkorinthdhBe Ni-NTA
[ tl =p as._grown in edium + .

e L A NE R . it

s s e (e Bizared9). The optimal condition for the

production of active lipid acyltransferase. enzyme was when cultures are

n 25 in Figure 37. Partial purification of

TR APV dalbnnesiien ehdiarger @ dndBeii (D BADYESe in .

hawboring the expression.vector petl2-AsalGCAT=pSM was grown at

370C & crude cell extracts were prepared by sonication. The

Gy RBHe

Aeromonas hydrophila (ATCC # 7965) was obtained from ATCC and grown
overnight at 30°C in Luria-Bertani medium (LBj. The cells were centrifuged and
genomic DNA was isolated using the procecﬂres 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 pfis DNA polymerase (2.5 units) was used with



30 recombinant enzyme was further purified from the sonicated crude cell
extracts using WO 2005/066351 PCT/IB2004/004374 81 the Ni-NTA spin

w0 2kisfeerdsQiagen. Phospholipase activity using the NEFA kit RCT/ABAHiH Q4374
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substrate. Crude cell extracts from BL2KDE3)pLysS expressing active
transferase incubated with the substrate’lecithin and reaction mixture was
analysed using thin layer chromatography showing the presence of

1 E0rRARHOPRIOAHELS (8E8ach PigHE 38D Raslial PRiloaiidNGP in a total reaction

recombinant Aeromonas salmonicidae tgnsfe ase. Strain th { evel
vBluEHDE s SPRERIsarHgtHE EPOPEEAT et O} patpaegmatie thgmal eycler

aerte ASHE LIAFRINGWESIOWRELHBT Cansestds Gl diactsiaFeC for 30
prepared bg/ sonication. The recombinant_10 enzyme wareg, _furth%r ﬁ%%'riﬁed

séomdtheb§okiched enineeand:iat dohg MR TAR R RERDR ension of 3

iageesnat%oﬁp{g@gg ﬁﬁ&qtivity using the NEFA kit and lecithin as
substrate was tested (see Figure 39). EXAMPLE 2 Cloning and

Expression of Aeronzonas hydroplzila transferase in E. 15 coill

Aeroronas hydrephilar AT G5 #A985) asRbtAINGs droprAd QO @ 7965) was

grown overnight at 30C in Luria-Bertani medium (LB). The cells were
cearrdfogen ArigrgeioRiRDNMAIRES isolated using the procedures for

genomic DNA isolation from 20 Qiagen Ltd. Genomic DNA buffer set

(cat.19060), protease K (cat. 19131) and RNAse A (cat, 19101) were all
P6HRainettAdiniagen LIAYBoURsRRshirt CRREK CHIR WedtEissex FHUS

(5&&%%%&6&%&%%9@(‘3@ﬁﬁ@téﬁf@ﬁ?ﬂm@@@m@%&ys&@ ID No.
or production of the 25 recombinant Aeromonas enzym % et%%; DN
4@|@dfﬂ@ﬁ®é&ﬁ@§§%&%@@%@%@é%ﬁé@&ﬁ% ith i< 1D No.

pression vector petl2a-A.h.GCAT=pSMa. Transformants containing the

appropriate plasmid were grown at 37 C in LB agar medium containing
100-ug ampicillin(ml. 30 Construction of expression vector

PeliZasA PeRCATREMa: FerraihRN Ararphficatiens Ofitheikarletasee tag-using
gene from Aeroinonas, genomic DNA . .
the PCR product from the first reaction and the primer pairs: "

AHUSI(S 'GTCATATGAAAAAATGGTTTGTGTGTTITATTGGGATTGGTC3' SEQ -
D No. 44, ) . and
AHLS1001(5 "TTGGATCCGAATTCATCAATGGTGATGGTGATGGTGGGCS'

SEQ ID No. 57).

The PCR product from the second reaction was purified and digested with restriction
enzymes Ndel and BamHL 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 (STAATACGACTCACTATAGS") and the T7 terminator
primer (S'CTAGTTATTGCTCAGCGG3') were used to verify the sequences and the



(0.2-1 ul) was used as template and pfu DNA polymerase (2.5 units) was
used with WO 2005/066351 PCT/IB2004/004374 82 10ul of 10x pfu

WOntiRiemebsseach primer (50pmol/ul), 200 uMdNTP in a total reﬁé’i‘ﬁﬁzaomomu

volume of 100ul. PCR reactions were performed in a programmable
thermal cycler using the following condifiéns: 95 C for 30 seconds, 30

- cycles of 95 C for 30 seconds, 60 C for 1 minute and 68 C for 2 minutes.

Aniagdiianal £xensieRar BmiInlesaly 26135 E%P E%igg%l;‘ggg)ﬁncmg was

amplification of the transferase gene fr from A. hydrophila

RSEOERTTEHGRE MBI Eéﬁm@t&g@aerea&mater@cweae@m&ﬂga@t with 500ng
|
5’ é%&éﬂﬁéggﬁwAAT%?ﬁ%iﬁ&]@fﬁﬂtﬁ@E@ﬁ?@@w615EQ

ID No. 42) and ahls950

T GAACT GTAC G3', SEQ ID No. 43). 15 |
5 T@e’%ﬁ%@%ﬁ% 9?%% Was us to i @8? %gcgngetent bactengll host strain
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A second PCR reaction'was performe

BlidintIAER Pl r(élmrggmhgadrm@&iﬂlma@mtéf@mﬁﬁéﬁﬁhﬁ%%&@ picked and

ﬁ%%@kﬁ? g?%!
(5'GTCATATGAAAAAATGGTTTGTGTGTTTATTGGGATTGGTC3' SEQ

ID No. 44,) and 20
A SR TLGOATGEOANTIGAT GAIPSTSATCOTSCE

Hﬁ?.f.é?d a??évdﬁj&tedamﬁ(&éempﬂgmemmgdai@n@kg@mm Zx}éQtQI‘ pet12a-
REIGE 0 di sted Wlth striction enzymes Ndel”
A o et %I? { et é@ FireamsiHn reddarubated

and BamHI and treate osp

ehshadngt RTpromict @Bmo readtion mwmabhﬂiﬂe’ﬁw&dtﬂﬁ%?gré@&@ﬂ induced
dhie i witzerland). The ljgation mix was used to
&mmmg E&B%Ql?oa% jizerland), nuec#,eta 2% 4t B hgars. Samples

transform E. coli P 10 cells Trans rman Swe

RREERUAK BoRftAiiG: 10Gugnal lnpicillfiBANE THIDOMOICERIRRY Activity was
téﬁt?d\ﬁswﬁﬁﬁ?ﬁmgﬁ%ﬂ@ the 17 1!{er@unator rimer

(5'CTAGTTATTGCTCAGCGG3') were used ﬁ sequences and
the ‘

Growth Optimisation for the pr_ociuctian; of more;active enzymes

BL21(DE3)pLysS harboring the expression vector petl2a-A h.GCAT= pSMa was
grown in LB medium + IOOug/ml 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 A.hydrophila transferase (GCAT)

Strain BLZl (DE3 )pLysS harboring the expression vector petl2a-A.h. GCAT“pSMa
was grown at 3700 & crude cell extracts were prepared by somcatlon 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).
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genes in pET12a vector. DNA sequencing was performed using ABI
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DNA as template and 3.2pmol T7 promoter and terminator primers. 5 The
construct shown in Figure 40 was use fo transform competent bacterial
host strain BL21 E3 LysS (D )p (Novagen) and ampicillin resistant

e njs pere picked and used forexnression analysiss SRIANARS
ansferase in E3)pLysS 10 The

E. colt strain BL21(DE3)pLysS harboring the expression vector peti2a-
Pali€ LPngisMeiavas grown in LB medium + 100ug/ml ampicillin and

incubated with shaking a$.37C until OD = FONTN

Tourrderd ﬁ%@‘ﬁﬂﬁﬁl ﬁ&%}zf@%ﬁﬁlﬁg ((% %%{ﬁ/l ?r% ?n%u%a%%ﬁa\?/g?w Hsed for
(EONERYER fonthepesdhofthe SanoplosonensakSeel @hediis. TherplB110
3 hours after IPTG induction. Enzyme Activi [ '
REPARIAR GRS B L e Lt e e b prommote
dbapreguriion; RizbarativepnayinesBiRl (DEd)Myeenarstesing trepUB110,
expression vector petl2a-A.h.G = pSMa rown | '

5o AR TR R A g TR e
JEm PR alidresadGedb Oihe R0 @hsT hizogtipeptidorditmesrftng: Bacillus sublilis
production, of active GCAT enzyme was,when.cyltu re . growy,

G oI A0 b A e O A e e o e mature
ﬁ@&?fﬁ%taﬁBE,@%Téi&mamcﬁta%&(ﬁﬁﬁlmenssﬂmrﬁaﬁm%@@mmor

vector petl2a-A.h.GCAT=pSMa. was, grown sgrude cell extracts
R A AT fbaéi{)éjﬁ?ﬁeﬁ%s lfégrié?}:eo?nal%]r%r?ét%y'me was further

purified from the sonicated crude cell extracts using the Ni-NTA spin kit

f Qi . Phospholi tivi : A ki ihin. .
HO IRR08S (RGP SO0 i BT 2y e (o the
EeBcExpr essiptBiAIcindubs pBFFeresersiPBRdINErgMstfrmed using

t]flggfoEl)%%rg!gdpgg{]eﬁ%%%r:d. hydrophila gene:

PCR reaction 1: usAHncol (5’ATGCCATGGCCGACAGCCGTCC-CGCCB',- SEQ ID
No. 46) and IsAH (5’TTGGATCCGAATTCATCAATGGTGATG3 ', SEQ ID No. 47)

PCR reaction 2: US-Ahnhel (53'TTGCTAGCGCCGACAGCCGTCCCGCLS, SEQ ID
No. 48.) and IsAH (5’TTGGATCCGAATTCATCAATGGTGATGB, SEQ ID No. 49)

PCRs were performed using the following primer pairs for 4. salmonicida gene:

PCR reaction 3: US-Asncol (5 TTGCCATGGCCGACACTCGCCCCGCCT, SEQ ID
No. 50) and IsAH (5'TTGGATCCGAATTCATCAATGGTGATGB’, SEQ ID No. 51)

PCR reaction 4: US-ASnhel (S'TTGCTAGCGCCGACACTCGCCCCGCCB', SEQ
ID No. 52) and IsAH (S TIGGATCCGAATTCATCAATGGTGATGS, SEQ ID No.

53).



Two different Bacillus subtilis expression vectors (pUB 110 & pBE5) were
used for the heterologous expression of the Aeroinonas genes in Bacillus

WOLBfIf¢63the pUB 110 5 vector contains the alpha amylase prarmatnphibas 4
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the pBE vector has the P32 promoter asége regulatory region for the
expression of the fused Aeronzonas genes. In pUB 110, the first amino
acid of the mature GCAT genes of Aeronzonas were fused in frame with

thailagt 20RREIHAE hexylanase Rienprenios: IPqUenas f&%ﬁaﬁ{@&quenced

subtilis via the restriction site Nhel, creating an additional 2 amino’acids in

B SRS Aa o S RS BT tains the cgtase signal sequence
fusion at the Ncol site for secretion of the recombinant proteins into the
culture filtrate. PCR reactions were carried out to obtain the Aeromonas

delesiiraanid frinteaeiigns Sighdl wetuercedBiie hdePemoBhanhased as inserts
EBEBMRGIOS (RCFISPereRs farmeshusing /t%rﬁ}lq YRR RAN From PCR

for A, hvdroplula gene: PCR reaction 1: usAHnco

@atens sy d acrcacrEdst cBar Bl ant e an &1y fouligation to the

(U oD ﬁﬁ%ﬂ&ﬁ?ﬁ%ﬁ%ﬁ@é@é& 25540 No. 47) 20 PCR
reaction 2: US-Aluihel (5 TTGCTAGCGCCGACAGCCGTCCCGCC3,

SEQ ID No. 48.) and 1sAH (5'TTGGATCCGAATTCATCAATGGTGATGS,
SRRUAND. 49) tﬁ@Rﬁéﬂgﬁf‘oﬁﬁﬁorﬂméh%ﬁ:&’%@QWiﬁg SRR A s and

A, salinonicida gene: 25 PCR reaction 3: US-Asnco
ehirpeieiaating QE s AL @Ebvic GCC3', SEQ ID No. 50) and IsAH
(5TTGGATCCGAATTCATCAATGGTGATG3','SEQ ID No. 51) PCR
reaction 4: US-ASnhel (5 TTGCTAGCGCCGACACTCGO00CGCC3,
Beyeid ksErpsssdraa igdra daareas ssrirehare A neGTGHTLgS,

é@@@mﬁseoﬁsarémgmﬁﬁ@%%}g@@ﬁ/@%3%585@1%'ﬁ!{g‘?on

PCR products were cloned into PCR blunt Il (TOPO vector) and
SepRfEHEL Y eTtereVior SeRFiomh dier gty phikirssioraatsrowe pdeted by

[Ractions kbedipaieieyitiieabéBain Hlanehyaed# st S and
ligation tét e pBES vector cut with Ncol/BamHI/phosphatase. Clones )
gAY b 8T P e REECERIP BRI RN bt e adtdqpseeagenes in

Raalisstoriigationscrihe el veaenReWas L4 Wikerol (DGDG) galactolipase
al\lc%%li/tg?' 1?; gA{B&gi&g%g&fﬁg both acyl transferase and phospholipase activities. The
activity towards digalactosyldiacylglycerol (DGDG) was measured after 60 minutes of
incubation of culture supernatant with the substrate, DGDG from wheat ﬂdur
(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 2"1) were transformed with the expression vectors
for growth comparison. B.s163 is transformable with the 2 deromonas genes and is

capable of expressing active protein. DB104 is transformable with all the constructs

but is only able to express 4. salmonicida transferase.
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Expression of the Aeronzoizas “transferase genes in Bacillus subtilis and

10 characterization of the enzyme activity. The acyl transferaserélg%gg p{ﬁ” 1
(results above). The Bacillus pUB 110 &#BES5 gene fusion constructs

were used to transform Bacillus subtilis and transformants were selected

by 15 plating on Icanamycinplates. The kanamycm reS|stant transformants o
IsGlaMBREd _drown iFasivehtgéianpaiiy fitat 2 dgpavigree  lipid

Aei?”;;'%l‘%? ggsnes 'Huc %ﬂ’ug ;]’J;;a culture f||trates have

galactolipase activity, in addition to
having both acyl transferase and phospholipase activities. The activity
Fowedi Tsuiipaitationgidiacylglycerol (DGDG) was measured after 60
minutes of.20 incubation of culture supernatant with the substrate, DGDG

r (obtainable form Sigma) as well as the activity towards

TRgiRifas SEVe/ia-Figure /44 nBacitamprgducddrthecenzyiméraftbila (Example 2)
overnight % 4 hours%v 48 hours of cultivation i the culture "
Liid, SBEYHRRRTREES. fTContE hstahicel iR expieasion ofthe' ™ St tipid
AoRiRRRasesnEshaplkegnehowsedoiinteifetadyith cell viability and
growth in 25 Bacillus & E. coli, it is therefore necessary to carefully select
expression strains and- optimise the growth conditions to ensure
EXOIESSINsttah @@mﬁiﬁ@ﬁwml @a&ﬂip&ilh@ﬁmhssdzﬁmdﬂiﬂ}ﬁ@l% and the
and QS 21) were transfor |th e expression vectors_ for gr
ForhArgEH! C?Téglfggra %2% Eeﬁerornonas gegngiﬁ%{ i35 The
ﬁambt@twnemmssmm:m pmteman{éB Eﬁmrmwwvf&naﬁmon with

SRR PR A0 7 Sk KA L L b o 2 s mamed.

Rurfitagomnd peridied pﬁﬂ@mﬁmﬁ&ﬁﬂﬁf@fbﬁ&@m@ﬂu@ﬁ REFEORE coli
Fermentations: Microorganisms 5 Two strains of Eschericia coli, one
containing an Aeroinonas hydrophila (Example 2) lipid acyltransferase and

rovednigitingrieroinoaassiibinonicida lipid acyltransferases, (Example
1) were used in this study.

LB-agar

The LB agar plates used for maintaining the strains contained: 10 g/L tryptone, 5 g/L
yeast extract, 5 g/l NaCl, 15 ¢/l agar, 100 mg/L ampicillin and 35 mg/L

chloramphenicol. The 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 pm.

Bioreactor cultivation
The bioreactor cultivations were carried out in 6 L in-house built bioreactors filled

with 4 T medium containing: 10 g/L fryptone, 5 g/L yeast extract, 5 g/L NaCl, 8 g/L
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The E. coli strain containing the A. hydrophila gene was named DIDKO
124 | and the 10 E. coli strain containing the A. salmonicida gene was

WorramedesBIDK0125. The fermentation with DIDK0124 was nagegigao6.4/004374

HYDROO0303 and the fermentation with DIDKO125 was named SAL0302.
The purified protein from HYDRO025 wad named REF#138. The purified
protein from HYDROO0303 was named REF#135. 15 Growth media and

co i The Iates used for maintajn
T MRS P PR MR s W DD APTo
Fgam$0P Fig/LandAISTN AR Gﬁaﬁn@éhlschlﬁcaﬁqmmn@ofh'&mabaﬁ@iaggsm mg/L

ﬁ%ﬁ‘@?ﬁ?@%@ :i%g%rozdpulgg%ﬁ of T uiugjﬁat%naﬁ?%&mhg%%]ﬁgﬁ@r 3 mg/L

OUR@IIBhS cantaingl: EDHA, toptang/I5 MAS Yeaslextradt, dgll NaCh, 0.1 mg/L

Bt et Bkt T baled i SO o000 55 merl

thiorBigieadtot. cultivation The bioreactor cultlvatlons 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 WO 2005/066351
E’ET%EB%@W&OA&MnS&MM%‘&ﬂ gikoMgSOLY D204 84l HCREof prowth

ono drate DD APT Foams Si ADD APT . .
%ﬁ OXKEE‘ Imo£ qUh &I ér?&sg %6‘#‘%&78 H9R4Yo% SpgeEygm specific
@ﬂdaﬂh @a?em@/ﬂ.@h$(1&e5l8m0§ anﬁgﬂem@kﬂakamsﬁ @ Lth AR DDy in the

/L NiSO46H20, 0.1 mg/L CoCl2, 0.1 mg/L 5

H o /L EDTA 911
§"se6° Ib‘i ?ﬁng/ Na2Mo042H20, 1 g/L anipicillin and 35
mg/L chloramphenlcol The bioreactors were inoculated with an amount

L T L -

Wwith, 4mel QD &0cofitive. LB shake flask and the final OD600 in the

The bioreactors were operated at the following conditions: temperature'30°C, stirring
800-1000 rpm (depending on experiment), aeration 5 L/min, pH.6.9, pH control 8.75%
(w/v) NHz-water and 2 M HSOy. Induction was achieved by addition of isopropyl -
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 resuspendedin 500 mL
of 20 mM NaH,POq4, pH 7.4, 500 mM NaCl, 10 mM Imidazele and Complete
(EDTA-firee) 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.



bioreactor of approximately 20). SAL0302 was inoculated with 10 mL of
LB culture, and HYDRO00303 was inoculated with 4 ml, of LB culture. 15
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temperature,30C, stirring 800-1000 rpm (depending on experiment),
aeration 5 L/min, pHr6.9, pH control 8: 78 (w/v) NH3-water and 2 M
H2S04. Induction was achieved by addition of isopropyl (3-

D-thjogalactoside to a final gongentration . 0) o
RS 0 A T IR 0 e ot e et of 780 pgpd 4-C
The follewmdngriretead fisd oves! isechlbedtmny e tlznshbemagahisation of the

biomass: I) The fermentation.broth from the fermentatipn centrifuged,; -
2t 6900 8% SRETHE TP LT SChee AR o b Aat i e (Pl Lif
dischapggehcbhebiomass tvadilstoke dval -2fllzetndl senfhedhitmedsswalsgraphic
thawed and resuspended-in 500 mL of 20 mh2 NaH2PO4, pH 7.4, 500
mM Né&‘ﬁ‘fi‘%ﬁﬂﬂﬂ' Imidazole and Complete (EDTA-free) protease inhibitor
(Roche, Germany). 2) The suspended biomass was homogenized at 2
kbar and 4C in a cell disru onstant Systems Ltd (Warwick,

1At HeARgR PLARG LR as Sfugation at 10.000 x g and
AGlae30 minytas falowed bydalibetioh 60 thed slEholatang. Witharose ff. gel and

2005/066351 PCT/1B2004/004374 88 4).The syperngtant.was ¢larified
GUNEA o3 B TRt 55900 Bl TS0 noR R o ety s
Sollactiam oRibscsipesnatEht. ohthenswpesnajailthwasdilteitd Bobugh 6220 mM
m Vacu Cap filters (Pall Li ience K) and, the filtrat s cpllected ..
Wr@éd%%e%ﬁrééga’ﬁéﬁ%rﬁﬁ@c Eﬁpﬁgﬁiﬁgeﬁro@g%ﬁgﬁ%& was applied to
Puridisiation gf thacwansiesdsesreoturiihd 26huih o whas pecked witth 20 mM

50 m| of Chelating Se r if. gel charged wi i- hate
Rt 1o SO R A LERTHEE 0 M0 Roached the base
line. The GCAT was then eluted with 40 ml of 20 mM NaH,POq4, pH 7.4, 500 mM
NaCl and 500 mM Imidazole.

EXAMPLE 5: Fermentation and Purification of Aeromonas _ lipid

acvitransferases produced in Bacillus subfilis.

Fermentations
BAC0318-19, BAC0323-24

Microorganism

The microorganisms used in this study originate from fransformation 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 fhe gene
is controlled by an alpha-amylase promoter, and the secretion of the transierase is
mediated by the B. subtilis xylanase signal sequence (Example 3). The strains were
named DIDK0138 (fermentation BAC0318-19) and DIDKO0153 (fermentation

BAC0323-24).
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10 Amersham Biosciences). The column was equilibrated with 200 ml of
20 mM NaH2PO4, pH 7.4, 500 mM NaCl, 10 mM Imidazole. 400 ml of

WOARId&@63% applied to the column at a flow rate of 5 ml/min. THierash004374

was then washed with 20 mM NaH2PO4, pH 7.4, 500 mM NaCl, 10 mM
Imidazole until the UV230 reached the Base line. The GCAT was then
eluted with 40 m] of 20 mM NaH2PO4, pH 7.4, 500 mM 15 NaCl and 500
M IpHdazale . EXAMEL Espdfigieentation and Purification of Aerofrzona:
ipid acyltransferases produced in Bacillus subtilis. 20 Fermentations
Broodiga n@imn323-24 Microorganism The microorganisms used in
HigishidyiniRale fienianirEmatione tamaci s subils ML aP: medium
#163 with a plasmid containing the gene encoding the Aeronsonas 25
samzewiiida transferase inserted in the vector pUBI 100IS. The
gxpression of the gene is controlleg gy an alpha-amylase promoter, and
the secretion of the transferase is mediated by the B. subtilis xylanase
KegdB(sequence (Example 3). The téths were named DIDKO138
ggmﬂption BAC0318-19) and DHaKQ@153 (fermentation BAC0323-24).
30"WO 2005/066351 PCT/IB2004/004374 89 Growth media and culture
YonshigsietrBiafnitecmddiom A sharédflask (500 mL total volume, with

d 100 mL of a megjjm containing: 5 NaCl 5 g/L

Baileshyy
K2HPOZ 10 g/L Soy flour 20 g/L Yeast extract, BioSprnger 106 20 L

Antifoam, SIN260 5 mL/L
pH was adjusted to 7.0 before 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,

Incculation
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 catried 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/LL
Na€l - Sg/L
CaCly, 2H,0 0.25 g/1,
Mn(NOj),, H,O 0.2 g/L
Antifoarn SIN260 1 mL/L
Kanamyecin (filter sterilised to the fermentor after autoclaving 50 mg/L

The feed contained:



10 pH was adjusted to 7.0 before autoclaving After autoclaving 6 mL
50%.(w/w) Nutriose were added pr flask. Kanamycin was added at a
wo xeneeisation of 50 mg/L after autoclaving. 15 Inoculation APPASIBANRVE0437+
shake flask was inoculated with frozen é@lture directly from a 25% (w/v) -
glycerol stock. The shake flask was inctbated at 33C and 175 rpm for
approximately 16 hours, whereupon 50 mL was used to inoculate the
rmentor. -Mentatiiions The fermentations were carrie md L
(Fﬁ SOuse. Iu?ﬁ(%lgagr%{ecntors. The batch medium (3 L) contained:%?fjnysﬁtésep
liquor (50% dw) 40 gIL 25 Yeast extract BioSpringer 153 (50% dw) 10 g/L
@@S%Efaclz, 2H20 0.25 g/L Mn(N03)2, 1120 0.2 g/L Aqtgcgq@
60T AL/L 30 Kanamycin (filter sterilised to the fermentor after

AntsforviiSFSPeMg/L The feed contained: WO 2005/066351 4 mL/ke

5 PCT/IB2004/004374 90 Glucose monohydrate 540 g/kg MgS04, 7H20

4.8 g/kg Antofoam S1IN260 4 mL/kg 5 Yeast extract, BioSpringer 153
15a8estiwhdSB mRpritaatodavéa%ebsiately) The feed in fermertzflion glkg
(BAC(?318 and BACf 323 was started based on the

autoclaved separately

The feed in fermentation BACO0318 and BACO0323 was started based on the

10 accumulated COs, according to the equations below:
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Feed — flow[g/h] = 0, AcCO, < 0.15
Feed — flow]g/h] = 2.85+1-1.54, Ac€O, 2 0.15and t <12
Feed ~ flowlg/h]=21.3,t >12

t: time (hours) from the point when the accumulated CO; (AcCOsz) reached 0.15 moles.

The feed in fermentation BAC0319 and BAC0324° 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+1-1.08, AcCO, 2 0.15and t <12
Feed — flow[g/h]=15,1>12

t: time (hours) from the point when the accumulated CO» (AcCOy) reached 0.15 moles.

The pH was controlled at 7.0 by adciing 12'.5% (w/v) NH;z-water or 2M phosphoric
acid.

The aeration was 3 L/min corresponding to 1 vvin.

The temperature was 33°C.

The fermentor was equipped with two 8 cm @ Rushton impellers placed with a distance of 10

cm.



10 accumulated CO2, according to the equations below: Feed - flow[g/h] =
0, AcCO2 < 0.15 Feed - flow[g/h] =2.85 +t 1.54, AcCO2 >-0.15and t<

WORPOFHEEI flow[g/h] = 21.3, t > 12 t: time (hours) from the pot Wirotie1374
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accumulated CO2 (AcC02). reached 0.15 moles. 15 The feed in

fermentation BAC0319 and BAC0324 wis started based on the

accumulated CO2, according to the equations below: Feed - flow[g/h] = 0,

AcCO2 < 0.15 Feed -flow[g/h]=2.0+t-1.08,AcCO2 ?0.15andt <12 Feed -

flow[g/h] = 15, t > 12 t: time (hours) from the point when the accumulated

Earg®cCO?2) reached 0.15 moles. 20 The pH was controlled at 7.0 by
ing.12.5% (w/v) NH3-water.or, 2 osphori id. The aefation was

et s i B LA B o T SR TRt room

fermperdbrsvatheqsigpecavaith twas 8fdiar0 Farshitod, inmpd|libes fllheed with aised for

dis Ao IOOIL'f %r?d gmﬁ\é\é 10121(%0 /3066351 PCT/IB2004/004374 91 Harvest

The biomass wasremoved y centrifugation at 16,000x g for 10 minutes

at room temperature. The supernatant was filter sterilized, and the filtrate

r.5purification and application jests. EXAMPLE 6; Enzymatic . |
rﬁémo! vai %&%&G@Wp’)‘éﬁ%i’f%ﬁ% S‘}Eeo b@%[%idnaeﬁ e e%gﬁgjfﬁgﬁ;nﬁy a lipid
deybmanéers saftwn 24 erdae 0 Sl T he enzymatic glycerolysis
experiments were initiated by the addition of the glycerol/transferase

solution to the reactor containing palm oil and glycerol/water in varying
BoRddMRbNs. All the reactions were conducted at 43C, using magnetic

The enzymatic glycerolysis experiments were initiated by the addition of the
glycerol/transferase solution to the reactor containing palm oil and glycerol/water in
varying concentrations. All the reactions were conducted at 43°C, using magnetic
stirring for 24 hours. Afier reaction, the samples were analyzed using HPTLC, and in
some experiments the result was confirmed by GC analysis. The: conducted irjals -

showed that there was a good correlation between the water concentration and levels

" of DAGs and MAGs, respectively: the lowest water concentrations fested 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

creases.

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 vield and decreased concentration of DAGs. The obtained results also

show that primarily 1,2 isomer of diglyceride tend to be reduced.



15 stirring for 24 hours. After reaction, the samples were analyzed using,
HPTLC, and in some experiments the result was confirmed .by GC

woO aalysissiThe conducted trials showed that there was a gooRK BBt 4374
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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. 20 Based on the trials, it can be
concluded that it was "possible to reduce the amount of DAGs in palm oll
by a transferase-catalysed reaction where the enzyme used DAGs as

Hosdometeduiesimtytglidesoranseialisplor issremelelnvatbiygBrigibigation of fat.
action in_which ionoglycesi e ' Thi SrinCanlraBbinings,
g
a¥?‘bé” ends it was

{ipdce Savhercfthmaimourt JRACHIfele dseBdmeaRerFRofE IR

concluded that the water rati igrifi iap ot a

e A B e DAC o oo L ™

asunsieee atinovalast itigherions\iarsteonid avprddchereion %arsﬁ%rﬁr%gﬁdqan thus
Ives incre MAG yield . { i ; i
BT LT At e e o o

beatigye datt \WBi 2085106685 PaIReBR0a30437-t 92 It is known that

diglycerides, especially 1,2 isomers delay the crystallization of fat. This

effect causes post-crystallization of fat products like margarine and

BRORSIINGSTMAdCh favors formation of large crystals (sandiness). In

certain fat blends it was 5 observed that diglycerides improve the stability

of f3'crystals. A reduction but not a complete removal of diglycerides in

paiblapilsvanickthargfdiel peepirisferdinent: tarpeme PéeabrRIuteY thaPseduct, e.g.

A e e T e N raplama et (e
penencsing digiyperiilies dapbnbaesontelEsreALdNRYHE vf (Gt %o, margarine
e D S e o posimeg ™ " 1
effeaits pFaremacgaiiteacy and plasticity: The B’-crystal form is the most. required
structure, showing small crystals and 2 high ability for maintaining the liquid fraction.
The most stable crystal form (B-form) is undesirable, as having big crystals causes
grained structure of the margarine. According to Hernquist & Anjou (1993) and
Wahnelt ef al. (1991) the presence of diglycerides in fat retard the transition from B’ to
B-crystal. But as diglycerides retard the transition from B’ to B, théy also retard the
transition from o form to B’ form (Walnet er 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.

Tt has surptisingly 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
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15 production, only fat product of a required crystal .structure can be,,,
used. in order to obtain proper consistency and plasticity. The (3'-crystal

Wnhy9dss most required structure, showing small crystals andaRigho. 41004374

ability for maintaining the liquid fraction. The most stable crystal form
((3-form) is undesirable, as having big cr%tals causes grained structure
of the margarine. According to Hernquist & Anjou (1993) and 20 Wahnelt

LRGSRt Al e R Rl AR R Withous

(3' to (3-crystal. But retard emtrans ition fror
thveiylamspteciafbime bﬁaﬁmum Wﬂnmnsmtﬁéefmym(e\ﬁéadﬂéé@t@ba Im oil together

]@,%) 1S ﬁm‘lﬁ?’ easen,it.can fined that the res f diglycerides
retards t@e w {fe cr?) st %%d;;{r%ce S StSa%f%fﬁg Leertiom
impact on margarine application. The effect of 25 retarding crystallization

in margarlne blends contamlng a high portion of palm oil is that after

a%lqng\etﬁwntues\and\subsequhent crystallizatignmay lead to a firmer y ;g 40

ct may be sort@hat soft, causing

texture than desired (Berger, 1990). In spite of agvantages and transferase
dlsadvantages it may be important to find the rlght balance between
reduced and total removal of diglycerides. 30 It has surprisingly been
foundielypemdesible to reduce the amount of diblyesride in palm oil by
enzymatic glycerolysis of palm oil using a lipid acyltransferase, for WO
ZOWBM 93 example the GDSx lipid acyl .
nsférase fromrAéromonas satmonicida. Withptity wishing to be bound
@theory, in this process the enzyme is added'to palm oil together with

all amount of glycerol and the enzyme catalysés the following reaction:
O tn,...aH EH '~- Lipid acyl transfr;se OH 1,2 dlglycerlde glycerol + I-

mqgm%gdénonoglycende 2- monoglyceride

After the reaction the surplus.glycerol.can, if deemedﬁné:cessazy; easily: be separated:

from the reaction mixture by centrifugation orother processes:

The advantage of this process is that the amount of diglyceride (preferably 1,2
digiyceride) is redueed by a glycerolysis reaction catalysed by an enzyme which is
specific for diglyceride without using the triglyceride as donor for the fransferase

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 hke margarine and shortemng The process thus soIves two problems
First of all the amount of diglyceride is reduced and preferable 1,2 d1g£ycer1de is
removed, which has a negative impact on the crystallisation properties of the
triglycerides. Secondly the reaction product moneglyceride can be used as an efficient

emulsifier in the production of food products like margarine and shortening.

o



5 After the reaction the surplus, glycerol can; if deemedcnecessary; easily:
be separated: from the reaction mixture by centrifugation or other

woRi9SReeR The advantage of this process is that the amountOE/182004/604374
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diglyceride (preferably 1,2 10 diglyceride) is reduced by a glycerolysis

reaction catalysed by an enzyme whichis specific for diglyceride without

using the triglyceride as donor for the transferase reaction. The reaction
products monoglycerides dg not have to be remo J haJeackion.ekoif an
Iniﬁ&?ré’}‘@%ﬂ‘%&i‘?%l\}%}fti’éﬁ%ﬁ%%b%) used as ?if]:]g eeﬁ?)cgi{e%?ye&m u?sifigr for thes( 4

ductioprahieadaprosiucts like margarine and shortening. The process
thus solves two problems. First of all the amount of diglyceride is reduced

and preferable 1,2 diglyceride is removed, which has a _negative impact
en;thesryptalisatingarepedies o thes tigiyoerides. Sscondiy theidedetion oil, the

product'monoglyceride can be used as.an efficient 20 emulsifier in.t ib
DroRCRF R BbR PGS RO RSt S B e emoved by &

200RIN66351 RETARRIH 90431041 Inadieenyirodissent, it is preferably

to remove the mono glycerides produced (if any) by the transferase
reaction. Suitably, if the transferase reaction has been carried out in the _
oIHole R2UD Pilibe s manoaiyseside ardice glf terdipiddioy resisferes is that this

water (if any) may be removed by a de?dorlsatﬁ'l%nr g%?gg%mg 108 because this
Ing accivantage of the use

of the.linid pevhiapsieraseds ibatyilishenzyoteity lededppendehicbfmtrans that the
water content in the reaction mixture and because this 10 enzyme is a

marsfer a6 RS RS HY FORATCAERORS THRELEHEY which means that the

amount of free fatty acids do not increase significantly. It is well known the

water content in glycerolysis reactions are very. importan en_li i
sy IR TR A SR Th IS R AR S0 B et wher
%{%@lhﬂé@ﬁﬁﬁ% olowaietseyhish isenacdsisapydarsmstiipoigeie, RA4ofeven small
Wi

cause the formation of significant amount of free 'gﬁ ;I;Qigﬂ—u o th
OBl 6B HEcEH YRS eﬁgﬁﬁﬁr%e%lrpl 3%:]Eyli%?§rf£¢ga{éﬁ% in the ause e
HyCRrSisT easiRBant amount of free fatty acids. This problem can be overcome by

using the lipid acyl transferase in. the glycerolysis reaction.

Another aspect is that lipases known in the art to catalyse glycerolysis reaction, mainly

uses triglyceride as donor during formation of diglyceride instead of reducing the

amount of diglyceride.

Materials:

Palm oil: Palmotex, Aarhus United, Denmark

Gljceroi: J. T. Baker, (7044)
DIMODAN® P: Danisco A/S, Denmark
Enzyme: Lipid acyltransferase GCAT from Aeromonas salmonicida expressed in

B subtilis and fermented in lab scale (Transferase #196).

Methods
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Another aspect is that lipases known-in the art to catalyse glycerolysis
reaction, mainly 20 uses triglyceride as donor during formation of

wadghpdedsie instead of reducing the amount of diglyceride. Mageial2000004374

Palm oil: Palmotex, Aarhus United, Denmark Glycerol: J. T. Baker, (7044)
DIMODANOO P: Danisco AIS, Denmark®%nzyme: Lipid acyltransferase
GCAT from Aeromonas salmonicida expressed in B. subtilis and

Ifé%lﬁedﬁln Ial}scale (Transferase #196). 30 Methods WO 2005/066351
GOATBIASTABE Lyophilization of enzyme The enzymes were

desalted (PD-10 Desalting columns, Amersham Biosciences) before
I ghilization. The de alt?d enzyme were mixed with glycerol 5 (Enzyme:
SRR esBr v 3, (RDRS Fshiifes eahamddetmembr dHosciences)
Bhﬁaﬁam@gﬂﬁt_ﬂmd am@xir@@g@&@o .@p@h@§ph@,@p@selmga). Pelith  glycerol
m Det%r matlon ofog)hpsi)hollpase activity (phospholipase activity
By G Rl o0 v - L PGP A HORH 908 el B water. The
#4epBEOdInEr4l B HRExInbONy (B0 B KPR ARSI G as
dissolved in 0.05M HEPES buffer pH 7. Assay procedure: 400 pL
ubstrate was added to an 1.5 mL Eppendorf tube and placed in an
SR UER PhEfARHP Lttt s RhAsbe linaserretiviymssasty pL
enzyme solution was added. Also a blank with water instead of enzyme
gqg nalyzed. The sample was mixed at 10*100 rpm in an Eppendorf
He&iHixer at 37C for 10 minutes. At time t=10 min the Eppendorf tube

waseplacePibaohesIineImenyses MAAC IV MIYERR 19 SRS o0 100
reaction, 20 Free fatty acid in the samples was analyzed by using the
gEna X0 aRdy AR CaCly was dissolved in 0.05M HEPES buffer pH 7.

Assay procedure:

400 pL substrate was added to an 1.5 mL Eppendorf tube and placed in an Eppendorf
Thermomixer at 37°C for 5 minutes. At time 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 [

Enz. no. Transferase #196

Sampleno. |1 2 3 4




GmbH. Enzyme activity PLU-7 at pH 7 was calculated as micromole fatty
acid produced per minute under assay conditions 25 Enzyme reaction
w0 Ratmeasiavas reacted with the glycerol-enzyme solution accdt€liEBRIHE04374
following recipes in Table | and Table 2 30 Table 1: Experiment | Enz.
no. | Transferase #196 Sample no. 1 229 j4 WO 2005/066351
PCT/IB2004/004374 96 G1(%) 555 10 Water (%) 0151 Oil phase 95
94.90.89 (o Water-Hr-B-b--5-575 30.5 #he reaction mixture Table 2:
@f5@iment JPEnz.|No. Transferase' #1946 GI (%) 55 10 10 10 Sample no.
ﬁréfé’i:‘too -OF8-7,52 34 5 & 5 7.51 Water (%) Oil phase 89 85 82,5 (%)
Waterm 1.97.5 5 7.5 the reactionrmixture
Oil phase | 95 94 90 89

(%)
“Water m]05 |15 |55 |15

the reaction

| mixture

Table 2: Experiment I

Enz. No. Trans_fqrase #196 .
Sampleno. |1 12 |2 4 |5 |6
Gl (%) 5 5 5 10 10 10
Wat.e.r %) |1 5 75 |1 5 75
Oil  phase | 94 90 87,5 | 89 85 82,5
(%) |
Water injl 5 75. 1 3 7.5

the reaction

mixtare

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 geacted under the following

iO conditions:

Reaction temperature : 43°C
Magnetic Stirring : 650 rpm
Reaction time : 20 hours

15
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5 The palm oil was scaled in a 20 ml Wheaton glass and the
glycerol/enzyme and optional water was added. The sample was placed

wondieatngplock (Multitherm HP 15 Stheating block heated WFET/IBlOGgﬁ?J?'?-‘l
u

differential stirring (15 wells) controlled by a VARIOMAG - Thermomo

40 ST thermostat) and reacted under thefollowing 10 conditions:

Reaction temperature 43C Magnetic Stirring 650 rpm Reaction time 20

hours 15 WO 2005/066351 PCT/IB2004/004374 97 The enzyme in the

rEBE BRI iB vEratHABVAT B0y Bectivatrfih IAASE reabfionntifter reaction

SRR MErRhemegrRizad AUt LU 9100 892N a Q?{H&%%Egﬁ‘ji%r sample

sample was taken out for further analysis.”5 HPTLC Applicator: L
svas fabmeupisndieshenanaipiife: 1. te: 10 x 1 L V n 4113 (*LV1 elrcl. |
111 1Lili 11V k no . 1.05633) 10 The plate was activated before use by
g&iin in an oven at 180C for 20-30 minutes. Application: 2,0l of a 2,0%
dthdn of reacted palm oil dissolved in Chloroform:Methanol (2:1) was
applied to the HPTLC plate using LINOMAT 5. applicator. 15
Running-buffer: P-ether:MTBE:Acetic acid (50:50:1) - Application/Elution
Rl tpih DODEVE 8 ping e avplicaisiacetate in 16% H3P04 20
gﬁgw&@%i%:t@g qugecxﬁ@&&g@lgﬂg.aﬁ@ygﬁ?t 180C for 10 minutes, cooled

The plate was activated before use by drying in an oven at 180°C for. 20-30 minutes.
Application: 2,0l of a 2,0% solution of reacted palm oil dissolved in

Chloroform:Methanol (2:1) was applied to the HPTLC plate 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% H;PQ4
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 mimues at 180°C.

The plate was evaluated visually and scanned (ScanWizard 5) directly.
In Experiment II the components are quaniified 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



immersed in the developing fluid and then dried additional in 20 minutes at
180C. The plate was evaluated visually and scanned (ScanWizard 5)

wo e6tlsse5 In Experiment Il the components are quantified pCivaiRig /004374
photoshop 6,0 and the amount of MAG and DAG was calculated from
calibrations curves of DAG and MAG $t&ndard solutions (see Figures 49
& 50). . Gas chromatography 30 WO 2005/066351 PCT/IB2004/004374

98 Perkin Elmer 8420 Capillary Gas Chromatography equipped. yi o
RS0 EIRSE P BTG XA Wi WO fused silca
SYnbenylmatayk-sticorer(CR Gil BB/ fpmrn SromperiiliSogadersil 8 CB from
Helium. Injection: 1.5 | with split. Detector: FID. 385 C. Oven program 1 2

Grdmpa®ien temperature, C 80 200 240 360 Isothermal, time, min. 200
10 Temperature rate, C. /min. : 20 10 12 Sample preparation: 50 mg lipid
was dissolved in 12m1 heptane:pyridine (2:1) 15 containing an internal

5 Guandaiddspmdecane, 2 mg/ml. 5001 of the sample was transferred to a

rimp vial. 10 MSHEFA (N-Methyl-N-trimethylsilyl- trifluoracetamid) was
: IE . .

]glbﬁ eltﬁ)%nkdgtﬁg ‘rQél]g%tSl h was incubated for 15 minutes at 60 C..
CaluatipiD Resspedise factors for mono-di-triglycerides, free fatty acids
were 20 determined from reference mixtures of these components. Based
on these response factors the lipids in the samples were calculated.
Bestifsogadtxperiment |: The aim bf this 2xperirdent wds to examine the
impact of a diglyceride:glycerol :

10 Ovbn fomparatrl SCASIVEEOL g5 200 240 360
Isothermal, time, mun. : 2 0 0 10

Temperature rate, °C. /min. 20 10 12

Sample preparation: 50 mg lipid was dissolved in 12ml heptane:pyridine (2:1)
15  containing an internal standard heptadecane, 2 mg/ml. 500 pl of the sample was
transferred to a crimp vial. 100 pl MSTFA (N-Methyl-N-irimethylsilyl-

trifluoracetamid) was added and the reaction was incubated for 15 minutes at 60 °C.

Calculation: Response factors for mono-di-triglycerides, free fatty acids were
20  determined from reference mixtures of these components. Based on these response

factors the lipids in the samples were calculated.
Results

25

. Experiment I:
The aim of this experiment was to examine the impact of a digtyceride: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

30  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



L

acyltransferase from Aeromonas salnronicida on DAGs in palm oil by
glycerolysis reaction. It is known that a GCAT is able to transfer fatty acid -

Wwofeomieeitiin the 30 cholesterol during formation of cholesterqlegies 3p¢a04374
lysolecithin. In this study we have investigated the possibility of the
enzyme to use DAGs as donor and glyc##ol as WO 2005/066351
PCT/IB2004/004374 99 acceptor in order to reduce the amount of DAGs

in galm oil and groduce ono%eride. Itis \gell known in the literature to
GBIy e MRETpdRe S Eat AR e T o019EisDE o altioPdlom fibsend produce
teastighsdigigcerides is the main substrate and mono-and diglycerides

are the reactions products. In these processes the amount of diglycerides
increases significantly and the amount of diglycerides produced is on level

07 Righelihiamn e ambeinienenesiee eteyRieduee tifheisea seie0 B veerolysis
« 10 Four dig‘greﬁt sample compasitions were tested and compared’to a
Y

5 FetEPORse S oIATRERSWHIEEEAFEE BT bl witotut sibsprate amel mono-and

tiggeciacihereamer vl ass o eRmPIaShEBURAZSoWS EJEI U Yiolycerides

the HPTLC apalysis of the sample from table 1. The results obtained from
R 45 GBI <Py B b (IS S DEadsiserb iacrtavg or high

thaththseaction conditiens teigyingdodatiohewsen Glghig0). Equal to all
the reactions was that the 1,3-isomers of diglyceride were’in higher
portion than the 1,2-(2,3-) isomers of diglyceride. This observation can be

10  Eoufidiffdeny saepiy, wiiphshrys haidRestadaed Loldpetd0:lrérelénds of palm
ispmer in ctyde palm oil is 7:3 (Siew & Ng, 1999; Timms, 2004).
O RSP N G e SR FRETERS IRk io A Auhe way as the
snansiter digersudcansivlcesuges tie Mpqut b RAGSo e N2y table 1.

can to some extent correlate to the amount of synthesized MONO. If we
compare the 1,2 isomer with the 1,3 isomer DAGs in figure 1 it appears

Thatrtseltd HRAESS Acenpili BIHY TEDuCAGsRY SHeR U B HANAADE DAGs varies

15 ch%%gon. ,El'hi isin 25 a%#efment ith the transferease has a preferred
S5REH Gy ToP T AIAS MLRLDS TR Wi hsiveen fdtidie®)- Equal to all
tbiffementonatencohaeirationsdmennge dib0,BepidYoWaan Usee ARREA Tan the
frﬁ)ria) @? result thait éhel watec{ cqQncentration has a significant impact an
1,2+(2,3-J 1somers of diglyceride. This observation can be confirmed by theory, which
says that the ratio of 1,3-isomer to 1,2~ (2,3-) isomer in crude palm oil is 7:3 (Siew &
Ng, 1999; Timms, 2004). Furthermore, analyzing the result, the HPTLC plate shows

20 that the transferease successfully reduces the amount of DAGs. The reduction can to

some extent correlate to the amount of synthesized 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
25  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
30 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 concenfration

increased concentration of MONO is formed and corresponding decreased amount of



30 the synthesized amount of MONO combined to the reduced amount of
DAGs. In this instance transferase #196 shows that if the system contains
wo J0Wygatst concentration increased concentration of MONO ICforgaeoisamdss 7+
corresponding decreased amount of WO 2005/066351
PCT/IB2004/004374 100 DAG is obsell8d. The experiment also
investigates whether the amount of glycerol has an effect on the
equilibrium in the system (Lane 5: 10% GL:1% HZO&} Ttgans%?rease #%9(%
RASVS tRBEHN e &SN EEREARGT O R/dﬁVSFEI%%%Smg ARG R

£
ouble dosag
fenzyecactivitymeosguanbrasitin highesyMeNQleorcentragen. GL:1% H0).
Preferably the present invention is carried out in a ow water environment

gl}l»” §hth also meaning double

Trendereasant 145 sbeTo lesh SighiH L IBOERTAGRYE Yokt
Jransleseasesminsiapdl igaresoisdbak tiaitBsDsohbipiiddnse

not correlates to excessive increased in the concentration of FFA. This
3 fact is confirmed in present experiment. Figure 1 shows that none of the
%?%%Qﬂ? ahawsclranbanshaflis Eandidhand wae eupeded onbenisieldess than
etweeri 1,3 'DAGs and TAGSs). 15 From this experiment it can be
ahawind&rized that the optimal concentration of glycerol and water for
Transferase #196 is as following: 20 Transferase #196: 5%GL:0.5% H20
The sample procedure in HPTLC analysis did not include specific

. 4 pec .
QrighingibecaanRgss tﬁﬁﬁhﬁgs%?pgﬁﬁﬁ?@ﬁ%l&ﬁ%dth@ Ihpases is that the

10 entraiepeabihe diffprent ceriensriscdastoe ieaetion mixiwesncentration of
: ecause of that the observation is solely based on _visual 25 evalyation.

PR ulIGT B o aTacd PIF (REeRSE! RXRSHRTEING 1 9 b Tatdbaopone of the
SCanRIRIST e1finchauti 30 MhetTer Ahsavisunieraheatianebiheising between 1,3
plates could be confirmed by quantitative analyses of DAG. Before
RAHSBGRAE was removed from the sample by WO 2005/066351
PCT/IB2004/004374 101

%cherol

15 From this experiment it can be summarized that the optimal concentration of glycerol

and water for Transferase #196 1s as following:

20  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

25  evaluation.

Result GC '
Based on the HPTLC results sample No. 2 was selected for GC analysis. To find out

30 whether the visual evaluation of the HPTLC plates could be confirmed by quantitative

analyses of DAG. Before anmalysis glycerol was removed from the sample by
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centrifugation and only the lipid phase was exposed to GC analysis The

GC results are presented in Table 3 below. 5 Table 3: Result of GC on
gehkeaction in Experiment I Ref. #196 Sample No. 1 2 E%II‘&I@%{}@I%&IS’H

Water (%) 0 0 Oil phase (%) 95 5 GC results MONO <0,01 0.34 DAG

6.21 5.77 * Glycerol contains 10% water Apalyzing 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

tbmﬁﬁﬁa@aﬁdnmﬁltmﬁy the HRT phaanalysisxBoad|tsion: deberisBrt GC results are

Conce n CIO% rgté)f monoglycerides and diglycerides in the product of

gﬁ%sg?o VSIS, 5 the resmms 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

réabletBrRiss NG G thissekperineatiibe edugedin2tamount of DAGs

codntsHer—1+Ye-pi-the-tofat-amount-of diglycerides palm oil (Table 4).
Table 4: Degree ducﬂ?‘; of DAGs WO 2005/066351
PGIABRORA004Y /4108 Enz. No. #196 Sample no. 2 Reduction of
DAGs 7.1 (%)

Gl (Yo)* 5 8]

Water (%) 0 0

01l phase (%) 195 - 95

GC results
MONO <0,01 0.34
DAG 621 |5.77

* Glycerol contains 10% water

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
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 cormrelation 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



Experiment II: 5 The aim of this part was to continue the optimization of
DAG reduction in palm oil and analyze the transferase-catalysed

WO H0/8667dis using Transferease #196. The primarily purposé § tBRA%HANA3T4
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well-balanced reaction in which the amount of DAG has been reduced in
time with increase concentration of MON®. 10 In this part of the
experimental work six different sample compositions were tested and
eampatred-toa-refere il mixed with 5% glycerol (Table 2). The
reféfence was expose e same heating profile as the enzyme
reagtiiesavhich makeg & possiblg to observe and determine the degree
of thermal degradationsdurrg+eddction. Figure 48 shows the result of the
Hizreetignalpdis DisGs appkars frofn the results in figure 48 that especially
tla%flmount of MAO is Jarying. The HPTLC analysis shows that in
Samples containing 5% ne: 1-3) there is continuous relation
between water concentration and MAG vyield: Decreased amount of water
in the reaction mixture is followed by increased MAG yield. The same 20
tendency is observed in the reactions containing 10% glycerol (Lane: 5-7).
Bxpendiegitdithe 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 )
Threguafifids pyrawaly nepsigaidcosnisizadmaihlasvigduction in palm oil

%@ﬁ%%dﬁy%%%gﬁﬁﬁﬁ%&* %Tﬁgﬁ%§ SEAMRRIARE #196. The

e Photoshop 6.0 and further calculated by help from a

ponsrrilstedpastiaioneasrs talklanceddenoton)nréighdhtiamaant of DAG

@%aﬁé%'ﬁ Al dhe corppaneis analyzed iy diR ik ismuastied in Table 5
elow. WO 2005/066351 PCT/IB2004/004374 103 Table 5: Run order: 2

34567 nofDAG sferase #196 8 0.01 Nm*. 0.01 0.15 0.07 0.03 4 8.13
mrﬂ'ﬁs%gé 828/ e§§e¥h§1%ntal waork six different sample compositions were tested and

compared to a reference of palm oil mixed with 5% glycerol (Table 2). The 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 1s varying.
The HPTLC analysis shows that in samples contahﬁng 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
scapned and handle by Adobe Photoshop 6.0 and firther 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.



29 2,63 --1,08 5,63 8,74 Nm* Not measured 5 - not calculated. The
investigation supports the vis ual evaluation and gives a fine picture of the

w@amicenel of diglycerides. It is seen from the results that t%l}'&?ﬁ’%& 04374

degree of reduction in the amount of DAGs was achieved in sample no
(5% GL:1.5% H20). Further itis 10 obsgyyed that this sample also
contains the highest amount of MAG. Conclusion: Experiment
Experiment Il confirmed the observations that a lipid acyltransferase
GCAT from 15 Aeroinonas salmonicida was able to reduce the amount of
digtyresides in palm oil. For the experiments with 5% glycerol a
carrelation was found between the concentration of water in the reaction

Enz. Mxture and the{ Sirioufrssf #1186 and DAGS, respectively. The Tower

o,

PBAGSs-and-bigher MAG 20 HPTLC

R % IIL:, O rater; tIF :u'v"v'.Gi' T
- Oq?j%rnililed fE’Je d g]ree of retuction [See TabIe{gS. It appéars from ¢he 7

MON(egulls, that the gezgiced ampount oRRAMSS COGTE ToT 329760 thetotal 5
eg'ﬁz 03

ightcerides ih palm oilland the amount of ynthesiz ONQ

DAG [Zpded from 0,009 Fret.)|t8 6338%| Namtole N8.35. WORDO5/066888 | 7.65
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UrrimryrreaT=

Redudribd /H8 28043 A 104 RIDM UiiSEXperment-itcan-be, c
’ PR nsfdradd #1055, 74
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that the optimal concenttation of glycerol and water o
is as following:{Transferase #196:/5%GL:1.5% 1420 5 Compafing these!

10

15

20

ObServations wittrtheresutt-gamet-n-Expermentth-itis-confinmed. that

oog consistencyin the results is obtained. The optimal concentration of

FeN§t presiiedbly between 0-1% H20 depending on enzyme activity
ang:cameniQf glycerol. 10 Based on the two experiments conducted, it
can be concluded that it is possible to reduce the amount of DAGs in
palm oil by a transferase-catalysed reaction, where the enzyme uses

DRGs35Eansh Malssules and.glyceral as acceptor molecule, in a .
glycerolysis rezagcr}'gii(?rlﬁ in which monoglycgﬁ%%es??é? %ﬁ?ﬁgs%l{z%d? 'Thieeigfitpe varying
lgﬁlaln%f glyserides. It is seen from the results that the highest degree of reduction in
the amount of DAGs was achieved in sample no. 1 (5% GL:1.5% HzO)_. Further it is

observed that this sample also contains the highest amount of MAG.

Conclusion: Experiment IT

Experiment IT confirmed the observations that a lipid acyltransferase GCAT from
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.

HPTLC quantified the &egree 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).




to the glycerolysis reaction with conventional triglycerides hydrolyzing
lipases where 15 the amount of DAG increases due to the partial

wo 20wailysis activity of the triglycerides hydrolyzing lipase. BR§SHIBAHH&04374
fact that the structure of diglycerides is a mixture 1,2- and 1,3-isomers
and that the transferase is specific to 19 sn2-position, even a small
reduction in the 20 amount of diglyceride will have a huge physical impact
on palm-based products. EXAMPLE 7: Jjmmohilisation of a .

o OGS T T AL oD et o eyerel

theRiesentingntion)frapAerefaoadgalmmnicida. 25 The

diacylglycerol:glycerol transferase is immobilised on Celite by acetone
precipitation. 10 ml enzyme solution in 20 mM TEA buffer pH 7 is agitated

TSIQuAy Wit @4 grany Cekte 386)(from Fluka) for 2 hours at room

temperature. 50ml cool acetone is added during continued agitation. 30
5 The precipitate is isolated by centrifugation 5000 g for 1 minute. The
d%%gm%gs\gmgggdgwwmlﬂ@Igmmmne]ailbmiﬁmﬁﬂeﬁsiitriedcaﬁinned
ambientiemperature for about 1 _hOLg WO 5/06235]1 entration. of water is
{RCTHRTOHISERSY 40 1B Hemeltsih OBt 1 ARSPEERA SR palm oll

pg g{ﬁ&@?}; helovds olableBolaegldin @35 Fyaerabhivitdundaitiseaht of glycerol.
lacyiglyceroi:glycerol On Celite, #178, 45 U/g 2.0 Water 0.5 5 Palm oll
and glycerol is heated to 42C. The immobilised transferase was added.

(0. BLOSUANHRIas 'astionsastimed atd2R cuting gontmagitatisninithmssible to
magnetic stirrer. Samples are taken out for an%I ses aft%%é%)a 1,3.6a
pe

, n
reduhoihs gmglgﬁéwg@g%%yﬂ@ﬂ_ Y& sk el-g'eét e drgﬁcéﬁro&w%ere the
eﬁ%r%@%i%ﬂ@@ anGitheimmnkilisedand glycerol as acceptor molecule, in a

glycerolysis reaction in which mono glycerides is synthesized. This is in strong conirast
to t'he glycerolysis reaction with conventional triglycerides hydrolyzing lipases where

15  the amount of DAG increases due to the partial hydrolysis activity of the triglycerides
bydrolyzing lipase.

Based on the fact that the structure of diglycerides 1s a mixture 1,2- and 1,3-isomers
and that the transferase is specific to the sn2-position, even a small reduction in the

20  amount of diglyceride will have a huge physical impact on palm-based products.

EXAMPLE 7: Immobilisation of a diacvlelveerol:slycerol transferase (an lipid

acyltransferase according to the present invention) from deromonas salmonicida.

25
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.

30  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



enzyme was filtered off. The HPTLC analysis clearly shows the effect of
the immobilised diacylglycerol:glycerol from A. salmonicida by the

WO Ri9%f3h10f monoglyceride and 15 reduction of diglyceride icpaiaoiloflk
publications mentioned in the above specification are herein incorporated
by reference. Various modifications and¥ariations of the described
methods and system of the present invention will be apparent to those
skilled in the art without departing 20 from the scope and spirit of the
present invention. Although the present invention has been described in
Ebnrmoticrilisith spedifioger éferced] émpaddinantsctstiowel bg): understood
that the invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for

Tableing out the invention which are obvious to those, skilled in
ogy-er25telated fields are intended to be
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stirrer. Samples are taken out for analyses after %, 1, 3, 6 and 24 hours and analysed

10 by HPTLC. The reaction is stopped after 24 hours reaction time and the immobilised

enzyme was filtered off.

The HPTLC analysis clearly shows the effect of the immobilised

diacylglycerol:glycerol from 4. salmonicida by the formation of monoglyceride and

15 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

20 from the scope and spirit of the present invention. Although the present invéntion has

been described in comnection 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

25 related fields are intended to be within the scope of the following clairs.
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This International Depositary Authority accepts the microorganism identified under I above, which was recej .
22 Decernber 2003 (date of the cngmal deposit)’ eived by it on

IV. RECEIPT OF REQUEST FOR CONVERSION

The microorganism 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 recejved

by it on
(date of receipt of request for conversion)

V. IN'I'ERNATIONAL DEPOSITARY AUTHORITY

Signature(s) of person(s) having the power to represent the
International Depositary Authority or of autherised
official(s):

Torws Doty

Date: 9 Jarmary 2004

Name: NCIMBLtd,

Address: 23 St Machar Drive
Aberdeen
ABR24 3RY

Scotland, UK. _
Where Rule 6/4(d) applies, such date is the date on which the status of Internatiopal Depositary Autharity was

B

acquired.,
Form BF/4 (sole page)




22 December 2003 Ill. VIABILITY STATEMENT The viability of the
microorganism identified under 11 above was tested on 22 December

w0 26088¢3n that date, the said ndcroorganism was: viable | KQ¢§/tB1004/004374
longer usable Indicate the date of #1& original depositor, where anew
depositor a transfer has been made, the most recent relevant date (date
of the new deposit or date of the ttansfer). In the cases referred to in Rule
10.2(a)(ii) and (ifi), refer to the most recent viability test- 3 Mark with a

cross the applicable box. fr. P/9, (first page) WO 2005/066351
PCT/IB2004/004374 Iidd Y g%%
VIABILITY TEST HAS BEERRPERFORMEDM MIINT B

DEPOSITARY AUTHORITY Name: NCIMB Ltd., Signature(s) ofperson(s)
thﬁﬂﬁi@ﬁl&@ﬂﬂﬁb@@@osnary Address: 23
Dapise St Machar Drive Authonty or of authorised official S): Aberdeen AB24
Laﬂgfﬁ&&potland Date: 9 Januar nga H{?ﬁfﬁﬁ Ipforsnation has been
DE-10meuestied-and if the results of th@rtmmmmemﬂuf@m&&y
Denmgglecond and last page) 114 qLANE S wbpiefittes sreducing and/or
removing diglyceride from an gdible oil, comprising a) admixing an edible
oil with an acyl acceptor subsirate and a fatty-acid

NAME AND ADDRESS OF THE PARTY
TO WHOM THE VIABILITY STATEMENT

IS ISSUED
L DEPOSITOR ' I IDENTIFICATION OF THE MICROORGANISM
Name: ASABOVE Aczession mumber given by the ’
_ _ _ INTERNATIONAL DEPOSITARY AUTHORITY:
Address: . o NCIMB 41205

Date of the deposit or of the.transfe:r H

22 Decemiber 2003

0L  VIABILITY STATEMENT

‘The viability of the m:crnorﬂamsm identified under IT above was tested ba 22 December 203

z
e - On that date, the said microorganism | -

3

b4 viable

ne longer viablz

" Indicate the date of the original deposit or, where a new deposit or a transier has be
1 en made, §
date (date of the new deposit or date of the transfer). : he most recent relevant

In the cases referred to in Rule 10.2(2)(i1) and’(iif), refer td the most recent viability test.

3 Mark with a cross thé applicable box.

Form BP/9 (first page)




5 CoA independent diglyceride:glycerol acyltransferase, wherein the
fatty-acid CoA independent diglyceride:glycerol acyltransferase is

WO cheasiesized as an enzyme which in an edible oil transfers WOG-E%%’M
from a diglyceride to glycerol, and wherein the fatty-acid CoA
independent diglyceride:glycerol acyltransferase comprises the amino
acid sequence motif GDSX, wherein X is one or more of the following
amino acid 10 residuesL, A, V,I,F, Y, H, Q, T,N,Mor S. 2. A method
according to claim 1, wherein the diglyceride is a 1,2-diglyceride. 3.-A

v.  meepeodentoliglyeecides yoamohacHionsemse eaayme,eomprises
———H-309 or comprises a histidine residue at a position corresponding to

His-309 in the amino acid 15 sequence of the Aeromonas hydrophila
lipolytic enzyme shown as SEQ ID No. 2 or SEQ ID No. 32. 4. A method
according to any one of the preceding claims wherein the fatty- acid CoA
independent diglyceride:glycerol acyltransferase is obtainable from an '
organism from one or more of the following genera: Aeromonas,
Streptomyces, 20 Saccharomyces, Lactococcus, Mycobacterium,
Streptococcus, Lactobacillus, Desulfitobacterium, Bacillus,

. Campylobacter, Vibrionaceae, Xylella, Sulfolobus, Aspergillus,
Schizosaccharomyces, Listeria, Neisseria, Mesorhizobium, Ralstonia,
Xanthomonas and Candida. 5. A method according to any one of the

" preceding claims wherein the fatty- 25-acid CoA mdependent
diglyceride:glycerol acyltransferase comprises one or more of the

g fOIIOWING amino acid Sequences: (i) theamino-acit-seguence-shown as
V- SEQUDIRG: PH AT HE BTN EE sequence shown as SEQ ID No. 3: (iii)

the-amino acid—sequence showmas SEQ1b-No-—4:{iv-the-amino.acid

Mame:  Ms@dBériee shown as SED ID No. 5; (v);ﬂhee&mﬂﬂesa@ﬁﬁe,gmegg;e,shown

Address: 288 SEQ HxNo. 6; (vi) the amino acid ﬂf@%mm?’ggﬁﬁw’%Q ID No..
A%?’ (Yii) the amino acid sequence shown azﬁf |||) the
s&laao acid sequence shown as SEQ,I1R N Z?Wﬁ% &g -
sequence 115 shown as SEQ ID No. 24, (x) the amino acid sequence

) Siown as SEQ TD N0 26, (Xi) - theamino-acie-segrience-shownas SEQ'ID
L QBm{mﬂ?@ﬂaHﬁmecaetdi FEG MU of the test were negative.

Form BF/S (second and last page)
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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 5 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 amiinb 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
shown as SEQ ID No. 67; (xxii) the amino acid sequence
shown as SEQ ID 10 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 . | , . 1
b No. 12; EB%B%%?E@@‘@% %‘%%F%‘,l%g%glgi o%i&%gé%%[ﬁ% ible o
26nBEQUD AN od 2B ISED 1Bl 60, SHQaDaN. B2eSEYbsiye 3ud gftyy-acid
ID No. 55, SEQ ID V3] 0 N . | 4 CoA
S T S TENA 670 SR D o, 10 & A et ©°
andepdintpio dinl onilotifiecprboetingnifirasevihehainctiiezediys 48 GTBRE which
iR eRdRn LA Abasts KA ol Ay IRRPIEIREE COMPIPER BRAMIAL Riein the
sequence encodecf y one or more of the following nuclectide sequences:
(Bthesiddievtidelspepient dighoven ds SEQr Mltrnsiergsy geanprises the amino.
nucleotide sequen n . : : ide.. . : 9
e S D g g it SR eneE st =
SEQitBsNIo AL0Y, {eF 1he Hu€ledtide déguénce shown as SEQ ID No. 11;

h leotid : . : . . :
(Q.t € nue gorget%gf ‘a*é’cf??&&g I@c? gﬁglgﬁ g E\%e%iﬁl%ﬁ]ﬁggéégﬁé@ a 1,2-diglyceride.

nticleotide 'sequence shown-as (h) the'nucleotide )
séguence showethad SEQrinNdo 282if) theonudrestide wherabhdeesksiiracid CoA

EQ ID No.,25: 0).the leoti h S NQ. 27: or
?%?ﬁg%‘qé%%;%é %% b&g? %%&%‘i’“da%f%%ﬂ?f&ﬁsé QAR %&n‘B NQ- 31:309

own a Q ID No. 29; 30 (1 the _ .
nocleptisiss adtsidine shislun stsagEQHDINOI3IpofipEdMbdtediRien the amino acid

SR N B R Pind MBS R UESHRE SRIPACS LAY No. 2 or
SEQ ID No. 532. ‘
4. A method according to any one of the preceding claims wherein the fatty-
acid CoA independent digiycéride:giycerol acyltransferase is obtainable from an
organism from one or more of the following genera: Aeromonas, Strepiomyces,
Saccharomyces, Lactococcus,  Mycobacterium, ~ Streptococcus,  Lactobacillus,
Desulfitobacterium, Bacillus, Campylobacter, Vibrionaceae, Xylella, Sulfolobus,
Aspergillus, Schizosaccharomyces, Listeria, Neisseria, Mesorhizobium, Ralstonia,
Xanthomonas and Candida.
5. A method according to any one of the preceding claims wherein the fatty-
acid CoA independent diglyceride:glycerol acyltransferase comprises one or more of
the following amino acid sequences: (i) the amino acid sequence shown as SEQ ID
No. 2; (i) the amino acid sequence shown as SEQ ID No. 3; (jii) the amino acid
sequence shown as SEQ ID No. 4; (iv) the amino acid sequence shown as SED II) No.
5; (v) the amino acid sequence shown as SEQ ID No. 6; (v1) the amino acid sequence
shown as SEQ ID No. 12, (vii) the amino acid sequénoe shown as SEQ ID No. 20,

(viii) the amino acid sequence shown as SEQ ID No. 22, (ix) the amino acid sequence
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116 (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; (r) the nucleotide sequence shown
as SEQ ID No. 64; 5 (s) the nucleotide sequence shown as SEQ ID No.
66; (t) the nucleotide sequence showri &8s 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 ane of th ce .
SHENR 355 SEOHD Ro b, G B S S 6 S8 SEB 15 N LoS- 16 (9
SRQMRN el s&Rehtd Nowh3 25BRADINGNZ1 2 &ERITDhN @30S Bl |Bequence
No. 25, SEQ ID No. 27, SEQ.ID,No. 29, SEQ ID No. 31,.SEQ ID N
SEOTINIESADS 1 VAT O Rt SSOSEE TG S50 6RaR 32
e P theSEhIND sefGefie Qhivias G3Qr IBEIQe | DAN (0§ 3hd akimetobsequence
according t one of th eceding claims comprising 15 admixj .
SEEH B Ot e 51 o1 LSS SANEL D TDH e 0 0 . 5
fpadstyit Snlise fia falyacd SoivindepeReld dNgly6erideviglycbeobmino acid
acyltransferase chgyacterized as an.enzyme which in an edible oil
RALTERE ATOREY P Hor: g bEa i b IR oo n i SEQ D
afianediiie) oile fonteslucio gandtar 2 cemavisd (pieféfabls sétactiteyamino acid
reducing apd/or re i ?ﬂj lyceride.from said_edible oil wherein the,
fAHYHERE E;E(‘]Wer%%ég n é?gpjge(]r}féél: f%%f%c%%ﬁ%%?ggg HoMas sQ D
cmPrises(ifdiiaminmasichseiueneacmotifiGDEX7 HhersimX slangowith any one
maqre of the following ami iq resi Lo QT N,
P A A DR e Chder o bt ey v0: RS No
agyRrangfendses 2B ERpIBCsizEl] 8§ @nibridpmEinsiith 1D afpe@bl8isd ID No. 24,
transfers an acyl group. fr di%éegg 0 glyc in.the man t ‘
P B oA LrBIag A etibision %p%o%iﬁ%@c%%td%ﬁt%ﬁNo‘ 34,
PREEIENG saidsieQdsiuNowher@Rhe fatty-atid SEQAIINtependentQ ID No. 63,
diglyceride:glyceral acyltransferase comprises, the amino acid sequence
Rdp3Y, %&héﬁe%]:% Fg%rf’j 8?%%%@?&5%? lowing amino acid

rgsidues L Amhod according to any one of the preceding claims 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 1D No. 7;

(b) the nucleotide sequence shown as SEQ ID No. 3;

(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;

(g) the nucleotide sequence shown as SEQ ID No. 21;

(h) the nucleotide sequence shown as SEQ ID No. 23;

(i) the nucleotide sequence shown as SEQ ID No. 25;

(1) the nucleotide sequence shown as SEQ ID No. 27,

(k) the nucleotide sequence shown as SEQ ID No. 29;

(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 Ne. 35;
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301, F Y,H,Q, T, N, MorS. 10. Use according to claim 8 or claim 9
wherein the amount of diglyceride in the edible oil is reduced. 117 11.
Use according any one of claims 8 to 10, wherein the diglyceride is a 1,2-
diglyceride. 12. Use according to any one of claims 8-11 wherein the
fatty-acid CoA 5 independent diglyceridééglycerol acyltransferase enzyme
comprises H-309 or comprises a histidine residue at a position

é%ggonﬂm& Hlsugggel&t%n%m gl ence of the Aeromonas
h@ rophlfla |po nzyme shown as 0.2 or SEQ ID No. 32.
1@) lt]&mmhmtuh‘:&@&qwnyemhe\@ﬁ a8 2NwhEtein the fatty-acid CoA

@gﬁiﬁenpeg d'%%ce“de %ﬁ;ﬂ[gﬁéﬁgq@fergfe is obtainable from an

rom one or more ing genel’a Aeromonas,

Stre phemydes{iGaseharomsloesn £a8t0QdEdE). Mdcobacterium,

QCOC actobacillus, Desul Bacillus,
C,(t fnpylo z;fgf)zir&vgﬁl%%nggesggu%yafengg%aﬁfjr’olo%us " Aspergillus,
S¢hiZosacdeatomyses;nkistbriaNeiSs6n A Maesofhizobium, Ralstonia,
t n dj any one of claims
111_% o &a gtﬁ&g’ f%%geiﬁ%%g%n]ﬁ %’5 H?,g %Q‘

erein t 0A mdepe entdl glyceride: glycerol
aby}taanstéq:aséec@nqpns@fs ohécbr mord Phthie followidepatsinoidiciany one of the

SequENRR: MR AIreRs RASNCE A AS D IDNG, 3 JIB No. 10,

amino sequence shown as SEQ ID lii) the' amino acid
sequSREETRONholin SEQHD NPNG.4 S@@ mram.ab, 566 dBydenéd. SEQ ID No.

shovgs(aiﬁgﬁ)'ﬁ 97 S5} PmiBo G SgienTe shava b ths@q ID No.

e amino acl quence shown as S Q ID'No. 12,
amind3a8iQepusnceisivdih BN E GPIIP Q. TRON (ViR tHird! uidindadith, SEQ 1D No.

e B B (e . %8 6 2equence shown as S0 D No.
26, (xi) theﬁmmmﬁ amidoséiqgehcesshowneas SEQ IDritod28, (li)rtise comprising
“BORS FEYSTE S0 IE ST R A CAMEADRAE o
sifoudstaﬁ"SEQ ID No. 34, (xv) the amino acid sequence shown as SEQ
8. Use of a fatty-acid CoA independent diglyceride:glycerol acyltransferase
characterized as an enzyme which in an edible oil transfers 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 wherein the fatty-acid CoA independent diglyceride:glycerol acyltransferase
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, M or S.
9. Use of a fatty-acid CoA independent diglyceride:glycerol acyltransferase
characterized as an enzyme which in an edible oil transfers an acyl group from a
diglyceride to glycerol, in the manufacture of a foodstuff comprising an edible oil for
improving the crystallization properties of said foodstuff, wherein the fatty-acid CoA
independent diglyceride:glycerol acyltransferase comprises the amino acid sequence
motif GDSX, wherein X is one or more of the following amino acid residues 1, A, V,
LEY HQT,N, MorS.
10. Use according to claim 8 or claim 9 wherein the amount of diglyceride in

the edible oil is reduced.
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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 30 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 sequente’shown as SEQ ID No. 67; (xxii)
the amino acid sequence shown as SEQ ID No. 70 or (xxiii) 118 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
N .No. 5, BEQatduNbng afEQe DINMit? SEQID Woe2d; SEQigyMoide2s a 1,2-
%ER??D No. 24, SEQ ID No. 26, SEQ ID No. 28, SEQ ID No. 30, SEQ ID
Q ID No. 34, SEQ ID No. 55, 5 SEQ ID No. 58, SEQ ID No. 60,
$EQ ID NUs6158&QiHD Mo 268, SEQD dionss 8-SEQvIDrio. B2 deSE@id CoA
5. U e acqor in clalms her
fmtcg\l Pgé‘fgﬂ 1%]?4061‘1 E'%Jlglycgy%&an eras A}n\@’ ecgté%)m%s H-309 or

epen lyeerol cyt ansfer
mmpmsesae]ma[dme Bsidseyuepcetiencoded iynding 6 Mioré(5f théhe amino acid

foIIow nucleotide sequenc c
%I%l (‘éﬁitﬂgonuc%o? éﬁ) é%&gb ‘éqgh(%%\}% I(Ea)(%&p g%\l%ﬁg\,\t%:?%' 2or
tﬁE(@lﬁHéﬁme?sequence shown as SEQ ID No. 9; (d) the nucleotide

;@qgggﬁ%ﬁhgwgi% @%Qt D kf ?Jn%tl é@ g Hucieptidg sedyence ’PA% MRid CoA

€ sequence shown as SEQ
I3defgnthendigdootddsequenteshvarsisSEQ (bthoale; ﬁ(mlme orgamsm from

g %Ieotldrgosgq i S%é%)mn?%ls Ogse AP NO., 83 c%) tg‘?éﬁ%lﬁgg@ Saccharomyces,

sequence shown as O) tﬁe nuc eotl ce shown
abaSiaty BN o. Ry Ol (ikdrines, nuﬂ@uideosequenbecetmﬁlas s uiimbacierium, .

the cleotd uence.shown as SE
Hsttise <bAUALE Bioin oL SEOTORD. s (8 the nOdeRMA,  Aspersils

sSWmﬁhmm;&s@E@t@dﬁd\@&e(ﬁ), tb\éemdtwﬁmmse&aé*mcsh&'wmhomonas

asn nl(l?j,é}}lz‘o. 54,
14, Use according to any one of claims 8-13 wherein the fatty-acid CoA
independent diglyceride:glycerol acyltransferase comprises one or more of the
following amino acid sequences: (i) the amino acid sequence shown as SEQ 1D No. 2;
(ii) the amino acid sequence shown as SEQ ID No. 3; (ii1) the amino acid sequence
shown as SEQ ID No. 4; (iv) the amino acid sequence shown as SED ID No. 5; (v) the
amino acid sequence shown as SEQ ID No. 6; (vi) the amino acid sequence shown as
SEQ ID No. 12, (vii) the amino acid sequence shown as SEQ ID No. 20, {viil) the
amino acid sequence shown as SEQ ID No. 22, (ix) the amino 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, (xviij 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. 63; (xxi) the amino acid sequence shown

as SEQ ID No. 67; (xxii) the amino acid sequence shown as SEQ ID Neo. 70 or (xxiii)
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25 (p) the nucleotide sequence shown as SEQ ID No. 59; (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
30 (u) the nucleotide sequence shownALKSEQ ID No. 69 or (v) a
nucleotide sequence which has 75% or more identity with any one of the

sequences shown as SEQ ID Nq. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID
Nb%ﬁi@déﬁ’@%m%ﬁ%%%%m@ %WDWN%.%%%@ fBeNgIuences

A 33 e I o O o Nt SEa D N &
Q. . 35, 54, 1 _
SHSON s SRS 1B L 0 OISR 15 e g No- 26,

B AagimED NS of SMEBAS. Whessio e fastys4ciSECom No. 55,

gepgndent cloerdg ghostol GRYURISIS 35 54556 TS BOBERD o 5,

SEQ ID No. 67 or SEQ 1D No. 70.

15, Use according to any one of claims 8-14 wherein the fatty-acid CoA
independent diglyceride:glycerol acyliransferase comprises an amino acid sequence
encoded bj/ one or more of the following nucleotide sequences:

(a) the nucleotide sequence shown as SEQ ID No. 7;

(b} the nucleotide sequence shown as SEQ ID No. §;

(c) the nucleotide sequence shown as SEQ 1D 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;

(g) the nucleotide sequence shown as SEQ ID No. 21;

(h) the nucleotide sequence shown as SEQ ID No. 23;

(i) the nucleotide sequence shown as SEQ ID No. 25;

(i) the nucleotide sequence shown as SEQ ID No. 27;

(k) the nucleotide sequence shown as SEQ ID No. 29;

(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;

“(0) 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;

(r) the nucleotide sequence shown as SEQ 1D 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,
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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 1D 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.
5 16 Use according to any one of claims 8-15 wherein the fatty-acid CoA
independent diglyceride:glycerol acyltfansferase is used in combination with a

crystallization inhibitor.



