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MODIFIED FORM OF OLEOSIN THAT
WHEN EXPRESSED IN PLANTS LEADS TO
INCREASED TRIACYLGYCEROL (OIL)
ACCUMULATION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from U.S.
provisional application Ser. No. 62/979,576 filed Feb. 21,
2020, the disclosure of which is incorporated herein by
reference in its entirety.

GOVERNMENT SUPPORT

[0002] This invention was made with Government support
under contract number DE-SC0012704, awarded by the U.S.
Department of Energy. The Government has certain rights in
the invention.

FIELD OF THE INVENTION

[0003] The present invention relates generally to mutant or
variant oleosin polypeptides having one or more amino acid
substitutions, particularly one or more arginine substitution
for lysine, and having one or more amino acid deletions. The
mutant oleosin polypeptides provide for higher triacylglyc-
erol compared to wild type oleosin, including when the
mutant oleosin is expressed in plants. The invention also
relates to plants, particularly transgenic or genetically engi-
neered plants, expressing one or more of the mutant oleosin
polypeptides, as well as seeds and oil bodies derived from
the plants.

BACKGROUND OF THE INVENTION

[0004] In nature, flowering plants efficiently store energy
in their seeds through the accumulation of oil, particularly
triacylglycerol (TAG), and store it in discreet oil bodies by
embedding a phospholipid protein monolayer around the oil
body. These seed crops have been used in a variety of
agricultural applications as feed and also as a feedstock
source for biofuels. Lipids have approximately double the
energy content on a per weight basis of either proteins or
carbohydrates, therefore many efforts have been focused on
raising the oil content of various species, notably and
particularly plants.

[0005] Although liquid biofuels offer considerable prom-
ise, the reality of utilizing biological material is tempered by
competing uses and the quantities available. Triacylglycerol
(TAG) is a neutral lipid with twice the energy density of
cellulose and can be used to generate biodiesel, a high-
energy-density desirable biofuel with a simple and efficient
manufacturing process (Hill et al., 2006 Proc Natl Acad Sci
USA 103: 11206-11210; Granda et al., 2007 Environ Prop
26: 233-250; Somerville, 2007 Biofuels. Curr Biol 17:
R115-R119; Fortman et al., 2008 Trends Biotechnol 26:
375-381; Ohlrogge et al., 2009 Science 324: 1019-1020;
Chapman et al., 2013 Plant Sci 207: 128-134; Troncoso-
Ponce et al., 2013 Plant Sci 205-206: 13-19). Consequently,
engineering plants to accumulate TAG in vegetative tissues
and elevating the TAG content of oleaginous yeast and
bacteria is the focus of multiple research groups.

[0006] A variety of strategies to engineer TAG accumu-
lation in vegetative tissues and microorganisms have been
explored including the stimulation of fatty acid biosynthesis
and TAG production by overexpressing seed development
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transcription factors LEAFY COT-YLEDON1 (LEC1),
LEC2, and WRINKLED1 (WRil) in plants (Mu et al., 2008
Plant Physiol. 148: 1042-1054; Santos-Mendoza et al., 2008
Plant J 54: 608-620; Andrianov et al., 2010 Plant Biotechnol
J 8: 277-287; Sanjaya et al., 2011 Plant Biotech J 9:
874-883). In other efforts, the enzyme responsible for the
last and only committed step in TAG biosynthesis, dia-
cylglycerol O-acyltransferase (DGAT) has been overex-
pressed in plants and also in yeast (Bouvier-Nave et al., 2000
Eur J Biochem 267: 85-96; Durrett et al., 2008 Plant J 54:
593-607; Andrianov et al., 2010 Plant Biot ec hn ol J &:
277-287; Beopoulos et al., 2011 Appl Microbiol Biotechnol
90: 1193-1206). Further approaches include the silencing of
the Arabidopsis gene APS1 a key gene involved in starch
biosynthesis (Sanjaya et al., 2011 Plant Biotech I 9: 874-
883), mutation of CGI-58 (a regulator of neutral lipid
accumulation; James et al., 2010 Proc Natl Acad Sci USA
107: 17833-17838), and overexpression of mammalian
monoacyglycerol acyltransferase in tobacco (Nicotiana
tabacum) leaves (Petrie et al., 2012 PLoS ONE 7: €35214).

[0007] Leaf TAG is used as a short-term storage interme-
diate of thylakoid lipid during ongoing membrane turnover,
remodeling, and senescence. Despite gains in manipulating
TAG levels in vegetative tissues (5- to 20-fold in leaves) and
microorganisms, it has been acknowledged that to achieve
further increases in TAG, preventing its catabolism may be
important (Ohlrogge et al., 2009 Science 324: 1019-1020;
Slocombe et al., 2009 Plant Biotechnol J 7: 694-703; Yang
and Ohlrogge, 2009 Plant Physio I 150: 1981-1989; James
et al., 2010 Proc Nati Acad. Sci USA 107: 17833-17838;
Troncoso-Ponce et al., 2013 Plant Sci 205-206: 13-19). In
contrast to leaves and yeast, seeds store TAG as a long-term
energy supply by way of a distinctive proteinaceous emul-
sifier called oleosin that coats the outside of the lipid
droplets (LDs; commonly referred to as oil bodies) (Tzen et
al., 1992 J Biol Chem 267: 15626-15634). Oil bodies (OBs)
consist of a TAG core surrounded by a phospholipid mono-
layer embedded with proteinaceous emulsifiers, 80-90% of
which is oleosin. Oleosin prevents the accidental exposure
to lipases and inhibits LD coalescence during desiccation,
freezing, and germination (Tzen et al., 1992 J Biol Chem
267: 151526-15634; Siloto et al.,, 2006 Plant Cell 18:
1961-1974).

[0008] An alternative way to stabilize L.Ds may be to cross
link the amphipathic arms of the oleosins (Peng et al., 2003
Biotechnol Prog 19: 1623-1626). Polyolesins encoding two
or more oleosin repeat units have been described (US
2009/0133160). Coexpression of a combination of genes to
enhance TAG production, including wrinkledl (WR11),
medium chain thioesterase (MCT or T), diacylglycerol acyl-
trasferase (DGAT) and olesin 1 (Ole1) has been described by
Shanklin et al (US 2014/0031573). Various modified DGAT
proteins, including chimeric DGAT proteins and N-terminal
region modified DGAT have been described and expressed
in plants in an effort to increase TAG (for example US
2015/0284726, US 2015/0275223, US 2015/0252378 and
US 2011/0191905). Roberts and collaborators have also
described modified oleosins with at least one artificially
introduced cysteine, particularly including modified oleosin
with 6 introduced cysteines, which result in 2-fold and
5-fold increases in the fatty acid content of mature leaves
and roots respectively, including when co-expressed with
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DGAT in Aridopsis (Aridopsis thaliana) (Winichayakul S et
al (2013) Plant Physiol 162:626-639; US 2012/0278951;
U.S. Pat. No. 8,987,551).

[0009] The bulk of the world’s lipids are produced by
plants and the densest form of lipid is as a triacylglycerol
(TAG). Dicotyledonous plants can accumulate up to
approximately 60% of their seed weight as TAG which is
subsequently used as an energy source for germination. As
such there have been a number of efforts targeted at using
seeds rich in oils to sustainably produce sufficient lipids for
both animal and biofuel feed stock. Upon a single methyl-
ation or ethylation step TAG is easily converted to biodiesel
which can be used as a transportation fuel or as a feedstock
to produce specialty chemicals. To make such processes
economically viable, it is critical to optimize yields of TAG
in either seeds, or vegetative tissues. Oleosin (also known as
OLEl) is an applicable target for overexpression and/or
modification to improve energy content and stabilize TAG.
While various groups have overexpressed wild type/native
OLEI or mutant forms of OLE1 to increase TAG protection,
sometimes with other proteins such as DGAT and WR11,
there still is a need for alternative approaches to improve
energy content and increase and stabilize triacylglycerol,
including in seed and plants. This invention is directed to
mutant or variant oleosins and their use and applicability to
substantially increase TAG, stabilize TAG and improve
energy content in seeds and plants.

[0010] The citation of references herein shall not be con-
strued as an admission that such is prior art to the present
invention.

SUMMARY OF THE INVENTION

[0011] In nature, flowering plants efficiently store energy
in their seeds through the accumulation of oil, namely
triacylglycerol (TAG), and store it in discreet oil bodies by
embedding a phospholipid protein monolayer around the oil
body. These seed crops have been used in a variety of
agricultural applications as feed and more recently also as a
feedstock source for biofuels. On a per weight basis, lipids
have approximately double the energy content of either
proteins or carbohydrates and as such, substantial focus has
been placed on raising the oil content of various species,
most notably plants. Unfortunately plant seeds represent a
very small percentage of total plant biomass and with the
demand for improved agricultural productivity and alterna-
tive energies it is recognized that current oil production from
a number of devoted seed crops is insufficient. It is therefore
a general object of the invention to provide methods for
increasing the level of oil production in plant tissues/organs
and/or methods for increasing the production of oil from
plants.

[0012] Inaccordance with the present invention, variant or
mutant oleosin polypeptides are provided wherein one or
more amino acid substitution and/or one or more amino acid
deletion are introduced.

[0013] As used herein “arginine replacement” refers to the
one or more amino acid at certain amino acid residue
positions in SEQ ID NO:1 being replaced or substituted with
or changed or converted to arginine (e.g., lysine is replaced
with arginine at certain positions). In other words, the
corresponding amino acid at one or more positions is
replaced with or mutated to arginine.

[0014] The invention thus provides a mutant oleosin
(OLE) polypeptide comprising:
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(a) an arginine replacement at one or more amino acid
residue selected from positions 27, 105, 117, 119, 123 and
128 in SEQ ID NO:1 or at comparable positions to positions
27, 105, 117, 119, 123 and 128 in SEQ ID NO:1,

(b) an amino acid deletion at one or more amino acid residue
selected from positions 3, 12, 23, 112, 123 and 136 in SEQ
ID NO:1 or at comparable positions to positions 3, 12, 23,
112, 123 and 136 in SEQ ID NO:1;

(c) an arginine replacement at one or more amino acid
residue selected from positions 27, 105, 117, 119 and 128 in
SEQ ID NO:1 or at comparable positions to positions 27,
105, 117, 119 and 128 in SEQ ID NO:1 and a cysteine
replacement at one or more amino acid residue selected from
positions 3, 12, 23, 112, 123 and 136 in SEQ ID NO:1 or at
comparable positions to positions 3, 12, 23, 112, 123 and
136 in SEQ ID NO:1; or

(d) an arginine replacement at one or more amino acid
residue selected from positions 27, 105, 117, 119 and 128 in
SEQ ID NO:1 or at comparable positions to positions 27,
105, 117, 119 and 128 in SEQ ID NO:1 and an amino acid
deletion at one or more amino acid residue selected from
positions 3, 12, 23, 112, 123 and 136 in SEQ ID NO:1 or at
comparable positions to positions 3, 12, 23, 112, 123 and
136 in SEQ ID NO:1.

[0015] Native sesame Oleisinl (OLE1) aa sequence uti-
lized and referenced herein SEQ ID NO:1 corresponds to the
following:

MAEHYGQQQQTRAPHLQLQPRAQRVVKAATAVTAGGSLLVLSGLTLAGTV
JALTIATPLLVIFSPVLVPAVITIFLLGAGFLASGGFGVAALSVLSWIYR
YLTGKHPPGADQLESAKTKLASKAREMKDRAEQF SQQPVAGSQTS

[0016] In one or more embodiments, the mutant oleosin
polypeptide comprises:

(a) an arginine replacement at amino acid residues at posi-
tions 27, 105, 117, 119, 123 and 128 in SEQ ID NO:1 or at
comparable positions to positions 27, 105, 117, 119, 123 and
128 in SEQ ID NO:1;

(b) an amino acid deletion at amino acid residue positions 3,
12, 23,112, 123 and 136 in SEQ ID NO:1 or at comparable
positions to positions 3, 12, 23, 112, 123 and 136 in SEQ ID
NO:1;

(c) an arginine replacement at amino acid residues positions
27,105,117, 119 and 128 in SEQ ID NO:1 or at comparable
positions to positions 27, 105, 117, 119 and 128 in SEQ ID
NO:1 and further comprises an amino acid deletion at amino
acid residue positions 3, 12, 23, 112, 123 and 136 in SEQ ID
NO:1 or at comparable positions to positions 3, 12, 23, 112,
123 and 136 in SEQ ID NO:1;

(d) an arginine replacement at amino acid residues at posi-
tions 27, 105 and 117 in SEQ ID NO:1 or at comparable
positions to positions 27, 105 and 117 in SEQ ID NO:1 and
further comprises an amino acid deletion at amino acid
residue positions 12 and 123 in SEQ ID NO:1 or at com-
parable positions to positions 12 and 123 in SEQ ID NO:1;
or

(e) an arginine replacement at amino acid residue 27 SEQ ID
NO:1 or at comparable positions to position 27 in SEQ ID
NO:1 and further comprises an amino acid deletion at amino
acid residue positions 12 and 123 in SEQ ID NO:1 or at
comparable positions to positions 12 and 123 in SEQ ID
NO:1.
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[0017] In particular embodiments of the mutant oleosin
polypeptides herein, the mutant oleosin has an amino acid
sequence as set out in FIG. 3 or in any one of SEQ ID NOs:
2-19.

[0018] In particular embodiments, the mutant oleosin has
an amino acid sequence as set out in SEQ ID NO: 6, 7 or 8.
[0019] In one embodiment, mutant oleosin having one or
more lysine residue replaced with an arginine residue are
provided. In one embodiment, six lysine residues in native
oleosin polypeptide sequence are replaced with arginine. In
one such embodiment, OLE1_KR, such as set out in SEQ ID
NO:2, is provided, which is a form of Oleosin where at 6
locations the Lysine was changed to Arginine. The six
locations in oleosin polypeptide correspond to each of amino
acid positions 27, 105, 117, 119, 123 and 128. Thus, the
corresponding lysine amino acid at position 27, 105, 117,
119, 123 and 128, by comparing sequence to Olel sequence
SEQ ID NO: 1 provided herein (sesame oleosin sequence) is
mutated to arginine.

[0020] In an embodiment, the corresponding lysine amino
acid at one or more of positions 27, 105, 117, 119, 123 and
128, by comparing sequence to Olel sequence SEQ ID NO:
1 provided herein (sesame oleosin sequence), is mutated to
arginine. In an embodiment, the corresponding lysine amino
acid at two or more of positions 27, 105, 117, 119, 123 and
128, by comparing sequence to Olel sequence SEQ ID NO:
1 provided herein (sesame oleosin sequence), is mutated to
arginine. In an embodiment, the corresponding lysine amino
acid at three or more of positions 27, 105, 117, 119, 123 and
128, by comparing sequence to Olel sequence SEQ ID NO:
1 provided herein (sesame oleosin sequence), is mutated to
arginine. In an embodiment, the corresponding lysine amino
acid at four or more of positions amino acid 27, 105, 117,
119, 123 and 128, by comparing sequence to Olel sequence
SEQ ID NO: 1 provided herein (sesame oleosin sequence),
is mutated to arginine. In an embodiment, the corresponding
lysine amino acid at five or more of positions amino acid 27,
105, 117, 119, 123 and 128, by comparing sequence to Olel
sequence SEQ ID NO: 1 provided herein (sesame oleosin
sequence), is mutated to arginine. In an aspect, the corre-
sponding lysine amino acid at five positions particularly
amino acid 27, 105, 117, 119 and 128, by comparing
sequence to Olel sequence SEQ ID NO: 1 provided herein
(sesame oleosin sequence), is mutated to arginine.

[0021] In another embodiment, the invention provides
mutant oleosin wherein Lysine is replaced by Arginine, and
wherein oleosin sequence is additionally mutated to com-
prise cysteine amino acid replacements. In one such embodi-
ment, mutant oleosin comprises arginine replacements for
lysine at amino acid residues selected from positions 27,
105, 117, 119 and 128, by comparing sequence to Olel
sequence SEQ ID NO: 1 provided herein (sesame oleosin
sequence), and further comprises cysteine amino acid
replacements at amino acids selected from positions 3, 12,
23, 112, 123 and 136, by comparing sequence to Olel
sequence SEQ ID NO: 1 provided herein (sesame oleosin
sequence). Notably, in accordance with this embodiment,
native lysine amino acid 123 is replaced with cysteine. An
exemplary such mutant oleosin is provided in Cys_Ole_KR,
such as set out in SEQ ID NO:4.

[0022] Inone embodiment, mutant oleosin comprises argi-
nine replacements for lysine at each of amino acid residues
27,105, 117, 119 and 128, by comparing sequence to Olel
sequence SEQ ID NO: 1 provided herein (sesame oleosin
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sequence), and further comprises cysteine amino acid
replacements at amino acids 3, 12, 23, 112, 123 and 136, by
comparing sequence to Olel sequence SEQ ID NO: 1
provided herein (sesame oleosin sequence). In one such
embodiment, exemplary mutant oleosin designated Cys_
OLE1_KR comprises cysteine mutations at each of amino
acids 3, 12, 23, 112, 123 and 136 and further comprises
arginine at amino acids 27, 105, 117, 119 and 128.

[0023] In an embodiment of the invention, mutant oleosin
is provided comprising one or more arginine replacements at
amino acid residues selected from positions 27, 105, 117,
119, 123 and 128, by comparing sequence to Olel sequence
SEQ ID NO: 1 provided herein (sesame oleosin sequence),
and further comprising one or more cysteine amino acid
replacements at amino acids selected from positions 3, 12,
23, 112, 123 and 136, by comparing sequence to Olel
sequence SEQ ID NO: 1 provided herein (sesame oleosin
sequence).

[0024] In another embodiment, mutant oleosin is provided
having amino acids deleted. In one such aspect, amino acids
at one or more of or at all of corresponding positions of
amino acids 3, 12, 23, 112, 123 and 136, by comparing
sequence to Olel sequence SEQ ID NO: 1 provided herein
(sesame oleosin sequence) are deleted. In exemplary mutant
oleosin designated OLE1_Cys_DEL, such as set out in SEQ
ID NO:5, a mutant oleosin is provided wherein 6 amino acid
residues at positions corresponding to amino acids 3, 13, 23,
112, 123 and 136 are deleted. In the native oleosin sequence
provided herein designated OLE1 (SEQ ID NO:1) each of
the amino acids Eat 3, Rat 12, Q at 23, Q at 112, K at 123
and Q at 136 are removed or deleted.

[0025] In an embodiment, the invention provides an oleo-
sin mutant comprising amino acid mutations and amino acid
deletions. This embodiment thus comprises certain of the
mutant oleosin aspects in combination. In one such embodi-
ment, a mutant oleosin is provided combining all amino acid
replacement and deletion aspects as detailed above. In an
exemplary such mutant oleosin having combined replace-
ments and deletions, designated OLE1_Cys_DEL_KR, such
as set out in SEQ ID NO: 6, the native lysine was changed
to arginine at five locations namely amino acids 27, 105,
117, 119 and 128 and 6 amino acid residues were deleted at
positions corresponding to amino acids 3, 13, 23, 112, 123
and 136 (Eat3,Rat 12, Qat23,Kat 27, Qat 112, K at 123
and Q at 136 in SEQ ID NO:1).

[0026] Inanother embodiment, mutant oleosin is provided
comprising an arginine replacement at amino acid residues
at positions 27, 105 and 117 in SEQ ID NO:1 and further
comprising an amino acid deletion at amino acid residue
positions 12 and 123 in SEQ ID NO:1. The mutant is
designated Olel_5 mod. Olel_5 mod is exemplified in the
mutant polypeptide sequence as set out in SEQ ID NO:7.
[0027] Inanother embodiment, mutant oleosin is provided
comprising an arginine replacement at amino acid residue 27
SEQ ID NO:1 and further comprising an amino acid deletion
at amino acid residue positions 12 and 123 in SEQ ID NO:
1. The mutant is designated Olel_3 mod. Olel_3 mod is
exemplified in the mutant polypeptide sequence as set out in
SEQ ID NO:8.

[0028] In other embodiments, mutant oleosins combining
one or more arginine amino acid replacement selected from
positions 27, 105, 117, 119, 123 and 128, by comparing
sequence to Olel sequence SEQ ID NO: 1 provided herein
(sesame oleosin sequence), and one or more amino acid
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deletions at amino acids selected from positions 3, 12, 23,
112, 123 and 136, by comparing sequence to Olel sequence
SEQ ID NO: 1 provided herein (sesame oleosin sequence)
are provided. In such embodiments, mutant oleosins com-
bining up to five arginine amino acid replacements selected
from positions 27, 105, 117, 119 and 128 and up to six amino
acid deletions at amino acids selected from positions 3, 12,
23, 112, 123 and 136, by comparing sequence to Olel
sequence SEQ ID NO: 1 provided herein (sesame oleosin
sequence) are provided.

[0029] Expression of the mutant oleosins allows for the
creation of stable oil bodies beyond the reproductive tissue
of'vascular plants into new cell types and even other species.
In an aspect, when combined with a TAG synthesizing
enzyme, the invention leads to the accumulation and storage
of TAG in cells, or in plants or seeds, as stable oil bodies.
Compared with an unmodified cell or plant or even one
expressing TAG synthesis enzyme and not expressing
mutant oleosin(s) as provided herein, the invention allows
for the accumulation of TAG in excess levels when com-
pared to TAG accumulation in native or wild type conditions
or genetic backgrounds.

[0030] In an additional embodiment of the invention, the
mutant oleosin(s) can also be fused to a protein of interest,
to form a fusion protein. The fusion protein (mutant oleosin
plus protein of interest) can be recombinantly expressed in
a cell or organism or plant. In this way oil bodies containing
the expressed fusion proteins can be used to purify and
deliver the protein of interest, for a variety of applications.
In a further embodiment, the mutant oleosin(s) may be
labeled, including by attachment to a detectable or func-
tional label.

[0031] Nucleic acids or polynucelotides encoding the
mutant or variant oleosin polypeptides are also provided. In
an embodiment, nucleic acid is provided encoding one or
more mutant oleosin as described herein, including mutant
oleosin having one or more arginine replacement and one or
more amino acid deletion as provided herein. In an embodi-
ment, nucleic acid is provided encoding one or more mutant
oleosin as described herein, including mutant oleosin having
one or more arginine replacement and one or more cysteine
replacement and/or amino acid deletion as provided herein.
[0032] In a further embodiment the polynucleotide
encodes a fusion protein including the modified oleosin
fused to a protein of interest.

[0033] In a further embodiment the invention provides an
expression construct comprising a polynucleotide of the
invention. In one embodiment the polynucleotide in the
construct is operably linked to a promoter sequence. In one
embodiment the promoter sequence is capable of driving
expression of the polynucleotide in a vegetative tissue of a
plant. In another embodiment the promoter sequence is
capable of driving expression of the polynucleotide in a seed
of a plant. In a further embodiment the promoter sequence
is capable of driving expression of the polynucleotide in the
pollen of a plant. In a further embodiment the promoter
sequence is capable of driving expression of the polynucle-
otide in a bacterial cell or yeast cell.

[0034] In another embodiment, the invention provides a
construct containing a polynucleotide that encodes a mutant
oleosin as provided herein. In one embodiment, the con-
struct also contains a second polynucleotide that encodes a
triacylglycerol (TAG) synthesizing enzyme. In various
embodiments, the construct can be linked to a promoter
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sequence capable of driving its expression in various host
cells. As such, the invention also provides use of the
constructs to induce a host cell to express a modified oleosin
and/or protein components including enzymes and transcrip-
tion factors that modulate TAG synthesis. In various
embodiments, the construct expressing a mutant oleosin and
the construct expressing a TAG synthesizing enzyme may be
driven by the same or by different promoters. In yet another
embodiment the construct is located in an appropriate posi-
tion and orientation of a suitable functional endogenous
promoter such that the expression of the construct occurs. In
various embodiments, the construct can be expressed in a
bacterial, plant, fungal or algal cell. In one embodiment
where the construct is expressed in a plant cell, the cell may
be of vegetative, seed, pollen or fruit tissue.

[0035] In another embodiment, the invention provides a
host cell comprising a construct and mutant oleosin of the
invention. In an embodiment the invention provides a host
cell genetically modified to comprise a polynucleotide of the
invention. In a further embodiment the invention provides a
host cell genetically modified to express a polynucleotide of
the invention.

[0036] In a further embodiment the host cell is also
genetically modified to express a triacylglycerol (TAG)
synthesizing enzyme. In one such embodiment, the host cell
is genetically modified to comprise a nucleic acid sequence
encoding a triacylglycerol (TAG) synthesizing enzyme. In
another embodiment the host cell comprises an expression
construct including a nucleic acid sequence encoding a
triacylglycerol (TAG) synthesizing enzyme.

[0037] In a further embodiment the nucleic acid is oper-
ably linked to a promoter sequence. The promoter sequence
may capable of driving expression of the nucleic acid
sequence in a vegetative tissue of a plant. In one aspect the
promoter sequence is capable of driving expression of the
nucleic acid sequence in a seed of a plant or in the pollen of
a plant. The promoter sequence may be capable of driving
expression of the polynucleotide in a bacterial cell or in a
yeast cell.

[0038] The host cell may be any suitable type of cell,
including a prokaryotic cell or a eukaryotic cell. In one
embodiment the host cell is selected from a bacterial cell, a
yeast cell, a fungal cell, an insect cell, algal cell, and a plant
cell. In a particular embodiment the host cell is a plant cell.
[0039] The invention further provides a plant comprising
a plant cell of the invention. In one aspect the invention
provides a plant comprising a construct of the invention. In
an aspect the invention provides a plant genetically modified
to comprise or to express a polynucleotide of the invention.
In a further embodiment the plant expresses a mutant oleosin
provided herein and encoded by the polynucleotide or
nucleic acid of the invention.

[0040] In a further a embodiment, the plant is also geneti-
cally modified to express a triacylglycerol (TAG) synthe-
sizing enzyme. In a further embodiment the triacylglycerol
(TAG) synthesizing enzyme is expressed in the same tissue
as the modified oleosin. In a further embodiment the plant is
genetically modified to comprise a nucleic acid sequence
encoding a triacylglycerol (TAG) synthesizing enzyme. In a
further embodiment the plant comprises an expression con-
struct including a nucleic acid sequence encoding a tria-
cylglycerol (TAG) synthesizing enzyme. In another aspect
the plant may be genetically modified to express or over-
express DGAT2 and/or WRI1.
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[0041] The nucleic acid or polynucleotide of the invention
may be operably linked to a promoter sequence. In an aspect,
the promoter is suitable and applicable for expression in
plants. In an aspect, the promoter is a constitutive promoter.
In an aspect, the promoter is an inducible promoter. In an
aspect, the promoter is a plant specific promoter, or a
promoter directing expression in leaves, tissues or seeds of
a plant. In an aspect, the promoter sequence is capable of
driving expression of the nucleic acid sequence in a veg-
etative tissue of a plant. In one embodiment the promoter
sequence is capable of driving expression of the nucleic acid
sequence in a seed of a plant. In one embodiment the
promoter sequence is capable of driving expression of the
nucleic acid sequence in the pollen of a plant. In embodi-
ments, the promoter may be the constitutive promoter 35S or
may be a seed promoter, particularly a strong seed promoter
such as the promoter for the gene phaseolin.

[0042] In a further embodiment the invention provides an
oil body comprising a mutant oleosin, or one or more mutant
oleosin(s) of the invention. In a further embodiment the
invention provides an oil body comprising at least two
mutant oleosins of the invention. In one embodiment at least
two of the modified oleosins are cross-linked to each other,
such as via disulphide bridges and cysteine residues.
[0043] In a further embodiment the invention provides a
composition comprising a mutant oleosin of the invention.
In one embodiment the composition comprises the mutant
oleosin and a suitable carrier.

[0044] The mutant oleosins may be modified naturally
occurring oleosins. The plants from which the un-modified
or naturally occurring oleosin sequences are derived may be
from any plant species that contains oleosins and polynucle-
otide sequences encoding oleosins. The plant cells in which
the mutant oleosins are expressed may be from any plant
species. The plants in which the mutant oleosins are
expressed may be from any plant species. In one embodi-
ment the plant cell or plant, is derived from a gymnosperm
plant species. In a further embodiment the plant cell or plant,
is derived from an angiosperm plant species. In a further
embodiment the plant cell or plant, is derived from a from
dicotyledonous plant species. In a further embodiment the
plant cell or plant, is derived from a monocotyledonous plant
species. The plant or plant cell may be sugar cane, sorghum
or other bioenergy crop. The plant or plant cell may be a
non-bioenergy crop.

[0045] In one embodiment the plant accumulates more
total lipid in its non-photosynthetic tissues/organs than does
a control plant. In a further embodiment the plant accumu-
lates at least 10%, more preferably at least 20%, more
preferably at least 50%, more preferably at least 100%, more
preferably 150%, more preferably 200%, more preferably
250%, more preferably 300%, more preferably 350%, more
preferably 400%, more preferably 450%, more preferably
500%, more total lipid in its non-photosynthetic tissues/
organs than does a control plant. In one embodiment the
plant produces total lipid in its non-photosynthetic tissues/
organs in the range 100% to 900%, more preferably 200%
to 800%, more preferably 300% to 700%, more preferably
400% to 600%, more than a control plant.

[0046] Suitable control plants include non-transformed or
wild-type versions of plant of the same variety and/or
species as the transformed plant used in the method of the
invention. Suitable control plants also include plants of the
same variety and or species as the transformed plant that are
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transformed with a control construct. Suitable control plants
also include plants that have not been transformed with a
polynucleotide encoding a mutant oleosin provided herein.
Suitable control plants also include plants that do not
express a mutant oleosin provided herein.

[0047] Other objects and advantages will become apparent
to those skilled in the art from a review of the following
description which proceeds with reference to the following
illustrative drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1 depicts the evaluation of several oleosin
versions in Nicotiana bethamiana. Triacyglycerol (TAG)
accumulation in the leaves of N. bethamiana transiently
expressing the following constructs was determined and is
provided as a percent of dry weight (% of DW) of the leaves:
EV—empty vector; OLEl—refers to native OLE1; Cys_
OLEl—refers to mutant OLE1 having 6 Cysteine replace-
ments as previously described (Winichayakul S et al (2013)
Plant Physiol 162:626-639); OLE1 CysDel-—mutant oleosin
having single amino acid deletions at each of the positions
corresponding to the Cys mutations in Cys_OLE1; OLE1
KR—oleosin mutated to covert six Lys residues to Arg;
Cys_OLE_KR—mutant OLE1 having 6 Cysteine replace-
ments as previously described and also having five Lys
residues mutated to Arg; and OLE_CysDEL_KR—mutant
oleosin comprising single amino acid deletions at each of the
positions corresponding to the Cys mutations in Cys_OLE1
and also having five Lys residues mutated to Arg. Data
represents average of at least 4 biological replicates £SD. **
denotes significance at the P<0.01 level and *** denotes
significance at the P<0.001 level.

[0049] FIG. 2 depicts the effects of OLE1 variants on
OLEl accumulation using GFP-OLE1 fusions. Multiple
cysteine deletions (Cys DEL) together with multiple lysine
to arginine substitutions (KR) resulted in a cumulative
increase in both protein abundance and TAG content. GFP
constructs (driven by a 35s promoter) of each of the mutants
described in FIG. 1 were generated by C-terminal tagging of
the variants with GFP and transiently expressed in M.
bethamiana. The effects of Cys DEL and KR either singly or
in combination were imaged using confocal microscopy in
N. bethamiana. The extent of flu