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This invention relates to modified plants. In
particular, the invention relates to plants modified such
that at least part of the plant (for example seeds of the
plant) is capable of yielding a commercially useful oil.

Plants have long been a commercially valuable source of
oil. Nutritional uses of plant-derived oils have
hitherto been dominant, but attention is now turning
additionally to plants as a source of industrially useful
oils, for example as replacements for or improvements on
mineral oils. 0Oil seeds, such as from rape, have a
~variety of lipids in them (Hildish & Williams, "Chemical
Composgition of Natural Lipids", Chapman Hall, London,
1964). There is now considerable interest in altering
lipid composition by the use of recombinaht DNA
technology (Knauf, TIBtech, February 1987, 40-47), but by
no means all of the goals have been realised to date for
a variety of reasons, in spite of the ever-increasing
sophistication of the technology.

Success in tailoring the lipid content of plant-derived
oils requires a firm.underétanding of the biochemistry
and genes involved. Broadly, two approaches are
available. First, plants may be modified to permit the
synthesis of fatty acids which are new (for the plant);
so, for example, laurate and/or stearate may be
synthesised in rape. Secondly, the pattern and/or extent
of incorporation of fatty acids into the glycerol
backbone of the lipid may be altered. It is with this
latter approach that the present invention is concerned,
although the former approach may additionally be used.
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- 1964). There is now considerable interest in altering |ipid conposition

| by the wuse of reconbinant DNA technology (Knauf, TIBtech, February

. 1987, 40-47)., but by no neans all of the goals have been realised to date
for 20 a variety of reasons, in spite of the ever-increasing

sophi stication of the technology. Success in tailoring the lipid content of

pl ant-derived oils requires a firmunderstandpgng of the biochemstry 25

and genes involved. Broadly, two approaches are available. First,

plants may be nodified to permt the synthesis of fatty acids which are new

(for the plant); $8pildy ageatpirtred &nrplenaéd}bprtlsées&idaita.wmy:ﬂ)efatty acid

synthesised in raﬁFlé%nguﬂﬁéo éh §§g£bfwfgéﬁbgﬁéeﬂ§ a series of acyl
transferase enzymes. There are three positions on the
glycerol molecule at which fatty acid (acyl) moieties may
5 be substituted, and the substitution reached at each
' position is catalysed by a position-specific enzyme: the
enzymes are known as 1-, 2- and 3-acyltransferases,
respectively.

10 One, but not the only, current aim of "lipid engineering"
in plants is to provide oils including lipids with a high
content of erucic (22:1) acid. Erucic acid-containing
lipids are commercially desirable for a number of
purposes, particularly as replacements to or supplements

15 for mineral oils in certain circumstances, as alluded to
above. 1In the case of oil seed rape (Brassica napus),
one of the most significant oil producing crops in
cultivation today, the specificity of the 2-

- acyltransferase enzyme positively discriminates against

20 the incorporation of erucic acid at pdsition 2. So, even

in those cultivars of rape which are able to incorporate

erucic acid at positions 1 and 3, where there is no (or
at least reduced) discrimination against erucic acid,
only a maximum 66% of the fatty acids incorporated into

25 triacyl glycerols can be erucic acid. Such varieties of
rape are known as HEAR (high erucic acid rape) varieties.

It would therefore be desirable to increase the erucic
acid content of conventional oil seed rape, as well as
30 HEAR varieties; the same can be said of oils of other
vegetable oil crops such as maize, sunflower and soya, to
name but a few examples. While in principle it may be
thought possible to introduce into a desired plant DNA
encoding a 2-acyltransferase of different fatty acid

-
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I ncorporation of fatty acids into the glycerol backbone of the
lipid nmay be altered. It is with this latter approach that the present

i nvention is concerned, although the forner approach nay additionally be
used. This is the replacenent sheet Date: 2 4 SEP 1996 2 Lipids are
formed in plants by the addition of fatty acid noieties onto the glycerol
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specificity, for example from a different plant, in
practice there are a number of problems.

First, 2-acyltransferase and 3-acyltransferase are
membrane bound, and therefore insoluble, enzymes. They
have not been purified. This makes working with them
difficult and rules out the use of many conventional DNA
cloning procedures. . This - difficulty does  not,
paradoxically, -lie in the way of cloning the gene (or at
least cDNA) encoding the l-acyltransferase enzyme, which
is soluble: in fact, recombinant DNA work has already
been undertaken on this enzyme for a completely different
purpose, namely the enhancement of chilling resistance in
tobacco plant leaves, by Murata et al (Nature 356 710-713
(1992)).

Secondly, very 1little is known about the 2- and 3-
acyltransferases. There is no idea of their size or how
they are targeted to membranes. No nucleotide or amino
acid sequence data are available and no antibodies have
been raised againsﬁ them.

Although there has been discussion, therefore, of the
desirability of modifying 2-acyltransferase specificity,
for example by importing a gene coding for the
corresponding enzyme, but of different specificity, from
another species, there is a pressing need in the art for
the key which enables this work to be done. The present
invention provides such a key, in the form of a DNA
sequence (in the specific case, a cDNA sequence) encoding
a 2-acyltransferase. The DNA sequence in Figure 1 from

‘nucleotides 130 to 1254 encodes the 2-acyltransferase

from maize (Zea mays), including the stop codon.
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gl ycerol nolecule at which fatty acid (acyl) noieties may 5 be
. substituted, and the substitution reached at each position is catal ysed by
a position-specific enzynme: the enzynes are known as 1-, 2- and
3-acyl transferases, respectively. 10 One, but not the only, current aim
of "lipid engineering"” in plants is to provide oils including lipids with a
~high content of erucic (22:1) acid. FErucic agid-containing lipids are
cormercially desirable for a nunmber of purposes, particularly as
repl acenents to or supplenents 15 for mneral oils in certain
ci rcunst ances, as Addautting ccabovEirstn aspectsef ofhei invertionpetiidrafsiea

- napus), one of the mst ;8 PHVEHE LideRTRIUGHRI ¢ 9881hPed DNA sequence,
- preferably encoding an. enzyme having membrane-bound
acyltransferase activity, and selected from:

5
(i) a DNA sequence comprising the DNA sequence of
Figure 1 encoding at least from MET,, to Stop,,g
(SEQ ID: 2) or its complementary strand,

10 (ii) nucleic acid sequences hybridising to the DNA
sequence of Figure 1 (SEQ ID: 1), or its
complementary strand, under stringent
conditions, and

15 (iii)nucleic acid sequences which would hybridise to
the DNA sequence of Figure 1 (SEQ ID: 1), or
its complementary strand, but for the
degeneracy of the genetic code.

20 Fragments of the above DNA sequences, for example of at

least 15, 20, 30, 40 or 60 nucleotides in length, are
, also within the scope of the invention.
Suitable stringent conditions include salt solutions of

25 approximately 0.9 molar.at temperatures of from 35°C to

65°C, More particularly, stringent hybridisation
conditions include 6 x SSC, 5 x Denhardt’s solution, 0.5%
SDS, 0.5% tetrasodium pyrophosphate and 50ug/ml denatured
herring sperm DNA; washing may be for 2 x 30 minutes at

30 65°C in 1 x SSC, 0.1% SDS and 1 x 30 minutes in 0.2 x
SSC, 0.1% SDS at 65°C.

Nucleic acid sequences within. the scope of the first
aspect of the invention will generally encode a protein
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cultivation t oday, t he specificity of t he 2- acyltransferase
enzyne positively discrimnates against 20 the incorporation of erucic
acid at position 2. So, even in those cultivars of rape which are able to
incorporate erucic acid at positions 1 and 3, where there is no (or at
| east reduced) discrimnation against erucic acid, only a maxi num 66% of
the fatty acids incorporated into 25 triayl glycerols can be erucic
acid. Such varieties of rape are known as HEAR (high erucic acid rape)
varieties. It would therefore bhe desifable to increase the erucic aC|d
content of conventiBdHAY 0i3-IBEHETHRLCLASG 0| FCLLVERY,  APEARPRL i &t esth
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sunfl ower and soya, .t . g .
yac:.cf)sequence. Nucleic acid sequences not encoding a

protein having enzymic activity (or the relevant enzymic'

S activity) but otherwise conforming to the first aspect of

' the invention as set out above may be useful for other

purposes (and are therefore also encompassed by the

invention); for example they may be useful as probes,

which is a utility shared by the nucleic acid sequences

10 of the first aspect of the invention, including the
Figure 1 sequence itself.

The probe utility arises as follows. As there is likely
to be a high degree of homology between acyltransferases
15 of different species (and particularly between 2-
acyltransferases of different species) the Figure 1
sequence (or part of it, or other sequences within the
invention) may be used to probe cDNA or genomic libraries

of other species in order to clone DNA sequences encoding

20 acyltransferasés having desired specificities. For
example, if it is desired to produce oil having a high
content of erucic acid esterified to glycerol, a DNA
library of any species which naturally makes erucic acid
may be probed. " Suitable plants include meadow foam

| 25 (Limnanthes spp., especially L. alba and, particularly,
L. douglassgi) and Crambe. Limnanthes douglassi is the

preferred species, as specificity studies show that there

is positive discrimination towards incorporation of
erucic acid into position 2 of the triacylglyceride.
30 Libraries of organisms other than the higher plants may
be probed; for example, certain bacteria may have an
acyltransferase of the desired specificity.
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nane but a few exanples. While in principle it may be thought possible to
.introduce into a desired plant DNA encodi ng a 2-acyltransferase of
different fatty acid This is the replacenent sheet Date: 2 4 SEP 1996

3 specificity, for exanple froma different plant, in practice there are
a nunber of problens. First, 2-acyltransferase and 3-acyl transferase
are 5 menbr ane bound, and t heref ore insol &bl e, enzynes. They

DNA in accordance with the invention will in general have
a higher degree of homology with at least part of the
Figure 1 sequence than with known sequences.

5 Recombinant DNA in accordance with the invention may be
in the form of a vector, which may have sufficient
regulatory sequences (such as a promoter) to direct
expression. Vectors which are not expression vectors are
useful for cloning purposes (as expression vectors

10 themselves may be). Host cells (such as bacteria and
plant cells) containing vectors in accordance with the
invention themselves form part of the invention.

DNA sequences in accordance with the invention can be
15 used in another way in cloning a gene of interest from

another species: if the DNA is coupled to a suitable

promoter, for example on an expression vector in a

suitable host organism, protein may be produced. Such

protein may be used to generate polyclonal or monoclonal
20 "antibodies, or other binding molecules, which may then be
used to screen for expression of homologous proteins in
other species,' for example as part of a DNA library
screening programme. :

25 Suitable cDNA libraries of target species will generally
be prepared when the gene of interest is likely to be
expressed; so cDNA embryo libraries (prepared at the
early lipid synthesis stage), for example of Limnanthes
spp. will be preferred.

30
The invention therefore enables the cloning of a wide
variety of genes (or, more generally, DNA 'sequences)
encoding acyitraﬁEféfases, and 2-acyltransferases in
particular, using DNA sequences as described above.

is Sheet Has Been Re laced

T



have not been purified. This nakes working with themdifficult and rules

~out the use of many conventional DNA cloning procedures. Thi s
difficulty does not, paradoxically, lie in the way of cloning the gene
(or at 10 | east cDNA) encoding the 1-acyltransferase enzynme, which is

soluble: in fact, reconbinant DNA work has al ready been undertaken on this
~enzyne for a conpletely different purpose, narely the enhancenent of
chilling resistance in tobacco plant |eaves, by Murata et al (Nature 356
710-713 15 (1992)). Secondly, very little is known about the 2- and 3-
acyl transf erases. Snﬂhe§¢21ﬁ§an§§ar©$eSheﬁucblﬁ@(ﬁTQRw@%mnﬁnﬁﬂ@ﬁt%PEet@éY

to menmbranes. No npuclgotigde Of AWEA  directly, for = example using

complementation studies, from a DNA library of the

species in question. For example, if E. coli is used as

5 the complementation host, a mutant is chosen which is

defective in the relevant eniyme (for example 2-

acyltransferase); the DNA library from the target species

(such as L. douglassi) is cloned into the mutant

- complementation host; host cells incorporating the target

10 acyltransferase gene in their genome can readily be

selected using appropriate selective media. E. coli

mutant JC201 1is a suitable host for use in
complementation studies relating to 2-acyltransferase.

15 Cloning the acyltransferase gene of choice into a
microbial host, such as a bacterium like E. coli, in such
a way that the gene can be expressed has a particularly
advantage in that the substrate specificity of the
acyltransferase gene can be assessed in the microbial
20 host before transformed plants are prepared, thereby
saving considerably on research time. Such an assessment
may be made by competitive substrate assays, in which
differently detectably labelled candidate substrates for
the enzyme compete with each other for incorporation into
.25 the glyceride. For example, 2C-erucyl CoA and 3H-oleoyl
CoA can be used as competitive substrates for 2-
acyltransferase,' and the relative amounts of i4¢c or
tritium uptake into glyceride can be measured. (As 2-
acyltransferases have acceptor, glycerol-based,
30 substrates and donor, fatty acid-based, substrates, the
experiment can be carried out with different acceptors,
such as 1l-erucyl-glycerol-3-phosphate and 1-oleoyl-
glycerol-3-phosphate.) A gene coding for an enzyme which
preferentially donates erucic acid to the acceptor
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20 aci d sequence data are avail able and no anti bodi es have been raised
agai nst them Although there has been discussion, therefore, of the
~desirability of nodifying 2-acyltransferase specificity, 25 for

exanple by inporting a gene coding for the corresponding enzynme, but
of different specificity, fromanother species, there is a pressing need in
the art for the key which enables this work t8 be done. The present

i nvention provides such a key,; in the formof a DNA 30 sequence (in the
specific case, a cDNA sequence) encoding a 2-acyltransferase. The DNA
sequence in Fi gur e(partigniaelect jerecubmlycansu- treherphate) may by this

2-acyl transferase ({4008 MReZe; 281 FBYE) ad N&! WA Isb88eALEP SOUBRcice for

further use in the invention as described below.

5 In a second aspect of the invention, there is provided a
plant having one or more insoluble acyltransferase
enzymes having a substrate specificity which differs from
the native enzyme of the plant.

10 While site-directed mutagenesis and/or other protein
engineering techniques may be - used to alter  the
specificity of an enzyme native to the plant, it is
preferred that the plant be transgenic and incorporate an
expressible acyltransferase gene encoding an enzyme of

15 the desired specificity from another species. 2-
acyltransferases are the enzymes of choice. For example,
as described above, a 2-acyltransferase enzyme which has
an enhanced specificity for, or at least no
discrimination against, erucic acid, may be made by this

20 means to express in a plant which would not normally

incorporate erucic acid into triacylglycerides. An

important embodiment of the invention relates to
genetically engineered plants which have higher levels of
erucic acid incorporated into triacylglycerols than in

25 corresponding non-engineered plants. Preferable though
this embodiment may be, though, the invention is not
limited to the enhancement of erucic acid incorporation
into glycerides: other acids may be desired in other
circumstances. '

30
For the acyltransferase transgene to be expressible, a
promoter has to be operatively coupled to it. Because at
the present state of the art it is difficult precisely to
regulate the site of incorporation of a transgene into
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This is the replacenent sheet Date: 24 SEP 1996 4 According to a first
~aspect of the invention, therefore, there is provided a reconbi nant or

i sol at ed DNA sequence, preferably encodi ng an enzyne havi nhg nmenbrane- bound
acyltransferase activity, and selected from 5 (i) a DNA sequence
conprising the DNA sequence of Figure 1 encoding at | east from[err] to

[err]
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the host genome, it is preferred that the transgene be
coupled to its promoter prior to transformation of the
plant. Promoters wuseful in the invention may be
temporal- and/or seed-specific, but there is no need for
them to be so: constitutive promoters, such as the CaMVv
358 promoter, may be in fact be preferred because they
are usually strong promoters. Other tissues are unlikely
to be adversely affected if the transgene encoding the
acyltransferase enzyme is expressed in them, as the
availability of the fatty acid CoA substrates is
effectively limited to the seed.

The promoter—trénsgene construct, once prepared, is
introduced into plant cells by any suitable means. The
invention extends to such plant cells. Preferably, DNA
is transformed into plant cells using a disarmed Ti-
plasmid vector and carried by Agrobacterium by procedures
known in the art, for example as described in EP-A-
0116718 and EP-A-0270822. Alternatively, the foreign DNA
could be introduced directly into plant cells using an
electrical discharge apparatus. This method is preferred
where Agrobacterium is ineffective, for example where the
recipient plant is monocotyledonous. Any other method
that provides for the stable incorporation of the DNA
within the nuclear DNA of any plant cell of any species
would also be suitable. This includes species of plant
which are not currently capable of genetic
transformation.

Preferably DNA in accordance with the invention also
contains a second chimeric gene (a "marker" gene) that
enables a transformed plant or tissue culture containing
the foreign DNA to be easily distinguished from other
plants or tissue culture that do not contain the foreign
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(SEQ ID: 2) or

Its conpl enentary strand, 10 (ii1) nucleic acid
. sequences hybridising to the DNA sequence of Figure 1 (SEQID: 1), or its
conpl ement ary

strand, under stringent conditions, and 15

(iii)nucleic acid sequences which would hybridise to the DNA sequence of
Figure 1 (SEQID: 1), or its conplenentary strand, but for the
degeneracy of the genetic code. 20 Fragnmend s of the above DNA

for exanple of at least 15, 20, 30, 40 or 60 nucleotides in

|l ength, are also within the scope of the invention. Suitable stringent
conditions includeoNalt Bxdmplemsobf such a marker gene include antibiotic

sequences,

10
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25

30

resistance (Herrera-Estrella et al, EMBO J. 2(6) 987-95
(1983) and Herrera-Estrella et al, Nature 303 209-13
(1983)), herbicide resistance (EP-A-~0242246) and
glucuronidase - (GUS) expression (EP~-A-0344029).
Expression of the marker gene is preferably controlled by
a second promoter which allows expression in cells other
than the tapetum, thus éllowing selection of cells or
tissue containing the marker at any stage of regeneration
of the plant. The preferred second promoter is derived
from the gene which encodes the 35S subunit of
Cauliflower Mosaic Virus (CaMV) coat protein. However
any other suitable second promoter could be used.

A whole plant can be regenerated £from a single
transformed plant cell, and the invention therefore
provides transgenic plants (or parts of them, such as
propagating material) including DNA in accordance with
the invention as described above. The regeneration can
proceed by known methods.

In one embodiment of the invention, the transgenic
plant’s native acyltransferase gene which corresponds to
the transgene may be rendered at least partially
inoperative or removed. So, if the transgene encodes a
2-acyltransferase, the plant’s native 2-acyltransferase
may be rendered inoperative by, for example, antisense or
ribozyme techniques, as is known in the art.

By means of the invention, plants generating oil with a
tailored lipid content may be produced. For example, the
lipid composition of triacylglycerides in a plant may be
substantially altered to produce triacylglycerides with
a desired fatty acid (for example erucic acid) content
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25 approximately 0.9 nolar at tenperatures of from 35[err] to 65[err].
More particularly, stringent hybridisation conditions include 6 x SSC, 5
x Denhardt's solution, 0.5% SDS, 0.5%tetrasodi um pyrophosphate and 50
[err]/ M denatured herring sperm DNA, washing nay be for 2 x 30 m nutes at

30 65[err] in 1 x SSC, 0.1% SDS and 1 x 30 minutes in 0.2 x SSC, 0.1%
SDS at 65[err]. Nucleic acid sequences withi¥il t he scope of the first aspect
of the invention will generally encode a protein This is the replacenent

sheet Dat e: 2 4 SEP 1996
higher than has hitherto been possible. For example, oil

seed rape (B. napus) may be transformed to produce oil
whose triacylglyceride has an erucic acid content of over
70%.

It can readily be seen that plants with increased lipid
levels may be produced by means of the invention.
However, the invention is also useful for producing
plants with decreased lipid levels, which may be desired

10 if elevated protein and/or starch levels are required.
Decreased lipid levels may be achieved by interfering
with the proper functioning of a gene encoding a 2-
acyltransferase, for example by antisense or ribozyme
technology. - (Such reduced-lipid plants may if desired be

15 further engineered for higher protein and/or starch
content, if wished.)

Promoters which naturally drive 2-acyltransferases may
also be obtained by hybridisation and/or restriction
20 and/or sequencing studies using the Figure 1 sequence.

The invention enables the production of protein encoded
by DNA of the first aspect of the invention, should that
be desired. The protein may be expressed by host cells
‘25 harbouring DNA in the form of an expression vector. The
protein, which may be an enzyme having 2-acyltransferase
activity, may have an amino acid sequence which is
identical to or homologous with the Figure 1 sequence.
The degree of homology will generally be greater than
30 that of known proteins, and may be at least 40, 50, 60,
70, 80, 90, 95 or 99%.

Preferred features of each aspect of the invention are as
for each other aspect mutatis mutandis.
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havi ng 2-acyltransferase activity, as that is the activity of the enzyne
encoded by the Figure 1 nucleic acid sequence. Nucl ei ¢ aci d sequences
not encoding a protein having enzymc activity (or the relevant enzymc 5
activity) but otherwi se conformng to the first aspect of the invention as
set out -above may be useful for other purposes (and are therefore al so.
enconpassed by the invention); for exanple tRey may be useful as probes,
which is a utility shared by the nucleic acid sequences 10 of the first
aspect of the invention, including the Figure 1 sequence itself. The

probe utility ar'&%%i%hﬁéﬂdibﬁ31é¥hliﬁﬁﬁra§ealkﬁ|yhe following examples.
The examples refer to the accompanying drawings, in

which:

5 FIGURE 1 shows the c¢DNA sequence derived in Example
1 (SEQ ID: 1) and its derived protein sequence (SEQ
ID: 2).

, FIGURE 2 shows a sequence alignment of part of the
10 gene products of plsB (SEQ ID: 3) and plsC (SEQ ID:
4) with part of the sequence shown in Figure 1 (SEQ
ID: 5), showing a conserved motif. plsB is the E.
coli sn-glycerol-3-phosphate acyltransferase gene
and plsC the l-acyl-sn-glycerol-3-phosphate
15 acyltransferease gene of E. coli. Double points
indicate exact matches between two sequences and a
single point conservative amino acid substitutions.
Stars indicate identical amino acids in all three
sequences and residues conserved in two out of the
20 three sequences are marked by a + symbol.

FIGURES 3A, 3B and 3C: Membrane phospholipids from
E. coli strains were extracted into chloroform and
_ separated' by 2-dimensional thin layer
25 chromatography. The first dimension (ascending) was
developed using chloroform:methanol:water (65:25:4)
and the second dimension (left to right) developed
with chloroform:methanol:acetic acid (65:25:10).
Phospholipids were visualised by autoradiography for
30 16 hours at -70°C using Fuji RX film. The E. coli
strains used were (Figure 3A): JC201 which carries
a thermosensitive mutation in the 1l-acyl-sn-
glycerol-3-phosphate acyltransferase gene; (Figure
3B): JC201 containing the plasmid pPLSC, which
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to be a high degree of honol ogy between acyltransferases 15 of

. different species (and particularly between 2- acyltransferases of
different species) the Figure 1 sequence (or part of it, or bther sequences
Wi thi-n the invention) may be used to probe cDNA or genom c |ibraries of
ot her species in order to clone DNA sequences encodi ng 20
acyltransferases having desired specificiti®s. For exanple, if it is
desired to produce oil having a high content of erucic acid esterified to
glycerol, a DNA library of any species which naturally nmakes erucic acid
may be probed. Sui t aldregdeant she nEL ude Ineadaelbesn plycerdl+ Irphosphate

spp., especial ly L. alba.and. bardloul e, LrfRueL o56) ) #6500 a88€aining

‘Li mant hes dougl assi
the plasmid whose cDNA insert sequence is shown in

Figure 1. LPA, lysophosphatidic acid; PE,
5 phosphatidylethanolamine; CL, cardiolipin; PG,
phosphatidylglycerol; PA, phosphatidic acid; O,
origin. 20% of the 32p is incorporated in LPA in
Jc201 and all of the corresponding label is
incorporated in PE in both of the other two strains.
10
FIGURE 4: Acyltransferase assays were performed
using 32P-labelled lysophosphatidic acid which had
been extracted from the E. coli strain JC201 and
oleoyl CoA as an acyl donor. Phospholipids present
15 in the reaction mixtures were extracted into
chloroform and separated using silica gel thin layer
chromatography. Chloroform:methanol :acetic
acid:water (25:15:4:2) was used to develop the
plates. The phospholipids were visualised by
20 autoradiography for 16 hours at -70°C using Fuji RX
film. The E. coli strains used were: JC201 which
carries a thermosensitive mutation in the l-acyl-sn-
glycerol-3-phosphate acyltransferase gene; JC201
containing the plasmid pPLSC which encodes the E.
‘25 coli 1-acyl-sn-glycerol-3-phosphate acyltransferase
gene; JC201 containing the plasmid whose maize cDNA
insert sequence is shown in Figure 1. LPA,
lysophosphatidic acid; PA, phosphatidic acid.

30 FIGURE 5 shows a comparison of the protein sequence
' shown in Figure 1 (SEQ ID: 6) with that derived (SEQ
ID: 7) from a B. napus seed cDNA insert which was
isolated by DNA hybridisation to the maize cDNA
sequence. The sequences were aligned with the FastA
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preferred species,

as specificity studies show that there is positive

.discrimnation towards incorporation of erucic acid into position 2 of the

triacyl gl yceride.

30 Li brari es of organi sns ot her than the higher

pl ants may be probed; for exanple, certain bacteria may have an
acyltransferase of the desired specificity. This is the replacenent sheet
Date: 2 4 SEP 1996 6 DNA in accordance_mﬁtf4the I nvention will in

gener al

have
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30

align program (1988). Double points signify
identical amino acids and single points conservative
amino acid substitutions.

Maize = 374 aa vs.rape = 311 aa
51.5% identity; Optimised score: 705

EXAMPLE 1

Derivation of the Figure 1 c¢cDNA sequence
Complementation studies using a maize cDNA expression
library transfexrred into the E. coli mutant JC201 allowed
the isclation of a plasmid encoding a 2-acyltransferase
enzyme from maize. The c¢DNA insert of this plasmid is
1.6kb in size, and includes a poly A tail of.  70bp. The
insert was. sequenced to give the data shown and
translation of the sequence revealed the present of only
one large open reading frame. This is shown on Figure 1
with proposed start methionine and stop codon boxed. The
2-acyltransferase is 374 amino acids in size and
sequencing upstream of open reading from showed that the
pi'otein is expressed as part of a fusion protein in
E. coli. This consists of 10 amino acids of the B-
galactosidase protein, 43 amino acids (shown in sequence)
corresponding to the 5’ untranslated region of the mRNA
and the 374 amino acid protein. Protein sequence
comparisons of the large open reading frame with the 2-
acyltransferase of E. coli show little overall identity
but there is a stretch of 80 residues which has a high
level of conservative substitution and contains some
amino acids that are conserved in the 2-acyltransferase,
l-acyltransferase and N-acetyl glucosamine
acyltransferase of E. coli.
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a higher degree of honology with at |east part of the Figure 1 sequence
than wi th known sequences. 5 Reconbi nant DNA in accordance with the

i nvention may be in the formof . a -vector, which may have sufficient

regul atory sequences (such as a pronoter) to direct expression. Vectors
which are not expression vectors are useful for cloning purposes (as
expression vectors 10 t hensel ves may be) 35 Host cells (such as bacteria
and plant cells) containing vectors in accordance with the invention
thensel ves formpart of the invention. DNA sequences in accordance with the
i nvention can be gxamprrused in another way in cloning a gene of interest

from anot her spec&es rELranon of §2C0u%|%gt%%ai %ﬁéﬁ@ﬂéiipids
E. coli strains were grown in minimal medium containing
32p orthophosphate. Total glycerolipids were extracted
5 into organic solvents and separated by 2D thin layer
chromatography (Figure 3) (Lysophosphatidic acid (LPA) is

the substrate for 2-acyltransferase (2-AT)).

As can be seen in Figure 3A, the accumulation of 32p-
10 labelled LPA in the mutant JC 201 illustrates the absence

of a fully functional 2-AT. Addition of a plasmid

carrying either the native E. coli gene (Figure 3B), or

the maize clone given in Figure 1 (Figure 3C) restores 2-

AT activity to the cells, allowing LPA to be removed and
15 further metabolised. (Lysophosphatidic acid.)

These data indicate that the DNA sequence given in Figure
1 codes for 2-AT.

20 EXAMPLE 3 .

Over expression of the cDNA

The cDNA region specifying the protein sequence given in

Figure 1 was cloned into the E. coli overexpression

vector pET11d (Studier et al, Meth. Enzymol. 185 60-89

25 (1990)). Increased 2-acy1transferasé activity following
- induction of expression from the plasmid insert confirmed
that the sequence in Figure 1 is that of 2-AT.

EXAMPLE 4

30 Localisation of 2-AT activity in E.coli cells containing
the maize clone
2-acyltransferase assays were carried out using membranes
isolated from the mutant strain JC.201 which lacks 2-AT
and from JC.201 containing the maize plasmid (Figure 4).
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pronoter, for exanple on an expression vector in a suitable host organism
protein may be produced. Such protein may be used to generate pol ycl onal or

nonocl onal 20

anti bodi es, or other binding nolecules, which may then be

used to screen for expression of honol ogous proteins in other species, for
exanple as part of a DNA |ibrary screening prograne. 25 Sui t abl e cDNA
libraries of target species will generally be;grepared when the gene of
interest is likely to be expressed; so cDNA enbryo |ibraries (prepared at
"the early lipid synthesis stage), for exanple of Limanthes spp. will be

preferred. 30

10

15

20

25

30

2-AT activity was not detected in membrane fractions from
JC.201. The addition of a plasmid carrying the native E.
coli gene or the sequence given in Figure 1, to JC.201
resulted 1in restoration of 2-AT activity to the
membranes.

EXAMPLE 5 _
Using the maize c¢DNA as a heterclogous probe to obtain
cDNA from cilseed rape

A seed cDNA library from Brassica napus was screened with
the sequence given in Figure 1, using standard techniques
(Sambrook et al "Molecular Cloning - A Laboratory
Manual", 2nd Edition, Cold Spring Harbor Laborétory
Press, 1989).

Conditions

For the hybridisation of the maize cDNA insert to the
rape library: hybridisation was in 6xSSC, 5xDenhardts
solution, 0.5%SDS, 0.5% tetrasodium pyrophosphate and
50ugml-? denatured herring sperm DNA. The filters were
washed 2 x 30 minutes at 65°C in.1xSSC, 0.1%SDS and 1 x
30 minutes in 0.2xSSC, 0.1%SDS at 65°C.

A hybridising clone was sequenced and a protein sequence
derived for the large ORF. Alignment of this protein
sequence with that derived from the maize cDNA clone
given in Figure 1, is shown in Figure 5.

The strong identity between these sequences illustrates
the potential of using the sequence given in Figure 1 to
obtain other 2-ATS.
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The invention therefore enables the cloning of a wide variety of genes (or,
nore generally, DNA sequences) encodi ng acyltransferases, and

" 2-acyltransferases in particular, using DNA sequences as descri bed above.

This is the replacenent sheet Date: 2 4 SEP 1996 7 Such

acyl transferases, such as from Li mant hes spp. may al so be cl oned
directly, for exanpl e usi ng conplenentqﬁ}on studies, froma DNA
i brary of the

EXAMPLE 6
Transgenic plants
The sequence given in Figure 1 can be cloned, alongside
a suitable promoter, into a suitable vector for
5 expression in plants. The wvector can be used to
transform plants and the resulting plants expressing the
2-AT can be analysed for lipid content. Lipid metabolism
is expected to be upregulated and elevated lipid levels
were detectable in seeds.
10
EXAMPLE 7
Antisense
The sequence given in Figure 1 may be cloned, alongside
a suitable promoter, in the antisense orientation into a
"15 suitable vector for expression in plants. The vector can
be used to transform plants and the resulting plants
expressing the 2-AT can be analysed- for protein and
starch content. Elevated levels of starch and protein
are expected to be detectable in seeds.
20
EXAMPLE 8
. Down-regulation of Native 2-AT
The DNA sequence of a 2-AT derived from L. douglagsii
(obtained as described in Example 5) can be introduced
25 into oilseed rape (OSR) under the expression of a
suitable promoter, using vectors and plant transformation
methods well known in the art. A second sequence,
comprising antisense or ribozymes against the rape cDNA
(Example 5) can be .introduced for simultaneous
30 expression. The resultant transformed plant is expected
to have 2-AT activity corresponding to that of
L. douglassii, with concurrent down regulation of the
native rape 2-AT gene.
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species in question. For exanple, if E. coli is used as 5 t he

.conpl enentation host, a nutant is chosen which is defective in the rel evant

enzyme (for exanple 2- acyltransferase); the DNA |ibrary fromthe target
species (such as L. douglassi) is cloned into the nutant conpl enentation
host; host cells incorporating the target 10 acyl transferase gene in
their genone can readily be selected using apféopriate sel ective nedi a.

E. coli nutant

JC201 is a suitable host

for wuse in conplenentation

studies relating to 2-acyltransferase. 15 Cloning the acyltransferase

gene of choice
Ln such a way that

10

'i‘l'g%(?nocflﬂ&ﬁ %ébé" o ’t}ﬁ%c Bras i P b Pﬁg}n&kieﬁel%%f
e gene-can be express has a particu

erucic acid in position 2 of its trlacylglycerols than
wild type plants. In addition higher levels of trierucin

are found in the seed oil.

EXAMPLE 9

Genomic library screening

The sequenée given in Figure 1 is used to screen a
genomic library of Arabidopsis and a hybrid using clone
obtained. Using standard techniques, a promoter may be
derived from this clone. The promoter may be used to
drive expression in plant cell membranes .
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advantage in that the substrate specificity of the acyltransferase gene can
be assessed in the mcrobial 20 host before transformed plants are
prepared, thereby saving considerably on research tinme. Such an assessnent
may be nmade by conpetitive substrate assays, in which differently
detectably | abell ed candi date substrates for the enzynme conpete with each
other for incorporation into 25 the glygeride. For exanple,

[err]-erucyl CoA and [err]-ol eoyl CoA can be used as conpetitive substrates
for 2- acyltransferase, and the relative anounts of [err] or tritium
uptake into glyceride can be neagH®NCE (B8sEIN@CY! transferases have
acceptor, gl ycerol - based, 30 substrates and donor, fatty acid-based,
substratqﬁb t he

GENERAL INFORMATION:

(i) APPLICANT:
(A) NAME: Nickerson BIOCEM Limited
{non-US only)
(B) STREET: Cambridge Science Park, Milton Road
(C) CITY: Cambridge
(E} COUNTRY: United Xingdom
{(F) POSTAL CODE (ZIP): CB4 4GZ

{A) NAME: SLABAS, Antoni Ryszard

{US only) ’ .
(B) STREET: 8 Telford Close, High Shinclffe
{C) CITY: Durham ) :
(E) COUNTRY: United Kingdom
(F) POSTAL CODE (ZIP) : DH1 2YJ

(A) NAME: BROWN, 2Adrian Paul -

_ (US only)

(B) STREET: 4 Church Villas, Shadforth
(C) CITY: Durham

(E) COUNTRY: United Kingdom

(F) POSTAL CODE (ZIP): DH6 1LQ

(ii) TITLE OF INVENTION: DNA ENCODING 2-ACYLTRANSFERASES
(iii) NUMBER OF SEQUENCES: 7 '

{(iv) COMPUTER READABLE FORM:
{(a) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
{D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

(v) CURRENT APPLICATION DATA:
. APPLICATION NUMBER: WO PCT/GB93/

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1514 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear This Sheet Has Been RTlaced

p——— - TR

(ix) FEATURE:
(A) NAME/REY: CDS
(B) LOCATION: 130..1254

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

CCCCGTCCTC CTCGTCECCG GCGGAGCCGC CTACTATCGC CTGGAGAAGG AGCGCCGCGG 60
GGAGCTTTTC CCACTGCCGA CTGCCGTCTG ACCCTCCGAG ATCGGAAGCG GCGCCGGCOGE 120
CGGCCGECE ATG GCG ATC CCG CTC GTG CTC GTC GTG CTC CCG CTC GGC 168

Met Ala Ile Pro Leu Val Leu Val Val Leu Pro Leu Gly
1 5 10



experinment can be carried out with different acceptors, such as

~1l-erucyl -glycerol - 3-phosphate and 1-ol eoyl - gl ycerol -3-phosphate.) A gene
coding for an enzyme which preferentially donates erucic acid to the
acceptor This is the replacenent sheet Date: 2 4 SEP 1996 8
(particularly 1-erucyl-glycerol-3-phosphate) may by this nmeans be

i dentified as a DNA sequence of choice for further use in the invention as
descri bed bel ow. 20

CTG CTC TTC CTC CTG TCC GGC CTC ATC GTC AAC GCC ATC CAG GCC GTC 216
Leu Leu Phe Leu Leu Ser Gly Leu Ile Val Asn Ala Ile Gln Ala Val
15 - 20 25

CTA TTT GTG ACG ATA AGG CCC TTT TCG AAG AGC TTC TAC CGT CGG ATC 264
Leu Phe Val Thr Ile Arg Pro Phe Ser Lys Ser Phe Tyr Arg Arg Ile
30 _ 35 40 45

AAC AGA TTC TTG GCC GAG CTG CTG TGG CIT CAG CTT GTC TGG GTG GTG 312
Asn Arg Phe Leu Ala Glu Leu Leu Trp Leu Gln Leu Val Trp Val Vval
50 55 60

GAC TGG TGE GCA GGT GTT AAG GTA CAA CTG CAT GCA GAT GAG GAA ACT 360
Asp Trp Trp Ala Gly Val Lys Val Gln Leu His Ala Asp Glu Glu Thr
65 70 75

TAC AGA TCA ATG GGT AAA GAG CAT GCA CTC ATC ATA TCA AAT CAT CGG 408
Tyr Arg Ser Met Gly Lys Glu His Ala Leu Ile Ile Ser Asn His Arg
80 85 90

AGT GAT ATT GAT TGG CTC ATT GGA TGG ATA TTG GCC CAG CGT TCA GGG 456
Ser Asp Ile Asp Trp Leu Ile Gly Trp Ile Leu Ala Gln Arg Ser Gly
95 100 105

TGC CTT GGA AGT ACA CTT GCT GTC ATG AAG AAG TCA TCC AAG TTC CTT 504
Cys Leu Gly Ser Thr Leu Ala Val Met Lys Lys Ser Ser Lys Phe Leu
110 "115 120 125

CCA GTT ATT GGC TGG TCA ATG TGG TTT GCA GAG TAC CTC TTT TTG GAA 552
Pro Val Ile Gly Trp Ser Met Trp Phe Ala Glu Tyr Leu Phe Leu Glu
130 : 135 : 140

AGG AGC TGG GCC AAG GAT GAA AAG ACA CTA AAG TGG GGT CTC CAA AGG 600
Arg Ser Trp Ala Lys Asp Glu Lys Thr Leu Lys Trp Gly Leu Gln Arg
145 150 155

TTG AAA GAC TTC CCT AGA CCA TTT TGG CTA GCT CTT TTC GTC GAG GGT 648
Leu Lys Asp Phe Pro Arg Pro Phe Trp Leu Ala Leu Phe Val Glu Gly
* 160 - 165 170 :

ACT CGC TTT ACT CCA GCA AAG CTT CTC GCA GCT CAG GAA TAT GCG GCC 696
Thr Arg Phe Thr Pro Ala Lys Leu Leu Ala Ala Gln Glu Tyr Ala Ala
. 175 180 . 185

TCC CAG GGC TTA CCG GCT CCT AGA AAT GTA CTT ATT CCA CGT ACC AAG 744
Ser Gln Gly Leu Pro Ala Pro Arg Asn Val Leu Ile Pro Arg Thr Lys
180 195 200 205

GGA TTT GTA TCT GCT GTA AGT ATT ATG CGA GAT TTT GTT CCA GCC ATT 792
Gly Phe Val Ser Ala Val Ser Ile Met Arg Asp Phe Val Pro Ala Ile
210 215 220

TAT GAT ACA ACT GTA ATA GTC CCT AAA GAT TCC CCT CAA CCA ACA ATG 840
Tyr Asp Thr Thr Val Ile Val Pro Lys Asp Ser Pro Gln Pro Thr Met
225 230 235

CTG CGG ATT TTG AAA GGG CAA TCA TCA GTG ATA CAT GTC CGC ATG AAA 888
Leu Arg Ile Leu Lys Gly Gln Ser Ser Val Ile His Val Arg Met Lys
240 245 250

CGT CAT GCA AIG'AGT GAG ATG CCA AAA TCA GAT GAG GAT GTT TCA AAA 936
Arg His Ala Met Ser Glu Met Pro Lys Ser Asp Glu Asp Val Ser Lys
258 ' 260 265 :
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5 In a second aspect of the invention, there is provided a plant having
~one or nore insoluble acyltransferase enzynes having a substrate
specificity which differs fromthe native enzyne of the plant. 10 Wi | e
site-directed nutagenesis and/or other protein engineering techniques may
be used to alter the specificity of an enzyme native to the plant, it
is preferred that the plant be transgenic and4 ncorporate an expressible
acyl transferase gene encodi ng an enzyne of 15 the desired specificity
from another species. 2- acyltransferases are the enzynes of choice.
For exanpl egeasstdass réreearmlror esTcace: angldatasst errasereezg macwWrTh has san
enhanced %‘%(ﬁlﬁ &v# \Aspf Ble g?;g—d\fal Ata Lyaahep ?ﬁ]%) Leu Leu Asp Lys Izié:

TTG GCA ACA GGC ACT TTC GAT GAG GAG ATT AGA CCT ATT GGC CGT CCA 1032
Leu Ala Thr Gly Thr Phe Asp Glu Glu Ile Arg Pro Ile Gly Arg Pro
290 295 300

GTG AAA TCA TTG CTG GTG ACC CTG TTC TGG TCG TGC CTC CTG CTG TTT 1080
Val Lys Ser Leu Leu Val Thr Leu Phe Trp Ser Cys Leu Leu Leu Phe
305 310 315
GGC GCC ATC GAG TTC TTC AAG TGG ACA CAG CTT CTG TCG ACG TGG AGG 1128
Gly Ala Ile Glu Phe Phe Lys Trp Thr Gln Leu Leu Ser Thr Trp Arg
320 325 330
GGT GTG GCG TTC ACT GCC GCA GGG ATG GCG CTT GTG ACG GGT GTC ATG 1176
@ly Val Ala Phe Thr Ala Ala Gly Met Ala Leu Val Thr Gly Val Met
335 340 345

CAT GTC TTC ATC ATG TTC TCC CAG GCT GAG CGG TCG AGC TCA GCC AGG 1224
His Val Phe Ile Met Phe Ser Gln Ala Glu Arg Ser Ser Ser Ala Arg

350 355 : 360 365

GCG GCA CGG AAC CGG GTC AAG AAG GAA TGAAAMATGG AGGGTGGAGA 1271
Ala Ala Arg Asn Arg Val Lys Lys Glu .

370 375

TGAGGTTCTC GTGGGGTTTG TTATGGGCAA CCTTCARAAG GACTCTCCAT TCATATTAGT 1331
ATTAATTCAT ATATATGCAG CGCCAAATTC CAGACATIGA TATGCTCTCA AATAGGATGT 1391
TCTGCTCCCC TCTTGTATTT GTATGCAGGA AAGGGTTTGT AGGGAGTTTA CCCCCCCCCC 1451
CCCCCCCCCC GCCTTTCTTT GGGGAAGAAA GACATATTCT GGAAGCCTTC CAGTAGTTCA 1511

AAA ' ' ' ' 1514

ThlS Sheet Has Been Replaced

i




di scrimnation against, erucic acid, may be made by thi s—28———neans to——
express in a plant which woul d not normally incorporate. erucic g int
triacyl gl ycerides. An inportant enbodiment of the inventf§ hept Has P aced
genetical ly engineered plants which have higher levels of ﬂ I mFI

i ncorporated into triacylglycerols than in 25 correspo

non-engi neered plants. Preferable though this enbodiment may be, though,
the invention is not limted to the enhancen®® of erucic acid

i ncorporation into glycerides: other acids may be desired in ot her

ci rcunstances. 30 For the acyltransferase transgene to be expressible, a
(2) INFORMATION FOR SEQ ID NO: 2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 374 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Met Ala Ile Pro Leu Val Leu Val Val Leu Pro Leu Gly Leu Leu Phe
1 5 10 15

Leu Leu Ser Gly Leu Ile Val Asn Ala Ile Gln Ala Val Leu Phe Val
20 25 30

Thr Ile Arg Pro Phe Ser Lys Ser Phe Tyr Arg Arg Ile Asn Arg Phe
35 40 45

Leu Ala Glu Leu Leu Trp Leu Gln Leu Val Trp Val Val Asp Trp Trp
50 55 60

Ala Gly Val Lys Val Gln Leu His Ala Asp Glu Glu Thr Tyr Arg Ser
65 70 75 80

Met Gly Lys Glu His Ala Leu Ile Ile Ser Asn His Arg Ser Asp Ile
' 85 ' 20 95

Asp Trp Leu Ile Gly Trp Ile Leu Ala Gln Arg Ser Gly Cys Leu Gly
100 ’ 105 110

Ser Thr Leu Ala Val Met Lys Lys Ser Ser Lys Phe Leu Pro Val Ile
115 120 125

Gly Trp Ser Met Trp Phe Ala Glu Tyr Leu Phe Leu Glu Arg Ser Trp
130 . 135 140

Ala Lys Asp Glu Lys Thr Leu Lys Trp Gly Leu Gln Arg Leu Lys Asp
145 ' 150 155 160

Phe Pro Arg Pro Phe Trp Leu Ala Leu Phe Val Glu Gly Thr Arg Phe
. 165 _ 170 . 175

Thr Pro Ala Lys Leu Leu Aia Ala Gln Glu Tyr Ala Ala Ser Gln Gly
180 185 190

Leu Pro Ala Pro Arg Asn Val Leu Ile Pro Arg Thr Lys Gly Phe Val
185 200 205

Ser Ala Val Ser Ile Met Arg Asp Phe Val Pro Ala Ile Tyr Asp Thr
210 -215 ) : 220

Thr Val Ile Val Pro Lys Asp Ser Pro Gln Pro Thr Met Leu Arg Ile
225 230 235 240

iU Lys Gly Gln Ser Ser Val Ile His Val Arg Met Lys Arg His Ala
245 250 255

Met Ser Glu Met Pro Lys Ser Asp Glu Asp Val Ser Lys Trp Cys Lys
260 265 270

Asp Ile Phe Val Ala Lys Asp Ala Leu Leu Asp Lys His Leu Ala Thr
275 280 285



pronoter has to be operatively coupled to it. Because at the present state
of the art it is difficult precisely to regulate the site of incorporation
of a transgene into This is the replacenent sheet Date: 24 SEP 1996 9
the host genone, it is preferred that the transgene be coupled to its

. pronoter prior to transformati on of the plant. Promoters useful in the
I nvention may be tenporal - and/ or seed-specbgic, but there is no need for

Gly Thr Phe Asp Glu Glu Ile Arg Pro Ile Gly Arg Pro Val Lys Ser
290 295 300 -

Leu Leu Val %hr Leu Phe Trp Ser Cys Leu Leu Leu Phe Gly Ala Ile
305 310 315 320

Glu Phe Phe Lys Trp Thr Gln Leu Leu Ser Thr Trp Arg Gly Val Ala
325 330 335

Phe Thr Ala Ala Gly Met Ala Leu Val Thr Gly Val Met His Val Phe
340 . 345 350

Ile Met Phe Ser Gln Ala Glu Arg Ser Ser Ser Ala Arg Ala Ala Arg
355 360 365

Asn Arg Val Lys Lys Glu
370

"G



5 “themto be so: constitutive pronoters, such as the CaWw 35S pronoter,
. may be in fact be preferred because they are usually strong pronoters.
- Qther tissues are unlikely to be adversely affected if the transgene
encodi ng the acyltransferase enzynme is expressed in them as the 10
availability of +the fatty acid CoA substrates 1is effectively limted
to the seed. The pronpter-transgene construct, once prepared, 1is
introduced into plant cells by any suitable n24ns. The 15 i nvention
extends to such plant cells. Preferably, DNA. is transforned into plant
.cells using g disarnmed Ti- plasmd vector and carried by Agrobacterium by

0

; procedures @h ot RHAT RN BPR SEPO?D &Ranbl e as described in EP-A-

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

Tyr Phe Val Glu Gly Gly Arg Ser Arg Thr Gly Arg Leu Leu Asp
5 15
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0116718 and EP- A-0270822. Alternatively, the foreign DNA 20 coul d be

. introduced directly into plant cells using an el ectrical discharge-
apparatus. This nethod is preferred where Agrobacteriumis ineffective, for
exanpl e where the recipient plant is nonocotyl edonous. Any ot her nethod
that provides for the stable -incorporation of the DNA 25 within the
~nuclear DNA of any plant cell of any species would also be suitable. This
bincludes species of plant which are .not 28Burrently capabl e of
genetic transformation. 30 Preferably DNA in accordance with the
~invention also contains a second chinmeric gene (a "marker" gene) that

enabl es a tRAnSHERRMBII FAR 1R £PMiettul ture containing

(i) SEQUENCE CHARACTERISTICS
_(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

Met Phe Pro Glu Gly Thr Arg Ser Arg Gly Arg Gly Leu Leu Pro
1 5 10 15
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the foreign DNA to be easily distinguished fromother plants or tissue
i culture that do not contain the foreign This is the repl acnent sheet—bBate:——

24 SEP 1996 10 DNA. Exanpl es of such a marker gene include anti bi otil% laced
resistance (Herrera-Estrella et al, EMBOJ. 2(6) 987-95 (1 Sm ﬁfeﬁllm ‘a
: i

Herrera-Estrella et al, Nature 303 209-13 (1983)),  herbi ci ({
( EP- A-0242246) and 5 gl ucur oni dase (QUS) expr essi
( EP--A- 0344029) . 26

(2) INFORMATION FOR SEQ ID NO: 5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
(B) TYPE: amino acid -
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

Leu Phe Val Glu Gly Thr Arg Phe Thr Pro Ala Lys Leu Leu Ala
1 5 10 15

(2) INFORMATION FOR SEQ ID NO: 6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 374 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

Met Ala Ile Pro Leu Val Leu Val Val Leu Pro Leu Gly Leu Leu Phe
1 5 10 15

Leu Leu Ser Gly Leu Ile Val Asn Ala Ile Gln Ala Val Leu Phe Val
20 ’ 25 30

Thr Ile Arg Pro Phe Ser Lys Ser Phe Tyr Arg Arg Ile Asn Arg Phe
35 40 45

Leu Ala Glu Leu Leu Trp Leu Gln Leu Val Trp Val Val Asp Trp Trp
50 55 60

Ala Gly Val Lys Val Gln Leu His Ala Asp Glu Glu Thr Tyr Arg Ser
65 70 75 80

Met Gly Lys Glu His Ala Leu Ile Ile Ser Asn His Arg Ser Asp Ile
85 20 95

Asp Trp Leu Ile Gly Trp Ile Leu Ala Gln Arg Ser Gly Cys Leu Gly
100 : 105 110

Ser Thr Leu Ala Val Met Lys Lys Ser Ser Lys Phe Leu Pro Val Ile
115 . 120 125

Gly Trp Ser Met Trp Phe Ala Glu Tyr Leu Phe Leu Glu Arg Ser Trp
130 135 140

Ala Lys Asp Glu Lys Thr Leu Lys Trp Gly Leu Gln Afg Leu Lys Asp
145 150 155 160

Phe Pro Arg Pro Phe Trp Leu Ala Leu Phe Val Glu Gly Thr Arg Phe
165 170 178

Thr Pro Ala Lys Leu Leu Ala Ala Gln Glu Tyr Ala Ala Ser Gln Gly
180 185 190



twhich all ows expression in cells other than the tapetum

. used. 15

Expression of the marker gene is preferably controlled by a second pronoter

t hus al |l owi ng

selection of cells or tissue containing the marker at any stage of

regeneration 10

of the plant.

The preferred second pronoter

is derived

fromthe gene which encodes the 35S subunit of Cauliflower Msaic Virus

- (CaMW) coat protein. However any other suitable second pronoter could be
can be
~transformed plant cell, and the invention therefore provides transgenic

lants (or parts of them _such a ropagating _materi al
- gccordagce Wi t HES tepr?%\%ﬁnff%%‘rgsﬁ%ggﬁfi%@dnaeg5§8.p‘r?hgh‘lr

A whole pl

Ser Ala Val
210

Thr Val Ile
225"

Leu Lys Gly
Met Ser Glu
Asp Ile Phe

275

Gly Thr Phe
290

Leu Leu Val
305

Glu Phe Phe
Phe Thr Ala

Ile Met Phe
355

Asn Arg Val
370

ant

Ser
val
Gln
Met
260
Val
Asp
Thr
Lys
Ala
340

Ser

Lys

Ile
Pro
Ser
245
Pro
Ala
Glu
Leu
325
Gly
Gln

Lyé

Met Arg
215

Lys Asp
230

Ser Val
Lys Ser
Lys Asp
Glu Ile

295

Phe Trp
310

Thr Gln
Met Ala

Ala Glu

Glu

r egenegdt ed

Asp

Ser

Ile

Asp

Ala

280

Arg

Ser

Leu

Leu

Arg
360

Phe
Pro
His
Glu
265
Leu
Pro
Cys
Leu
Val

345

Ser

val
Gln
Val
250
Asp
Leu
Ile
Leu
Ser
330

Thr

Ser

Pro Ala
220

Pro Thr
235

Arg Met
Val Ser
Asp Lys

Gly Arg
300

Leu Leu
315

Thr Trp
Gly Vval

Ser Ala

This Sheet Has Been Re{ilaced

from a sing

| e

i ncluding DNA in
nEYafPeadan

S48

Ile
Met
Lys
Lys
His
285
Pro
Phe
Arg
Met

Arg
365

Tyr Asp
Leu Arg
Arg His

255

Trp Cys
270

Leu Ala
Val Lys
Gly Ala

Gly Val
335

His Val
350

Ala Ala

Thr
Ile
240
Ala
Lys
Thr
Ser
Ile
320

Ala

Phe



20 proceed by known nethods. In one enbodi nent of the invention, the
v transgenic plant's native acyltransferase gene which corresponds to the

transgene nay be rendered at |east partially 25 i noperative or renoved.
So, if the transgene encodes a 2-acyltransferase, the planfy;Shietils\HRen Replaced
2-acyltransferase may be rendered inoperative by, for exanp or
ri bozyme.techni ques, as is known in the art. 30 By nean “ﬂ" HHE

i nvention, plants generating oil with a tailoR&d |ipid cont : )
produced. For exanple, the lipid conpositgon of ;riafy:glycealdes_LR a

- plant may bg.s L al | e to_produce triacylglycerides w a
gesired ?atgv g@ﬁﬁg%%%ﬁigﬁgﬁ%%%Eggﬁ%igpacid) cont ent

(i) SEQUENCE CHARACTERISTICS:

: (A) LENGTH: 295 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

Met Ala Met Ala Ala Ala Val Ile Val Pro Leu Gly Ile Leu Phe Phe
: 5 ‘10 15 :

Ile Ser Gly Leu Val Val Asn Leu Leu Gln Arg Ser Gly Cys Leu Gly
20 . 25 ' 30 '

Ser Ala Leu Ala Val Met Lys Lys Ser Ser Lys Phe Leu Pro Val Ile
35 40 . 45

Gly Trp Ser Met Trp Phe Ser Glu Tyr Leu Phe Leu Glu Arg Asn Trp
50 55 60

Ala Lys Asp Glu Ser Thr Leu Lys Ser Gly Leu Gln Arg Leu Asn Asp
65 70 75 ' 80

Phe Pro Arg Pro Phe Trp Leu Ala Leu Phe Val Glu Gly Thr Arg Phe
85 S0 95

Thr Glu Ala Lys Leu Lys Ala Ala Gln Glu Tyr Ala Ala Ser Ser Glu
100 _ 105 ' 110

Leu Pro Val Pro Arg Asn Val Leu Ile Pro Arg Thr Lys Gly Phe Val
- 115 120 125

Ser Ala Val Ser Asn Met Arg Ser Phe Val Pro Ala Ile Tyr Asp Met
* 130 135 140

Thr Val Ala Ile Pro Lys Thr Ser Pro Pro Pro Thr Met Leu Arg Leu
145 150 155 160

Phe Lys Gly Gln Pro Ser Val Val His Val His Ile Lys Cys His Ser
165 170 175

Met Lys Asp Leu Pro Glu Ser Glu Asp Glu Ile Ala Gln Trp Cys Arg
180 _ 185 190

Asp Gln Phe Val Thr Lys Asp Ala Leu Leu Asp Lys His Ile Ala Ala
195 _ - 200 . 205

Asp Thr Phe Ala Gly Gln Lys Glu Gln Asn Ile Gly Arg Pro Ile Lys
210 215 : 220

Ser Leu Ala Val Val Leu Ser Trp Ala Cys Leu Leu Thr Leu Gly Ala
-225— 230 235 240

Met Lys Phe Leu His Trp Ser Asn Leu Phe Ser Ser Trp Lys Gly Ile
245 . ) 250 : . 258

Ala Leu Ser Ala Leu Gly Leu Gly Ile Ile Thr Leu Cys Met Gln Ile
260 265 270

Leu Ile Arg Ser Ser Gln Ser Glu Arg Ser Thr Pro Ala Lys Val Ala
278 280 285 '



This is the replacenent sheet Date: 2 4 SEP 1996 hi gher than has
hitherto been possible. For exanple, oil seed rape (B. napus) may be
transforned to produce oil whose triacylglyceride has an erucic acid
content of over 70% 5 It can readily be seen that plants with increased
lipid |l evels. may be produced by neans of the invention. However, the
“invention is also useful -for producing

29

Pro Ala Lys Pro Lys Asp Asn
290 295

Sheet Has Been'’ e‘ilaced
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plants with decreased lipid |levels, which nmay be desired 10 I f el evated

. protein and/or starch |evels are required. Decreased Iip;g_LgyeLs_nay—be———

~acyltransferase, for exanple by antisense or ribozyne techhss

achieved by interfering with the proper functi-oning of a gene encodl nﬁ
uer

reduced-lipid plants may if desired be 15 further engln

protein and/or starch content, if wshed.) Pr ters mhlch
i 2-acyltransferases may al so be obtai ned by h i.di sation an restrlct|on
. 20 and/ or sequencing studies using the Figure 1 sequence. The i nvention

' enabl es the production of protein encoded by DNA of the first aspect of the

~invention, should that

CLATIMS

1. A recombinant or isolated DNA sequence selected from

5
(i) a DNA sequence comprising the DNA sequence of
Figure 1 encoding at least from Met,, to Stop,,g (SEQ
ID: 2) or its complementary strand;
10 (ii) nucleic acid sequences hybridising to the DNA

sequence of Figure 1 (SEQ ID: 1) or its
complementary strand under stringent conditions; and

(iii) nucleic acid sequences which would hybridise

15 to the DNA sequence of Figure 1 (SEQ ID: 1), or its
complementary strand, but for the degeneracy of the
genetic code.

2. A DNA sequence as claimed in claim 1 which encodes
20 ~an enzyme having membrane-bound acyltransferase activity.

v 3. A DNA sequence as claimed in claim 2, in which the
acyltransferase activity is 2-acyltransferase activity.

25 4. An isolated protein which is the expression product
of a DNA sequence as claimed in claim 1, 2 or 3.

5; An antibody capable of specifically binding to a
, protein as claimed in claim 4.
30 _ .
6. A plant having one or more insoluble acyltransferase
enzymes having a substrate specificity which differs from
the native enzyme of the plant.

AR O



be desired. The protein nmay be expressed by host cells 25 har bouri ng
 DNA in the formof an expression vector. The protein, which nay be an

enzynme having 2-acyltransferase activity, may have an ami A8is @mwye
which is identical to or honologous with the Figure 1 sequ
of homology will generally be greater than 30 t hat of

and may be at |east 40, 50, 60, 70, 80, 90, 95 or 99% Preferred features

- of each aspect of the invention are as for ea&dh other aspect nutatis
mutandis. This is the replacenent sheet Date: 2 4 SEP 1996

7. A plant as claimed in claim 6, which is transgenic
for an insoluble acyltransferase enzyme from another

species.

5 8. A plant as claimed in claim 6 or 7, which is rape,
maize, sunflower or soya.

9. A plant as claimed in claim 7, wherein the said
other species is a species of the genus Limnanthes (such
10 as L. alba or, preferably, L. douglassi) or Crambe.

10. A plant as claimed in any one of claims 6 to 9,
wherein the - insoluble acyltransferase enzyme is 2-
acyltransferase.

15
11. A plant as claimed in claim 10, wherein the 2-
acyltransferase has a higher specificity for erucic acid
than the native enzyme of the plant.

20 12. A plant as claimed in any one of claims 6 to 11,
wherein the said native enzyme is at least partially
rendered inoperative or removed; for example by a
ribozyme or by antisense nucleic acid. |

25 13. A method of generating oil, the method comprising
cultivating a plant as claimed in anyone of claims 6 to
12 and harvesting oil produced by the plant or a part
(particularly seeds) thereof.

30 14. A microbial host capable of expressing a DNA
sequence as claimed in claim 1, 2 or 3.

15. A protein which is substantially homologous to a
protein as claimed in claim 4.

R AR



12 The invention is illustrated by the follow ng exanpl es. The exanpl es
- refer to the acconpanying drawings, in which: 5 FI GURE 1 shows

t he cDNA sequence derived in Exanple 1 (SEQ ID: 1) and its derived protein
- sequence (SEQ ID: 2). FIGURE 2 shows a sequence alignnent of part of the 10
gene products of plsB (SEQ ID: 3) and plsC (SEQ ID: 4) with part -of the
sequence shown in Figure 1 (SEQ ID: 5), showggg a conserved notif. plsB is
the E. '

16. A fragment of a DNA sequence as claimed in claim 1,
2 or 3, comprising at least 15 nucleotides.

17. DNA encoding RNA which is antisense to RNA encoded
5 by DNA as claimed in claim 1, 2 or 3.

18. DNA encoding a ribozyme specific to RNA encoded by
DNA as claimed in claim 1, 2 or 3.

10 19. 1Isolated or recombinant DNA containing a promoter

which naturally drives expression of a gene to produce a
protein as claimed in claim 4 or 15.

I
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coli sn-glycerol-3-phosphate acyltransferase gene and plsC the

1-acyl -sn-gl ycerol - 3- phosphate 15 acyl transferease gene of E.
coli. Double points indicate exact natches between two sequences and a
singl e point conservative am no acid substitutions. Stars indicate

i dentical amno acids in all three sequences and residues conserved in two

out of the 20 t hree sequences are ed by a + synbol. FIGURES
3A, 3B and 3C. Menbrane phospholipids fromE "coli strains were extracted
into chlorof ormand separ at ed by 2- di mensi onal thin | ayer 25

chromat ography. The first dimension (asceimgcias devel oped using
chl or of or m net hanol : wat er (65: 25: 4)

- DNA_ENCODING 2-ACYLTRANSFERASES

5 Plants, particularly transgenic plants, may be produced
having a 2-acyltransferase enzyme or other insoluble
acyltransferase enzyme with an altered substrate
specificity compared to the native enzyme. For example,
0il seed rape (Brassica napus) may contain a 2-

10 ~acyltransferase transgene derived from Limnanthes
douglassi in order to increase the erucic acid content of
the oil. The c¢DNA sequence of maize (Zea mays) 2-
acyltransferase is disclosed and is useful for cloning
acyltransferase genes and/or cDNAs from other organisms,
15 including L. douglassi. '

This Sheet Has Been R
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and the second dinension (left to right) devel oped with

+ chl or of orm net hano

racetic acid (65:25:10).

Phosphol i pids were visualised

16 hours at
strains used were (Figure 3A):

by aut oradi ography for 30

The E. col
“thernpsensitive nmutation in the 1-acyl-sn- glycerol-3-ph

~acyl transferase gene;

i

JC201 containing the p

“which This is the replacenent sheet 2 4 SEP]yq?G Dat e:

- 70[ er r |—usthg—ui—Rx—F++m

JC201 which ¢

(Figure 3B)
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ne;

1-acyl -sn-gl ycerol - 3-phosphate acylt

JC201 containing the plasmd whose cDNA | nsert se

13 encodes the E. col

+ (Figure 30):

LPA

Sladed
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i
il

!

din PE in both

IS i ncorporate

RS S
PG, phosm
is

aci d;

20% of the [err]

| ysophosphati dic
cardi ol i pi n;

CL,

origin.
10 FI GURE ?:/@fyltransferase assays were

LPA,

0,
of the correspondi ng | abel

1.

phosphati di c aci d;

in JC201"and al
of the other two strains.

phosphat i dyl et hanol am ne;
per f or med

shown in Figure
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acted
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chromat o
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donor.
—extr

m Xtures were

CoA as an acyl

reaction

t he

strain JC201 and ol eoyl
in

using [err]P-1abelled | ysophosphatidic acid which had been extracted from
col i

the E
present 15

ded

, i

il

i

hernosensitive nutation in the

JC201 contai ning the

g Fuji RX fi

thin |ayer

usi n

8

vi sual i sed by 20

1-acyl -sn- glycerol - 3-phosphat e acylt?éﬁsferase gene;

-70[err]
pl asm d pPLSC whi ch encodes the E

wer e

16 hours at

racetic acid:water (25:15:4:2) was u
JC201 which carrie

phosphol i pi ds

The

aut or adi ogr aphy for
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25 coli 1-acyl-sn-glycerol-3-phosphate acyltransferase gene; JC201

' containing the plasm d whose naize cDNA insert sequence .is shown in
Figure 1. LPA, |ysophosphatidic acid; PA, phosphati di c ThisiShket Hdd Been Replaced -
FIGURE 5 shows a conparison .of the protein sequence shown in '

ID: 6), with that derived (SEQ ID: 7) froma B. napus seed c m,J h -
was i sol ated by DNA hybridisation to the nmai ze cDNA sequence. s
were aligned with the FastA This is the Le/pgacemant sheet Date: 2 4 SEP

1996
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14 align program (1988). . Double points signify identical am no acids
rand single points conservative am no acid substitutions. 5
Mai ze. = 374 aa vs.rape = 311 aa 51.5% identity; Optim sqgis Sk s Béad R laced

EXAMPLE 1 Derivation of the Figure 1 cDNA sequence 10 mmm Hr

~studies using a nmai ze cDNA expression library transferred
mut ant JC201 al l owed the isolation of a plasm d encoding a
+ 2-acyl transferase enzyne from nuai ze. The5 N insert of this plasmd is

A : mutant
JC201

B : mutant +
pPLSC

C: mutant +
maize
cDNA




1. 6kb in si

' sequenced

ze, and includes a poly A tail of 70bp. The 15 insert was
to give the data shown and translation of the sequence

‘reveal ed the present of only one | arge open reading frame. This is shown
on Figure 1 with proposed start nethionine and stop codon boxed. The
2-acyltransferase is 374 amno acids in size and 20 sequenci ng upstream
of open feading fromshowed that the protein is expressed_a§_Q§L£hof a

[ einin E coli. This consists of 10 amino acids of t
gal act osi dase protein, 43 am no acids (shown in sequence)Th m&pg&qhﬁ

fusi on prot

the 5 untr
protein.

‘with the 2-

ansl at ed regi on of the_nRNﬁ 2 8 and the 374
Prot ei n sequence conpari soMs/of9the | arge open ”

<— PA

Q <«— LPA

JC201  JC201+ JC201 +
mutant pPLSC maize cDNA
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identity but there is a
of conservative substitution

N acet yl

7/8

and
This is the replacenent sheet

phosphol i pi ds

show little overall

. stretch of 80 residues which has a high |evel _
am no. acids that are conserved i IThi Bleet Has

l-acyl transferase

acyltransferase of E. coli
-2 Iheorporation of.32p into-total

acyl transferase of E. col
and contai ns sonme 30
2-acyl transf erase,
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1 codes for-2-AT. "20. expr essi ¢mro
faXi 'E\u nat-ha.nr.ot-ai-n. onnucnce g| ven in Gé ‘ﬂe: QX—

Mos? ﬂ@ 1ﬂ
EXAMPLE 3 Over T

“2

eegi ort sp e i ﬂ%ﬂ“"

the E. co i %r‘;%r‘éésﬁ}ﬁ?ﬁvector $ET11d (Studie I PR ‘rﬁ’“"Eﬁ

60- 89 25 L1 Dgsaidgop) : pagtheredd BeEed--aeyl|t r ansf er abe ‘c’f‘rv\r{ F% “rig paged .2
i nducti on {HfC‘enxrm)essq woEed r8mie hegegl é‘Sm d insert :oqa? 24 tzhaft"‘ :

in Figure|l Pevwidgg)) ofagd AT.. tEXVPLE-.4 |30 Lot &¥i4sateein o”fydz-’eATgﬁotvagedy
in E coli Eﬁ%bsmowntQMQ&hgsihepﬂaﬁzenclone_2-acy'transferase assays were
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A DING 2-A( SFERASES
This invention relates to ‘modified plants.  In

particular, the invention relates to plants modified such
that at least part of the plant (for example seeds of the
plant) is capable of yielding a commercially useful oil.
Plants have long been a commercially valuable source of
oil. Nutritional uses of plant-derived oils have
hitherto been dominant, but attention is now turning
additionally to plants as a source of industrially useful
oils, for example as replacements for or improvements on
mineral oils. 0il seeds, such as from rape, have a
variety of lipids in them (Hildish & Williams, "Chemical
Composition of Natural Lipids®", Chapman Hall, London,
There is now considerable interest in altering
composition by the- use of recombinant DNA
technology (Knauf, TIBtech, February 1987, 40-47), but by
no means all of the goals have been realised to date for

lipid

in spite of the ever-increasing
sophistication of the technology.

Success in tailoring the lipid content of plant-derived
oils requires a firm understanding of the biochemistry
and genes involved. Broadly, two approaches are
First, plants may be modified to permit the
synthesis of fatty acids which are new (for the plant) ;
so, for example,

available.
laurate and/or stearate may be
Secondly, the patterﬁ and/or extent
of incorporation of fatty acids into the glycerol
backbone of the lipid may be altered. It is with this
latter approach that the present invention is concerned,
although the former approach may additionally be used.

synthesised in rape.
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i solated fromthe nutant strain JC 201 which lacks 2-AT and from JC. 201
gont ai-ning the maize plasmd (Figure 4). This is the replacenent sheet
Date: 2 4 SEP 1996 16 2-AT activity was not detected in menbrane
“fractions fromJC. 201. The addition of a plasm d carrying the native E

coli gene or the sequence given in Figure 1, to JC 201 resulted in
restoration of 2-AT activity to the 5 menbr anes.

Lipids are formed in plants by the addition of fatty acid
moieties onto the glycerol backbone by a series of acyl
transferase enzymes. There are three positions on the
glycerol molecule at which fatty acid (acyl) moieties may

5 be substituted, and the substitution reached at each
position is catalysed by a position-specific enzyme: the
enzymes are known as 1-, 2- and 3-acyltransferases,
respectively. '

10 ' One, but not the 6n1y, current aim of "lipid engineering"
in plants is to provide oils including lipids with a high
content of erucic (22:1) acid. Erucic acid-containing
lipids are -commercially desirable for a number of
purposes, particularly as replacements to or supplements

15 for mineral oils in certain circumstances, as alluded to
above. In the case of oil seed rape (Brassica napus),
one of the most significant oil producing crops in
cultivation today, the ' specificity of the 2-
acyltransferase- enzyme positively discriminates against

20 " the incorporation of erucic acid at position 2. So, even
in those cultivars of rape which are able to incorporate
ericic acid at positions 1 and 3, where there is no (or
at least reduced) discriminatibn against erucic acid,
only a maximum 66% of the fatty acids incorpdrated‘ into

25 triacyl giycerols can be erucic acid. Such varieties of
rape are known as HEAR (high erucic acid rape) varieties.

It would therefore be desirable to increase the erucic
acid content of conventional oil seed rape, as well as
30 HEAR varieties; the same can be said of oils of other
vegetable oil crops such as maize, sunflower and soya, to
name but a few examples. While in principle it may be
thought possible to introduce into a desired plant DNA
encoding a 2-acyltransferase of different €£fatty acid

This is the replacement sheet
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EXAVPLE 5 Usi ng the nmai ze cDNA as a heterol ogous probe to obtain cDNA from

oi | seed rape 10 A seed cDNA library from Brasai ca napus was screened
"with the sequence given in Figure 1, using standard techni ques (Sanbr ook
et al "Ml ecular Coning - A Laboratory Manual™, 2nd Edition, Cold Spring

Har bor Laboratory Press, 1989). 15 Conditions For the hybridisation of the
mai ze cDNA insert to the rape library: hybridisation was in 6xSSC,
5xDenhardts sol ution, 0.5%8DS, 0.5%tetrasod um pyrophosphate and

specificity, for example from a different plant, in
practice there are a number of problems.

‘First, 2-acyltransferase and 3-acyltransferase are
S membrane bound, and therefore insoluble, enzymes. They
‘have not been purified.l This makes working with them
difficult and rules out the use of many conventional DNA

cloning procedures. This difficulty does not,
paradoxically, lie in the way of cloning the gene (or at
10 least cDNA) encoding the l-acyltransferase enzyme, which

is soluble: in fact, recombinant DNA work has already

been undertaken on this enzyme for a completely different

purpose, namely the enhancement of chilling resistance in

tobacco piant leaves, by Murata et al (Nature 356 710-713
15 (1992)). '

Secondly, very little is known about the 2- and 3-
acyltransferases. There is no idea of their size or how
they are targeted to membranes. No nucleotide or amino

20 acid sequencé data are available and no antibodies have
been raised against them.

Although there has been discussion, therefore, of the
desirability of modifying 2-acyltransferase specificity,
25 for example by importing a gene coding for the
corresponding enzyme, but of different specificity, from-
another species, there is a pressing need in the art for
the key which enables this work to be done. The present
invention provides such a key, in the form of a DNA
30 sequence'(in the specific case, a cDNA sequence) encoding
a 2-acyltransferase. The DNA sequence in Figure 1 from
nucleotides 130 to 1254 encodes the 2-acyltransferase
from maize (Zea mays), including the stop codon. '

This s the replacemsnt sheet
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20. 50ugm [err] denatured herring sperm DNA. The filters were washed 2
x 30 mnutes at 65[err] in 1xSSC, .0.1%6DS and 1 x 30 m nutes in 0.2xSSC,
0.1%6DS at 65[err]. A hybridising clone was sequenced and a protein

sequence 25 deri-ved for the large ORF. Alignnment of .this protein
sequence W th that derived fromthe nmaize cDNA clone given.in Figure 1, is
shown in Figure 5. The strong identity betme;n t hese sequences |IIustrates
30 the potential of using the sequence gfven in Figure 1 to obtain

other 2-ATS. This is the replacenent sheet :
According to a first aspect of the invention, therefore,
there is provided a recombinant or isolated DNA sequence,
preferably encoding an enzyme having membrane-bound
acyltransferase activity, and selected from:

5 .
(i) a DNa sequence comprising the DNA sequence of
Figure 1 encoding at least from MET,, to Stop,;s

(SEQ ID: 2) or its complementary strand,
10 (ii) nucleic acid sequences hybridising to the DNA
sequence of Figure 1 (SEQ ID: 1), or its
complementary strand, under stringent

conditions, and
15 (iii)nucleic acid sequences which.would.hybridiée to
the DNA sequence of Figure 1 (SEQ ID: 1), or
its complementary strand, but for the
degeneracy of the genetic code.

20 Fragments of the above DNA sequences, for example of at
least 15, 20, 30, 40 or 60 nucleotides in length, are
also within the scope of the invention.
Suitable'stringent conditions include salt solutions of

25 approximately 0.9 molar at temperatures of from 35°C to

65°C. More particularly, stringent hybridisation
conditions include 6 x 8SC, 5 x Denhardt’s solution, 0.5%
SDS, 0.5% tetrasodium pyrophosphate and SOug/ml denatured
herring sperm DNA; washing may be for 2 x 30 minutes at

30 65°C in 1 x SSC, 0.1% SDS and 1 x 30 minutes in 0.2 x
SsSC, 0.1% SDS at 65°C.

Nucleic acid sequences within the scope of the first
aspect of the invention will generally encode a protein

This is the replacement sheet
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17 EXAMPLE 6 Transgeni c plants The sequence given in Figure 1 can be

el oned, alongside a suitable pronoter, into a suitable vector for 5
expression in plants. ~The vector can be used to transform plants and
the resulting plants expressing the 2-AT can be anal ysed for |ipid content.
Li pid metabolismis expected to be upregulated and elevated lipid |levels

were detectable in seeds. 10 EXAMPLE 7 5

having 2-acyltransferase activity, as that is the
activity of the enzyme encoded by the Figure 1 nucleic
.acid sequence. Nucleic acid sequences not encoding a
protein having enzymic activity (or the relevant enzymic

5 activity) but otherwise conforming to the first aspect of -
the invention as set out above may be useful for other
_purposes (and are therefore also encompassed by the
invention); for example they may be useful as probes,

- which is a utility shared by the nucleic acid sequences

10 of the first aspect ‘of the invention, including the

Figure. 1 sequence itself. '

The probe utility arises as follows. As there is likely
to be a high degree of homology between acyltransfei‘ases
15 | of different species (and particularly between 2-
acyltransferases of different species) the Figure 1
sequence (or part of it, or bther sequences within the
invention) may be used to probe cDNA or genomic libraries
of other species in order to clone DNA sequences encoding
20 acyltransferases having desired specificities. For
example, if it is desired to produce oil having a high
content of erucic acid esterified to glycerol, a DNA -
library of any species which naturally makes erucic acid
may be probed. Suitable plants include meadow foam
25 (Limnanthes spp., especially L. alba and, particularly,
L. douglassi) and Crambe.. Limnanthes douglassi is the
preferred species, as specificity studies show that there
is positive discrimination towards incorporation of
erucic acid into position 2 of the triacylglyceride.
30 Libraries of organisms other than the higher plants may
be probed; for example, certain bacteria may have an
acyltransferase of the desired spécificity.

This is the replacement sheet
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Anti sense The sequence given in Figure 1 may be cl oned, alongside a
suitable pronoter, in the antisense orientation into a 15 - suitable
vector for expression in plants. The vector can be used to transform plants
and the resulting plants expressing the 2-AT can be anal ysed for protein
and starch content. Elevated | evels of starch and protein are expected to
be detectable in seeds. 20 EXAMPLE 8 Down-regul ati on of Native 2-AT The DNA
sequence of a 2-AT derived fromL. douglassil. (obtained as described in
Exanpl e 5) can.be introduced

DNA in accordance with the invention will in general have
a higher degree of homology with at least part of the
Figure 1 sequence than with known sequences. '

5 Recombinant DNA in accordance with the invention may be
in the form of' a wvector, which may have sufficient
regulatory sequences (such as a promoter) to direct
expression. Vectors which are not expression vectors are
useful for c¢loning purposes (as expression vectors

10 themselves may be). Host cells (such as bacteria and
plant cells) containing vectors in accordance with the
invention themselves form part of the invention.

DNA sequences in accordance with the invention can be

15 used in another way in cloning a gene of interest from

another species: if the DNA is coupled to a suitable

promoter, for example on an expression vector in a

suitable host organism, protein may be produced. Such

protein may be used to generate polyclohal or monoclonal

20 . antibodies, or other binding molecules, which may then be

used to screen for expression of homologous proteins in

. other species, for example as part of a DNA library
screening programme.

25 Suitable cDNA libraries of target species will generally
be prepared when the gene of interest is likely to be
expressed; so cDNA embryo libraries (prepared at the
early lipid synthesis stage), for example of Limmnanthes
spp. will be preferred. '

30 _
The invention therefore enables the cloning of a wide
variety of genes (or, more génerally, DNA sequences)
encoding acyltransferases, and 2-acyltransferases in
particular, using DNA sequences as described above.

This is the replacement shest
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25 into oil seed rape (OSR) wunder the expression of a suitable
pronoter, using vectors and plant transformati on nethods well known in the
‘art. A second sequence, conprising antisense or ribozymes agai nst the
rape cDNA (Exanple 5) can be introduced for sinultaneous 30
expression. The resultant transforned plant is expected to have 2-AT
activity corresponding to that of L. douglassi, with concurrent down

regul ati on of the native rape 2-AT gene. Thi$ is the replacenent sheet
Dat e: 24 SEP 1996 _
Such acyltransferases, such as from Limnanthes spp. may
also be cloned directly, for example using

complementation studies, from a DNA library of the
species in question. For example, if E. coli is used as
5 the complementation host, a mutant is chosen which is
defective in the relevant enzyme (for example 2-
acyltransferase); the DNA library from the target species
(such as L. douglagsi) is cloned into the mutant
complementation host; host cells incorporating the target
10 acyltransferase gene in their genome can readily be
selected using appropriate selective media. E. coli
mutant JC201 is a suitable host for wuse in
complementation studies relating to 2-acyltransferase.

15 .Cloning the acyltransferase gene of choice into a
-microbial host, such as a bacterium like E. coli, in such
a way that the gene can be expressed has a particularly
advantage in that the substtat.e specificity of the
acyltransferase gene can be assessed .in the microbial
20 host before transformed plants are prepared, thereby
saving considerably on research time. Such an assessment
may be made by competitive substrate assays, in which
differently detéctably labelled candidate substrates for
.the enzyme compete with each other for incorporation into
25 the glyceride. For example, %4C-erucyl CoA and 3H-oleoyl
CoA can be used as competitive substrates for 2-
acyltransferase, and the relative amounts of 4C or
tritium uptake into glyceride can be measured. (As 2-
acyltransferases have acceptor, glycerol-based,
30 substrates and dqnor, fatty acid-based, substrates, the
experiment can be carried out with different acceptors,
such as 1-erucy1—glycerol-3-phosphé.te and 1l-oleoyl-
glycerol-3-phosphate.,) A gene coding for an enzyme which
preferentially donates erucic acid to the acceptor

This is the replacement sheet

Date: 7 4 SEP 1986



18 The nodified OSR plant thus obtained had higher |evels of. erucic acid in
position 2 of its triacylglycerols than wild type plants. In addition

hi gher | evels of trierucin are found in the seed oil. 5 EXAMPLE 9 Genonic
|'i brary screening The sequence given in Figure 1 is used to screen a
genom c library of Arabidopsis and a hybrid using clone 10 obt ai ned.

Usi ng standard techni ques, a pronoter may be derived fromthis clone. The
pronoter. may be used to 8

(particularly l-erucyl-glycerol-3-phosphate) may by this
means be identified as a DNA sequence of choice for
further use in the invention as described below.

5 In a second aspect of the invention, there is provided a
" plant having one or more imnsoluble acyltransferase
" enzymes having a substrate specificity which differs from

the native enzyme of the plant.

10 While site-directed mutagenesis and/or other protein
engineering techniques may be used to alter the
specificity of an enzyme native to the plant, it is
preferred that the plént be transgenic and incorporate an
expressible acyltransferase gene encoding an enzyme of

15 the desired specificity from another species. 2-
acyltransferases are the enzymes of choice. For example,
as described above, a 2-aéy1transferase enzyme which has
an enhanced spécificity for, or at  least no
discrimination against, erucic acid, may be made by this

20 means to express in a plant which would not normally
incorporate erucic acid into triacylglycerides. An
important embodiment of the invention relates to
genetically engineered plants which have higher levels of
erucic acid incorporated into triacylglycerols than in

25 corresponding non-engineered plants. Preferable though
this embodiment may be, though, the invention is not
limited to the enhancement of erucic acid incorporation
into glycerides: other acids may be desired in other
circumstances. . '

30 .

For the acyltransferase transgene to be expressible, a
promoter has to be operatively coupled to it. Because'at
the present state of the art it is difficult precisely to
regulate the site of incorporation of a transgene into

This is the replacement sheet
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drive expression in plant cell nmenbranes. This is the replacenent sheet
19 SEQUENCE LI STING (1) GENERAL | NFORVATI ON: (i) APPLICANT: (A) NAME:

- Ni ckerson BIOCEM Limted (non-US only) (B) STREET: Canbridge Sci ence Park,
Mlton 'Road (C) CITY: Canbridge

the host genome, it is preferred that the ‘transgene be
coupled to its promoter prior to transformation of the

plant.' Promoters useful in the invention may be
temporal- and/or seed-specific, but there is no need for
5 them to be so: constitutive promoters, such as the CaMV

35S promoter, may be in fact be preferred because they

are usually strong promoters. Other tissues are unlikely

- to be adversely affected if the transgene eﬁcoding the

acyltransferase enzyme is expressed in them, as the

10 availability of the. fatty acid CoA substrates is
effectively limited to the seed.

The promoter-transgene construct, once prepared, is
introduced into plant cells by any suitable means. The
15 invention extends to such plant cells. Preferably, DNA,
is transformed into plant cells using a disarmed Ti-
plasmid vector and carried by Agrobacterium by procedures
known in the art, for example as described in EP-A-
0116718 and EP-A-0270822. Alternatively, the foreign DNA
20 could be 1ntroduced directly into plant cells using an
electrical discharge apparatus. This method is preferred
where Agrobacterium is ineffective, for example where the
recipient plant is monocotyledonous. Any other method
that provides for the stable -incorporation of the DNA
25  within the nuclear DNA of any plant cell of any species
would also be suitable. This includes species of plant

which are not currently capable  of genetic
transformation. ' ' '

30 Preferably DNA in accordance with the invention also
contains a second chimeric gene' (a "marker" gene) that
enables a transformed plant or tissue culture containing
the foreign DNA to be easily distinguished from other
plants or tissue culture that do not contain the foreign

This is the replacemsni shest
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(E) COUNTRY: United Kingdom (F) POSTAL CODE (ZIP): CB4 4&Z (A NAME
SLABAS, Antoni Ryszard (US only) (B) STREET: 8 Telford C ose, High
-Shinclffe (C) CTY: Durham (E) COUNTRY: United Kingdom (F) POSTAL CODE
(ZIP): DHL 2YJ (A) NAME: BROWN, Adri-an Paul (US only) (B) STREET: 4 Church
Villas, Shadforth (C) C TY: Durham (E) COUNTRY: United Ki ngdom

10

DNA. Examples of such a marKer gene include antibiotic
resistance (Herrera-Estrella et al, EMBO J. 2(6) 987-95
(1983) and Herrera-Estrella et al, Nature 303 209-13
(1983)), herbicide resistance (EP-A-0242246) and
S glucuronidase (GUS) = expression (EP-A-0344029).
Expression of the marker gene is preferably controlled by
a second promoter which allows expression in cells other
than the tapetum, thus allowing selection of cells or
tissue containing the marker at any stage of regeneration
10 of the plant. The preferred second promoter is derived
from the gene which encodes the 358 subunit of
Cauliflower Mosaic Virus (CaMV) coat protein. However

any other suitable second promoter could be used.

1S5 - A whole plant can be regenerated from a single'
transformed plant cell, and the invention therefore
provides transgenic plants (or parts of them, such as
propagating material) including DNA in accordance with
the invention as described above. The regeneration can
20 proceed by known methods.

In one embodiment of the invention, the transgenic’
plant’s native acyltransferase gene which corresponds to '
the transgene may be rendered at least partially

25 inoperative or removed. So, if the transgene encodes a
2-acyltransferase, the plant’s native 2-acyltransferase
may be rendered inoperative by, for example, antisense or
ribozyme techniques, as is known in the art.

30 By means of the invention, plants generating oil with a
tailored lipid content may be produced. For example, the
1lipid composition of tfiachglycerides in a plant may be
substantially altered to produce triacylglycerides with
a desired fatty acid (for example erucic acid) content

This is the replacement sheet
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(F) POSTAL CODE (ZIP): DH6 1LQ (ii) TITLE OF | NVENTI ON: DNA ENCODI NG

2- ACYLTRANSFERASES (iii) NUMBER OF SEQUENCES: 7 (iv) COVPUTER READABLE
FORM (A) MEDI UM TYPE: Fl oppy disk (B) COMPUTER: | BM PC conpatible (C
OPERATI NG SYSTEM PC- DOS/ M5- DOS (D) SOFTWARE: Patent| n Rel ease #1.0,
Version #1.25 (EPO) (v) CURRENT APPLI CATI ON DATA: APPLI CATI ON NUMBER WO

PCT/ GB93/ (2) I NFORMATION FOR SEQ ID NGO 1: (i) SEQUENCE CHARACTERI STI CS:
(A LENGTH. 1514 base pairs 11

higher than has hitherto been possible. For example, oil
seed rape (B. napus) may be transformed to produce oil

whose triacylglyceride has an erucic acid content of over -
70%. "

It can reaidily be seen that plants with increased lipid
levels may be prbduced by means of the invention.
However, the invention is also useful for producing
plants with decreased lipid levels, which may be desired

10 if elevated protein and/or starch levels are required.
Decreased lipid levels may be achieved by interfering
~with the proper functioning of a gene encoding a 2-
acyltransferase, for example by antisense or ribozyme
technology. ' (Such reduced-lipid plants may if desired be

15 further engineered for higher - protein and/or starch
content, if wished.) '

Promoters which naturally drive 2-acyltransferases may
also be obtained by hybridisation and/or restriction
20 and/or sequencing studies using the Figure 1 sequence.

The invention enables the production of protein encoded

by DNA of the first aspect of the invention, should that

‘'be desired. The protein may be expressed by host: cells

25 harbouring DNA in the form of an expression vector. The

protein, which may be an enzyme having 2-acyltransferase

activity, may have an amino acid sequence which is

identical to or homologous with the Figure 1 sequence.

_ The degree of homology will generally be greater than

30 that of known proteins, and may be at least 40, 50, 60,
70, 80, 90, 95 or 99%.

Preferred features of each aspect of the invention are as
for each other aspect mutatis mutandis.

This is the replacement sheet
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(B) TYPE: nucleic acid (C) STRANDEDNESS: double (D) TOPOLOGY: Iinear (ii)
MOLECULE TYPE: cDNA (ix) FEATURE: (A) NAVE/ KEY: CDS (B) LOCATION: 130..1254
(xi) SEQUENCE DESCRI PTION: SEQ ID NO 1: CCOOGTCCTC CTCGTCGOCG GOGGAGCOGC

CTACTATCGC CTGGAGAAGG AGCGCCELGG 60 GGAGCTTTTC CCACTGCCGA CTGCCGICTG
ACCCTCCGAG ATCGGAAGCG GCGECCGEECEC 120 CGGCCGECG ATG GCG ATC CCG CTC GIG |
CTC GIC GIG CTC CCG CTC-GEC 168 Met Ala Ile Pro Leu Val Leu Val Val
Leu Pro Leu Ay 1 -5 12 10

The invention is illustrated by the following examples.
The examples refer to the accompanying drawings, in

which:
5 FIGURE 1 shows the cDNA sequence derived in Example
1 (SEQ ID: 1) and its derived protein sequence (SEQ
ID: 2). '

FIGURE 2 shows a sequence alignment of part of the
10 gene products of plsB (SEQ ID: 3) and plsC (SEQ ID:
4) with part of the sequence shown in Figure 1 (SEQ
ID: 5), showing a conserved motif. plsB is the E.
coli sn-glycerol-3-phosphate acyltransferase gene
and plsC the 1-acyl-sn-glycerol-3-phosphate
15 acyltransferease gene of E. coli. Double points
‘ - indicate exact matches between two sequences and a
single point conservative amino acid substitutions.
Stars indicate identical amino acids in all three
séquences and residues conserved in two out of the
20 three sequences are marked by a + syt__hbol.

FIGURES 3A, 3B and 3C: Membrane phospholipids from

E. coli strains were extracted into chloroform and

separated by 2-dimensional thin - layer

25 chromatography. The first dimension (ascending) was

' developed using chloroform:methanol:water (65:25:4)

" and the second dimension (left to right) developed

with chloroform:methanol:acetic acid (65:25:10).
Phospholipids were visualised by autoradiography for

30 16 hours at -70°C using Fuji RX £ilm. The E. coli

strains used were (Figure 3A): JC201 which carries

a thermosensitive mutation in the 1l-acyl-sn-

glycerol-3-phosphate acyltransferase gene; (Figure

3B): JC201 containing the plasmid pPLSC, which

This is the replacemsnt sheet

2 4 SEP 9%

Date.



This is the replacenent sheet Date . 2 4 SEP 1996 20 CTG CTC TTC CTC
-CTG TCC GGC CTC ATC GIC AAC GCC ATC CAG GCC GTC 216 Leu Leu Phe Leu
Leu Ser Ay Leu lle Val Asn Ala Ile A n Ala Val 15 20
25 CTA TTT GIG ACG ATA AGG CCC TTT TCG AAG AGC TTC TAC CGI CGG ATC

264 Leu Phe Val Thr Ile Arg Pro Phe Ser Lys Ser Phe Tyr Arg Arg Ile 30
35 - : 40 45 AAC AGA TTC TTG GCC GAG CTG
'CTG TGG CIT CAG CTT GIC TGG GIG GIG 3113 _ '

- encodes the E. coli 1-acyl-sﬂ-g1ycerol-3-phosphate
acyltransferase gene; (Figure 3C): JC201 containing
the plasmid whose cDNA insert sequence is shown in
Figure 1. LPA, 1lysophosphatidic acid; PE,

5 ' phosphatidylethanolamine; CL, cardiolipin; PG,
phosphatidylglycerol; PA, phosphatidic acid; O,
origin. 20% of the 32p is incorporated in LPA.in
JC201 and all .of the corresponding label is
incorporated in PE in both of the other two strains.

10 -
FIGURE 4: Acyltransferase assays were performed
using 32p-labelled lysophosphatidic acid which had
been extracted from the E. coli strain JC201 and
oleoyl CoA as an acyl donor. Phospholipids present
15 in the reaction mixtures were extracted into
chloroform and separated using silica gel thin layer
chromatography. Chloroform:methanol:acetic
acid:water (25:15:4:2) was used to develop the
plates.  The phospholipids were visualised by
20 autoradiography for 16 hours at -70°C using Fuji RX
film. The E. coli stréins used were: JC201 which
carries a thermosensitive mutation in the l-acyl-sn-
glycerol-3-phosphate acyltransferase gene; JC201
containing the plasmid pPLSC which encodes the E.
25 coli l-acyl-sn-glycerol-3-phosphate acyltransferase
gene; JC201 containing the plasmid whose maize cDNA
insert sequénce is shown in Figure 1. LPA,
lysophosphatidic acid; PA, phosphatidic acid.

30 FIGURE 5 shows a comparison of the protein sequence
shown in Figure 1 (SEQ ID: 6) with that derived (SEQ
ID: 7) from a B. hapﬁs seed cDNA insert which was
isolated by DNA hybridisation to the maize CDNA -
sequence. The sequences were aligned with the FastA

This is the replacemant sheet

Date: 2 4 SEP 1396



'Asn Arg Phe Leu Al a GI u Leu Leu Trp Leu G n Leu Val Trp. Val Val 5Q -

‘55 60 GAC TGG TGG GCA GGI GIT AAG GTA CAA CTG CAT GCA GAT
GAG GAA ACT - 360 Asp Trp Trp Ala Gy Val Lys Val @n Leu Hs Ala Asp.
Au du Thr 65 _ 70 75 TAC AGA TCA ATG GGT

- AAA GAG CAT CCA CTC ATC ATA TCA AAT . CAT CGG 408 Tyr Arg Ser Met Qy

" Lys Qu Hs Ala Leu lle Ile Ser Asn H's Arg 80 85
90 AGT. GAT ATT GAT TGG CTC ATT GGA TGG ATA BTG GCC CAG CGTI TCA GGG 456
Ser Asp Ile Asp Trp Leu Ile Ay Trp Ile Leu AIa Gln Arg Ser Ay 95 :
100 105, TGC CIT GGAA%?F Cﬁ CATG AAG AAG ]’& TCC
AAG TTC CTT 504 ByiIPe PEPYTRW, FHP8ELy ﬁ/etpﬁir’%tﬁysswl
Lys Phe Leu identical amino acids and s:.ngle points conservative

amino acid subétitutions.

5 Maize = 374 aa vs.rape = 311 aa
51.5% identity; Optimised score: 705

\

 EXAMPLE 1 |
Derivation of the Figure 1 cDNA sequence
10 Complementation studies using a maize cDNA expression

library transferred into the E. coli mutant JC201 allowed

the isolation of a plasmid encoding a 2-acyltransferase

- enzyme from maize. The cDNA insert of this plasmid is

1.6kb in size, and includes a poly A tail of 70bp. The

15 insert was sequenced to give the data shown and

translation of the sequence revealed the present of only

one large open reading frame. This is shown on Figure 1

with proposed start methionine and stop codon boxed. The

2-acyltransferase is 374 amino acids in size and

20 ' sequencing upstream of open reading from showed that the

 protein is expressed as part of a fusion protein in

E. coli. This consists of 10 amino acids of the g-

galactosidase protein, 43 amino acids (shown in sequence)

corresponding to the 5’ untranslated region' of the mRNA

25 and the 374 amino acid protein. Protein sequence

comparisons of the large open reading frame with the 2-

acyltransferase of E. coli show little overall identity

but there is a stretch of 80 residues which has a high

level of conservative substitution and contains some

30 amino acids that are conserved in the 2-acyltransferase,

l-acyltransferase and N-acetyl glucosamine
acyltransferase of E. coli.
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110 .
GGC TGG TCA

Ay
140
600
150

Trp Ser

AGG AGC
Arg Ser

TTC GIC GAG

Val

Gu Gy

GCA AAG CTT

Al a
185

.Lys Leu

10

i5

20

25

30

115 ' 120 125 CCA GTT ATT

ATG TGG I TT GCA GAG TAC CTC TTT TTG GAA 552 Pro Val Ile
Met Trp Phe Ala Qu Tyr Leu Phe Leu Qu 130 ' 135

TGG GCC AAG GAT GAA AAG ACA CTA AAG TGG GGI CTC CAA AGG
Trp Ala Lys Asp GQu Lys Thr Leu Lys Trp Ay Leu Gn Arg 145

GGT
160
CTC
Leu

155 TTG AAA GAC TTC. CCT_AGA CCA TTT TGG CTA GCT CTT

648 Leu Lys Asp Phe Pr oli\rg Pro Phe Trp Leu Alla Leu Phe
165 170 ACT CGC TTT ACT CCA
MG GAA TAT GCG GCC 696 Thr Arg Phe Thr Pro
n du Tyr Ala Ala 175 180

Incorporation of 32p into total phospholipids

E. coli strains were grown in minimal medium containing
32p orthophosphate. Total glycerolipids were extracted
into organic solvents and separated by 2D thin layer
chromatography (Figure 3) (Lysophosphatidic acid (LPA) is
the substrate for 2-acyltransferase (2-AT)).

As can be seen in Figure 3A, the accumulation of 32p-
labelled LPA in the mutant JC 201 illustrates the absence
of a fully functional 2-AT. Addition of a plasmid
carrying either the native E. coli gene (Figure 3B), or
the maize clone given in Figure 1 (Figure 3C) restores 2-
AT activity to the cells, allowing LPA to be removed and
further metabolised. (Lysophosphatidic acid.)

These data indicate that the DNA sequence given in Figure
1 codes for 2-AT.

EXAMPLE 3

Over expression of the c¢DNA

The cDNA region specifying the protein sequence given in
Figure 1 was cloned into the "E. coli overexpression
vector pET11d (Studier et al, Meth. Enzymol. 185 60-89
(1990)) . Increased z—a'cyltransferase' activity following
induction of expression from the plasmid insert confirmed
that the sequence in Figure 1 is that of 2-AT.

EXAMPLE 4 .
Localisation of 2-AT activity in E.coli cells containing
the maize clone _

2-acyltransferase aasays were carried out using membranes
isolated from the mutant strain JC.201 which lacks 2-AT
and from JC.201 containing the maize plasmid (Figure 4).

This is the replacemant sheet
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 TCC CAG GGC TTA CCG GCT CCT AGA AAT GTA CTT ATT CCA CGT ACC AAG 744
-Ser An @y Leu Pro Ala Pro Arg Asn Val Leu Ile Pro Arg Thr Lys 190

195 200 ' 205 GGA TTT GIA TCT GCT GTA AGI ATT
ATG CGA GAT TTT GIT CCA GCC ATT 792 GI y Phe Val Ser Ala Val Ser Ile
Met Arg Asp Phe Val Pro Ala Ile 210 215 ' 220
TAT GAT ACA ACT GTA ATA GIC CCT AAA GAT TCC CCT CAA CCA ACA ATG 840
Tyr Asp Thr Thr Val Ile Val Pro-Lys Asp Sé¥® Pro @ n Pro Thr Met 225

230 235 CTGCGGATT TTG AAA GGG CAA TCA TCA GIG ATA CAT GIC

X?gc @g? f‘?ﬁ‘ 2 402 Ag' acJ:' ié ! a Lepoelieaetgctedyln ltleﬂ%3 : Seréé\?/.%léj‘? *%‘?\C/;alé\GT
GAG ATG CCA AAATTCAOGAT THS 2@l tibh o€AaPlasmid @Bfrying the native E.
coli gene or the sequence given in Figure 1, to JC.201
resulted in restoration of 2-AT activity to the
5 membranes. ' ' ’

E PLE S '
Using the maize cDNA as a heterologous probe to obtain
cDNA from oilseed rape

10 A seed cDNA library from Brassica napus was screened with
the sequence given in Figure 1, using standard technigues
(Sambrook et al "Molecular Cloning -~ A Laboratory
Manual®, 2nd Ed:l.t:.on, Cold Spring Harbor _Laboratory
Press, 1989)

15 |

' Conditions

For the hybridisation of the maize cDNA insert to the
rape . library: hybridisation was in 6xSSC, 5xDenhardts
solution, 0.5%SDS, 0.5% tetrasodium pyrophosphate and

20, 50ugml-! denatured herring sperm DNA. The filters were
washed 2 x 30 minutes at 65°C in 1xSSC, 0.1%SDS and 1 x
30 minutes in 0.2xSSC, 0.1%SDS at 65°C. '

A hybridising clone was sequenced and a protein sequence

25 " derived for the large ORF. Alignment of this protein
sequence with that derived from the ma:l'_.'ze" cDNA clone
given in Figuxje 1, is shown in Figure S.°

The strong identity between these sequences illustrates

30 the potential of using the sequence given in Figure 1 to
obtain other 2-ATS.

This is the replacement sheet
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Arg Hs Ala Met Ser u Met Pro Lys Ser Asp-GIu Asp Val Ser Lys 255

- 260 265 This is the replacenent sheet Date: 2 4 SEP 1996

21 TGG TGT AAA GAC ATT TTT GIG GCA AAG GAT GCC TTA CTG GAC AAG CAT 984
Trp Cys Lys Asp Ile Phe Val- Ala Lys Asp Ala Leu Leu Asp Lys His 270 '

275 280 285 TTG GCA ACA GGC ACT TTC GAT GAG
"GAG ATT AGA CCT ATT GGC CGT CCA 1032 Leu Ala Thr Gy Thr Phe Asp GQu

GQulle Arg Pro lle Ay *Arg Pro 17

10

15

20

25

30

EXAMPLE 6

Transgenic plants

The sequence given in Figure 1 can be cloned, alongside
a suitable ‘promoter, into a suitable vector for
expression in plants. The vector can be used to
transform plants and the resulting plants expi‘essing the
2-AT can be analysed for lipid content. Lipid metabolism
is expected to be upregulated and elevated lipid levels
were detectable in seeds.

EXAMPLE 7

Antisense _
The sequence given in Figure 1 may be cloned, alongside
a suitable promoter, in the a,ntiserise orientation into a
suitable vector for expression in plants. The vector can
be used to transform plants and the resulting plants
expressing the 2-AT can be analysed for protein and
starch content. Elevated levels of starch and protein
are expected to be detectable in seeds.

EXAMPLE 8 - . |
Down-regulation of Native 2-AT

The DNA sequence of a 2-AT derived from L. douglassii

(obtained as described in Example 5) can be introduced
into oilseed rape (OSR) under the expression of a
suitable promoter, using vgictors and plant transformation

- methods well known in the art. A second sequence,

comprising antisense or ribozymes against the rape cDNA
(Example 5) can be introduced for simultaneous
expréssion. The resultant transformed plant is expected
to have 2-AT act'ivity- corresponding to that of
L. douglassii, with concurrent down regulatiOn of the
native rape 2-AT gene.

This is the replacement sheet’
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290 -295 300 GIG AAA TCA TTG CTG GIG ACC CTG
TTC TGG TCG TGC CTC CTG CIG TTT 1080 Val Lys Ser Leu Leu Val Thr Leu
Phe Trp Ser Cys Leu Leu Leu Phe 305 310 315
GGC GCC ATC GAG TTC TTC AAG TGG ACA CAG CTIT CTG TCG ACG TGG AGG 1128
Gy Ala lle Au Phe Phe Lys Trp Thr A n Leu Leu Ser Thr Trp Arg 320

325 , 330 GGT GIG GCG TTC ACT GCC GCA GGG ATG GCG CTIT GIG ACG
GGI GIC ATG 1176 Ay Val Ala Phe Thr Ala8Ala Ay Met Ala Leu Vval Thr
dy Vval Mt 335 340 345 CAT GIC TTC ATC ATG

TTC TCC CAG GCT GAG T TCA GCC AGG 1224 Hi.s, Va] Phe Ile Me

Phe Ser A n Al a %%’S&é&%ﬁaﬁatﬁﬁﬁ ng?-ine% had hlg{"er hlegg%ls ©

360 erud@ix® acid in position 2 of its triacylglycerols than
wild type plants. In addition higher levels of trierucin
are found in the seed oil." '

EXAMPLE 9 _

Genomic library screening | _

The sequence given in Figure 1 is used. to screen a

genomic library of Arabidopsis and a hybrid using clone
10 obtained. Using standard techniques, a promoter may be

derived from this clone. The promoter may be used to

drive expression in plant cell membranes.

This is the replacemant shest
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GCG GCA CGG AAC CGG GIC AAG AAG GAA TGAAAAATGG AGGGTGGAGA . 1271
.Ala Ala Arg Asn Arg Val Lys Lys du 370 375 TGAGGITCTC
GIGGGGITTG TTATGGGCAA CCTTCAAAAG GACTCTCCAT TCATATTAGT 1331 ATTAATTCAT
ATATATGCAG CGCCAAATTC CAGACATTGA TATGCTCTCA AATAGGATGT 1391 TCTGCTCCCC
TCTTGTATTT GTATGCAGGA AAGGGTTTGT AGGGAGITTA CCCCCCCCCC 1451 CCCCCCCccC
GCCTTTCTTT GGGGAAGAAA GACATATTCT GGAAGCCTT, CAGT AGTTCA 1511 AAA

1514 This is the replacenent sheet 22

SEQUENCE LISTING

(1) GENERAL INFORMATION:

{1i) APPLICANT:
(A) NAME: Nickerson BIOCEM Limited
{non-US only)
(B) STREET: Cambridge Science Park, Milton Road
(C) CITY: Cambridge
(E) COUNTRY: United Kingdom
(F) POSTAL CODE (ZIP): CB4 4GZ

(A) NAME: SLABAS, Antoni Ryszard
{us only)
(B) STREET: 8 Telford Close, High Shinclffe
(C) CITY: Durham
(E) COUNTRY: United
(F) POSTAL CODE (ZIP): DH1 2YJ

(A) NAME: BROWN, Adrian Paul
(UsS only)
{(B) STREET: 4 Church Villas, Shadforth
(C) CITY: Durham
(E) COUNTRY: United Kingdom
(F) POSTAL CODE (ZIP): DH6 1LQ

(ii) TITLE OF INVENTION: DNA ENCODING 2-ACYLTRANSFERASES
(iii) NUMBER OF SEQUENCES: 7

{(iv) COMPUTER READABLE FORM:
(a) MEDIUM TYPE: Floppy disk.
{B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

(v} CURRENT APPLICATION DATA:
APPLICATION NUMBER: WO PCT/GB93/

(2) INFORMATION FOR SEQ ID NO: 1:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1514 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 130..1254

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

CCCCGTCCTC CTCGTCECCG GCGGAGCCGC CTACTATCGC CTGGAGAAGGE AGCGCCECGG | 60

GGAGCTTTTC CCACTGCCGA CTGCCGTCTG ACCCTCCGAG ATCGGAAGCGE GCGCCGECGC 120
'~ CGECCGBCG ATG GCG ATC CCG CTC GTG CTC GTC GTG CTC CCG CTC GGC - 168
Met Ala Ile Pro Leu Val Leu Val Val Leu Pro Leu Gly

1 5 10

This is the replacement sheet
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(2). | NFORMATI ON FOR SEQ ID NGO 2: (i) SEQUENCE CHARACTERI STI CS: (A). LENGTH:
374 amno acids (B) TYPE: amno acid (D) TOPOLOGY: linear (ii) MOLECULE
TYPE: protein (xi) SEQUENCE DESCRIPTION. SEQID NO 2: Met Ala lle Pro Leu

Val Leu Val Val Leu Pro Leu Gy Leu Leu Phe 1 5
10 15 Leu Leu Ser Ay Leu Ile Val Asn Ala Ile G n Al a Val
Leu Phe Val 20 .25 - _ .30 Thr Ile Arg Pro Phe
Ser Lys Ser Phe Tyr Arg Arg Ile Asn Arg Phgg35 . 40
45 : :
CTG CTC TTC CTC CTG TCC GGC CTC ATC GTC AAC GCC ATC CAG GCC GTC 216
Leu Leu Phe Leu Leu Ser Gly Leu Ile Val Asn Ala Ile Gln Ala Val '
15 20 . 25 '
CTA TTT GTG ACG ATA AGG CCC TTT TCG AAG AGC TTC TAC CGT CGG ATC 264~
Leu Phe Val Thr Ile Arg Pro Phe Ser Lys Ser Phe Tyr Arg Arg Ile
30 35 40 45
ABRC AGA TTC TTG GCC GAG CTG CTG TGG CTT CAG CTT GTC TGG GTG GTG 312
Asn Arg Phe Leu Ala Glu Leu Leu Trp Leu Gln Leu Val Trp Val Val
50 55 _ 60
GAC TGG TGG GCA GGT GTT AAG GTA CAA CTG CAT GCA GAT GAG GAA ACT 360
Asp Trp Trp Ala Gly Val Lys Val Gln Leu His Ala aAsp Glu Glu Thr
65 70 75
TAC AGA TCA ATG GGT AAA GAG CAT GCA CTC ATC ATA TCA AAT.CAT CGG- 408
Tyr Arg Ser Met Gly Lys Glu His Ala Leu Ile Ile Ser Asn His Arg
80 o 85 90
AGT GAT ATT GAT TGG CTC ATT GGA TGG ATA TTG GCC CAG CGT TCA GGG 456
Ser Asp Ile Asp Trp Leu Ile Gly Trp Ile Leu Ala Gln Arg Ser Gly
85 ’ 100 108
TGC CTIT GGA AGT ACA CTT GCT GTC ATG AAG AAG TCA TCC AAG TTC CIT 504
Cys Leu Gly Ser Thr Leu Ala Val Met Lys Lys Ser Ser Lys Phe Leu
110 . . 115 120 ] ' 125
CCA GTT ATT GGC TGG TCA ATG TGG TTT GCA GAG TAC CTC TIT TIG GAA 5§52
Pro Val Ile Gly Trp Ser Met Trp Phe Ala Glu Tyr Leu Phe Leu Glu
130 : 135 _ 140
AGG AGC fGG GCC AAG GAT GAA AAG ACA CTA AAG TGG GGT CTC CAA AGG 600
Arg Ser Trp Ala Lys Asp Glu Lys Thr Leu Lys Trp Gly Leu Gln Arg :
’ 145 i50 155
TTG AAA GAC TTC. CCT AGA CCA TTT TGCG CTA GCT CTT TTC GTC GAG GGT 648 .
Leu Lys Asp Phe Pro Arg Pro Phe Trp Leu Ala Leu Phe Val Glu Gly
160 165 . 170
ACT CGC TTIT ACT CCA GCA AAG CTT CTC GCA GCT CAG GAA TAT GCG GCC 696
Thr Arg Phe Thr Pro Ala Lys Leu Leu Ala Ala Gln Glu Tyr Ala Ala '
175 180 185 .
TCC CAG GGC TTA CCG GCT CCT AGA AAT GTA CTT ATT CCA CGT ACC AAG 744
Ser Gln Gly Leu Pro Ala Pro Arg Asn Val Leu Ile Pro Arg Thr Lys
190 195 200 205
lGGA TTT GTA TCT GCT GTA AGT ATT AIG.CGA GAT TTT GTT CCA GCC ATT 792
Gly Phe Val Ser Ala Val Ser Ile Met Arg Asp Phe Val Pro Ala Ile
210 215 - 220
TAT GAT ACA ACT GTA ATA GTC CCT AAA GAT TCC CCT CAA CCA ACA ATG 840-
Tyr Asp Thr Thr Val Ile Val Pro Lys Asp Ser Pro Gln Pro Thr Met
225 . 230 235 _
CTG CGG ATT TTG AAA GGG CAA TCA TCA GTG ATA CAT GTC CGC ATG AAA 888
Leu Arg Ile Leu Lys Gly Gln Ser Ser Val Ile His Val Arg Met Lys
240 245 250
CGT CAT GCA ATG AGT GAG ATG CCA AAA TCA GAT GAG GAT GTT TCA AAA 936
Arg His Ala Met Ser Glu Met Pro Lys Ser Asp Glu Asp Val Ser Lys

255 260 265

fhis is the replacement sheet
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Leu Ala G u Leu Leu Trp Leu A n Leu Val Trjo Val Val Asp Trp Trp 50

55 o 60 Ala Gy Val LysVaIGInLequsAIaAspGIuGIuThr
Tyr Arg Ser 65 70 _ 75 80
Met Ay Lys Qu Hs Ala Leu Ile Ile Ser Asn H's Arg Ser Asp Ile 85
90 95 Asp Trp Leu Ile Ay Trp Ile Leu Ala G n Arg Ser Ay
Cys Leu dy 100 _ 105 110 Ser Thr Leu Al a Val
Met Lys Lys Ser Ser Lys Phe Leu Pro Val 11e2}15 120

125 Gy Trp Ser Met Trp Phe Ala Qu Tyr Leu Phe Leu Gu Arg Ser Trp 130

135 766 TOT ARA GACCAfA FrdYete SR Sd! ah SolMral 646 S AbkPesd ¥ Leu”q h Arg

Leu Lys Asip cys Lys Asp Ile Phe Val Ala Lys Asp Ala Leu Leu Asp Lys His
270 275 280 285

TTG GCA ACA GGC ACT TTC GAT GAG GAG ATT AGA CCT ATT GGC CGT CCA 1032
Leu Ala Thr Gly Thr Phe Asp Glu Glu Ile Arg Pro Ile Gly Arg Pro
290 : 295 300
GTG AAA TCA TTG CTG GTG ACC CIG TTC TGG TCG TGC CTC CTG CTG TTT 1080
Val Lys Ser Leu Leu Val Thr Leu Phe Trp Ser Cys Leu Leu Leu Phe
305 . 310 315
GGC GCC ATC GAG TTC TTC AAG TGG ACA CAG CTT CTG TCG ACG TGG AGGE 1128
Gly Ala Ile Glu Phe Phe Lys Trp Thr Gln Leu Leu Ser Thr Trp Arg
. 320 325 330 _
GGT GTG GCG TTC ACT GCC GCA GGG ATG GCG CTT GTG ACG GGT GTC ATG 1176
Gly Val Ala Phe Thr Ala Ala Gly Met Ala Leu Val Thr Gly Val Met
3ais 340 345
CAT GTC TTC ATC ATG TTC TCC CAG GCT GAG CGG TCG AGC TCA GCC AGG 1224
His Val Phe Ile Met Phe Ser Gln Ala Glu Arg Ser Ser Ser Ala Arg '
350 . 355 360 365
GCG GCA CGG AAC CGG GTC AAG AAG GAA TGAAAAATGG AGGGTGGAGA . 1271
Ala Ala Arg Asn Arg Val Lys Lys Glu
370 378 .
TGAGGTTCTC GTGGGGTTTG TTATGGGCAA CCTTCAAAAG GACTCTCCAT TCATATTAGT 1331
ATTAATTCAT ATATATGCAG CGCCAAATTC CAGACAITGA TATGCTCTCA AATAGGATGT 1391
TCTGCTCCCC TCTTGTATTT GTATGCAGGA AAGGGTTTGT AGGGAGTTTA CCCCCCCCCC 1451
CCCCCCCCCC GCCTTTCTTT GGGGAAGAAA GACATATTCT GGAAGCCTTC CAGTAGTTCA 1511

AAA ' ' 1514 .

'his is the replacemsnt sheet
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145 150 155 160 Phe Pro
- Arg Pro Phe Trp Leu Ala Leu Phe Val GQu Ay Thr Arg Phe 165 '

170 175 Thr Pro Ala Lys Leu Leu Ala Ala A n Qu Tyr Ala
Ala Ser Adn Gy 180 ' 185 190 Leu Pro Ala Pro
Arg Asn Val Leu Ile Pro Arg Thr Lys Ay Phe Val 195 200
205 Ser Ala Val Ser Ile Met Arg Asp Phe Val Pro Ala Ile Tyr Asp Thr 210
215 220 Thr Val Ile Val Fyp Lys Asp Ser Pro G n Pro Thr
Met Leu Arg Ile 225 230 . 235

240 Leu Lys Ay An Ser Ser Val Ile Hs Val Arg Met Lys Arg H's Ala 245
250 (2) INFORMATIOR3®R SEQ ID NO: 2: ' .

(i) SEQUENCE CHARACTERISTICS: -
. {A) LENGTH: 374 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Y

Met Ala Ile Pro Leu Val Leu Val Val Leu Pro Leu Gly Leu Leu Phe
1 5 10 1s

Leu Leu Ser Gly Leu Ile Val Asn Ala Ile Gln Ala Val Leu Phe Val
20 25 30

Thr Ile Arg Pro Phe Ser Lys Ser Phe Tyr Arg Arg Ile Asn Arg Phe
35 40 45

Leu Ala Glu Leu Leu Trp Leu Gln Leu Val Txp Val Val Asp Trp Trp
s0 55 €0

Ala Gly Val Lys Val Gln Leu His Aia Asp Glu Glu Thr Tyr Arg Ser
65 _ 70 75 80

Met Gly Lys Glu His Ala Leu Ile Ile Ser Asn His Arg Ser Asp Ile
85 ' 90 95

Asp Trp Leu Ile Gly Trp Ile Leu Ala Gln Arg Ser Gly Cys Leu Gly
100 105 . 110

Ser Thr Leu Ala Val Met Lys Lys Ser Ser Lys Phe Leu Pro Val Ile
115 120 ’ 125 -

Gly Trp Ser Met Trp Phe Ala Glu Tyr Leu Phe Leu Glu Arg Ser Trp
130 - 138 ) 140

Ala Lys Asp Glu Lys Thr Leu Lys Trp Gly Leu Gln Arg Leu Lys Asp
145 : 150 155 160

Phe Pro Arg Pro Phe Trp Leu Ala Leu Phe Val Glu Gly Thr Arg Phe
-165 170 175

Thr Pro Ala Lys Leu Leu Ala Ala Gln Glu Tyr Ala Ala Ser Gln Gly
180 185 180 . .

Leu Pro Ala Pro Arg Asm Val Leu Ile Pro Arg Thr Lys Gly Phe Val
198 200 205

Ser Ala Val Ser Ile Met Arg Asp Phe Val Pro Ala Ile Tyr Asp Thr
210 - 215 220

Thr Val Ile Val Pro Lys Asp Ser Pro Gln Pro Thr Met Leu Arg Ile
225 . 230 ) 235 240

Leu Lys Gly Gln Ser Ser Val Ile His Val Arg Met Lys Arg His Ala
' 245 250 255

Met Ser Glu Met Pro Lys Ser Asp Glu Asp Val Ser Lys Trp Cys Lys
260 265 270

Asp Ile Phe Val Ala Lys Asp Ala Leu Leu Asp Lys His Leu Ala Thr
278 280 , 285

This is the replacenent sheet
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Met Ser Gu Met Pro Lys Ser Asp Qu Asp Val Ser Lys Trp Cys Lys 260

.265 270 Asp Ile Phe Val Ala Lys Asp Ala Leu Leu Asp Lys Hi s
Leu Ala Thr 275 _ 280 285 This is the

repl acenent sheet Date: 2 4 SEP 1996 23 Ay Thr Phe Asp Qu Gu lle Arg
Prolle Gy Arg Pro Val Lys Ser 290 295 300

Leu Leu Val Thr Leu Phe Trp Ser Cys Leu Le%3Leu Phe Ay Ala lle

Gly Thr Phe Asp Glu Glu Ile Arg Pro Ile Gly Arg Pro Val Lys Ser
290 295 : 300

Leu Leu Val Thr Leu Phe Trp Ser Cys Leu Leu Leu Phe Gly Ala Ile
3085 310 315 320

Giu Phe Phe Lys Trp Thr Gln Leu Leu Ser 'rhr Trp Arg Gly Val Ala
325 330 335

Phe Thr Ala Ala Gly Met Ala Leu Val Thr Gly Val Met His Val Phe
340 345 350

Ile Met Phe Ser Gln Ala Glu Arg Ser Ser Ser Ala Arg Ala Ala Arg
355 360 365

Asn Arg Val Lys Lys Glu
370

This is the replacement sheet
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305 310 315 320 d u Phe Phe
Lys Trp Thr G n Leu Leu Ser Thr Trp Arg Gy-Val Ala 325 330
335 Phe Thr Ala Ala Gy Met Ala Leu Val Thr Gy Val Met H's Val Phe 340
345 350 Ile Met Phe Ser G n Ala Au Arg Ser Ser Ser Ala Arg

Ala Ala Arg 355 360 365 Asn Arg Val Lys Lys
- @ u 370 This i's the replacenent sheet Dat €oy

{(2) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
' (A) LENGTH: 15 amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
_Tyr Phe Val Glu Gly Gly Arg Ser Arg Thr Gly Arg Leu Leu Asp
1 5 10 15

This is the replacement sheet
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24 (2) | NFORMATION FOR SEQ I D NO 3: (i ) SEQUENCE CHARACTERI STICS: (A
*LENGTH: 15 amino acids (B) TYPE: amino acid (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ ID NO 3: Tyr Phe Val

Gu dy Ay Arg Ser Arg Thr Ay Arg Leu Leu Asp 1 5
10 15 This is the replacenent sheet Date: 2 4 SEP 1996
| 25

(2) INFORMATION FOR SEQ ID.NO: 4:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear

(i_i) MOLECULE TYPE: protein' :

(xi) SEQUENCE DESCRIP‘I‘IbN: SEQ ID NO: 4:

Met Phe Pro Glu Gly Thr Arg Ser Arg Gly Arg Gly Leu Leu Pro
1 S 10 is5

This is the replacement sheet
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25 (2) | NFORMATI ON FOR SEQ ID NO 4: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 15 ami no acids (B) TYPE: amno acid (D) TOPOLOGY: l|inear (ii)
MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ ID NO 4: Met Phe Pro

Gu @y Thr Arg Ser Arg Gy Arg Ay Leu Leu Pro 1 5
10 15 : ’

26

(2) INFORMATION FOR SEQ ID NO: S:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: S: . .‘

Leu Phe Val Glu Gly Thr Arg Phe Thr Pro Ala Lys Leu Leu Ala
1 5 10 15

{2) INFORMATION FOR SEQ ID NO: 6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 374 amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

Met Ala Ile Pro Leu Val Leu Val Val Leu Pro Leu Gly Leu Leu Phe
1 s - 10 : is

Leu Leu Ser Gly Leu Ile Val Asn Ala Ile Gla Ala Val Leu Phe Val
: 20 25 30

Thr Ile Arg Pro Phe Ser Lys Ser Phe Tyr Arxrg Arg Ile Asn Arg Fhe
35 40 45

Leu Ala Glu Leu Leu Trp Leu Gln Leu Val Trp Val Val Asp Txrp Txp
50 55 - 60

Ala Gly Val Lys Val Gln Leu His Ala Asp Glu .Glu Thr.Tyr Arg Ser
11 70 : 75 80

Met Gly Lys Glu His Ala Leu Ile Ile Ser Asn His Arg Ser Asp Ile
85 . 90 ' 95

Asp Trp Leu Ile Gly Trp Ile Leu Ala Gln Arg Ser Gly Cys Leu Gly
100 . 108 ’ 110

Ser Thr Leu Ala Val Met Lys Lys Ser Ser Lys Phe Leu Pro Val Ile
115 120 125

Gly Trp Ser Met Trp Phe Ala Glu Tyr Leu Phe Leu Glu Arg Sexr Trp
130 . 135 140

Ala Lys Asp Glu Lys Thr Leu Lys Trp Gly Leu Gln Arg Leu Lys Asp
145 ) 150 155 160

Phe Pro Arg Pro Phe Trp Leu Ala Leu Phe Val Glu Gly Thr Arg Phe
165 3 170 175

Thr Pro Ala Lys Leu Leu Ala Ala Gln Glu Tyr Ala Ala Ser Gln Gly
180 188 1920

" This is the replacement shest
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This is the replacenent sheet Date: 2 4 SEP 1996 26 (2) | NFORVATI ON
FOR SEQ ID NO 5: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 15 ami no acids
.(B) TYPE: amino acid (D) TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi)
SEQUENCE DESCRI PTION: SEQ I D NO 5:

27

Leu Pro Ala Pro Axrg Asn Val Leu Ile Pro Arg Thr Lys Gly Phe Val
. 195 200 . 205

" Ser Ala Val Ser Ile Met Arg Asp Phe Val Pro Ala Ile Tyr Asp Thr
210 215 220

Thr Val Ile Val Pro Lys Asp Ser Pro Gln Pro Thr Met Leu Arg Ile
225 230 235 240

Leu Lys Gly Gin Ser Ser Val Ile His Val Arg Met Lys Axg His Ala
. 24S 250 285 -

Met Ser Glu Met Pro Lys Ser Asp Glu Asp Val Ser Lys Trp Cys Lys
. 260 265 270

Asp Ile Phe Val Ala Lys Asp Ala Leu Leu Asp Lys His Leu Ala Thr
275 280 285

Gly Thr Phe Asp Glu Glu Ile Arg Pro Ile Gly Arg Pro Val Lys Ser
290 295 300

Leu Leu Val Thr Leu Phe Trp Ser Cys Leu Leu Leu Phe Gly Ala Ile
305 310 . 31s 320

Glu Phe Phe Lys Trp Thr Gln Leu Leu Ser Thr Trp Arg Gly Val Ala
: - 328 o 330 335

Phe Thr Ala Ala Gly Met Ala Leu Val Thr Gly Val Met His Val Phe
340 345 . 380

Ile Met Phe Ser Gln Ala Glu Arg Ser Ser Ser Ala Arg Ala Ala Arg
355 360 ) i 365

Asn Arg Val Lys Lys Glu
370

This is the replacemsnt shest

Date: | 2 4 SEP )



Leu Phe Val  Qu dy Thr Arg Phe Thr Pro Ala Lys Leu Leu Ala 1
. 5 10 _ ' 15 (2) | NFORMATI ON FOR SEQ | D NO
6: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 374 amino acids (B) TYPE
amno acid (D) TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE
DESCRIPTION. SEQ ID NO 6: Met Ala lle Pro Leu Val Leu Val Val Leu Pro Leu
Gy Leu Leu Phe 1 5 28 10 15
Leu Leu Ser Ay Leu lle Val Asn Ala Ile dn Ala Val Leu Phe Vval 20
25 . 30
(2) INFORMATION FOR SEQ ID NO: 7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 295 amino acids
{(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: '

Met Ala Met Ala Ala Ala Val Ile Val PBro Leu Gly Ile Leu Phe Phe
1 5 10 1s

Ile Ser Gly Leu Val Val Asn Leu Leu Gln Arg Ser Gly Cys Leu Gly
20 25 30

Ser Ala Leu Ala Val Met Lys Lys Ser Ser Lys Phe Leu Pro Val Ile
: - 35 40 45

Gly Trp Ser Met Trp Phe Ser Glu Tyr Leu Phe Leu Glu Arg Asn Trp
50 . 60

Ala Lys Asp Glu Ser Thr Leu Lys Ser Gly Leu Gln Arg Leu Asn Asp
65 70 75 80

Phe Pro Arg Pro Phe Trp Leu Ala Leu Phe Val Glu Gly Thr Arg Phe
85 90" 95

Thr Glu Ala Lys Leu Lys Ala Ala Gln Glu Tyr Ala Ala Ser Ser Glu
100 105 110

Leu Pro Val Pro Arg Asn Val Leu Ile Pro Arg Thr Lys Gly Phe Val
115 120 12§

‘Ser Ala Val Ser Asn Met Arg Ser Phe Val Pro Ala Ile Tyr Asp Met
130 135 ] -140 -

Thr Val Ala Ile Pro Lys Thr Ser Pro Pro Pro Thr Met Leu Arg Leu
145 150 155 160

Phe Lys Gly Gln Pro Ser Val Val His Val His Ile Lys Cys His Ser
165 170 : 175

Met Lys Asp Leu Pro Glu Ser Glu Asp Glu Ile Ala Gln Trp Cys Axg
180 185 190

Asp Gln Phe Val Thr Lys Asp Ala lLeu Leu Asp Lys His Ile Ala Ala
195 : - 200 205

"Asp Thr Phe Ala Gly Gln Lys Glu Gln Asn Ile Gly Arg Pro lle Lys
210 ) . 218 220

Ser Leu Ala Val Val Leu Ser Trxp Ala Cys Leu Leu Thr Leu Gly Ala
225 230 235 240

Met Lys Phe Leu His Trp Ser Asn Leu Phe Ser Ser Trp Lys Gly Ile
245 250 255

Ala Leu Ser Ala Leu Gly Leu Gly Ile Ile Thr Leu Cys Met Gln Ile
260 265 _ 270

Leu Ile Arg Ser Ser CGln Ser Glu Arg Ser Thr Pro Ala Lys Val Ala
275 280 ' 285

This is the replacement shest

Dat'e: 2 4 SEP 1998



Thr Ile
40

Asp Trp
-dn Leu
75

Ser Asp
S Trp lle
110 Ser
120
Arg Ser

Arg Pro Phe Ser Lys Ser Phe

Tyr Arg Arg Il e Asn Arg Phe 35

45 Leu Ala Qu Leu Leu Trp Leu @ n Leu Val Trp Val Val

Trp 50 _ 55
Hs Ala Asp Gu du Thr Tyr

80 Met Gy Lys
Ile as 90
Leu Ala @ n Arg Ser Ay Cys
Thr Leu Ala Val Met Lys Lys

125 GX Ser
Trp Pro Ala Lys Pro Lys Asp Asn

290 295

60 Al a Gy Val Lys Val
Arg Ser 65 70
Glu Hs Ala Leu Ile Ile Ser Asn H's Arg
95 Asp Trp Leu Ile Gy
Leu d 89100 _ 105
Ser Ser Lys Phe Leu Pro Val Ile 115
Met Trp Phe Ala Qu Tyr Leu Phe Leu Gu

This is the replacement sheet

Date: 24 SEP 1996



130 135 140 Ala Lys Asp G u Lys Thr Leu Lys

Trp Ay Leu G n Arg Leu Lys Asp 145 . 150 _ 155

160 Phe Pro Arg Pro Phe Trp Leu Ala Leu Phe Val @& u‘@fy**hﬁ—A+g—Ehe_lﬁi

170 175 Thr Pro Ala Lys Lou Leu Ala u r Ala Al a
~Ser dn Gy 180 185 laced
-repl acenent sheet Date: 24 SEP 1996 %B , ”I

CLAIMS

1. A recombindnt or isolated DNA seqhence selected from

5
(i) a DNA sequénce comprising the DNA sequence of
Figure 1 encoding at least from Met,, to Stop,;s (SEQ
ID: 2) or its complementary strand;

10 (ii) nucleic acid sequences hybridising to the DNA

sequence of Figure 1 (SEQ ID: 1) or its
complementary strand under stringent conditions; and

(iii) nucleic acid sequences which would hybri'dise

15 to the DNA sequence of Figure 1 (SEQ ID: 1), or its
complementary strand, but for the degeneracy of the
genetic code.

2. A DNA sequence as claimed in claim 1 which encodes
20 an enzyme having membrane-bound acyltransferase activity.

3. A DNA sequence as claimed in claim 2, in which the
acyltransferase activity is 2-acyltransferase activity. -

25 4. An isolated pfote.in which is the expression product
of a DNA sequence as claimed in claim 1, 2 or 3.

5. An antibody capable of specificaliy binding to a
protein as claimed in claim 4.

30
6. A plant having one or more insoluble acyltransferase
enzymes having a substrate specificity which differs from
the native enzyme of the plant. '

U AR This e the repiacerant shest
* c L M s * :

2 4 SEP 1996

Date:



Leu Pro Ala Pro Arg Asn Val Leu Ile Pro Arg Thr Lys_dy Phe—Vat—195

200 205 Ser Ala Val Ser Ile Mt Arg Asp Ph a&ha I'le
Tyr Asp Thr 210 215 Pro
Lys Asp Ser Pro @ n Pro Thr Met Leu Arg Ile 225 “‘%
235 . 240 Leu-Lys Ay A n Ser Ser Val: t Lys-
Arg H's Ala 245 250 5 I\/bt Ser GQu Met Pro
Lys Ser Asp @ u Asp Val Ser Lys Trp Cys Ly31260 265
%8 Asp Ile Phe Val Ala Lys Asp Al a Leu Leu Asp Lys His Leu Ala Thr 275
2 Thr Phe - P

Val Lys Ser 7. A plagt as c aJ.me in cl%:.l{n Ié vﬁugchprfs It'l::?an% en Arcg Pro.

' for ‘an insoluble acyltransferase enzyme from another

species.
S . 8. A plant as claimed in claim 6 or 7, which is rape,

maize, sunflower or soya.

9. A plant as claimed in claim 7, wherein the said

other species is a species of the genus Limnanthes (such
10 as L. alba or, preferably, L. douglassi) or Crambe.

10. A plant as claimed in any one of claims 6 to 9,
wherein the insoluble acyltransferase enzyme is 2-
acyltransferase.

1s
11. A plant as claimed in claim 10, wherein the 2-
acyltransferase has a higher specificity for erucic acid
than the native enzyme of the plant.

20 12. -A_plant as claimed in any one of claims 6 to 11,
wherein the said native enzyme is at least partially'
rendered inoperative-  or removed,' for example by a
ribozy‘me or by antisense nucleic acid.

25 13. A method of generating oil, the method comprising
cultivating a plant as claimed in anyone of claims 6 to
12 and harvesting oil produced by. the plant or a part
(particularly seeds) thereof.

30  14. A microbial host capable of expressing a DNA
sequence as claimed in claim 1, 2 or 3.

15. A protein which is substantially homologous to a
o protein as claimed in claim 4.

[ —

) ) A

This ie the repiacemeant siest
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290°

Oys
320
330
Hi s
Al a
365

295 300 Leu Leu Val_Thr Leu Phe Trp Ser

Leu Leu Leu Phe Ay Ala Ile 305 310

G u Phe Phe Lys Trp Thr G n Leu Leu Ser Thr Trp Arg eueHasBéeﬁ
335 Phe. Thr Ala Ala Gy Met Ala Leu

Val Phe 340 345 . 350 II l’%l

GQu Arg Ser Ser Ser Ala Arg Ala Ala Arg 355

Asn Arg Val Lys Lys Qu 370 - - 32 '

10

16. A fragment of a DNA sequence as claimed in claim 1,
2 or 3, comprising at least 15 nucleotides.

~17. DNA encoding RNA which is antisense to RNA encoded
by DNA as claimed in claim'l, 2 or 3. '

18. DNA encoding a ribozyme specific to RNA encoded by
DNA as claimed in claim 1, 2 or 3. '

19. Isolated or recombinant DNA containing a promoter
which naturally drives expression of a gene to produce a
protein as claimed in claim 4 or 15.

—

AR

This is. the replacement shest
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28 -'( 2) | NFORVATI ON FOR SEQ I D NO 7 I ) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 295 am no acids (B) TYPE: amno acid (D) TOPOLOGY: linear (ii)

MOLECULE TYPE: protein (xi) -SEQUENCE DESCRI PTION: SEQ ID NGO 7: Met Ala Met

Ala Ala Al a Val
10
Cys Leu dy 20

10

i5

Ile Val Pro Leu Ay Ile Leu Phe Phe 1° 5
15 1le Ser Ay Leu Val Val Asn Leu Leu A n Arg Ser Gy
25 30
. 33
| ABSTRACT

DNA ENCODING 2-ACYLTRANSFERASES

Plants, particularly transgenic plants, may be produced
having a 2-acyltransferase enzyme or other insoluble
acyltransferase enzyme with an altered substrate
specificity compared to the native enzyme. For example,
oil seed rape (Brassica 'napus). may contain a 2-

_acyltransferase transgene derived from Limnanthes

douglassi in order to increase the erucic acid content of
the oil. The cDNA sequence of maize (Zea mays) 2-
acyltransferase is disclosed and is useful for cloning
acyltransferase genes and/or cDNAs from other organisms,
including L. douglassi. |

(No appropriate figure)
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Leu Phe Leu G u
70

lle 35
60 Ala Lys Asp G u Ser

Au Tyr

Lys Phe Leu Pro Val

Ser
Met Trp Phe Ser

55

"Met Lys Lys Ser
45 dy Trp Ser
Leu Lys Ser Ay Leu G n Arg Leu Asn Asp 65

Ser Ala Leu Al a Val

40
Arg Asn Trp 50

Thr
75

Gu Gy

Gu Ala Lys Leu
115

105
Lys Gy Phe Val
Phe vVal Pro Ala lle

95 Thr

0 .
g Thr

LA
Ser Asn Met Arg Ser

Leu Ile Pr

90
125 Ser Al a Val

Lys Ala Ala G n Qu Tyr Ala Ala Ser Ser d

200

80 Phe Pro Arg Pro Phe Trp Leu Ala Leu Phe Val
Pro Arg Asn Val

110 Leu Pro Val

Thr Arg Phe 85
120

Tyr Asp Met
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Hs Ile Lys
Val

185

Leu Asp Lys His Ile Ala Ala 19S
230

H s Val
Leu Al a Val

Ala Ile Pro Lys Thr
150

175 Met Lys Asp Leu Pro

Val
220 Ser

140 Thr Val
Arg 180.

213
G;zAIa?ZS

Phe Ala Ay Gdn Lys Qu @n Asn lle Ay Arg

245,
@
L

160 Phe Lys Gy d@n Pro Ser Val
170
Lys Asp Al a
205 Asp Thr

135
Thr
240

Ser Pro Pro Pro Thr Met Leu Arg Leu 145
165

Gu Ser Au Asp Gulle Ala @n Trp
190 Asp @ n Phe Val

200
Leu Ser Trp Ala Cys Leu Leu Thr

Cys His Ser
Pro Ile Lys 210
235

130
155
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Leu Cys

270 Leu Ile Arg Ser Ser
280
29 Pro Ala Lys Pro

Al.a 275
2.4 SEP 1996

1/8.

265
Pro Ala Lys Val

28S This is the replacenment sheet Date:

Lys Asp Asn

255 Ala Leu Ser Ala Leu Gy Leu Ay Ile Ile Thr

Met Lys Phe Leu His Trp Ser Asn Leu Phe Ser Ser Trp Lys Ay Ile 245

Met A nlle 260
G@n Ser Au Arg Ser Thr

250
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290° 295 This is the replacenent sheet Date: 30 THE CLAI M
1. A reconbi nant or isolated DNA sequence selected from (i) a DNA
sequence i ncluding the DNA sequence of Figure 1 encoding at |east from
[err] to [err] (SEQID: 2) or its conplenentary strand; (ii) nucleic acid
sequences hybridising to the DNA sequence of Figure 1 (SEQ ID: 1) or its
conpl enentary strand under stringent conditions; and
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(i11) nucleic acid sequences whi ch woul d hybridi se to the DNA sequence of
Figure 1 (SEQID: 1), or its conplenentary strand, but for the degeneracy

of the genetic code. 2. A DNA sequence as clainmed in claim1 which
encodes an enzynme havi ng nmenbr ane- bound acyltransferase activity. 3. A
DNA sequence as clained in claim2, in which the acyltransferase activity
is 2-acyltransferase activity. 4. An i sol ated protein whi ch is the

expressi on product of a DNA sequence as 13 inclaim3. 5. An

anti body capabl e of specifically bindi 5 the protein as clained in claim
4. 6. A transforned plant having on sol.ubl e 2-acyl transferase
enzynes having a substrate specificit R;Igdlaers fromthe native enzyne
of the plant.

A : mutant | o
JC201

B : mutant +
pPLSC

C: mutant +
maize
cDNA

This is the replacement sheet



7. A plant as clained in claim6, which is transgenic for an insoluble
acyl transferase enzyne from anot her species. 8. A plant as clainmed in
claim6 or claim7, which is rape, maize, sunflower or soya. 9. A pl ant
as claimed in claim7, wherein the said other species is a species of the
genus Li manthes (such as L alba, or preferably, L douglassi) or Cranbe.
This is the replacenent sheet Date: 2 4 SEP 1998 31 10. A plant as
clainmed in any one. of clains 6 to 9. wherein.the 2-acyltransferase

65/8

<~— PA

; «—LPA

JC201 JC201+ JC201 +
mutant = pPLSC maize cDNA

This is the replacem:eht sheet
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has a hi gher specificity for erucic acid than the native enzyne of the
plant 11. A plant as clainmed in any one of clains 6 to 10, wherein the
said native enzyne is at |east partially rendered inoperative or renoved,
for exanple by a ribozyne or by antisense nucleic acid. 12. A nethod of
generating oil, the nethod including cultivating a plant as clained in any
one of clains 6 to-11 and harvesting oil produced by the plant or a part
(particularly seeds] thereof. 13. A nlcep9ugl host including a DNA
sequence as clainmed in any one of clains t 14. A protein which is
substantially honol ogous to a protein as clalned inclaim4. 15. A
fragment of a DNA sequence as clainmed in any one of clains 1 to 3,

i ncluding at |east 15 nucleotldes
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16.

DNA encodi ng RNA which is antisense to RNA encoded by DNA as cl ai ned

kn any one of clains 1 to 3. 17.

DNA encodi ng a ribozyne specific to RNA

| sol at ed or

encoded by DNA.as claimed in any one of clains 1 to 3. 18.

reconbi nant DNA containing a pronoter which naturally drives expression of

a gene to produce a protein as clainmed in claim4 or claim14. This is the

repl acenent sheet

This Sheet Has Been Replaced 32 16. A fragnent of a

8/8

DNA sequence as clained in claiml,
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2 or 3, conprising at least 15 nucleotides. 17. DNA encodi ngqﬁlﬁﬁ@“\ﬁh'

anti sense to RNA encoded 5 by DNA as clained inclaiml, 2 or 3 —’1-8_
DNA encoding a ribozyme specific to RNA encod¢U DEpRINACESSITaSHERES n &Si m
1, 2 or 3..10 19. Isolated or reconbi nant BNA.£ophat Npargda. .poopagea----
whi ch nat ural | y drives expression of a ge¥ke td g%g)a Protaim. @s“s}jedﬁ#ed
in claim4 or 15. This is the repl acenent sheet% £ .?:,rZ‘{l 5&31199@, naged ...

THE CLAIMS ) B Abstract:
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1. A recombinant or isolated DNA sequence-solectsd from

(i) e DNA sequence including the DNA sequence of Figure 1 encoding at
least from Mat,, to Stopyys (SEQ ID: 2) or its complementary strand;

(i) nucleic acid saquences hybridising to tha DNA sequence of Figure 1
(SEQ ID: 1) or its complementary strand wnder stringent conditions; and

(iii) nucleic acid sequences which would hybridise to the DNA sequence of

Figure 1 (SEQ ID: 1), or its complementary strand, but for the degeneracy of the
genetic cads.

2, A DNA sequence as claimed in claim 1 which encodes an enzyme having
membrane-bound acyltransferase activity.

3. A DNA saquence as claimed in claim 2, in. which the acyltransferase activity -
is 2-acyltransferase activity.

4. An isolated protein which is the expression product of a DNA saquence as
claimed ix. claim 3.

5. An antibody capable of specifically binding to the protein as claimed in
cleim 4.

6. A transformed plant having one or more insoluble 2-acyltransferase enzymes
having a substrate specificity which differs from the native enzyme of the plent.

7. Aplant as claimed in cleim 6, which is transgenic for an insoluble

acyltransferase enzyme from another species.

8.

saya.

A plant as claimed in claim 6 or claim 7, which is rape, maize, sunflower or

Q. A plant as claimed in cleim 7, wherein the said other species is a species of

the genus Limaanthss (such as L. alba, or preferably, L. douglassi) or Crambe.

—
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10. A plant as claimed in any one of claims 6 to 9, wherein the 2-acyltransferase
has a higher specificity for erucic acid than the nativa enzyme of the plent.

11.  Aplant as claimed in any one of claims 6 to 10, wherein the said native
enzymse is at least pertially rendered inoperative or remaved, for example by a
ribozyme or by antisense nucleic acid.

12. A method of generating oil, the method including cultivating a plant as

claimed in any one of claims 6 to 11 and harvesting oil produced by the plentor a
part (particularly seeds) thereof.

13. A microbial host including a DNA sequence as claimed in any one of claims
1t03.

14. A protsin which is substantially homologous to a protein as claimed in claim
4,

15. A fragment of a DNA sequance es claimed in any one of claims 1 to 3,
including at least 15 nucleotides.

16.  DNA enceding RNA which is antisense to RNA encoded by DNA as claimed
in any aone of claims 1 to 3.

17.  DNA encoding a ribozyme specific to RNA encoded by DNA as claimed in
any one of claims 1 to 3.

18, Isolated or recombinant DNA containing & promoter which naturally drives

expression of a gene to produce a protein as claimed in claim 4 or claim 14.
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ABSTRACT

DNA ENCODING 2-ACYLTRANSFERASES

Plants, particularly transgenic plants, may be produced
having a 2-acyltransferase enzyme or other insoluble
acyltransferase enzyme with an altered substrate
specificity compared to the native enzyme. For example,
oil seed rape (Brassica napus) wmay contain a 2-

. acyltransferase transgene derived from Limnanthes

douglassi in order to increase the erucic acid content of
the oil. The cDNA sequence of maize (Zea mays) 2-
acyltransferase is disclosed and is useful for cloning
acyltransferase genes and/or cDNAs from other organisms,
including L. douglassi.
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