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PRODUCTION OF SHORT CHAIN FATTY ACIDS

FIELD OF THE INVENTION

The present invention relates to microbial cells comprising triacylglycerol (TAG) with
short chain fatty acids (SCFA), as well as methods of using these cells to produce lipid
comprising TAG with SCFAs.

BACKGROUND OF THE INVENTION
As the global population surges towards a predicted 9.1 billion people by 2050, the

demand for meat and dairy products for human nutrition is expected to continue to increase.
However, meat and dairy production worldwide account for 70% of freshwater consumption,
38% of the total arable land use and contribute 19% of the world’s greenhouse gas emissions.
There is growing interest in finding alternative sources of protein and fat which have less of
an environmental footprint. There is also a growing market worldwide for non-animal
sources of high-quality protein and fat, for example from plant sources, which are seen as
being more sustainable and environmentally friendly. Cultural and religious reasons have also
contributed to growing markets for non-animal proteins. Sales of so-called plant milk,
promoted as an alternative to dairy products, are predicted to surpass $34 billion globally by
2024. However, many current plant-based alternatives for meat and dairy products use fats
made from blends of plant oils such as coconut, soy and palm oils which may give inadequate
flavour and function. Fats and oils add flavour, lubricity and texture to foods and contribute
to the feeling of satiety upon consumption, and therefore food and beverage products
incorporating lipids from animal sources are often still preferred by consumers.

Bovine milk contains approximately 87% water, 4.6% lactose, 3.4% protein, 3.5-4.5%
fat, 0.8% minerals and 0.1% vitamins (Mansson, 2008). The lipids in bovine milk are mainly
present in globules as an oil-in-water emulsion. The fat component consists of approximately
97-98% triacylglycerols (TAG), about 2% diacylglycerol (DAG), 0.5% cholesterol, 0.1%
phospholipids (PL) and free fatty acids (FFA), although the composition of milk and its fat
varies with the breed of cattle, type of feed, lactation stage and season. Milk fat is unusual in
its fatty acid composition and functional properties, comprising as many as 400 different fatty
acids, making it the most complex of all natural fats. Saturated fatty acids make up about
70% by weight of the fatty acid content of the TAG, including palmitic acid (C16:0) at about
30% or more by weight of the total fatty acids. Myristate (C14:0) and stearate (C18:0) are
each present at more than 10% of the total fatty acid content, and short chain fatty acids
(SCFA; C2:0, C4.0, C6:0 and C8:0) are together present at about 6-8% of the total fatty acid
content. Monounsaturated fatty acids, primarily oleic acid (C18:1A9) at up to about 22% but
also including low levels of C14:1 and C16:1 make up most of the non-saturated fatty acid
content. Milkfat generally contains only low levels (<2%) of polyunsaturated fatty acids
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(PUFA), present as linoleic acid (C18:2) and linolenic acid (C18:3). The short chain fatty
acids butyric acid (C4:0) and caproic acid (C6:0) present in milkfat are esterified almost
exclusively at the sn-3 position of TAG molecules.

There remains a need for alternative, non-animal sources of lipids that have animal-fat

like composition and functional properties, for human nutrition.

SUMMARY OF THE INVENTION

The present inventors have produced microbial cells that comprise triacylglycerols
(TAG), the TAG comprising short chain fatty acids (SCFA) esterified at the sn-1/3 position
of TAG.

Thus, in one aspect the present invention provides a process for producing extracted

lipid, comprising extracting lipid from microbial cells which comprise triacylglycerol (TAG)
molecules, each TAG molecule having a fatty acid esterified at each of an sn-1 position, an
sn-2 position and an sn-3 position, wherein at least some of the TAG molecules comprise a
SCFA esterified at the sn-3 position, so as to thereby produce the extracted lipid. It is
understood in this context that the sn-1, sn-2 and sn-3 positions refer to the sn-1, sn-2 and sn-
3 positions of the glycerol component of the TAG molecule.

In an embodiment, the process comprises the steps of

(a) obtaining microbial cells which comprise the TAG molecules, each TAG molecule
having a fatty acid esterified at each of an sn-1 position, an sn-2 position and an sn-3
position, wherein at least some of the TAG molecules comprise a SCFA esterified at the sn-3
position, and

(b) extracting lipid from the microbial cells,
so as to thereby produce the extracted lipid.

In an embodiment, the esterified SCFA in the TAG molecules are one or more or all
of butyric acid (C4:0), caproic acid (C6:0) and caprylic acid (C8:0).

In embodiments, the esterified SCFA in the TAG molecules comprise C4:0, or C4:0
and C6:0, preferably C4:0, C6:0 and C8:0. In a more preferred embodiment, the amount of
C4:0 in the total fatty acid content of the TAG in the extracted lipid is greater than the
amount of C6:0 or greater than the amount of C8:0, or both, most preferably greater than the
sum of the amounts of C6:0 and C8:0, each amount being expressed as a percentage of the
total fatty acid content of the TAG in the extracted lipid on a weight basis. It is understood
that the same features may apply on a mol% basis.

In further embodiments (a), the extracted lipid comprises TAG molecules which
comprise a SCFA esterified at their sn-2 position, wherein the ratio of the number of TAG
molecules which comprise a SCFA esterified at the sn-2 position to the number of TAG
molecules which comprise a SCFA esterified at their sn-3 position (SCFA ratio sn-2:sn-3) in
the extracted lipid is less than about 0.50, less than about 0.30, less than about 0.20, less than
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about 0.10, less than about 0.05, less than about 0.04, less than about 0.03 or less than about
0.02. In preferred embodiments (b), the extracted lipid comprises TAG molecules which
comprise C4:0 esterified at their sn-2 position, wherein the ratio of the number of TAG
molecules which comprise C4:0 esterified at the sn-2 position to the number of TAG
molecules which comprise C4:0 esterified at their sn-3 position (C4:0 ratio sn-2:sn-3) in the
extracted lipid is less than about 0.50, less than about 0.30, less than about 0.20, less than
about 0.10, less than about 0.05, less than about 0.04, less than about 0.03 or less than about
0.02. In further embodiments (c), the extracted lipid comprises TAG molecules which
comprise C6:0 esterified at their sn-2 position, wherein the ratio of the number of TAG
molecules which comprise C6:0 esterified at the sn-2 position to the number of TAG
molecules which comprise C6:0 esterified at their sn-3 position (C6:0 ratio sn-2:sn-3) in the
extracted lipid is less than about 0.50, less than about 0.30, less than about 0.20, less than
about 0.10, less than about 0.05, less than about 0.04, less than about 0.03 or less than about
0.02. In further embodiments, both (a) and (b) apply, or (a) and (c¢) apply, or (b) and (c)
apply.

In embodiments (a), the SCFA ratio sn-2:sn-3 is more than about 0.005, more than
about 0.01, between about 0.005 and about 0.10, between about 0.01 and about 0.10, between
about 0.005 and about 0.05 or between about 0.01 and about 0.05. In preferred embodiments
(b), the C4:0 ratio sn-2:sn-3 is more than about 0.005, more than about 0.01, between about
0.005 and about 0.10, between about 0.01 and about 0.10, between about 0.005 and about
0.05 or between about 0.01 and about 0.05. In preferred embodiments (c), the C6:0 ratio sn-
2:sn-3 is more than about 0.005, more than about 0.01, between about 0.005 and about 0.10,
between about 0.01 and about 0.10, between about 0.005 and about 0.05 or between about
0.01 and about 0.05. In further embodiments, both (a) and (b) apply, or (a) and (c) apply, or
(b) and (c) apply.

In embodiments, the SCFA comprises C4:0 and the sn-2:sn-3 ratio for C4:0 is more
than about 0.01 or more than about 0.02.

In an embodiment, more of the TAG molecules in the extracted lipid have only one
SCFA esterified in the TAG molecule than two SCFA esterified in the TAG molecule. In an
embodiment, more of the TAG molecules in the extracted lipid have only one C4:0 esterified
in the TAG molecule than two C4:0 fatty acids esterified in the TAG molecule. In an
embodiment, more of the TAG molecules in the extracted lipid have only one C6:0 esterified
in the TAG molecule than two C6:0 fatty acids esterified in the TAG molecule.

In embodiments, at least 1% by weight or by mol%, or both, of the total fatty acid
content of the extracted lipid is SCFA, preferably at least 1% C4:0, or at least 1% for the sum
of C4:0 and C6:0.
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In embodiments, at least 10%, at least 15%, at least 20%, at least 25% or at least 30%
by weight of the total fatty acid content of the extracted lipid is C16:1, preferably to a
maximum of 50%.

In embodiments, the TAG molecules of the extracted lipid comprise more C16:1
esterified at the sn-2 position than any other fatty acid esterified at the sn-2 position,
preferably wherein at least 30% or at least 40% of the fatty acids esterified at the sn-2
position of the TAG molecules are C16:1.

In embodiments, the microbial cells comprise fungal cells, bacterial cells or algal
cells, or any mixture thereof, preferably yeast cells, more preferably Saccharomyces
cerevisiae cells. In an embodiment, the microbial cells are one or more or all of (i) suitable
for fermentation, (ii) oleaginous cells, and (iii) heterotrophic cells.

In an embodiment, the fungal cells comprise yeast cells. Examples include, but are
not limited to Saccharomyces cerevisiae, Yarrowia lipolytica, Trichoderma spp., Pichia
pastoris, Candida rugose, Aspergillus niger, Crypthecodinium cohnii and any mixture
thereof.

In an embodiment, the microbial cells comprise algal cells selected from the group
consisting of Prototheca moriformis, Thraustochytrium spp., Chlorella protothecoides,
Schizochytrium sp. such as strain FCC-1324, and any mixture thereof. In an embodiment, the
microbial cells are Mortierella alpina.

In an embodiment, the cells comprise one or more exogenous polynucleotide(s)
encoding a fatty acid acyltransferase or more than one fatty acid acyltransferase, wherein at
least one acyltransferase has activity on SCFA-CoA molecules as a substrate, preferably at
least butyryl-CoA as a substrate or at least butyryl-CoA and caproyl-CoA as substrates, and
wherein each exogenous polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotide in the cells.

In an embodiment, the exogenous polynucleotide is integrated into the genome of the
cell, preferably the nuclear genome of the cell. In an embodiment, the cell comprises
exogenous polynucleotides which are integrated into the nuclear genome of the cell, which
are either integrated at a single site in the genome or at least one exogenous polynucleotide is
integrated at one site and at least one other exogenous polynucleotide is integrated at a
second site. More than 2 integration sites are also contemplated. Alternatively, the exogenous
polynucleotide(s) is comprised in an autonomously replicating vector in the cell.

In an embodiment, at least one of the fatty acid acyltransferases is a mammalian
acyltransferase or a variant thereof, preferably a ruminant acyltransferase or a variant thereof.

In an embodiment, at least one of the acyltransferases is a diacylglycerol O-
acyltransferase (DGAT), preferably a 1,2-diacyl-sn-glycerol:acetyl-CoA acetyltransferase
(DACT) or a DGAT1. In an embodiment, the DGAT is a mammalian DGAT or a variant

thereof, preferably a ruminant DGAT or a variant thereof.
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In embodiments, the DGAT comprises amino acids whose sequence is set forth as any
one of SEQ ID NOs:1, 3,5, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27 or 29, or an amino acid
sequence which is at least 30% identical along the full length of any one or more of SEQ ID
NOs:1,3,5,7,9,11,13, 15,17, 19, 21, 23, 25, 27 or 29.

In embodiments, the exogenous polynucleotide encoding the DGAT comprises
nucleotides whose sequence is set forth as any one of SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28 or 30, or a nucleotide sequence which is at least 30% identical along the
full length of any one or more of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28 or 30.

The lipid can be extracted by any means known in the art such as, but not limited to,
exposing the cells to an organic solvent, pressing the cells or treating the cells with
microwave irradiation, ultrasonication, high-speed homogenization, high-pressure
homogenization, bead beating, autoclaving, thermolysis or any combination thereof.

In an embodiment, the method further comprises culturing the cells, preferably yeast
cells, more preferably Saccharomyces cerevisiae cells.

In an embodiment, the cells are cultured in a medium comprising butyrate (C4:0),
preferably at a concentration in the range of about 1 to about 20 g/L. in the medium.

In an embodiment, the method further comprises modifying or purifying the lipid, for
example by degumming, deodorizing or distilling or fractionating the lipid. In a preferred
embodiment, the lipid has not been treated by transesterification. In an embodiment (a), the
amount of SCFA, preferably C4:0, expressed as a percentage of the total fatty acid content of
the extracted lipid, has not been changed by more than 10% on a relative basis after the
extraction from the microbial cells. For example, if the amount of SCFA in the initially
extracted lipid was 8% on a weight basis, the modified or purified lipid has between 7.2%
and 8.8% SCFA. In an embodiment (b), the SCFA sn-2:sn-3 ration has not been changed by
more than 10% by the modifying or purifying process. Both (a) and (b) may apply.

In another aspect, the present invention provides extracted microbial lipid produced by
the process of the invention or produced from the cells of the invention, preferably extracted
yeast lipid, more preferably extracted Saccharomyces cerevisiae lipid. In an embodiment, the
extracted microbial lipid comprises triacylglycerol (TAG) molecules, each TAG molecule
having a fatty acid esterified at each of an sn-1 position, an sn-2 position and an sn-3
position, wherein at least some of the TAG molecules comprise a short chain fatty acid
(SCFA) esterified at the sn-3 position of the TAG molecule.

The cells or lipid may comprise any feature outlined for the above process aspect,
singly or in every possible combination.

In an embodiment, the SCFAs esterified at the sn-3 position of the TAG molecules are
one or more or all of C4:0, C6:0 and C8:0.
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In an embodiment, the SCFAs esterified at the sn-3 position of the TAG molecules
comprise C4:0, or C4:0 and C6:0, preferably C4:0, C6:0 and C8:0. In a preferred
embodiment, the amount of C4:0 in the total fatty acid content of the TAG in the extracted
lipid is greater than the amount of C6:0 or greater than the amount of C8:0, or both, more
preferably greater than the sum of the amounts of C6:0 and C8:0, each amount being
expressed as a percentage of the total fatty acid content of the TAG in the extracted lipid on a
weight basis. It is understood that the same features may apply on a mol% basis.

In embodiments (a), the extracted lipid comprises TAG molecules which comprise a
SCFA esterified at their sn-2 position, wherein the ratio of the number of TAG molecules
which comprise a SCFA esterified at the sn-2 position to the number of TAG molecules
which comprise a SCFA esterified at their sn-3 position (SCFA ratio sn-2:sn-3) in the
extracted lipid is less than about 0.50, less than about 0.30, less than about 0.20, less than
about 0.10, less than about 0.05, less than about 0.04, less than about 0.03 or less than about
0.02. In preferred embodiments (b), the extracted lipid comprises TAG molecules which
comprise C4:0 esterified at their sn-2 position, wherein the ratio of the number of TAG
molecules which comprise C4:0 esterified at the sn-2 position to the number of TAG
molecules which comprise C4:0 esterified at their sn-3 position (C4:0 ratio sn-2:sn-3) in the
extracted lipid is less than about 0.50, less than about 0.30, less than about 0.20, less than
about 0.10, less than about 0.05, less than about 0.04, less than about 0.03 or less than about
0.02. In further embodiments (c), the extracted lipid comprises TAG molecules which
comprise C6:0 esterified at their sn-2 position, wherein the ratio of the number of TAG
molecules which comprise C6:0 esterified at the sn-2 position to the number of TAG
molecules which comprise C6:0 esterified at their sn-3 position (C6:0 ratio sn-2:sn-3) in the
extracted lipid is less than about 0.50, less than about 0.30, less than about 0.20, less than
about 0.10, less than about 0.05, less than about 0.04, less than about 0.03 or less than about
0.02. In further embodiments, both (a) and (b) apply, or (a) and (c) apply, or (b) and (c)
apply.

In embodiments (a), the SCFA ratio sn-2:sn-3 of the extracted lipid is more than about
0.005, more than about 0.01, between about 0.005 and about 0.10, between about 0.01 and
about 0.10, between about 0.005 and about 0.05 or between about 0.01 and about 0.05. In
preferred embodiments (b), the C4:0 ratio sn-2:sn-3 is more than about 0.005, more than
about 0.01, between about 0.005 and about 0.10, between about 0.01 and about 0.10, between
about 0.005 and about 0.05 or between about 0.01 and about 0.05. In preferred embodiments
(c), the C6:0 ratio sn-2:sn-3 is more than about 0.005, more than about 0.01, between about
0.005 and about 0.10, between about 0.01 and about 0.10, between about 0.005 and about
0.05 or between about 0.01 and about 0.05. In further embodiments, both (a) and (b) apply, or

(a) and (c) apply, or (b) and (c) apply.
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In an embodiment, the SCFA comprises C4:0 and the sn-2:sn-3 ratio for C4:0 is more
than about 0.01 or more than about 0.02.

In an embodiment, more of the TAG molecules in the extracted lipid have only one
SCFA esterified in the TAG molecule than two SCFA esterified in the TAG molecule. In an
embodiment, more of the TAG molecules in the extracted lipid have only one C4:0 esterified
in the TAG molecule than two C4:0 fatty acids esterified in the TAG molecule. In an
embodiment, more of the TAG molecules in the extracted lipid have only one C6:0 esterified
in the TAG molecule than two C6:0 fatty acids esterified in the TAG molecule.

In an embodiment (a), at least 1% by weight or by mol%, or both, of the total fatty
acid content of the extracted lipid is SCFA, preferably at least 1% C4:0, or at least 1% for the
sum of C4:0 and C6:0.

In embodiments (b), at least 10%, at least 15%, at least 20%, at least 25% or at least
30% by weight of the total fatty acid content of the extracted lipid is C16:1, preferably to a
maximum of 50% or 45%.

In embodiments (c), the TAG molecules of the extracted lipid comprise more C16:1
esterified at the sn-2 position than any other fatty acid esterified at the sn-2 position,
preferably wherein at least 30% or at least 40% of the fatty acids esterified at the sn-2
position of TAG are C16:1. The combinations (a) and (b), (a) and (c), (b) and (c), and all
three of (a), (b) and (c) are contemplated.

In an embodiment, the amount of total saturated fatty acids in the extracted microbial
lipid, expressed as a percentage of the total fatty acid content of the extracted lipid, is less
than the amount in milk fat, preferably at least 10% or at least 20% less on a relative basis. In
an embodiment, the amount of total saturated fatty acids in the extracted microbial lipid is
between 30% and 50% or between 50% and 70%, on a weight basis. In an embodiment, the
amount of C16:0 or C18:0, or the sum of both, in the extracted microbial lipid is less than the
amount in milk fat preferably at least 10% or at least 20% less on a relative basis.

In an embodiment, the extracted lipid is a liquid at room temperature (25°C) i.e. it is
an oil. In an embodiment, the extracted lipid is a solid at room temperature (25°C), i.e. itis a
fat. The lipid may also be a mixture of liquid and solid at room temperature.

In a further aspect, the present invention provides a microbial cell, or microbial cells,
preferably yeast cells, more preferably Saccharomyces cerevisiae cells, comprising
triacylglycerol (TAG) molecules, each TAG molecule having a fatty acid esterified at each of
an sn-1 position, an sn-2 position and an sn-3 position, wherein at least some of the TAG
molecules comprise a short chain fatty acid (SCFA) esterified at the sn-3 position of the TAG
molecule.

A microbial cell of the invention may comprise any feature outlined for the above

process or extracted lipid aspects, singly or in any possible combination of features.
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In a further aspect, the present invention provides a microbial cell, or microbial cells,
preferably yeast cells, more preferably Saccharomyces cerevisiae cells, comprising one or
more exogenous polynucleotide(s) encoding a fatty acid acyltransferase or more than one
fatty acid acyltransferase, wherein at least one acyltransferase has activity on SCFA-CoA
molecules as a substrate, preferably at least butyryl-CoA as a substrate or at least butyryl-
CoA and caproyl-CoA as substrates, and wherein each exogenous polynucleotide is operably
linked to one or more promoters that are capable of directing expression of said
polynucleotide in the cells.

In embodiments (a), at least one of the fatty acid acyltransferases is a mammalian
acyltransferase or a variant thereof, preferably a ruminant acyltransferase or a variant thereof,
or at least one of the acyltransferases is a diacylglycerol O-acyltransferase (DGAT),
preferably a 1,2-diacyl-sn-glycerol:acetyl-CoA acetyltransferase (DAcT) or a DGATI, or the
DGAT is a mammalian DGAT or a variant thereof, preferably a ruminant DGAT or a variant
thereof.

In further embodiments (b), the DGAT comprises amino acids whose sequence is set
forth as any one of SEQ ID NOs:1, 3, 5, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27 or 29, or an
amino acid sequence which is at least 30% identical along the full length of any one or more
of SEQID NOs:1, 3, 5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27 or 29.

In further embodiments (c), the exogenous polynucleotide encoding the DGAT
comprises nucleotides whose sequence is set forth as any one of SEQ ID NOs:2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28 or 30, or a nucleotide sequence which is at least 30%
identical along the full length of any one or more of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28 or 30.

In an embodiment (d), the microbial cell(s) comprise TAG molecules, wherein at least
some of the TAG molecules comprise a short chain fatty acid (SCFA) esterified at the sn-3
position of the TAG molecule. In further embodiments, both (a) and (b) apply, or (a) and (c)
apply, or (a) and (d) apply, or (b) and (d) apply, or (¢) and (d) apply.

In an embodiment, the microbial cell(s) comprise an increased amount of TAG
relative to a corresponding microbial cell lacking the one or more exogenous polynucleotides,
cultured under the same conditions. In a preferred embodiment, the increased amount is at
least 1% on an abolute basis, e.g. from 1% to at least 2% on a weight basis, or at least 20% on
a relative basis, for example increased between 20% and 200% or 250% i.e. between 1.2-fold
and 3.0-fold or 3.5-fold increased. In preferred embodiments, this feature of increased TAG
content is combined with any of the features (a), (b), (c) or (d) above or features described for
a process of the invention or the extracted lipid of the invention.

A microbial cell of the invention may comprise any feature outlined for the above

process or extracted lipid aspects, singly or in any possible combination of features.
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In another aspect, the present invention provides a process for culturing microbial
cells, preferably yeast cells, more preferably Saccharomyces cerevisiae cells, the process
comprising

(a) obtaining a microbial cell which produces TAG molecules, each TAG molecule
having a fatty acid esterified at each of an sn-1 position, an sn-2 position and an sn-3
position, wherein at least some of the TAG molecules comprise a short chain fatty acid
(SCFA) esterified at the sn-3 position of the TAG molecule, and/or (b) obtaining a microbial
cell which comprises one or more exogenous polynucleotide(s) encoding a fatty acid
acyltransferase or more than one fatty acid acyltransferase, wherein at least one
acyltransferase has activity on SCFA-CoA molecules as a substrate, preferably at least
butyryl-CoA as a substrate or at least butyryl-CoA and caproyl-CoA as substrates, and
wherein each exogenous polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotide in the cells, and

(c) increasing the number of the cells by culturing the cells in a suitable medium.

In an embodiment, the medium comprises butyrate (C4:0), preferably at a level of
between 1 and 20 g/L at some time during the culturing, more preferably throughout most of
the time of culturing.

In another aspect, the present invention provides a process for producing a microbial
cell which produces TAG molecules, the process comprising a step of introducing one or
more exogenous polynucleotides encoding one or more fatty acid acyltransferases as defined
herein. The acyltransferases may be characterised by both (a) and (b) above, or (a) and (c), or
(a) and (d), or (b) and (d), or (c¢) and (d) as applied to the microbial cells.

In an embodiment, the process comprises a step of one or more or all of

(1) producing progeny cells from the cell comprising the introduced exogenous
polynucleotides,

(i1) selecting a progeny cell which has one or more of the features of a cell or lipid
defined herein.

In another aspect, the present invention provides a process for selecting or identifying
a microbial cell of the invention, or which comprises one or more of the features defined
herein, the process comprising steps of

(1) analysing lipid from microbial cells comprising one or more exogenous
polynucleotides as defined herein, and

(i1) selecting or identifying the microbial cell.

Also provided is a composition comprising one or more of the lipid of the invention or
the microbial cell(s) of the invention.

In an embodiment, the composition comprises at least one other lipid from a source
other than a cell of the invention. In an embodiment, the lipid from the other source does not

comprise SCFA esterified in the form of TAG. In an embodiment, the ratio of the amounts of
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the extracted microbial lipid of the invention to the lipid from the other source is between
10:1 and 1:10.

In a further aspect, the present invention provides a food, feedstuff or beverage
ingredient, or a food, feedstuff or beverage, comprising one or more of extracted lipid of the
invention, the microbial cell(s) of the invention, or the composition of the invention, and least
one other food, feedstuff or beverage ingredient. Preferably, the amount of the extracted lipid
of the invention, the microbial cell(s) of the invention, or the composition of the invention in
the food or feedstuff is at least 1% on a dry weight basis, preferably between 1% and 20%.
Preferably, the amount of the extracted lipid of the invention, the microbial cell(s) of the
invention, or the composition of the invention in the beverage is at least 0.5% on a weight
basis, preferably between 0.5% and 5% on a weight basis.

In an embodiment, the food, feedstuff or beverage ingredient, or food, feedstuff or
beverage has no components derived from an animal.

In another aspect, the present invention provides a method of producing a food,
feedstuff or beverage ingredient, or food, feedstuff or beverage, the method comprising
mixing one or more of extracted lipid of the invention, the microbial cell of the invention, or
the composition of the invention, with at least one other food, feedstuff or beverage
ingredient, and/or processing the extracted lipid of the invention, the microbial cell of the
invention or the composition of the invention.

In another aspect, the present invention provides for the use of one or more of
extracted lipid of the invention, the microbial cell of the invention, or the composition of the
invention to produce a food, feedstuff or beverage ingredient, or food, feedstuff or beverage.

In another aspect, the present invention provides a process for producing extracted
lipid, comprising

(a) obtaining microbial cells which comprise triacylglycerol (TAG) molecules, each
TAG molecule having a fatty acid esterified at each of an sn-1 position, an sn-2 position and
an sn-3 position, wherein at least some of the TAG molecules comprise a SCFA esterified at
the sn-3 position, and

(b) extracting lipid from the microbial cells,
so as to thereby produce the extracted lipid. It is understood in this context that the sn-1, sn-2
and sn-3 positions refer to the sn-1, sn-2 and sn-3 positions of the glycerol component of the
TAG molecule.

In an embodiment, the esterified SCFA in the TAG molecules are one or more or all
of butyric acid (C4:0), caproic acid (C6:0) and caprylic acid (C8:0).

In another embodiment, the esterified SCFA in the TAG molecules comprise C4:0, or
C4:0 and C6:0.

In a further embodiment, the extracted lipid comprises TAG molecules which

comprise a SCFA esterified at their sn-2 position, wherein the ratio of the number of TAG
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molecules which comprise a SCFA esterified at the sn-2 position to the number of TAG
molecules which comprise a SCFA esterified at their sn-3 position (SCFA ratio sn-2:sn-3) in
the extracted lipid is less than about 0.50, less than about 0.30, less than about 0.20, less than
about 0.10, less than about 0.05, less than about 0.04, less than about 0.03 or less than about
0.02.

In an embodiment, the SCFA ratio sn-2:sn-3 is more than about 0.005, more than
about 0.01, between about 0.005 and about 0.10, between about 0.01 and about 0.10, between
about 0.005 and about 0.05 or between about 0.01 and about 0.05.

In an embodiment, the SCFA is C4:0 and the SCFA ratio sn-2:sn-3 is more than about
0.01 or more than about 0.02.

In an embodiment, more of the TAG molecules in the extracted lipid have only one
SCFA esterified in the TAG molecule than two SCFA esterified in the TAG molecule.

In an embodiment, at least 1% by weight or by mol%, or both, of the total fatty acid
content of the extracted lipid is SCFA, preferably C4:0, or C4:0 and C6:0.

In an embodiment, at least 10%, at least 15%, at least 20%, at least 25% or at least
30% by weight of the total fatty acid content of the extracted lipid is C16:1, preferably to a
maximum of 50%.

In an embodiment, the TAG molecules of the extracted lipid comprise more C16:1
esterified at the sn-2 position than any other fatty acid esterified at the sn-2 position,
preferably wherein at least 30% or at least 40% of the fatty acids esterified at the sn-2
position of the TAG molecules are C16:1.

In an embodiment, the TAG molecules of the extracted lipid comprise more C16:0
esterified at the sn-2 position than any other fatty acid esterified at the sn-2 position of the
TAG molecules.

In an embodiment, the microbial cells comprise fungal cells, bacterial cells or algal
cells, or any misture thereof. In an embodiment, the microbial cells are one or more or all of
(1) suitable for fermentation, (ii) oleaginous cells, and (iii) heterotrophic cells.

In an embodiment, the fungal cells comprise yeast cells. Examples include, but are
not limited to Saccharomyces cerevisiae, Yarrowia lipolytica, Trichoderma spp., Pichia
pastoris, Candida rugose, Aspergillus niger, Crypthecodinium cohnii and any mixture
thereof.

In an embodiment, the microbial cells comprise algal cells selected from the group
consisting of Prototheca moriformis, Thraustochytrium spp., Chlorella protothecoides,
Schizochytrium sp. such as strain FCC-1324, and any mixture thereof. In an embodiment, the
microbial cells are Mortierella alpina.

In an embodiment, the cells comprise one or more exogenous polynucleotide(s)
encoding a fatty acid acyltransferase or more than one fatty acid acyltransferase, wherein at

least one acyltransferase has activity on SCFA-CoA molecules as a substrate, preferably at
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least butyryl-CoA as a substrate or at least butyryl-CoA and caproyl-CoA as substrates, and
wherein each exogenous polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotide in the cells.

In an embodiment, the exogenous polynucleotide is intergrated into the genome of the
cell.

In an embodiment, at least one of the fatty acid acyltransferases is a mammalian
acyltransferase or a variant thereof, preferably a ruminant acyltransferase or a variant thereof.

In an embodiment, at least one of the acyltransferases is a diacylglycerol O-
acyltransferase (DGAT).

In an embodiment, the DGAT is a 1,2-diacyl-sn-glycerol:acetyl-CoA acetyltransferase
(DACT).

In an embodiment, the DGAT is a DGATI1. In an embodiment, the DGAT is a
mammalian DGAT or a variant thereof, preferably a ruminant DGAT or a variant thereof.

In an embodiment, the DGAT comprises amino acids whose sequence is set forth as
any one of SEQ ID NOs:1, 3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27 or 29, or an amino acid
sequence which is at least 30% identical along the full length of any one or more of SEQ ID
NOs:1, 3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27 or 29.

In an embodiment, the exogenous polynucleotide encoding the DGAT comprises
nucleotides whose sequence is set forth as any one of SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28 or 30, or a nucleotide sequence which is at least 30% identical along the
full length of any one or more of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28 or 30.

The lipid can be extracted by any means known in the art such as, but not limited to,
exposing the cells to an organic solvent, pressing the cells or treating the cells with
microwave irradiation, ultrasonication, high-speed homogenization, high-pressure
homogenization, bead beating, autoclaving, thermolysis or any combination thereof.

In an embodiment, the method further comprises culturing the cells.

In an embodiment, the cells are cultured in a medium comprising butyrate (C4:0),
preferably at a concentration in the range of about 1 to about 20 g/L in the medium.

In an embodiment, the method further comprises modifying or purifying the lipid, for
example by degumming, deodorizing or distilling or fractionating the lipid. In a preferred
embodiment, the lipid has not been treated by transesterification.

In another aspect, the present invention provides extracted microbial lipid comprising
triacylglycerol (TAG) molecules, each TAG molecule having a fatty acid esterified at each of
an sn-1 position, an sn-2 position and an sn-3 position, wherein at least some of the TAG
molecules comprise a short chain fatty acid (SCFA) esterified at the sn-3 position of the TAG
molecule.

The cells or lipid may comprise any feature outlined for the above process aspect.
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In an embodiment, the SCFAs esterified at the sn-3 position of the TAG molecules are
one or more or all of C4:0, C6:0 and C8:0.

In an embodiment, the SCFAs esterified at the sn-3 position of the TAG molecules
comprise C4:0, or C4:0 and C6:0.

In an embodiment, the extracted lipid comprises TAG molecules which comprise a
SCFA esterified at their sn-2 position, wherein the ratio of the number of TAG molecules
which comprise a SCFA esterified at the sn-2 position to the number of TAG molecules
which comprise a SCFA esterified at their sn-3 position (SCFA ratio sn-2:sn-3) in the
extracted lipid is less than about 0.50, less than about 0.30, less than about 0.20, less than
about 0.10, less than about 0.05, less than about 0.04, less than about 0.03 or less than about
0.02.

In an embodiment, the SCFA ratio sn-2:sn-3 is more than about 0.005, more than
about 0.01, between about 0.005 and about 0.10, between about 0.01 and about 0.10, between
about 0.005 and about 0.05 or between about 0.01 and about 0.05.

In an embodiment, the SCFA is C4:0 and the SCFA ratio sn-2:sn-3 is more than about
0.01 or more than about 0.02.

In an embodiment, more of the TAG molecules in the extracted lipid have only one
SCFA esterified in the TAG molecule than two SCFA esterified in the TAG molecule.

In an embodiment, at least 1% by weight or by mol%, or both, of the total fatty acid
content of the extracted lipid is SCFA, preferably C4:0, or C4:0 and C6:0.

In an embodiment, at least 10%, at least 15%, at least 20%, at least 25% or at least
30% by weight of the total fatty acid content of the extracted lipid is C16:1, preferably to a
maximum of 50% or 45%.

In an embodiment, the TAG molecules of the extracted lipid comprise more C16:1
esterified at the sn-2 position than any other fatty acid esterified at the sn-2 position,
preferably wherein at least 30% or at least 40% of the fatty acids esterified at the sn-2
position of TAG are C16:1.

In an embodiment, the TAG molecules of the extracted lipid comprise more C16:0
esterified at the sn-2 position than any other fatty acid esterified at the sn-2 position.

In an embodiment, the extracted lipid is a liquid at room temperature (25°C) i.e. it is
an oil. In an embodiment, the extracted lipid is a solid at room temperature (25°C), i.e. itis a
fat. The lipid may also be a mixture of liquid and solid at room temperature.

In a further aspect, the present invention provides a microbial cell comprising
triacylglycerol (TAG) molecules, each TAG molecule having a fatty acid esterified at each of
an sn-1 position, an sn-2 position and an sn-3 position, wherein at least some of the TAG
molecules comprise a short chain fatty acid (SCFA) esterified at the sn-3 position of the TAG
molecule.
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A microbial cell of the invention may comprise any feature outlined for the above
process or extracted lipid aspects.

In another aspect, the present invention provides a process for culturing microbial
cells, the process comprising

(a) obtaining a microbial cell which produces TAG molecules, each TAG molecule
having a fatty acid esterified at each of an sn-1 position, an sn-2 position and an sn-3
position, wherein at least some of the TAG molecules comprise a short chain fatty acid
(SCFA) esterified at the sn-3 position of the TAG molecule, and

(b) increasing the number of the cells by culturing the cells in a suitable medium.

In an embodiment, the medium comprises butyrate (C4:0).

In another aspect, the present invention provides a process for producing a microbial
cell which produces TAG molecules, the process comprising a step of introducing one or
more exogenous polynucleotides as defined herein.

In an embodiment, the process comprises a step of one or more or all of

(1) producing progeny cells from the cell comprising the introduced exogenous
polynucleotides,

(i) selecting a progeny cell which has one or more of the features of a cell or lipid
defined herein.

In another aspect, the present invention provides a process for selecting or identifying
a microbial cell of the invention, or which comprises one or more of the features defined
herein, the process comprising steps of

(i) analysing lipid from microbial cells comprising one or more exogenous
polynucleotides as defined herein, and

(i1) selecting or identifying the microbial cell.

Also provided is a composition comprising one or more of the lipid of the invention or
the microbial cell of the invention.

In an embodiment, the composition comprises at least one other lipid from a source
other than a cell of the invention.

In a further aspect, the present invention provides a food or feedstuff comprising one
or more of extracted lipid of the invention, the microbial cell of the invention, or the
composition of the invention, and least one other food ingredient.

In an embodiment, the food or feedstuff has no components derived from an animal.

In another aspect, the present invention provides a method of producing a food or
feedstuff, the method comprising mixing one or more of extracted lipid of the invention, the
microbial cell of the invention, or the composition of the invention, with at least one other
food ingredient.

Any embodiment herein shall be taken to apply mutatis mutandis to any other

embodiment unless specifically stated otherwise.
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The present invention is not to be limited in scope by the specific embodiments
described herein, which are intended for the purpose of exemplification only. Functionally-
equivalent products, compositions and methods are clearly within the scope of the invention,
as described herein.

Throughout this specification, unless specifically stated otherwise or the context
requires otherwise, reference to a single step, composition of matter, group of steps or group
of compositions of matter shall be taken to encompass one and a plurality (i.e. one or more)
of those steps, compositions of matter, groups of steps or group of compositions of matter.

The invention is hereinafter described by way of the following non-limiting Examples

and with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
Figure 1. Oil content of S. cerevisiae cells transformed with DGAT genes.

KEY TO THE SEQUENCE LISTING

SEQ ID NO:1 - Amino acid sequence of Euonymus alatus 1,2-diacyl-sn-glycerol:acetyl-CoA
acetyltransferase (EaDACT).

SEQ ID NO:2 - Nucleotide sequence of the protein coding region of Euonymus alatus 1,2-
diacyl-sn-glycerol:acetyl-CoA acetyltransferase (EaDAcT) in pATO001, codon optimised for
expression in yeast.

SEQ ID NO:3 - Amino acid sequence of Capra hircus (goat) diacylglycerol O-
acyltransferase 1 isoform X1 (ChDGAT1-X1).

SEQ ID NO:4 - Nucleotide sequence of the protein coding region of Capra hircus (goat)
diacylglycerol O-acyltransferase 1 isoform X1 (ChDGAT1-X1) in pAT002, codon optimised
for expression in yeast.

SEQ ID NO:5 - Amino acid sequence of Capra hircus (goat) diacylglycerol O-
acyltransferase 1 isoform X2 (ChDGAT1-X2).

SEQ ID NO:6 - Nucleotide sequence of the protein coding region of Capra hircus (goat)
diacylglycerol O-acyltransferase 1 isoform X2 (ChDGAT1-X2) in pAT003, codon optimised
for expression in yeast.

SEQ ID NO:7 - Amino acid sequence of Ovis aries (sheep) diacylglycerol O-acyltransferase
1 isoform X1 (OaDGAT1-X1).

SEQ ID NO:8 - Nucleotide sequence of the protein coding region of Ovis aries (sheep)
diacylglycerol O-acyltransferase 1 isoform X1 (OaDGAT1-X1) in pAT004, codon optimised
for expression in yeast.

SEQ ID NO:9 - Amino acid sequence of Ovis aries (sheep) diacylglycerol O-acyltransferase
1 isoform X2 (0aDGAT1-X2).
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SEQ ID NO:10 - Nucleotide sequence of the protein coding region of Ovis aries (sheep)
diacylglycerol O-acyltransferase 1 isoform X2 (OaDGATI1-X2) in pATO00S, codon optimised
for expression in yeast.

SEQ ID NO:11 - Amino acid sequence of Bos taurus (cattle) diacylglycerol O-acyltransferase
1 isoform X1 (BtDGAT1-X1).

SEQ ID NO:12 - Nucleotide sequence of the protein coding region of Bos faurus (cattle)
diacylglycerol O-acyltransferase 1 isoform X1 (BtDGAT1-X1) in pAT006, codon optimised
for expression in yeast.

SEQ ID NO:13 - Amino acid sequence of Bos taurus (cattle) diacylglycerol O-acyltransferase
1 isoform X2 (BtDGAT1-X2).

SEQ ID NO:14 - Nucleotide sequence of the protein coding region of Bos raurus (cattle)
diacylglycerol O-acyltransferase 1 isoform X2 (BtDGAT1-X2) in pAT007, codon optimised
for expression in yeast.

SEQ ID NO:15 - Amino acid sequence of Bubulus bubulis (water buffalo) diacylglycerol O-
acyltransferase 1 isoform X1 (BbDGAT1-X1).

SEQ ID NO:16 - Nucleotide sequence of the protein coding region of Bubulus bubulis (water
buffalo) diacylglycerol O-acyltransferase 1 isoform X1 (BbDGATI1-X1) in pAT008, codon
optimised for expression in yeast.

SEQ ID NO:17 - Amino acid sequence of Bubulus bubulis (water buffalo) diacylglycerol O-
acyltransferase 1 isoform X2 (BbDGAT1-X2).

SEQ ID NO:18 - Nucleotide sequence of the protein coding region of Bubulus bubulis (water
buffalo) diacylglycerol O-acyltransferase 1 isoform X2 (BbDGATI1-X2) in pAT009, codon
optimised for expression in yeast.

SEQ ID NO:19 - Amino acid sequence of Bubulus bubulis (water buffalo) diacylglycerol O-
acyltransferase 1 isoform X3 (BbDGAT1-X3).

SEQ ID NO:20 - Nucleotide sequence of the protein coding region of Bubulus bubulis (water
buffalo) diacylglycerol O-acyltransferase 1 isoform X3 (BbDGATI1-X3) in pAT010, codon
optimised for expression in yeast.

SEQ ID NO:21 - Amino acid sequence of Bubulus bubulis (water buffalo) diacylglycerol O-
acyltransferase 1 isoform X4 (BbDGAT1-X4).

SEQ ID NO:22 - Nucleotide sequence of the protein coding region of Bubulus bubulis (water
buffalo) diacylglycerol O-acyltransferase 1 isoform X4 (BbDGAT1-X4) in pATO011, codon
optimised for expression in yeast.

SEQ ID NO:23 - Amino acid sequence of Bubulus bubulis (water buffalo) diacylglycerol O-
acyltransferase 1 isoform X5 (BbDGAT1-X5).

SEQ ID NO:24 - Nucleotide sequence of the protein coding region of Bubulus bubulis (water
buffalo) diacylglycerol O-acyltransferase 1 isoform X5 (BbDGATI1-X5) in pAT012, codon

optimised for expression in yeast.
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SEQ ID NO:25 - Amino acid sequence of Bubulus bubulis (water buffalo) diacylglycerol O-
acyltransferase 1 isoform X6 (BbDGAT1-X6).

SEQ ID NO:26 - Nucleotide sequence of the protein coding region of Bubulus bubulis (water
buffalo) diacylglycerol O-acyltransferase 1 isoform X6 (BbDGATI1-X6) in pATO013, codon
optimised for expression in yeast.

SEQ ID NO:27 - Amino acid sequence of Bubulus bubulis (water buffalo) diacylglycerol O-
acyltransferase 1 isoform X7 (BbDGAT1-X7).

SEQ ID NO:28 - Nucleotide sequence of the protein coding region of Bubulus bubulis (water
buffalo) diacylglycerol O-acyltransferase 1 isoform X7 (BbDGATI1-X7) in pAT014, codon
optimised for expression in yeast.

SEQ ID NO:29 - Amino acid sequence of Bos taurus (cattle) diacylglycerol O-acyltransferase
1 lactation isoform X1 (BtDGAT1lac).

SEQ ID NO:30 - Nucleotide sequence of the protein coding region of Bos taurus (cattle)
diacylglycerol O-acyltransferase 1 lactation isoform X1 (BtDGAT1lac) in pATO019, codon

optimised for expression in yeast.

DETAILED DESCRIPTION OF THE INVENTION

General Techniques and Standard Definitions

Unless specifically defined otherwise, all technical and scientific terms used herein
shall be taken to have the same meaning as commonly understood by one of ordinary skill in
the art (e.g., in cell culture, fermentation, molecular genetics, protein chemistry, and
biochemistry).

Unless otherwise indicated, the recombinant protein, cell culture, and immunological
techniques utilized in the present invention are standard procedures, well known to those
skilled in the art. Such techniques are described and explained throughout the literature in
sources such as, J. Perbal, A Practical Guide to Molecular Cloning, John Wiley and Sons
(1984), J. Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbour
Laboratory Press (1989), T.A. Brown (editor), Essential Molecular Biology: A Practical
Approach, Volumes 1 and 2, IRL Press (1991), D.M. Glover and B.D. Hames (editors), DNA
Cloning: A Practical Approach, Volumes 1-4, IRL Press (1995 and 1996), and F.M. Ausubel
et al. (editors), Current Protocols in Molecular Biology, Greene Pub. Associates and Wiley-
Interscience (1988, including all updates until present), Ed Harlow and David Lane (editors)
Antibodies: A Laboratory Manual, Cold Spring Harbour Laboratory, (1988), and J.E. Coligan
et al. (editors) Current Protocols in Immunology, John Wiley & Sons (including all updates
until present).

The term “and/or”, e.g., “X and/or Y” shall be understood to mean either “X and Y” or
“X or Y” and shall be taken to provide explicit support for both meanings or for either

meaning.
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As used herein, the term about, unless stated to the contrary, refers to +/- 20%, more
preferably +/- 10%, of the designated value.

Throughout this specification the word "comprise", or variations such as "comprises"
or "comprising", will be understood to imply the inclusion of a stated element, integer or step,
or group of elements, integers or steps, but not the exclusion of any other element, integer or

step, or group of elements, integers or steps.

Selected Definitions

As used herein, a “lipid” is any of a class of organic compounds that are or comprise
fatty acids, which may be esterified or non-esterified, or their derivatives and are insoluble in
water but soluble in organic solvents, for example in chloroform. As used herein, the term
"extracted lipid" refers to a lipid composition which has been extracted from a microbial cell.
The extracted lipid can be a relatively crude composition obtained by, for example, lysing the
cells, or a more purified composition where most, if not all, of one or more or each of the
water, nucleic acids, proteins and carbohydrates derived from the cells have been removed.
Examples of purification methods are described below. In an embodiment, the extracted lipid
comprises at least about 60%, at least about 70%, at least about 80%, at least about 90%, or at
least about 95% (w/w) lipid by weight of the composition. The lipid may be solid or liquid at
room temperature (25°C), or a mixture of the two; when liquid it is considered to be an oil,
when solid it is considered to be a fat. In an embodiment, extracted lipid of the invention has
not been blended with another lipid produced by another source (for example, animal lipid).
Alternatively, the extracted lipid may be blended with a different lipid, not comprising SCFA
at the sn-3 position of TAG, such as for example plant oils such as soybean oil, canola oil,
cornseed oil, palm oil, coconut oil, cottonseed oil or any combination thereof. In an
embodiment, following extraction the ratio of SCFAs to other fatty acids has not been
significantly altered (for example, no greater than a 10% or 5% alteration) when compared to
the ratio in the cell, and/or the lipid has not been treated in a way to modify the positional
distribution of the SCFA in the TAG molecules, for example by interesterification or
transesterification. In another embodiment, the extracted lipid has not been exposed to a
procedure, such as hydrogenation or fractionation, which may alter the ratio of SCFAs to
other fatty acids when compared to the ratio in the intact cell or which alters the degree of
saturation of the total fatty acid content of the lipid. In an embodiment, the lipid is essentially
free of trans fatty acids, for example <0.5% by weight of the total fatty acid content are trans
fatty acids. When the extracted lipid of the invention is comprised in an oil, the oil may
further comprise non-fatty acid molecules such as sterols. In an embodiment, the lipid is
essentially free of cholesterol, for example <0.5% or <0.25% by weight of the lipid is
cholesterol.
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As used herein, the term “non-polar lipid” refers to fatty acids and derivatives thereof
which are soluble in organic solvents but insoluble in water and which are not charged at pH
of 5-7. Non-polar lipids do not include phospholipids, galactolipids and sphingolipids, which
are types of polar lipids. Typically, non-polar lipids are not soluble or very sparingly soluble
in ethanol. The fatty acids may be free fatty acids and/or in an esterified form. Examples of
esterified forms include, but are not limited to, triacylglycerol (TAG), diacylyglycerol
(DAG), monoacylglycerol (MAG). Non-polar lipids also include sterols, sterol esters and
wax esters. Non-polar lipids are also known as “neutral lipids” or in some contexts referred to
as “oils”. Non-polar lipid may be a liquid at room temperature, or a solid, depending on the
degree of unsaturation of the fatty acids in the non-polar lipid. Typically, the more saturated
the fatty acid content, the higher the melting temperature of the lipid.

As used herein, an “oil” is a composition comprising predominantly lipid and which is
a liquid at room temperature. For instance, oil of the invention preferably comprises at least
75%, at least 80%, at least 85% or at least 90% lipid by weight. Typically, a purified oil
comprises at least 90% triacylglycerols (TAG) by weight of the lipid in the oil, preferably at
least 95%, at least 96%, at least 97%, at least 98% TAG by weight. Minor components of an
oil such as diacylglycerols (DAQG), free fatty acids (FFA), phospholipid and sterols may be
present as described herein.

As used herein, the term "fatty acid" refers to a carboxylic acid (or organic acid), often
with a long aliphatic tail, either saturated or unsaturated. Unsaturated fatty acids include
monounsaturated fatty acids and polyunsaturated fatty acids (PUFA). A fatty acid may be a
free fatty acid (FFA) or esterified to a glycerol or glycerol-phosphate molecule, CoA
molecule or other headgroup as known in the art, preferably esterified as part of a TAG
molecule.

As used herein, the term "short chain fatty acid" or "SCFA" refers to fatty acids that
have a carbon-carbon bonded chain of 2, 4, 6, or 8 carbon atoms in length, such as C2:0,
C4:0, C6:0 and C8:0. Typically, the SCFA in the lipids of the invention are saturated i.e. do
not have any carbon-carbon double bonds in their acyl chain, and have an unbranched acyl
chain. SCFA as used herein do not include fatty acids having 9 or more carbon atoms in their
acyl chain. As used herein, the term "medium chain fatty acid" or "MCFA" refers to fatty
acids that have a carbon-carbon bonded chain of between 10 and 14 carbon atoms in length,
such as C10:0, C12:0, C12:1, C14:0 and C14:1, typically a mixture of C10, C12 and C14
fatty acids is present in the lipid of the invention. Typically, the MCFA in the lipids of the
invention are either saturated or monounsaturated, or preferably the lipid of the invention
comprises both saturated and monounsaturated MCFA, and have an unbranched acyl chain.
MCFA as used herein do not include fatty acids having less than 10 or more than 14 carbon
atoms in their acyl chain. As used herein, the term "long chain fatty acid" or "LCFA" refers to

fatty acids that have a carbon-carbon bonded chain of between 15 and 19 carbon atoms in
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length, such as C15:0, C16:0, C16:1, C17:0, C18:0, C18:1, C18:2 and C18:3 fatty acids.
Typically, the LCFA in the lipid of the invention comprise both saturated and
monounsaturated LCFA and have unbranched acyl chains. Typically, the lipid of the
invention comprises some long chain PUFA (LC-PUFA), mainly C18:2, preferably less than
5% of the total fatty acid content, more preferably less than 3% or less than 2% of the total
fatty acid content of the lipid is LC-PUFA. LCFA as used herein do not include fatty acids
having less than 15 or more than 18 carbon atoms in their acyl chain.

"Saturated fatty acids" do not contain any double bonds or other functional groups
along the chain. The term "saturated" refers to hydrogen, in that all carbons (apart from the
carboxylic acid [-COOH] group) contain as many hydrogens as possible.

"Unsaturated fatty acids" are of similar form to saturated fatty acids, except that one or
more alkene functional groups exist along the chain, with each alkene substituting a singly-
bonded "-CH2-CH2-" part of the chain with a doubly-bonded "-CH=CH-" portion (that is, a
carbon double bonded to another carbon). The two next carbon atoms in the chain that are
bound to either side of the double bond can occur in a cis or trans configuration, preferably in
the cis configuration.

As used herein, the term "monounsaturated fatty acid" refers to a fatty acid which
comprises at least 12 carbon atoms in its carbon chain and only one alkene group (carbon-
carbon double bond) in the chain. Monounsaturated fatty acids include C12:1A9, C14:1A9,
C16:1A9, C18:1A%9and C18:1A11, each of which may be present in the TAG molecules of the
lipid of the invention. As used herein, the terms "polyunsaturated fatty acid” or "PUFA" refer
to a fatty acid which comprises at least 12 carbon atoms in its carbon chain and at least two
alkene groups (carbon-carbon double bonds). PUFA include C18:2A9,12 and C18:3A9,12,15,
each of which may be present in the TAG molecules of the lipid of the invention.

As used herein, “C4:0” refers to butyric acid, either esterified or non-esterified.

As used herein, “C6:0” refers to caproic acid, either esterified or non-esterified.

As used herein, “C8:0” refers to caprylic acid, either esterified or non-esterified.

As used herein, “C10:0” refers to capric acid, either esterified or non-esterified.

As used herein, “C12:0” refers to lauric acid, either esterified or non-esterified.

As used herein, “C14:0” refers to myristic acid, either esterified or non-esterified.

As used herein, “C15:0” refers to n-pentadecanoic acid, either esterified or non-
esterified.

As used herein, “C16:1” refers to palmitoleic acid, or-hexadec-9-enoic acid, either
esterified or non-esterified. which is an omega-7 monounsaturated fatty acid.

As used herein, “C16:0” refers to palmitic acid, either esterified or non-esterified.

As used herein, the term “total fatty acid (TFA) content” or variations thereof refers to
the total amount of fatty acids in the cell on a weight basis, as a percentage of the weight of

the cell. Unless otherwise specified, the weight of the cell is the dry weight. TFA content is
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measured by conversion of the fatty acids to FABE and measurement of the amount of FABE
by GC, using addition of a known amount of a distinctive fatty acid standard as a quantitation
standard in the GC (see Example 1). TFA therefore represents the weight of just the fatty
acids, not the weight of the fatty acids and their linked moieties in the lipid.

"Triacylglyceride" or "TAG" is a glyceride in which the glycerol is esterified with
three fatty acids which may be the same (e.g. as in tri-olein) or, more commonly, different.
All three of the fatty acids may be different, or two of the fatty acids may be the same and the
third is different. In the Kennedy pathway of TAG synthesis, DAG is formed as described
above, and then a third acyl group is esterified to the glycerol backbone by the activity of
DGAT.

"Diacylglyceride" or "DAG" is glyceride in which the glycerol is esterified with two
fatty acids which may be the same or, preferably, different. As used herein, DAG comprises
a hydroxyl group at a sn-1,3 or sn-2 position, and therefore DAG does not include
phosphorylated molecules such as PA or PC. In the Kennedy pathway of DAG synthesis, the
precursor sn-glycerol-3-phosphate (G3P) is esterified to two acyl groups, each coming from a
fatty acid coenzyme A ester, in a first reaction catalysed by a glycerol-3-phosphate
acyltransferase (GPAT) at position sn-1 to form LysoPA, followed by a second acylation at
position sn-2 catalysed by a lysophosphatidic acid acyltransferase (LPAAT) to form
phosphatidic acid (PA). This intermediate is then de-phosphorylated by PAP to form DAG.

"Monoacylglyceride" or "MAG" is glyceride in which the glycerol is esterified with
one fatty acid. As used herein, MAG comprises a hydroxyl group at an sn-1/3 (also referred
to as sn-1 MAG or 1-MAG or 1/3-MAG) or a sn-2 position (also referred to herein as 2-
MAAG), and therefore MAG does not include phosphorylated molecules such as PA or PC.

As used herein, the term “triacylglycerol (TAG) content” or variations thereof refers
to the amount of TAG in the cell or in the extracted lipid, according to the context. TAG
content can be calculated using techniques known in the art such as the sum of glycerol and
fatty acyl moieties using a relation: % TAG by weight = 100x ((41x total mol
FAME/3)+(total g FAME- (15x total mol FAME)))/g, where 41 and 15 are molecular
weights of glycerol moiety and methyl group, respectively (where FAME is fatty acid methyl
esters).

As used herein, the term "fatty acid acyltransferase" refers to a protein which is
capable of transferring an acyl group from acyl-CoA, PC or acyl-ACP, preferably acyl-CoA
or PC, onto a substrate to form TAG, DAG or MAG. These acyltransferases include DGAT,
such as DGAT1, DGAT2 and DAcT, and LPAAT. Other acyltransferases are PDAT, LPCAT
and MGAT.

As used herein, the term “diacylglycerol acyltransferase” (EC 2.3.1.20; DGAT) refers
to a protein which transfers a fatty acyl group from acyl-CoA to a diacylglycerol substrate to

produce a triacylglycerol. The acyl-CoA and DAG molecules are therefore substrates of the

21



10

15

20

25

30

35

WO 2021/179051 PCT/AU2021/050220

DGAT, and TAG is one of the products of the DGAT. Thus, the term “diacylglycerol
acyltransferase activity” refers to the transfer of acyl-CoA to diacylglycerol to produce
triacylglycerol. There are three known types of DGAT referred to as DGAT1, DGAT2 and
DGATS3 respectively. Amino acid sequences of DGAT enzymes include those disclosed
herein and variants thereof.

As used herein, the term “1,2-diacyl-sn-glycerol:acetyl-CoA acetyltransferase” or
DACT” refers to a sub-class of DGATSs which are able to transfer an acetyl group to the sn-3
position of DAG to thereby form TAG. The DAcT may also be able to transfer the acyl
groups from other acyl-CoA molecules, such as for example C4:0-CoA and/or C6:0-CoA.

As used herein, an “oleaginous” cell is one that is capable of storing large amounts of
TAG, such as to 10% to 70% or 20% to 70% of their cell mass on a dry weight basis. The
TAG content may depend on culture conditions, as is known in the art.

As used herein, a “heterotrophic” cell is one that is capable of utilizing organic
materials as a carbon source for metabolism and growth. Heterotrophic organisms may also
be able to grow autotrophically under suitable conditions.

As used herein, “fermentation” refers to a metabolic process that produces chemical
changes in organic substrates through the action of enzymes in the cells, under conditions
either lacking oxygen or having reduced levels of oxygen relative to air. In microorganisms,
fermentation is the primary means of producing adenosine triphosphate (ATP) by the

degradation of organic nutrients anaerobically.

Microbial Cells

A wide variety of different microbial cells can be used in the present invention. In an
embodiment the microbial cells exist as single celled organisms, however such cells may
clump together. Examples of microbial cells of the invention include fungal cells, bacterial
cells and algal cells. Eukaryotic microbes are preferred over bacterial (prokaryotic) microbes.
As used herein, the terms “microbial cell”, “microbe” and “microorganism” mean the same
thing.

In an embodiment, the microbial cells are suitable for fermentation. In another
embodiment, the microbial cells are oleaginous cells. In another embodiment, microbial cells
are heterotrophic cells. The microbial cells are preferably at least two of these, more
preferably are characterised by all three of these features.

In an embodiment, the fungal cells are yeast cells. Examples of yeast cells useful for
the invention include, but are not limited to, Saccharomyces sp. such as Saccharomyces
cerevisiae, Yarrowia sp. such as Yarrowia lipolytica, Pichia sp. such as Pichia pastoris,
Candida sp. such as Candida rugosa, Aspergillus sp. such as Aspergillus niger, Cryptococcus

sp. such as Cryprococcus curvatus, Lipomyces sp. such as Lipomyces starkeyi,
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Rhodosporidium sp. such as Rhodosporidium toruloides Y4, Rhodotorula sp. such as
Rhodotorula glutinis and Trichosporon sp. such as Trichosporon fermentans.

In an embodiment, the fungal cells are mold cells. Examples of mold cells useful for
the invention include, but are not limited to, Cunninghamella sp. such as Cunninghamella
echinulate, Mortierella sp. such as Mortierella isabellina or Mortierella alpina, Mucorales
sp. such as Mucorales fungi and Trichoderma sp. such as Trichoderma harzianum Q2-37.

In an embodiment, the cells are bacterial cells. Examples of bacterial cells useful for
the invention include, but are not limited to, Acinefobacter such as Acinetobacter baylyi
ADP1(MT), Alcanivorax sp. such as Alcanivorax borkumensis SK2, Gordonia sp. such as
DG, Mycobacterium sp. such as Mycobacterium tuberculosis H37Rv, Nocardia sp. such as
Nocardia globerula 432, Rhodococcus sp. such as Rhodococcus opacus PD630, and
Streptomyces sp. such Streptomyces coelicolor TR0958 or TR0123.

In an embodiment, the cells are algal cells such as microalgal, or Bacillariophyceae,
cells. Examples of algal cells useful for the invention include, but are not limited to,
Prototheca sp. such as Prototheca moriformis, Thraustochytrium spp., Chlorella sp. such as
Chlorella protothecoides, Chlorella vulgaris or Chlorella ellipsoidea YSRO3, Schizochytrium
sp. such as Schizochytrium strain FCC-1324, Dunaliella sp., Haematococcus sp. such as
Haematococcus pluvialis, Neochloris sp. such as Neochloris oleabundans such as strain
UTEX #1185, Pseudochlorococcum sp., Scenedesmus sp. such as Scenedesmus obliquus,
Tetraselmis sp. such as Tetraselmis chui or Tetraselmis tetrathele, Chaetoceros sp. such as
Chaetoceros calcitrans CS 178, Chaetoceros gracilis or Chaetoceros muelleri, Nitzschia sp.
such as Nirzschia cf. pusilla YSRO2, Phaeodactylum sp. such as Phaeodactylum
tricornutum F&M-M40, Skeletonema sp. such as strain CS 252, Thalassiosira sp. such as
Thalassiosira pseudonana CS 173, Crypthecodinium sp. such as Crypthecodinium cohnii,
Isochrysis sp. such as Isochrysis zhangjiangensis, Nannochloropsis sp. such as
Nannochloropsis oculata such as strain NCTU-3, Paviova sp. such as Paviova salina CS 49,

Rhodomonas sp. and Thalassiosira sp. such as Thalassiosira weissflogii.

Polypeptides
The terms "polypeptide" and "protein" are generally used interchangeably.

A polypeptide or class of polypeptides may be defined by the extent of identity (%
identity) of its amino acid sequence to a reference amino acid sequence, or by having a
greater % identity to one reference amino acid sequence than to another. The % identity of a
polypeptide to a reference amino acid sequence is typically determined by GAP analysis
(Needleman and Wunsch, 1970; GCG program) with parameters of a gap creation penalty=5,
and a gap extension penalty=0.3. The query sequence is at least 100 amino acids in length
and the GAP analysis aligns the two sequences over a region of at least 100 amino acids.

Even more preferably, the query sequence is at least 250 amino acids in length and the GAP
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analysis aligns the two sequences over a region of at least 250 amino acids. Even more
preferably, the GAP analysis aligns two sequences over the entire length of the reference
amino acid sequence. The polypeptide or class of polypeptides may have the same enzymatic
activity as, or a different activity than, or lack the activity of, the reference polypeptide.
Preferably, the polypeptide has an enzymatic activity of at least 10%, at least 50%, at least
75% or at least 90%, of the activity of the reference polypeptide.

A polynucleotide defined herein may encode a biologically active fragment of an
enzyme such as an acyl transferase. As used herein a "biologically active" fragment is a
portion of a polypeptide defined herein which maintains a defined activity of a full-length
reference polypeptide, for example possessing desaturase and/or elongase activity or other
enzyme activity. Biologically active fragments as used herein exclude the full-length
polypeptide. Biologically active fragments can be any size portion as long as they maintain
the defined activity. Preferably, the biologically active fragment maintains at least 10%, at
least 50%, at least 75% or at least 90%, of the activity of the full length protein.

With regard to a defined polypeptide or enzyme, it will be appreciated that % identity
figures higher than those provided herein will encompass preferred embodiments. Thus,
where applicable, in light of the minimum % identity figures, it is preferred that the
polypeptide/enzyme comprises an amino acid sequence which is at least 35%, more
preferably at least 40%, more preferably at least 45%, more preferably at least 50%, more
preferably at least 55%, more preferably at least 60%, more preferably at least 65%, more
preferably at least 70%, more preferably at least 75%, more preferably at least 76%, more
preferably at least 80%, more preferably at least 85%, more preferably at least 90%, more
preferably at least 91%, more preferably at least 92%, more preferably at least 93%, more
preferably at least 94%, more preferably at least 95%, more preferably at least 96%, more
preferably at least 97%, more preferably at least 98%, more preferably at least 99%, more
preferably at least 99.1%, more preferably at least 99.2%, more preferably at least 99.3%,
more preferably at least 99.4%, more preferably at least 99.5%, more preferably at least
99.6%, more preferably at least 99.7%, more preferably at least 99.8%, and even more
preferably at least 99.9% identical to the relevant nominated SEQ ID NO. In an embodiment,
for each of the ranges listed above, the % identity does not include 100% i.e. the amino acid
sequence is different to the nominated SEQ ID NO.

Amino acid sequence variants/mutants of the polypeptides of the defined herein can be
prepared by introducing appropriate nucleotide changes into a nucleic acid defined herein, or
by in vitro synthesis of the desired polypeptide. Such variants/mutants include, for example,
deletions, insertions or substitutions of residues within the amino acid sequence. A
combination of deletion, insertion and substitution can be made to arrive at the final

construct, provided that the final peptide product possesses the desired enzyme activity.
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Mutant (altered) peptides can be prepared using any technique known in the art. For
example, a polynucleotide defined herein can be subjected to in vitro mutagenesis or DNA
shuffling techniques as broadly described by Harayama (1998). Products derived from
mutated/altered DNA can readily be screened using techniques described herein to determine
if they possess, for example, desaturase or elongase activity.

In designing amino acid sequence mutants, the location of the mutation site and the
nature of the mutation will depend on characteristic(s) to be modified. The sites for mutation
can be modified individually or in series, e.g., by (1) substituting first with conservative
amino acid choices and then with more radical selections depending upon the results
achieved, (2) deleting the target residue, or (3) inserting other residues adjacent to the located
site.

Amino acid sequence deletions generally range from about 1 to 15 residues, more
preferably about 1 to 10 residues and typically about 1 to 5 contiguous residues.

Substitution mutants have at least one amino acid residue in the polypeptide molecule
removed and a different residue inserted in its place. The sites of greatest interest for
substitutional mutagenesis include sites which are not conserved amongst naturally occurring
desaturases or elongases. These sites are preferably substituted in a relatively conservative
manner in order to maintain enzyme activity. Such conservative substitutions are shown in
Table 1 under the heading of "exemplary substitutions".

In a preferred embodiment a mutant/variant polypeptide has only, or not more than,
one or two or three or four conservative amino acid changes when compared to a naturally
occurring polypeptide. Details of conservative amino acid changes are provided in Table 3.
As the skilled person would be aware, such minor changes can reasonably be predicted not to

alter the activity of the polypeptide when expressed in a recombinant cell.

Polynucleotides
The invention also provides for the use of polynucleotides which may be, for example,

a gene, an isolated polynucleotide, a chimeric genetic construct such as a chimeric DNA. It
may be DNA or RNA of genomic or synthetic origin, double-stranded or single-stranded, and
combined with carbohydrate, lipids, protein or other materials to perform a particular activity
defined herein. The term "polynucleotide" is used interchangeably herein with the term
"nucleic acid molecule".

In an embodiment, the polynucleotide is non-naturally occurring. Examples of non-
naturally occurring polynucleotides include, but are not limited to, those that have been
codon optimised for expression in microbial cell, those that have been mutated (such as by
using methods described herein), and polynucleotides where an open reading frame encoding
a protein is operably linked to a promoter to which it is not naturally associated (such as in

the constructs described herein).
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Table 1. Exemplary substitutions.

Original Exemplary
Residue Substitutions
Ala (A) val; leu; ile; gly
Arg (R) lys

Asn (N) gln; his

Asp (D) glu

Cys (O) ser

Gln (Q) asn; his

Glu (E) asp

Gly (G) pro, ala

His (H) asn; gln

Ile (I) leu; val; ala
Leu (L) ile; val; met; ala; phe
Lys (K) arg

Met (M) leu; phe

Phe (F) leu; val; ala
Pro (P) gly

Ser (S) thr

Thr (T) ser

Trp (W) tyr

Tyr (Y) trp; phe

Val (V) ile; leu; met; phe, ala

As used herein, a "chimeric DNA" or “chimeric genetic construct” or similar refers to
any DNA molecule that is not a native DNA molecule in its native location, also referred to
herein as a "DNA construct". Typically, a chimeric DNA or chimeric gene comprises
regulatory and transcribed or protein coding sequences that are not found operably linked
together in nature i.e. that are heterologous with respect to each other. Accordingly, a
chimeric DNA or chimeric gene may comprise regulatory sequences and coding sequences
that are derived from different sources, or regulatory sequences and coding sequences derived
from the same source, but arranged in a manner different than that found in nature.

The term "exogenous" in the context of a polynucleotide refers to the polynucleotide
when present in a cell in an altered amount compared to its native state. In one embodiment,

the cell is a cell that does not naturally comprise the polynucleotide. However, the cell may
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be a cell which comprises a non-endogenous polynucleotide resulting in an altered amount of
production of the encoded polypeptide. An exogenous polynucleotide includes
polynucleotides which have not been separated from other components of the transgenic
(recombinant) cell, or cell-free expression system, in which it is present, and polynucleotides
produced in such cells or cell-free systems which are subsequently purified away from at
least some other components. The exogenous polynucleotide (nucleic acid) can be a
contiguous stretch of nucleotides existing in nature, or comprise two or more contiguous
stretches of nucleotides from different sources (naturally occurring and/or synthetic) joined to
form a single polynucleotide. Typically such chimeric polynucleotides comprise at least an
open reading frame encoding a polypeptide operably linked to a promoter suitable of driving
transcription of the open reading frame in a cell of interest.

With regard to the defined polynucleotides, it will be appreciated that % identity
figures higher than those provided above will encompass preferred embodiments. Thus,
where applicable, in light of the minimum % identity figures, it is preferred that the
polynucleotide comprises a polynucleotide sequence which is at least 35%, more preferably
at least 40%, more preferably at least 45%, more preferably at least 50%, more preferably at
least 55%, more preferably at least 60%, more preferably at least 65%, more preferably at
least 70%, more preferably at least 75%, more preferably at least 80%, more preferably at
least 85%, more preferably at least 90%, more preferably at least 91%, more preferably at
least 92%, more preferably at least 93%, more preferably at least 94%, more preferably at
least 95%, more preferably at least 96%, more preferably at least 97%, more preferably at
least 98%, more preferably at least 99%, more preferably at least 99.1%, more preferably at
least 99.2%, more preferably at least 99.3%, more preferably at least 99.4%, more preferably
at least 99.5%, more preferably at least 99.6%, more preferably at least 99.7%, more
preferably at least 99.8%, and even more preferably at least 99.9% identical to the relevant
nominated SEQ ID NO. In an embodiment, for each of the ranges listed above, the % identity
does not include 100% i.e. the nucleotide sequence is different to the nominated SEQ ID NO.

Polynucleotides may possess, when compared to naturally occurring molecules, one or
more mutations which are deletions, insertions, or substitutions of nucleotide residues.
Polynucleotides which have mutations relative to a reference sequence can be either naturally
occurring (that is to say, isolated from a natural source) or synthetic (for example, by
performing site-directed mutagenesis or DNA shuffling on the nucleic acid as described
above). It is thus apparent that polynucleotides can be either from a naturally occurring
source or recombinant. Preferred polynucleotides are those which have coding regions that

are codon-optimised for translation in microbial cells, as is known in the art.

Recombinant Vectors

Recombinant expression can be used to produce recombinant cells of the invention.
Recombinant vectors contain heterologous polynucleotide sequences, that is, polynucleotide
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sequences that are not naturally found adjacent to polynucleotide molecules defined herein
that preferably are derived from a species other than the species from which the
polynucleotide molecule(s) are derived. The vector can be either RNA or DNA and typically
is a plasmid. Plasmid vectors typically include additional nucleic acid sequences that provide
for easy selection, amplification, and transformation of the expression cassette in prokaryotic
cells, e.g., pYES-derived vectors, pUC-derived vectors, pSK-derived vectors, pGEM-derived
vectors, pSP-derived vectors, or pBS-derived vectors. Suitable yeast expression vectors
include the pPIC series of vectors, yeast integrating plasmids (YIp), yeast replicating
plasmids (YRp), yeast centromere plasmids (YCp), and yeast episomal plasmids (YEp).
Additional nucleic acid sequences include origins of replication to provide for autonomous
replication of the vector, selectable marker genes, preferably encoding antibiotic or herbicide
resistance, unique multiple cloning sites providing for multiple sites to insert nucleic acid
sequences or genes encoded in the nucleic acid construct, and sequences that enhance
transformation of microbial cells. The recombinant vector may comprise more than one
polynucleotide defined herein, for example three, four, five or six polynucleotides defined
herein in combination, preferably a chimeric genetic construct described herein, each
polynucleotide being operably linked to expression control sequences that are operable in the
cell.

"Operably linked" as used herein refers to a functional relationship between two or
more nucleic acid (e.g., DNA) segments. Typically, it refers to the functional relationship of
transcriptional regulatory element (promoter) to a transcribed sequence. For example, a
promoter is operably linked to a coding sequence, such as a polynucleotide defined herein, if
it stimulates or modulates the transcription of the coding sequence in an appropriate cell.
Generally, promoter transcriptional regulatory elements that are operably linked to a
transcribed sequence are physically contiguous to the transcribed sequence, i.e., they are cis-
acting. However, some transcriptional regulatory elements, such as enhancers, need not be
physically contiguous or located in close proximity to the coding sequences whose
transcription they enhance. For example, an intron in a 5° UTR sequence or towards the 5’
end of a protein coding region can contain a transcriptional enhancer, providing an increased
expression level, for example an FBAIN promoter region.

To facilitate identification of transformants, the nucleic acid construct desirably
comprises a selectable or screenable marker gene as, or in addition to, the foreign or
exogenous polynucleotide. By "marker gene" is meant a gene that imparts a distinct
phenotype to cells expressing the marker gene and thus allows such transformed cells to be
distinguished from cells that do not have the marker. A selectable marker gene confers a trait
for which one can "select" based on resistance to a selective agent (e.g., a herbicide,
antibiotic, radiation, heat, or other treatment damaging to untransformed cells). A screenable

marker gene (or reporter gene) confers a trait that one can identify through observation or
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testing, i.e., by "screening" (e.g., B-glucuronidase, luciferase, GFP or other enzyme activity
not present in untransformed cells). The marker gene and the nucleotide sequence of interest
do not have to be linked. The actual choice of a marker is not crucial as long as it is
functional (i.e., selective) in combination with the cells of choice.

Examples of selectable markers are markers that confer antibiotic resistance such as
ampicillin, erythromycin, chloramphenicol or tetracycline resistance, preferably kanamycin
resistance.

Recombinant yeast of the invention may comprise a reporter gene which either
encodes a galactosidase or a selectable growth marker.

The “galactosidase” may be any enzyme which cleaves a terminal galactose residue(s)
from a variety of substrates, and which is able to also cleave a substrate to produce a
detectable signal. In an embodiment, the galactosidase is a 3-galactosidase such as bacterial
(for instance from E. coli) LacZ. In an alternate embodiment, the galactosidase is an o-
galactosidase such as yeast (for instance S. cerevisiae) Mel-1. [-galactosidase activity may
be detected using substrates for the enzyme such as X-gal (5-bromo-4-chloro-indolyl-p-D-
galactopyranoside) which forms an intense blue product after cleavage, ONPG (o-nitrophenyl
galactoside) which forms a water soluble yellow dye with an absorbance maximum at about
420nm after cleavage, and CPRG (chlorophenol red-f-D-galactopyranoside) which yields a
water-soluble red product measurable by spectrophotometry after cleavage. o-galactosidase
activity may be detected using substrates for the enzyme such as o-nitrophenyl o-D-
galactopyranoside which forms an indigo dye after cleavage, and chlorophenol red-a-D-
galactopyranoside which yields a water-soluble red product measurable by
spectrophotometry after cleavage. Kits for detecting galactosidase expression in yeast are
commercially available, for instance the -galactosidase (LacZ) expression kit from Thermo
Scientific.

Preferably, the selectable growth marker is a nutritional marker or antibiotic resistance
marker.

Typical yeast selectable nutritional markers include, but are not limited to, LEU2,
TRP1, HIS3, HIS4, URA3, URAS, SFAI, ADE2, METI5, LYSS, LYS2, ILV2, FBAI, PSEI,
PDII and PGKI. Those skilled in the art will appreciate that any gene whose chromosomal
deletion or inactivation results in an unviable host, so called essential genes, can be used as a
selective marker if a functional gene is provided on the, for example, plasmid, as
demonstrated for PGK1 in a pgkl yeast strain. Suitable essential genes can be found within
the Stanford Genome Database (SGD) (http:://db.yeastgenome.org). Any essential gene
product (e.g. PDI1, PSE1, PGK1 or FBA1) which, when deleted or inactivated, does not
result in an auxotrophic (biosynthetic) requirement, can be used as a selectable marker on a,
for example, plasmid in a yeast host cell that, in the absence of the plasmid, is unable to

produce that gene product, to achieve increased plasmid stability without the disadvantage of
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requiring the cell to be cultured under specific selective conditions. By "auxotrophic
(biosynthetic) requirement” we include a deficiency which can be complemented by additions

or modifications to the growth medium.

Expression
Expression vectors can direct gene expression in microbial cells. As used herein, an

expression vector is a vector that is capable of transforming a host cell and of effecting
expression of one or more specified polynucleotide molecule(s). Expression vectors useful
for the invention contain regulatory sequences such as transcription control sequences,
translation control sequences, origins of replication, and other regulatory sequences that are
compatible with the recombinant cell and that control the expression of polynucleotide
molecules of the present invention. In particular, polynucleotides or vectors useful for the
present invention include transcription control sequences. Transcription control sequences are
sequences which control the initiation, elongation, and termination of transcription.
Particularly important transcription control sequences are those which control transcription
initiation, such as promoter and enhancer sequences. Suitable transcription control sequences
include any transcription control sequence that can function in at least one of the recombinant
cells of the present invention. The choice of the regulatory sequences used depends on the
target microbial cell. A variety of such transcription control sequences are known to those
skilled in the art.

Yeast cells are typically transformed by chemical methods (e.g., as described by Rose
et al., 1990, Methods in Yeast Genetics, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y, and in Kawai et al., 2010). The cells are typically treated with lithium acetate
to achieve transformation efficiencies of approximately 10* colony-forming units
(transformed cells)/pug of DNA. Other standard procedures for transforming yeast include 1)
the spheroplast method which, as the name suggests, relies on the production of yeast
spheroplasts, ii) the biolistic method where DNA coated metal microprojectiles are shot into
the cells, and iii) the glass bead methods which relies on the agitation of the yeast cells with
glass beads and the DNA to be delivered to the cell. Of course, any suitable means of
introducing nucleic acids into yeast cells can be used.

It is well known that transformation of organisms, such as yeast, with exogenous
plasmids can lead to clonal differences in the penetrance of the transformed gene, due to
differences in copy number or other factors. It is therefore advisable to screen two or more
independent clonal isolates for each transformed receptor in order to maximise the likelihood
of identifying suitable receptor=ligand pairs during screening. Different clonal isolates may
be screened independently or may be combined into a single well for screening. The latter
option may be particularly convenient where a nutritional reporter is used rather than a

colorimetric reporter.
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"Constitutive promoter” refers to a promoter that directs expression of an operably
linked transcribed sequence in the cell without the need to be induced by specific growth
conditions. Examples of constitutive promoters useful for yeast cells of the invention
include, but are not limited to, a yeast PGK (phosphoglycerate kinase) promoter, a yeast
ADH-1 (alcohol dehydrogenase) promoter, a yeast ENO (enolase) promoter, a yeast
glyceraldehyde 3-phosphate dehydrogenase promoter (GPD) promoter, a yeast PYK-1
(pyruvate kinase) promoter, a yeast translation-elongation factor-1-alpha promoter (TEF)
promoter and a yeast CYC-1 (cytochrome c-oxidase promoter) promoter. In a preferred
embodiment, a yeast promoter is a S. cerevisiae promoter. In another embodiment, the
constitutive promoter may not have been derived from yeast. Examples of such promoters
useful for the invention include, but are not limited to, the cauliflower mosaic virus 35S
promoter, the glucocorticoid response element, and the androgen response element. The
constitutive promoter may be the naturally occurring molecule or a variant thereof
comprising, for example, one, two or three nucleotide substitutions which do not abolish (and
preferably enhance) promoter function.

Recombinant DNA technologies can be used to improve expression of a transformed
polynucleotide molecule by manipulating, for example, the number of copies of the
polynucleotide molecule within a host cell, the efficiency with which those polynucleotide
molecules are transcribed, the efficiency with which the resultant transcripts are translated,
and the efficiency of post-translational modifications. Recombinant techniques useful for
increasing the expression of polynucleotide molecules defined herein include, but are not
limited to, integration of the polynucleotide molecule into one or more host cell
chromosomes, addition of stability sequences to mRNAs, substitutions or modifications of
transcription control signals (e.g., promoters, operators, enhancers), substitutions or
modifications of translational control signals (e.g., ribosome binding sites, Shine-Dalgarno
sequences), modification of polynucleotide molecules to correspond to the codon usage of the
host cell, and the deletion of sequences that destabilize transcripts.

Any method can be used to introduce a nucleic acid molecule into a microbial cell and
many such methods are well known. For example, transformation and electroporation are
common methods for introducing nucleic acid into yeast cells (See, e.g., Gietz et al., 1992;
Ito et al., 1983; and Becker et al., 1991).

In an embodiment, the integration of a gene of interest into a specific chromosomal
site in a microbial cell occurs via homologous recombination. According to this embodiment,
an integration cassette containing a module comprising at least one marker gene and/or the
gene to be integrated (internal module) is flanked on either side by DNA fragments
homologous to those of the ends of the targeted integration site (recombinogenic sequences).
After transforming the microbial cell with the cassette by appropriate methods, a homologous

recombination between the recombinogenic sequences may result in the internal module
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replacing the chromosomal region in between the two sites of the genome corresponding to
the recombinogenic sequences of the integration cassette (Orr-Weaver et al., 1981).

In an embodiment, the integration cassette for integration of a gene of interest into a
microbial cell includes the heterologous gene under the control of an appropriate promoter
together with a selectable marker flanked by recombinogenic sequences for integration of a
heterologous gene into the microbial cell chromosome. In an embodiment, the heterologous
gene includes any of the acyltransferase genes described herein.

Where deletion of an endogenous gene is desired, the integration cassette can
comprise a selectable marker (without any other heterologous gene sequence) flanked by
DNA fragments homologous to those of the ends (and/or neighbouring sequences) of the
endogenous gene targeted for deletion. Other methods suitable for deleting or mutating
endogenous genes (e.g., using site-specific or RNA-guided nucleases) are described below.

The selectable marker gene can be any marker gene used in microbial cells, including
but not limited to, HIS3, TRP1, LEU2, URAS3, bar, ble, hph, and kan. The recombinogenic
sequences can be chosen at will, depending on the desired integration site suitable for the
desired application.

In another embodiment, integration of a gene into the chromosome of the microbial
cell may occur via random integration (Kooistra et al., 2004).

Additionally, in an embodiment, certain introduced marker genes are removed from
the genome using techniques well known to those skilled in the art. For example, URA3
marker loss can be obtained by plating URA3 containing cells in FOA (5-fluoro-orotic acid)
containing medium and selecting for FOA resistant colonies (Boeke et al., 1984).

The exogenous nucleic acid molecule contained within a microbial cell of the
disclosure can be maintained within that cell in any form. For example, exogenous nucleic
acid molecules can be integrated into the genome of the cell or maintained in an episomal
state that can stably be passed on (“inherited”) to daughter cells. Such extra-chromosomal
genetic elements (such as plasmids, mitochondrial genome, etc.) can additionally contain
selection markers that ensure the presence of such genetic elements in daughter cells.
Moreover, the microbial cells can be stably or transiently transformed. In addition, the
microbial cells described herein can contain a single copy, or multiple copies of a particular

exogenous nucleic acid molecule as described above.

Cell Culture

Effective culture conditions are known to those skilled in the art and include, but are
not limited to, suitable media, bioreactor, temperature, pH and oxygen conditions that permit
lipid production. A suitable medium refers to any medium in which a cell is cultured to
produce lipid defined herein. Such medium typically comprises an aqueous medium having

assimilable carbon, nitrogen and phosphate sources, and appropriate salts, minerals, metals

32



10

15

20

25

30

35

WO 2021/179051 PCT/AU2021/050220

and other nutrients, such as vitamins. Cells defined herein can be cultured in conventional
fermentation bioreactors, shake flasks, test tubes, microtiter dishes, and petri plates.
Culturing can be carried out at a temperature, pH and oxygen content appropriate for a
recombinant cell. Such culturing conditions are within the expertise of one of ordinary skill
in the art.

Lipid Extraction
Extraction of the lipid from microbial cell of the invention uses analogous methods to

those known in the art for lipid extraction from oleaginous microorganisms (such as
described in Patel et al., 2018). In one embodiment, the extraction is performed by solvent
extraction where an organic solvent (e.g., hexane) is mixed with at least the biomass,
preferably after the biomass is dried and ground, but it can also be performed under wet
conditions. The solvent dissolves the lipid in the cells, which solution is then separated from
the biomass by a physical action (e.g., ultra sonication). Ultrasonication is one of the most
extensively used pretreatment method to disrupt the cellular integrity of microbial cells.
Other pretreatment methods can include microwave irradiation, high-speed homogenization,
high-pressure homogenization, bead beating, autoclaving, and thermolysis. The organic
solvent can then be separated from the non-polar lipid (e.g., by distillation). This second
separation step yields non-polar lipid from the cells and can yield a re-usable solvent if one
employs conventional vapor recovery.

In solvent extraction, an organic solvent (e.g., hexane) is mixed with at least the
biomass of the microbial cell, preferably after the biomass is dried and ground. The solvent
dissolves the lipid in the biomass and the like, which solution is then separated from the
biomass by mechanical action (e.g., with the processes above). This separation step can also
be performed by filtration (e.g., with a filter press or similar device) or centrifugation etc.
The organic solvent can then be separated from the non-polar lipid (e.g., by distillation). This
second separation step yields non-polar lipid from the microbial cell and can yield a re-usable
solvent if one employs conventional vapor recovery.

The lipid extracted from the microbial cells of the invention may be subjected to
normal oil processing procedures. As used herein, the term "purified" when used in
connection with lipid of the invention typically means that that the extracted lipid has been
subjected to one or more processing steps to increase the purity of the lipid component. Such
processing steps may, for example, remove one or more other cellular components from the
extracted lipid. A purification step may comprise one or more or all of the group consisting
of: degumming, deodorising, decolourising, drying and/or fractionating the extracted oil.
However, as used herein, the term "purified" does not include a transesterification process or
other process which alters the fatty acid composition of the lipid or oil of the invention so as

to change the fatty acid composition of the total fatty acid content. Expressed in other words,
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in a preferred embodiment the fatty acid composition of the purified lipid is essentially the

same as that of the unpurified lipid.

Degumming
Degumming is an early step in the refining of lipids in a liquid form (oil) and its

primary purpose is the removal of most of the phospholipids from the oil, which may be
present as approximately 1-2% of the total extracted lipid. Addition of ~2% of water,
typically containing phosphoric acid, at 70-80°C to the crude oil results in the separation of
most of the phospholipids accompanied by trace metals and pigments. The insoluble material
that is removed is mainly a mixture of phospholipids and is also known as lecithin.
Degumming can be performed by addition of concentrated phosphoric acid to the crude
extracted lipid to convert non-hydratable phosphatides to a hydratable form, and to chelate
minor metals that are present. Gum is separated from the oil by centrifugation.

Alkali refining
Alkali refining is one of the refining processes for treating lipid in the form of an oil,

sometimes also referred to as neutralization. It usually follows degumming and precedes
bleaching. Following degumming, the oil can treated by the addition of a sufficient amount of
an alkali solution to titrate all of the fatty acids and phosphoric acids, and removing the soaps
thus formed. Suitable alkaline materials include sodium hydroxide, potassium hydroxide,
sodium carbonate, lithium hydroxide, calcium hydroxide, calcium carbonate and ammonium
hydroxide. This process is typically carried out at room temperature and removes the free
fatty acid fraction. Soap is removed by centrifugation or by extraction into a solvent for the
soap, and the neutralised oil is washed with water. If required, any excess alkali in the oil

may be neutralized with a suitable acid such as hydrochloric acid or sulphuric acid.

Bleaching
Bleaching is a refining process in which oils are heated at 90-120°C for 10-30

minutes in the presence of a bleaching earth (0.2-2.0%) and in the absence of oxygen by
operating with nitrogen or steam or in a vacuum. This step in oil processing is designed to
remove unwanted pigments and the process also removes oxidation products, trace metals,

sulphur compounds and traces of soap.

Deodorization

Deodorization is a treatment of oils and fats at a high temperature (200-260°C) and
low pressure (0.1-1 mm Hg). This is typically achieved by introducing steam into the oil at a
rate of about 0.1 ml/minute/100 ml of oil. After about 30 minutes of sparging, the oil is

allowed to cool under vacuum. The oil is typically transferred to a glass container and
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flushed with argon before being stored under refrigeration. This treatment improves the
colour of the oil and removes a majority of the volatile substances or odorous compounds

including any remaining free fatty acids, monoacylglycerols and oxidation products.

Transesterification

As used herein, “transesterification” means a process that exchanges the fatty acids
within and between TAGs (interesterification) or transfers the fatty acids to another alcohol
to form an ester. This may initially involve releasing fatty acids from the TAGs as free fatty
acids or it may directly produce fatty acid esters, preferably fatty acid methyl esters or ethyl
esters. In a transesterification reaction of the TAG with an alcohol such as methanol or
ethanol, the alkyl group of the alcohol forms an ester linkage with the acyl groups (including
the SCFA) of the TAG. When combined with a fractionation process, transesterification can
be used to modify the fatty acid composition of lipids (Marangoni et al., 1995).
Transesterification can use either chemical (e.g. strong acid or base catalysed) or enzymatic
means, the latter using lipases which may be position-specific (sn-1/3 or sn-2 specific) for the
fatty acid on the TAG, or having a preference for some fatty acids over others (Speranza et al,
2012). The fatty acid fractionation to increase the concentration of LC-PUFA in an oil can be
achieved by any of the methods known in the art, such as, for example, freezing
crystallization, complex formation using urea, molecular distillation, supercritical fluid
extraction, counter current chromatography and silver ion complexing. Complex formation
with urea is a preferred method for its simplicity and efficiency in reducing the level of
saturated and monounsaturated fatty acids in the oil (Gamez et al., 2003). Initially, the TAGs
of the oil are split into their constituent fatty acids, often in the form of fatty acid esters, by
hydrolysis under either acid or base catalysed reaction conditions, whereby one mol of TAG
is reacted with at least 3 mol of alcohol (e.g. ethanol for ethyl esters or methanol for methyl
esters) with excess alcohol used to enable separation of the formed alkyl esters and the
glycerol that is also formed, or by lipases. These free fatty acids or fatty acid esters, which are
usually unaltered in fatty acid composition by the treatment, may then be mixed with an
ethanolic solution of urea for complex formation. The saturated and monounsaturated fatty
acids easily complex with urea and crystallize out on cooling and may subsequently be
removed by filtration. The non-urea complexed fraction is thereby enriched with LC-PUFA.

Food and Feedstuffs

The present invention includes compositions which can be used as a food or beverage

for human consumption or a feedstuff for animal consumption, preferably at least a food for
human consumption. For purposes of the present invention, a food, beverage or feedstuff is a
preparation for human or animal consumption which when taken into the body (a) serve to

nourish or build up tissues or supply energy; and/or (b) maintain, restore or support adequate

35



10

15

20

25

30

35

WO 2021/179051 PCT/AU2021/050220

nutritional status or metabolic function. Food and beverages of the invention includes
nutritional compositions for babies and/or young children such as, for example, infant
formula.

A food, beverage or feedstuff of the invention comprises, for example, extracted lipid
of the invention, the microbial cell of the invention, or the composition of the invention.

The food, beverage or feedstuff of the present invention comprises an oil, fatty acid
ester, or fatty acid produced directly or indirectly by use of the methods, cells disclosed
herein. The composition may either be in a solid or liquid form. Additionally, the
composition may include edible macronutrients, protein, carbohydrate, vitamins, and/or
minerals in amounts desired for a particular use. The amounts of these ingredients will vary
depending on whether the composition is intended for use with normal individuals or for use
with individuals having specialized needs, such as individuals suffering from metabolic
disorders and the like.

Examples of suitable ingredients with nutritional value include, but are not limited to,
macronutrients such as edible fats, carbohydrates and proteins. Examples of such edible fats
include, but are not limited to, coconut oil, borage oil, fungal oil, black current oil, soy oil,
and mono- and diglycerides. Examples of such carbohydrates include (but are not limited to):
glucose, edible lactose, and hydrolyzed starch. Additionally, examples of proteins which may
be utilized in the nutritional composition of the invention include (but are not limited to) soy
proteins, electrodialysed whey, electrodialysed skim milk, milk whey, or the hydrolysates of
these proteins.

With respect to vitamins and minerals, the following may be added to the
food/feedstuff of the present invention: calcium, phosphorus, potassium, sodium, chloride,
magnesium, manganese, iron, copper, zinc, selenium, iodine, and Vitamins A, E, D, C, and
the B complex. Other such vitamins and minerals may also be added.

Additional ingredients include food-grade oils such as canola, corn, sunflower,
soybean, olive or coconut oil, seasoning agents such as edible salts (e.g., sodium or potassium
chloride) or herbs (e.g., rosemary, thyme, basil, sage, or mint), flavouring agents, proteins
(e.g., soy protein isolate, wheat glutin, pea vicilin, and/or pea legumin), protein concentrates
(e.g., soy protein concentrate), emulsifiers (e.g., lecithin), gelling agents (e.g., k-carrageenan
or gelatin), fibers (e.g.,, bamboo filer or inulin), or minerals (e.g., iodine, zinc, and/or
calcium).

Foods, beverages and feedstuffs of the invention also can include a natural coloring
agent such as turmeric or beet juice, or an artificial coloring agent such as azo dyes,
triphenylmethanes, xanthenes, quinines, indigoids, titanium dioxide, red #3, red #40, blue #1,
or yellow #5.
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Foods, beverages and feedstuffs of the invention also can include shelf life extenders
such as carbon monoxide, nitrites, sodium metabisulfite, Bombal, vitamin E, rosemary
extract, green tea extract, catechins and other anti-oxidants.

The components utilized in the food, beverage or feedstuff compositions of the present
invention can be of semi-purified or purified origin. By semi-purified or purified is meant a
material which has been prepared by purification of a natural material or by de novo
synthesis.

A food, beverage or feedstuff composition of the present invention may also be added
to food even when supplementation of the diet is not required. For example, the composition
may be added to food of any type, including (but not limited to): margarine, modified butter,
cheeses, milk, yogurt, chocolate, candy, snacks, salad oils, cooking oils, cooking fats, meats,
fish and beverages.

In some embodiments, the food, beverage or feedstuff ingredient or food, beverage or
feedstuff is a dairy substitute. In some embodiments, the food, beverage or feedstuff is dairy-
free. In one embodiment, the food or feedstuff is a dairy-free milk, a dairy-free butter, a
dairy-free cheese, or a dairy-free yoghurt.

In an embodiment, the food, beverage or feedstuff has no components derived from an
animal. Thus, in a preferred embodiment, at least some of the ingedients are plant material or
material derived from a plant. In some embodiments, the food, beverage or feedstuff can be
lactose free, soy-free, wheat-free, yeast-free, MSG-free, and/or free of protein hydrolysis
products.

Furthermore, feedstuffs of the invention can be used in aquaculture of fish or
crustaceans such as, for example, prawns for human or animal consumption. Preferred fish
are salmon.

Foods, beverages and feedstuffs described herein can be assessed using trained human
panelists. The evaluations can involve eyeing, feeling, chewing, smelling and/or tasting of the
product to judge product appearance, color, integrity, texture, flavour, and mouth feel, etc.
Panelists can be served samples under red or under white light. A scale can be used to rate the
overall acceptability or quality of the food or specific quality attributes such dairy-likeness,

texture, and flavour.

EXAMPLES
Example 1. Materials and Methods

Microbial strains and cloning vectors

Saccharomyces cerevisiae strain INVScl was used as a host strain with the pYES2
plasmid as the base vector for testing various lipid modification genes in yeast. The strain and
plasmid were obtained from Invitrogen (Catalog No. V825-20, Invitrogen). The genotype of
INVScl was: MATa his3Al leu2 trp1-289 ura3-52/MATa his3Al leu2 trp1-289 ura3-52, and
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its phenotype was: His-, Leu-, Trp-, Ura-. The pYES2 vector had unique HindIIl and Xhol
restriction enzyme sites which were used for insertion of DNA fragments encoding various
proteins as described below. The pYES2 expression vector contained a URA3 gene as a
selectable marker gene for introduction into yeast strains that were Ura-, a 2pu origin of
replication for high copy maintenance, and a Gall promoter for expression of the protein
coding regions in yeast. The plasmid also contained an ampicillin resistance gene for
selection in E. coli during cloning experiments.

Two strains of Yarrowia lipolytica were obtained from the American Type Culture
Collection (Manassas VA, USA): Strain JM23 (ATCC 90812) having the genotype leu235
lys512 ura318 xpr2::LYS5B, and strain IFP29 (ATCC 20460) having the genotype leu235
lys512 ura318 xpr2::LYS5B.

Recombinant DNA methods

Derivatives of pYES2 having single genes inserted for testing in yeast were made by
inserting protein coding regions between the unique HindIll and Xhol sites or other
restriction enzyme sites in the plasmid as appropriate by standard cloning methods. The E.
coli strain DH50 was used for cloning and plasmid propagation and DNA preparation
according to standard methods.

The GoldenGate (GG) method (Larroude et al., 2018) allows for rapid and efficient
combinatorial assembly of multiple expression cassettes in a single vector and was therefore
used to make multigene constructs for testing in S. cerevisiae or Y. lipolytica. GG DNA parts
and donor vectors, also called LO vectors, were obtained from Celinska et al. (2017) and
Larroude et al. (2018) and Addgene, USA. The DNA parts included promoters (GGE146,
GGE151 and GGE294), terminators (GGE014, GGE015, GGE080, GGE020 and GGE021)
and the backbone assembly vector (destination vector) was GGE114.

Protein coding regions for insertion into the vectors by GG assembly were codon
optimised for S. cerevisiae or Y. lipolytica using Twist Bioscience and GeneArt online
software (Twist Bioscience: www twistbioscience.com/products/genes;
ThermoFisher/GeneArt: www .thermofisher.com/au/en/home/life-science/cloning/gene-
synthesis/geneart-gene-synthesis.html) and synthesised either by Twist Bioscience or
GeneArt (ThermoFisher, USA), or in the lab. Internal Bsal restriction enzyme sites were
avoided in the codon optimised nucleotide sequences of the protein coding regions as Bsal
sites were used in the GG assembly method. Notl restriction enzyme sites were also avoided
within the nucleotide sequences as Norl was used for linearizing the genetic constructs for
transformation of Y. lipolytica. When one, two or three genes were to be inserted into a single
vector, the individual components were designed with 4-nucleotide overhangs immediately 5’
of each translation start codon (ATG) and 3’ of the translation stop codon, with the sequence

of each 4-nucleotide overhang depending on the position of the component in the backbone
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vector GGE114, according to Table 2. The external Bsal site with the appropriate 4-nt
overhang was added to the 5' end of each DNA strand.

Table 2. Nucleotide sequences of overhangs used in GoldenGate cloning method

Position 5’ overhang 3’ overhang
One gene insertion

Promoter 1 ACGG AATG
Gene 1 AATG TCTA
Terminator 1 TCTA GAGT
Two gene insertion

Promoter 1 ACGG AATG
Gene 1 AATG TCTA
Terminator 1 TCTA GCTT
Promoter 2 GCTT ACAA
Gene 2 ACAA GGAT
Terminator 2 GGAT GAGT
Three gene insertion

Promoter 1 ACGG AATG
Gene 1 AATG TCTA
Terminator 1 TCTA GCTT
Promoter 2 GCTT ACAA
Gene 2 ACAA GGAT
Terminator 2 GGAT GTCA
Promoter 3 GTCA CCAC
Gene 3 CCAC GTAT
Terminator 3 GTAT GAGT

The protein coding regions were synthesised in a cloning vector having a kanamycin
selection marker gene to avoid any false positives when performing the GG reaction with the
GG backbone vector GGE114 which had an ampicillin selectable marker gene. The E. coli
strain DHS0 was used for cloning and plasmid propagation according to standard methods.
Antibiotics were used as appropriate for selecting transformed cells, for example ampicillin
was added at 100 pg/mL for selection of constructs having an ampicillin selectable marker
gene.

The destination vector GGE114 contained the red fluorescence protein (RFP)
chromophore, which acts as a colour-based visual marker for negative cloning in E. coli, as
described by Larroude et al. (2018). The vector GGE114 was a preassembled destination

vector that, in addition to the bacterial replicon, contained popular bricks ZETA sequences in
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the place of InsUp and InsDown fragments and the URA3 marker with a view to reducing the
number of fragments to assemble when employing this combination, into the backbone vector
pYES2 which contained a 2p origin for high-copy maintenance. In this case, the RFP was
between the URA3 marker and the ZETA down. In the presence of Bsal enzyme, the RFP
was released and the one, two or three transcription units (TU; promoter-protein coding
region-terminator) were inserted.

The GG assembly reaction mixes contained equimolar quantities (50 ng) of the GG
backbone vector such as GGE114 and other DNA components (donor vectors) in a final
volume of 7.5 ul, by adding 0.75 pl 10x T4 ligase buffer, 0.75 ul 10x BSA (bovine serum
albumin), 0.75 ul Bsal HF-V2 (NEB), 0.5ul T4 ligase (NEB). The reaction mixtures were
incubated with 25 cycles of 37°C for 3 min followed by 16°C for 4 min, then 1 cycle of 50°C
for 5 min and 80°C for 5 min. Samples of 2-3 ul were introduced into competent cells of E.
coli strain DH5a by standard methods. Colonies lacking the RFP were confirmed to contain
the desired genetic inserts by colony PCR with the appropriate primers and verified with

restriction digests. Glycerol stocks were made and stored at -80°C.

Transformation of Saccharomyces cerevisiae

A rapid method was used for introduction into S. cerevisiae of genetic constructs
based on pYES2 which did not use competent cells. A loop full of S. cerevisiae cells was
scraped off a fresh plate and the cells resuspended in 100 pl of transformation buffer (Sigma
Aldrich, Catalog No. T0809). About 1 pg of plasmid DNA with 10 pl of 10 mg/ml salmon
testes DNA which had been boiled for 5 min prior to use were added to the cell suspension
along with 600 pl of plate buffer (Sigma Aldrich, Catalog No. P8966) and mixed well. The
mixture was incubated at room temperature in a rotor wheel at the lowest speed for 16 hours.
The mixture was then heat shocked for 15 min at 42°C, spun at 3500 rpm for 3 min, and the
pellet of cells resuspended in 200 pl of sterile water. Aliquots of up to 100 ul were plated out
onto synthetic drop-out selection media lacking uracil (SD-URA, Sigma Aldrich, Catalog No.
Y1501) for selection of transformants. The plates were incubated at 28°C for 3 days or until
colonies appeared. Two or more colonies were picked from each plate and tested for the
presence of the genetic construct by colony PCR to identify transformants.

Transformation of Y. lipolytica for integration of expression cassettes

DNA of genetic constructs which included the expression cassettes (transcription
units) for insertion into Y. lipolytica by homologous recombination was digested with Norl to
release the expression cassette. The linearised DNA was introduced into competent cells of Y.
lipolytica strain JM23, prepared using the Frozen-EZ Yeast Transformation II kit (Zymo
Research, California, USA). Briefly, 5 ul (2 ug) of the Norl digested and linearised

expression vector was mixed with 50 ul competent cells and 500 ul of EZ3 solution from the
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kit and mixed thoroughly. A negative control transformation included competent cells
without any DNA of the genetic construct. The mixtures were incubated at 28°C for two
hours and then 100 pl spread on a SD-Ura plate. The plates were incubated for two days at
28°C. As the host strain JM23 was an auxotroph lacking a functional URA3 gene, only
transformants having received the vector with the URA gene grew on these plates. Many
colonies were observed in the Y. lipolytica transformations. Ura™ colonies were picked from
the selection plates and confirmed as transformed by colony PCR for the introduced vector.

Growth of S. cerevisiae and Y. lipolytica cultures for analysis of lipid contents

Small-scale cultures of transgenic and control S. cerevisiae cells were grown from
glycerol stocks in 5 ml of SD-Ura medium containing 2% raffinose (w/v) (MP Chemicals,
USA, Catalog No. 4010022) overnight at 28°C with shaking for aeration. The cells were
inoculated as a suspension into 10 ml of SD-Ura medium containing 2% (w/v) raffinose and
1% tergitol (v/v) (NP-40; Sigma Aldrich Catalog No. NP40S) medium to an optical density at
600 nm (OD600) of 0.1 in a 50 ml tube or a 250 ml flask and grown in a shaker incubator at
28°C at 200 rpm for aeration. The OD600 was checked at time intervals of 15 or 30 min.
When the OD600 reached 0.3, exogenous compounds as potential substrates (if any) were
added along with 2% galactose for induction of the transgene from the GAL1 promoter.

Larger scale cultures of S. cerevisiae cells at a volume of 3L were grown for
transformants such as INVScl::.pATO003 or pYES2. These were inoculated from glycerol
stocks. Starter cultures were grown in 10 ml SD-Ura medum containing 2% (w/v) raffinose
for two overnights. The cells were transferred into 3L of SD-Ura medium containing 2%
(w/v) raffinose and 1% tergitol (NP-40) to an OD600 of 0.1 and grown at 28°C with shaking
at 200 rpm. The OD600 was checked at time intervals of 15 and 30 min. When the OD600
reached 0.3, galactose was added to a final concentration of 2% (w/v) to induce the transgene.
When desired, sodium butyrate was added to cultures to a final concentration of 2 mg/ml.
The flasks were then closed loosely with sterile aluminium foil. The cultures were grown in
the incubator for 48 hours before harvesting the cells by centrifugation.

Cultures of transgenic and control Y. lipolytica strains were grown from glycerol
stocks in 10 ml YPD medium, which contained 10 g Yeast Extract (Sigma Aldrich, Catalog
No. Y1625), 20 g Peptone (Sigma Aldrich, Catalog No. P0556) and 20 g Dextrose (sigma
Aldrich, Catalog No. G7021) per litre, for 48 hours. The cultures were used to inoculate 250
ml conical flasks containing 50 ml of the defined cell culture medium containing 1.7 g/l yeast
nitrogen base lacking amino acids and ammonium sulfate, 80 g/l glucose and 2.2 g/l
ammonium sulfate (Qiao et al., 2015). When desired, additional compounds as potential
carbon sources such as oils were added at 48 hours.

When compounds were added as potential carbon sources (feeding assays), the

following compounds were obtained from Sigma Aldrich: butyric acid (Catalog No.
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B103500), sodium butyrate (Catalog No. B5887), tributyrin (Catalog No. W222305) or
palmitic acid (Catalog No. 76119). Butyric acid dissolved in water was provided to S.
cerevisiae to a final concentration of up to 2 mg/ml. When provided to Y. lipolytica cultures,
butyric acid (Sigma Aldrich, Catalog No. B103500) was prepared in 50% glycerol and added
to the cultures to a final concentration of 2 mg/ml.

Oil preparations were also provided to some Y. lipolytica cultures: castor oil (Aussie
Soap Supplies, AU, Catalog No. SKU: CB100), tributyrin (Sigma Aldrich, Catalog No.
W222305) and long chain polyunsaturated fatty acids (GreenOMEGA 3 Capsules, Green
nutritionals, AU). These oils were emulsified in 70% NP40 and added to the medium at a

final concentration of 2 mg/ml. In this case the NP40 final concentration was 7% (v/v).

Cell harvesting, washing and freeze drying

When a fatty acid such as butyrate or palmitate was added to the growth medium, cells
were harvested by centrifugation in 50 ml tubes at 3500 rpm for 5 min. Cell pellets were
washed successively with 1 ml of 1% tergitol (v/v), 1 ml of 0.5 % tergitol and a final wash
with 1 ml water to remove any remaining compound from the exterior of the cells. During the
final wash, pellets were transferred to pre-weighed 2 ml Eppendorf tubes and freeze-dried
before weighing and lipid extraction.

When an oil was added to the growth medium, cells were harvested by centrifugation
as above but cell pellets were washed successively with 5 ml of 10% tergitol (v/v), 5 ml of 5
% tergitol, 5 ml of 1% tergitol, 5 ml of 0.5% tergitol and a final wash with 5 ml water to
remove any remaining oil from the exterior of the cells. In some cases, microscopic
observation after staining with Bodipy confirmed the absence of oil stained at the cell walls.
With the final wash, pellets were transferred to pre-weighed 2 ml Eppendorf tubes and

freeze-dried before weighing and lipid extraction.

Total lipid extraction

Total lipid was extracted from the pellet using a method modified from Bligh and
Dyer, (1959) as follows. Briefly, 0.5 g of zirconium beads and 0.6 ml of chloroform:methanol
(2:1 viv) were added to the cell pellet. The cells were crushed in a bullet blender (speed 7 for
5 min). The cells were then sonicated in an ultrasonication water bath for 5 min and 0.3 ml of
0.1 M KClI in water was added. The mixture was shaken for 10 min and centrifuged for 5 min
at 10,000 rpm, which separated a lower organic phase containing the lipid from the upper
aqueous phase. The lower phase was transferred to a 2 ml glass vial. Additionally, 0.3 ml
chloroform was added to the remaining aqueous mixture in the tube, and homogenised again
in the bullet blender for 5 min. This mixture is centrifuged for 5 min and the lower organic

phase collected and combined with the first extract in the same glass vial. The solvent was
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completely evaporated under a flow of nitrogen and the lipid dissolved in 60 ul of

chloroform.

Lipid fractionation on thin layer chromatography

To separate different lipid types such as TAG, DAG, free fatty acid and polar lipids
such as phospholipids (PL), total lipids were fractionated on thin layer chromatography
(TLC) plates (Silica gel 60; Catalog No. 1.05626.0001, MERCK, Darmstadt, Germany) using
hexane:diethylether:acetic acid (70:30:1 v:v:v) as the solvent system. The plates were then
sprayed with a primuline (Sigma, Catalog No. 206865, Taufkirchen, Germany) solution
prepared at a concentration of 5 mg/100 ml in acetone:water (80:20 v/v) and lipid bands
visualised under UV light. Lipid standards such as Triheptadecanoin (Nuchek, USA, Catalog
No. T-155) and triglyceride mix C2-C10 containing equal amounts of triacetin (TAG 6:0),
tributyrin (TAG 12:0), tricaprillin (TAG 18:0) and tridecanoin (TAG 30:0) (Sigma Aldrich,
Catalog No 17810-1AMP-S) were run in adjacent lanes to identify the TAG lipid spots. Lipid
fractions were extracted from the silica for derivatisation using either methylation,

propylation or butylation.

Lipid derivatisation to methyl esters

Fatty acid methyl esters (FAME) were prepared from total extracted lipid or the
purified TAG or PL fractions by treatment with 0.7 ml 1N methanolic-HCI (Sigma Aldrich,
Catalog No. 90964) in a 2 ml glass vial having a PTTE-lined screw cap at 80°C for 2h
together with a known amount of heptadecanoin (Nu-Chek PREP, Inc., Catalog No. N-7-A,
Waterville, MN, USA) as an internal standard for quantification. After the vials were cooled,
0.3 ml of 0.9% NaCl (w/v) and 0.1 ml hexane were added and the mixtures vortexed for 5
minutes. The mixture was centrifuged at 1700 g for 5 min and the upper phase containing the
FAME was analysed by GC.

Saponification of triacylglycerols

Free fatty acids were released from TAG by incubating 1 mg TAG in 0.2 ml 3M KOH
for 3 min at 80°C. After cooling the sample to room temperature, 100 ul hexane was added to
the mixture. The mixture was vortexed for 5 min, centrifuged at 1700 g for 5 min and the
upper organic phase collected for GC analysis.

Lipid derivatisation to ethyl esters or propyl esters

To convert the fatty acids in TAG to fatty acid ethyl esters (FAEE), 2 mg of TAG was
incubated in 1IN HCl/ethanol solution at 80°C for 2 h. After cooling the sample to room
temperature, 100 ul hexane was added to the mixture. The mixture was vortexed for 5 min,

centrifuged at 1700 g for 5 min and the upper organic phase collected for GC analysis. To
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convert the fatty acids in TAG to fatty acid propyl esters, 2 mg of TAG was incubated in 1N
HCl/propanol rather than 1N HCl/ethanol and otherwise processed the same.

Derivatisation of fatty acids in TAG to butyl esters

TAG fractions were extracted from the silica of the TAG spots on TLC plates as
follows: 0.6 ml chloroform:methanol (2:1, v/v) was added to silica scraped from the TLC
plate. The mixture was shaken and centrifuged for 5 min at 10,000 g. Then, 0.3 ml of 0.1M
KCI was added and the mixture shaken for 5 min. The mixture was centrifuged for 5 min at
10,000 g and the lower, organic phase collected in a 2 ml GC vial. The silica/aqueous phase
was extracted a second time, this time with 0.3 ml chloroform, mixing for 10 min followed
by centrifugation at 10,000 g for 5 min. The lower, organic phase was again collected and
pooled into the same GC vial as the first extract. The pooled extract containing the TAG was
filtered through a 0.2 pm micro-spin filter (Chromservis, EU, Catalog No. CINY-02) to
remove traces of silica particles. The filtered TAG extract was then transferred into GC vial
with flat insert and completely dried under a stream of nitrogen.

The purified TAG was then derivatised to butyl esters using 60 ul of butanolic: 1N
HCI (Sigma Aldrich, Catalog No. 87472) as described by Mannion et al., 2018, with some
modifications. Valeric acid (C5:0) (Sigma Aldrich, Catalog No. 75054) was added as internal
standard at an amount of 23.25 pg for SCFA and MCFA quantification and 5 pg of heptanoic
acid (Nu-Chek PREP, Inc., Catalog No. N-7-A Waterville, MN, USA) as internal standard
for LCFA quantification. The mixture was vortexed and heated for 2 h at 80°C. The reaction
was then stopped by adding 0.03 ml of water and 0.03 ml of hexane, and thoroughly mixed
for 10 min. After centrifugation at 1700 g for 5 min, the upper, organic phase was transferred
into a new tube with flat insert containing 0.1 ml of saturated NaCl for a second wash to
remove traces of butanol. The mixture was mixed for 5 min, centrifuged at 1700 g for 5 min
and the organic phase transferred into a new GC vial with conical insert, capped quickly for
GC-FID analysis as described below.

Analysis and quantification of methyl esters

This method was suitable for the determination of the fatty acid composition of lipids,
particularly for medium chain fatty acids (MCFA, C10-C14) and long chain fatty acids
(LCFA, C16-C18) or longer chain fatty acids, including for purified TAG preparations. The
method was less preferred for quantitation of SCFA due to volatility of the methyl esters of
the SCFA. The lipids were derivatised to produce FAMEs as described above. The FAMEs
were quantified by GC using an Agilent 7890A GC with a 30 m BPX70 column (0.25 mm
inner diameter, 0.25 um film thickness, SGE). The column temperature was programmed for
150°C for 1 min, increasing to 210°C at 3°C/min, holding for 2 min and reaching 240°C at
50°C/min, then holding for 0.4 min. The injector temperature was set at 240°C and the
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detector at 280°C. Helium was used as the carrier gas at a constant flow of 1.0 ml/min.
FAME peaks were identified based on retention times of FAME standards (GLC-411, GLC-
674; NuChek INC., USA). Peaks were integrated with Agilent Technologies ChemStation
software (Rev B.04.03 (16)). The resultant data provide the fatty acid composition on a
weight basis, with percentages of each fatty acid (weight%) in a total fatty acid content of
100%. These percentages on a weight basis could readily be converted to percentages on a

molar basis (mol%) based on the known molecular weight of each fatty acid.

Analysis and quantification of butyl esters

This method was suitable for the quantitation of short chain fatty acids (SCFA, C2-
C8) as well as medium (MCFA, C10-C14) and long chain fatty acids (LCFA, C16-C18) in
lipid samples, including in purified TAG preparations. It was the preferred method for
quantitation of SCFA. FABEs prepared as described above were analysed on an Agilent
7890A GC using a 30 m BPX70 Column (0.25-mm inner diameter, 0.25-um film thickness,
SGE, Australia). The column temperature was set for 1 min at 40°C, followed by raising the
temperature at a rate of 3°C/min to 210°C, which was held for 2 min. The column
temperature was further raised to 240°C at a rate of 100°C/min and held at this temperature
for 0.5 min. Helium was used as a carrier gas at a flow rate of 1.031 ml/min. The injector
temperature was programmed at 240°C with 11.8 psi inlet pressure. The samples were
injected in the split mode with a ratio of 50:1. The FID detector temperature was 280°C with
a flow of 40 ml/min hydrogen gas, 400 ml/min of air and 25 ml/min make-up gas (He).
FABE peaks were identified based on retention times of FABE standard mix prepared with
equal amounts of analytical grade C4-C18:1 fatty acids. Peak areas of the FABE mix were
used to determine the response factors for individual FABE peaks in the GC and were applied
to correct the area percentages of the FABE peaks.

In a variation of the GC method for quantitation of FABE, referred to herein as the
“C8C24 method”, some column parameters were adjusted. The column temperature was set
for 13 min at 40°C, followed by raising the temperature at a rate of 320°C/min to 210°C,
which was held for 2 min. The column temperature was further raised to 240°C at a rate of
10°C/min and held at this temperature for 0.53 min. The injector temperature, FID detector

temperature and helium flow were as before.

Peak Identity by GC-MS

To confirm the identity of fatty acid peaks, samples were run on a Gas
Chromatography Mass Spectrometry (GC-MS) operating in the Electron Ionization mode at
70eV to confirm peak identities and to identify possible extra peaks corresponding to
solvents, degradation products or reagent signals. A Shimadzu GC-MS QP2010 Plus system

coupled to an HTX-Pal liquid auto-sampler was used with the following parameters: 1 or 2 pl
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injection volume using a split/splitless inlet at a 15:1 split, at a temperature of 250°C. The
oven temperature program started at 60°C for 1 min, then increased 5°C/min to 200°C and
10°C/min to 250°C, holding for 5 min at 250°C. MS ion source and interface temperatures
were 200°C and 250°C, respectively. Data were collected at a scan speed of 1000 and scan
range from 40 to 500 m/z. Peak separation was provided by a Stabilwax® (Restek) capillary
column (30 m x 0.25 mm i.d., 0.25 um film thickness) using He as a carrier gas at 30 cm/sec.
Mass spectra correlations were performed using a NIST library and matching retention time
of authentic SCFA standards. Identified SCFA was set to be present when S/N ratio were
above 10:1. Instrument blanks and procedural blanks were run for quality control purposes.
Short chain fatty acids (SCFA) in the form of methyl esters which were relatively
volatile were also identified using a Head Space Solid Phase Micro Extraction (HS-SPME)
technique coupled with GC-MS. Short chain FAME content in the headspace of methylated
lipid extracts or methylated TLC fractions were analysed with a HTX-Pal autosampler using
a DVB/CAR/PDMS fibre (Supelco, USA) and a heater agitator set at 30°C. The autosampler
program was set for a headspace extraction time of 60 min under agitation using 10 ml
headspace vials. The fibre containing the analytes was desorbed in a splitless inlet during 3
min with injector temperature of 250°C. VFA methyl esters were analysed with a Stabilwax®
(Restek) capillary column (30 m x 0.25 mm i.d., 0.25 um film thickness) with a temperature
program starting at 45°C for 5.5 min, increasing 3°C/min to 170°C and 7°C/min to 250°C,
holding for 2 min at 250°C. MS ion source and interface temperatures were 200°C and 270°C,
respectively. Helium was the carrier gas at a linear velocity of 30 cm/sec at the initial
ramping program. Data were collected at a scan speed of 1000 and scan range from 35 to 350
m/z. Spectral library matching, retention indices and VFA methyl esters standards were used

for identification.

Peak identity by LC-MS method

Lipid extracts were reconstituted in 80 ul of methanol (MeOH):isopropanol (IPA)
(1:1, v/v) and filtered through a 0.2 um micro-spin filter (Chromservis, EU, Catalog No.
CINY-02) following the supplier’s instructions. For untargeted lipid identification
experiments, a Q-Exactive Orbitrap mass spectrometer (Thermo Fisher, CA, USA) was used
equipped with a heated electrospray ionization (HESI) probe. Separation of lipid extracts was
achieved using a UPLC Vanquish System with a Zorbax Eclipse Plus C18 2.1 mm x 50 mm,
1.8 um RRHD column coupled to a UPLC guard-column. The column compartment was set
at a temperature of 40°C. The binary solvent system consisted of mobile phase A (60:40 v/v
acetonitrile/water and mobile phase B containing 90:10 v/v IPA/acetonitrile, both A and B
containing 10 mM ammonium acetate and 0.1% formic acid. The samples were eluted with a
linear gradient ranging from 40% B to 100% B over 40 min and returned to initial gradient

for re-equilibration. The flow rate was 200 pl/min and the injection volume was 1 pl.
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Samples were kept at 10°C in the autosampler tray. The data were acquired in positive
ionization mode with full scan data dependent MS/MS acquisition at ranges of m/z 200 to
1000. The full scan and fragment spectra were collected at a resolution of 70000 and 17500,
respectively. The ion source parameters were as follow: spray voltage of 3.8 kV, vaporizer
350 °C, ion transfer tube of 320°C, s-Lens RF level 50%, sheath gas 35, Auxiliary gas 5 and
sweep gas of 1. Data analysis and lipid identification were performed using the Freestyle
Software (Thermo Fisher, CA). TAG Lipids were identified using the information of

retention time and characteristic product ions, with MS1 mass error <5ppm.

Gene expression analysis

Expression of transgenes was analysed using a DNase RQI1 kit (Promega Catalog No.
M6101) and a Qiagen column (Qiagen RNAse-free DNAse) to purify RNA from the cells,
and oligo dT primer (200-500 ng), dNTPs (10 mM), Superscript III reverse transcriptase and

0.1 M DTT for reverse transcription using standard methods.

Example 2. Expression of acyltransferases in veast cells

Candidate gene identification

Triacylglycerols (TAG) in the milkfat of ruminant mammals contains short chain fatty
acids (SCFA), including C4:0 and C6:0, which are esterified mostly at the sn-3 position of
the TAG molecules. The TAG molecules are synthesized de novo in the mammary gland of
ruminant mammals by the glycerol phosphate pathway where the acyl groups of the SCFA
are incorporated at the sn-3 position by specific DGAT enzymes (Marshall and Knudsen
1979). For example, the C4:0 in milkfat TAG is almost entirely esterified at the sn-3 position
of TAG as a result of acylation by the these DGATs (Jensen, 2002). Although Marshall and
Knudsen (1979) identified DGAT enzymes as responsible for incorporating the SCFA, the
genes encoding these DGATSs were not cloned, and there were multiple DGAT sequences in
mammalian genomes which might be responsible for production of these TAG molecules.
Therefore, the present inventors identified a variety of DGAT amino acid sequences from
mammalian sources, including goat, sheep, cow and water buffalo, for testing as candidate
DGATs (see SEQID NOs: 1, 3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27 or 29).

Another of the selected enzymes was the Euonymus alatus 1,2-diacyl-sn-
glycerol:acetyl-CoA acetyltransferase (EaDAcT). The EaDAcT enzyme transfers acetyl
groups from acetyl-CoA to DAG to produce TAG, resulting in an acetyl group at the sn-3
position of the TAG molecule. DACT enzymes are members of the MBOAT family of
acyltransferases that include DGAT enzymes. Bansal and Durrett (2016) described the
substrate specificity of the EaDAcT, which was shown to have a strong substrate preference

for transferring acetyl groups but could also transfer butyryl (C4:0) and hexanoyl (C6:0)
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groups but not C8 groups. The EaDAcT enzyme was encoded by the genetic construct
pATO001, SEQ ID NO:2 (see below).

Production of genetic constructs and introduction into S. cerevisiae

The genetic constructs pAT001-020 were designed and made by inserting protein
coding regions into the yeast plasmid vector pYES2. The inserted nucleotide sequences
encoded the candidate DGAT enzymes for testing, see the even-numbered SEQ ID NOs
between SEQ ID NOs:1-30 which provide the inserted nucleotide sequences of the coding
regions, and the odd-numbered SEQ ID NOs between SEQ ID NOs:1-30 which provide the
amino acid sequences of the enzymes. The pYES2 vector contained a 2 replicon for
autonomous replication in yeast cells and a URA selectable marker gene to enable selection of
transformants in a URA™ genetic background. Each construct contained a gene encoding a
single DGAT enzyme, or the EaDAcT protein in the case of pAT001, for expression of the
fatty acid acyltransferase gene in S. cerevisiae. Yeast S. cerevisiae strain INVScl was
transformed with pAT001-014 and pATO019 constructs, selecting for URA™ cells on SD-Ura
medium. Cultures (10 ml, 50 ml or 3L) of the transformed cells were grown as described in
Example 1. Cultures were grown either in the presence or absence of added butyric acid (final
concentration 2 mg/ml) for the 10 ml cultures or sodium butyrate (2 mg/ml) for the 50 ml
cultures as a potential carbon source. Cells produced with the exogenous substrate are
referred to herein as “fed C4:0 cells”, cells produced in the absence of butyrate are referred to
as “non-fed cells”. §. cerevisiae cells transformed with the pYES2 vector lacking
acyltransferase genes were grown under the same conditions, with or without butyrate, as
control cultures. All of the cultures received 2% (w/v) galactose during active growth phase,

as inducer of transcription of the candidate acyltransferase genes from the GAL1 promoter.

TAG content of transformed cells

To calculate the TAG content of cells, TAG was purified from the extracted lipid
preparations, which had been extracted from measured weights of dry cellular biomass.
Samples of each TAG fraction were mixed with a known amount of triheptadecanoin as an
internal standard and the fatty acids in each mixture were converted to FAME as described in
Example 1. The FAME were quantitiated by GC-FID. On the basis of the weight of internal
standard used and the peak area observed for heptadecanoyl-FAME in the GC analysis, the
weight of each individual FAME in the TAG was calculated. When the contents of all FAME
of the TAG were summed, this provided the amount of total TAG in the cells on a dry weight
basis. The control pYES2 cells were grown under the same conditions and analysed in the
same way for comparison.

Expression of the genes encoding the candidate DGAT enzymes in the transformed

cell cultures resulted in an increase in total TAG content, an increase of up to 3.3% on a
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weight basis compared to the empty vector control, a 2.6-fold increase (INVSC1::pYES2)
(Figure 1). This represented an increase of up to about 160% on a relative basis compared to
the control cells lacking the genetic construct expressing DGAT when grown under the same
conditions. Additionally, further increases in TAG content were observed with addition of
butyrate to the growth medium for the cells fed with C4:0. It was concluded that expression
of a DGAT enzyme was able to increase the TAG content of the cells even without the
addition of the exogenous butyrate, and that the combination of the addition of butyrate with

expression of the DGAT enzymes was able to further increase the TAG content of the cells.

Fatty acid composition of TAG produced in S. cerevisiae transformed with DGAT genes
Experiments were carried out to assay the biochemical activity of the selected DGAT
enzymes in the S. cerevisiae transformants containing pATO01-pATO14 and pATO019. As
mentioned above, the growth medium either included or lacked 2 mg/ml butyrate as an added
compound, as an additional carbon source and as a potential substrate for TAG synthesis.
Initial cultures were of 10 ml; later cultures were of 50 ml volume. Total lipid was extracted
from the cells and the TAG and PL fractions isolated by TLC, as described in Example 1, and
the fatty acid composition determined for each transformed strain. TAG and PL were
derivatised to FAME and analysed by GC-FID and SPME-GCMS. Initial experiments used
conversion of the fatty acids esterified in TAG to methyl esters (FAME). Later experiments
used conversion to propyl esters (FAPE) or butyryl esters (FABE) due to the volatility of the
FAME of SCFA, particularly of C4:0 methyl ester. In one experiment, FAME were analysed
through SPME-GCMS as described in Example 1, which provided confirmation of the
presence and molecular identity of C4:0, C6:0 and C8:0 in the TAG from the extracted lipid.
Data from an analysis using conversion to FAME is shown in Table 3. The presence
of at least one of C4:0, C6:0 and C8:0 fatty acids was confirmed in the TAG fraction of
extracted lipid from cells transformed with pATO01-pATO014 and pATO19, even though the
levels were low. The identity of these fatty acids was confirmed by GC-MS. C4:0 and C6:0
were not detected in the TAG produced by S. cerevisiae (control) cells transformed with the
pYES2 vector, and C8:0 was only detected in the C4:0 fed pYES2-transformed cells (Table
3). The presence of C4:0 in TAG was most clearly demonstrated for the cultures fed with
butyrate. It was also observed that in some instances the cells transformed with the DGAT
constructs exhibited slightly increased levels of the MCFAs C10:0 and C12:0 and the LCFAs
C14:0 and C16:0 in the TAG. It was concluded from these data that the introduced DGAT
enzymes were able to incorporate SCFA, particularly of C4:0, into the TAG produced by the
S. cerevisiae cells. Addition of butyrate to the growth medium tended to increase the

incorporation.
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Fartty acid composition of PL produced in S. cerevisiae

The lipid extracted from the cells had been fractionated by TLC to purify the TAG
molecules. That fractionation also provided a purified phospholipid (PL) fraction, which was
therefore analysed for its fatty acid composition. The data showed that the PL fractions
obtained from pYES2 (control) and DGAT-transformed cells had similar fatty acid

composition, no significant differences were observed.

Presence of TAG (28:0) in the extracted lipid

Milkfat has been reported to contain TAG molecules of relatively low molecular
weight, including TAG 28:0, i.e. the three acyl chains summed to 28:0 (Gresti et al., 1993).
There are at least seven reported isomers in TAG 28:0 including C14-C10-C4, C16-C8-C4,
C18-C6-C4, C12-C10-C6, C14-C8-C6 and C16-C6-C6 (Liu et al., 2017).

The TAG preparations purified from the lipid extracted from the yeast
INVSc1::pATO003 cells grown in the presence or absence of butyrate were analysed by LC-
MS. TAG 28:0 was observed to be present in both samples, at peak RT=16.24-16.37,
molecular mass 544.4517. In contrast, TAG 28:0 was not detected in TAG preparations from
the INVScl:pYES2 transformed cells. The LC-MS analysis therefore confirmed the
production of TAG 28:0 species in the transformed cells having the DGAT genetic
constructs. This provided further evidence that SCFA, specifically C4:0 and/or C6:0, was
incorporated in the TAG in the transformed yeast cells containing pATO003.
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Larger scale culture of yeast cells producing TAG comprising C4:0

The transformed yeast strain INVSc1::pAT003 encoding the goat enzyme ChDGAT1-
X2 was selected for further testing. The transformed cells were grown in a 3L culture in the
presence of 2 mg/ml sodium butyrate as described in Example 1, or in the absence of added
sodium butyrate. The control yeast strain INVSc1::pYES2 was also grown with and without
sodium butyrate under the same conditions, to determine the effect of the ChDGAT1-X2
enzyme. The cells were harvested and freeze-dried, providing about 2 g of dried cell weight
from the 3L culture, and total lipid extracted. TAG was isolated from the total lipid by
fractionation by TLC as described in Example 1. The amount of purified TAG isolated from
the 3L culture of the INVSc1::pAT003 cells was 32 mg, for the culture with added butyrate,
and 9 mg for the INVScl::pYES2 culture, also with added butyrate.

Samples having small amounts of the extracted lipid were also chromatographed on
TLC plates to better resolve different TAG types. Two new lipid bands were observed on the
plates after primuline staining for the lipid from INVScl::pATO003 cells grown in the
presence of butyrate relative to INVScl::)pYES2 grown in the presence of butyrate. These
were lipid types that were produced in the INVScl::pATO003 cells but not in the
INVScl::pYES2 cells, so clearly the result of DGAT activity. Both new bands migrated on
the TLC plate with slower mobility than the more intense band having most of the TAG from
each of the cultures; the new bands were clearly resolved from the main TAG band. The two
new bands migrated at about the same mobility as a C2-C10 TAG control lipid (Sigma
Aldrich, Catalog No 17810-1AMP-S) which contained a triglyceride mix of triacetin,
tributyrin, tricaprillin and tridecanoin, applied to an adjacent lane on the TLC plate,
indicating that the new bands contained species of TAG with lower molecular weight than
most of of TAG molecules in the lipid. One of those two bands also appeared in the TAG
from INVSc1::pAT003 grown in the absence of added butyrate, so was the result of activity
of the ChDGAT1-X2 enzyme on endogenous fatty acid substrates in the yeast cells. It was
concluded that the other, new band was the result of the activity of the ChDGAT1-X2
enzyme using the added butyrate, probably together with endogenous fatty acid substrates.
This experiment demonstrated the production of a new type of TAG in the DGAT-
transformed yeast cells fed with butyrate.

Fatty acid composition of TAG extracted from transformed S. cerevisiae cells by FAME

The fatty acid composition of the purified TAG from the 3L cultures was analysed by
methylation of the fatty acids to FAME and GC-FID. TAG preparations from the
INVScl::)pYES2 cells where butyrate had been added and from a milkfat sample were also
analysed in parallel using the same treatment through methylation and GC-FID. The data are
presented in Table 4. It was noted that the TAG from the pAT003-transformed yeast cells fed
butyrate contained the SCFA C4:0 and C6:0 and increased amounts of C8:0 fatty acid,
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whereas the TAG from INVScl::pYES2 lacked C4:0 and C6:0 fatty acids. The TAG from
INVScl::pATO003 also contained increased amounts of the MCFA C10:0, C12:0 and C14:0
relative to the TAG from INVScl:pYES2, indicating that at least some of the butyrate from
the medium was being elongated in the transformed yeast cells before incorporation into
TAG. It was concluded that expression of the ChDGAT1-X2 enzyme in yeast was able to
produce significant amounts of TAG having at least one SCFA esterified to the glycerol
Furthermore, the levels of C4:0, C6:0, C8:0 and C10:0 in the TAG from the
transformed yeast cells was similar to the levels of these fatty acids in the TAG of the milkfat
(Table 4). The milkfat TAG had much greater amounts of C14:0 than the yeast cell TAG, but
both had large amounts of C16:0, with greater than 30% (mol%) in each sample. The amount

backbone.

of C16:1n-7 fatty acid (palmitoleic acid) was very different in the TAG preparations from the
yeast cells and milkfat — about 36% in the TAG from INVSc1::.pAT001 compared to about
2% in milkfat. The level of C16:1n-7 in the INVScl::pYES2 was even higher at about 49%,
and the level of C18:1 was also much increased in the TAG from INVSc1:pYES2 while the
level of C16:0 at 11.2% was much lower than in TAG from INVSc1:pAT003 at 30.92%.

The identities of the FAME molecules observed by GC-FID were also confirmed by
GC-MS (Table 5).

The TAG content of the INVScl::.pATO003 at 1.6% was increased significantly
compared to that in INVSc1::pYES2 at 0.5%, each figure being on a dry cell weight (DCW)
basis.

Table 4. Fatty acid composition of TAG extracted from S. cerevisiae INVSc1::.pAT003 cells,
FAME method

Sample C4:0 C6:0 C8:0 C10:0 C12:0 C14:0
INVScl::pYES2 0.0 0.0 0.1 0.6 0.8 0.4
INVScl1::pAT003 0.8 0.51 1.13 4.99 2.0 1.48
Milkfat 0.62 1.69 1.00 485 5.79 16.6
Sample C16:0 | C16:1n-7 | C18:0 | Ci18:1 | C18:1d11 | %TAG
INVScl::pYES2 11.2 48.8 7.7 26.1 44 0.5
INVScl::pAT003 30.9 36.4 7.88 12.1 1.92 1.6
Milkfat 38.0 1.96 113 15.7 0.87 -

Fatty acid composition by butylation

Purified TAG from the 3L yeast cultures fed with butyrate was also analysed for fatty
acid composition using a method including butylation of the fatty acids to butyl esters
(FABE) rather than methylation of the fatty acids, as described in Example 1. Briefly, TAG
was purified from total lipid by TLC and extracted from the silica of the TAG spots using
600 pl chloroform/methanol (2:1 v/v), shaking the mixture for 10 min and then centrifuging
the mixture. 300 pl of 0.1M KCI in water was added. The mixture was shaken for 5 min and
centrifuged to separate the phases. The lower, non-polar phase containing the TAG was

collected. The remaining silica/aqueous mixture was extracted a second time with 300 ul
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chloroform and the non-polar phases combined. The extract was spun through a filter to
remove any silica particles and dried down in a GC vial with flat insert. For butylation, 60 ul
of butanol-1M HCI, prepared by mixing 10 ml of 3N HCI with 20 ml of dried butanol, was
added along with 5 ul of a known quantity of pentanoic acid standard (C5:0, ~23.25 pg),
mixed, and heated at 80°C for 2 h. After cooling, 30 ul of water and 30 pul of hexane were
added, the mixture shaken for 5 min and spun to separate the phases. The top, organic phase
was collected into a GC vial, minimising evaporation, and aliquots injected into the GC-FID
for fatty acid analysis. The FABE were quantitated on the Agilent 7890A GC as described in
Example 1. FABE were also quantitated using the C8C24 method as described in Example 1.

Table 5. Confirmation of fatty acid identities using GC-MS (FAME method) for the
INVScl:pYes, INVScl::;pAT003 and milkfat TAG preparations. “Yes” indicates detection
of corresponding FAME; nd indicates no detection. RT = retention time (min). C5:0 and

C17:0 were internal standards added for quantitation.

ﬁ‘:g ﬁ%‘:ter RT (min) | m/z Blank | pYes2 | pAT003 | milkfat
C4.0 4.4 43,74, 71 nd nd Yes Yes
C5.0 5.6 74, 85, 57 Yes Yes Yes Yes
C6:0 6.5 74,43, 87 nd nd Yes Yes
C8:0 8.1 74,87, 43 nd Yes Yes Yes
C10:0 93 74, 87, 43 nd Yes Yes Yes
C12:0 10.5 74,87, 43 nd Yes Yes Yes
C12:1d9 - 74,55, 87 nd nd Yes nd
C14:0 12.2 74, 87,43 nd Yes Yes Yes
C14:1d9 12.8 55,74, 69 nd Yes Yes Yes
C16:0 15.0 74, 87,43 nd Yes Yes Yes
C16:1d9 15.9 55,69, 74 nd Yes Yes Yes
C17:0 17.2 74,87, 43 Yes Yes Yes Yes
C18:0 20.2 74, 87, 43 nd Yes Yes Yes
C18:1d9 215 55,69, 83 nd Yes Yes Yes
C18:1d11 21.5 55, 69, 83 nd Yes Yes Yes

The fatty acid composition data (Table 6) showed that the transgenic yeast cells
containing pAT003 produced 4-5% (weight %) of C4:0 in its TAG, considerably higher than
the milkfat at about 2.3% (weight %). C6:0 and C8:0 were also present in the TAG of the
transformed yeast cells. The saturated LCFA content (C16:0 + C18:0) of the TAG produced
by the transformed yeast cells at about 36% (weight %) was significantly lower than the
content in the milkfat at about 52-58% (weight %). The saturated MCFA content (C10:0 +
C12:0 + C14:0) was also significantly lower in the TAG of the yeast cells compared to the

milkfat, so overall providing a reduced saturated fat content in the yeast-produced TAG of

55



10

15

20

25

30

WO 2021/179051 PCT/AU2021/050220

about 54% on a weight basis instead of about 82-88% in the milkfat. Since saturated fats,
particularly saturated LCFA, are considered less healthy to human consumers than
monounsaturated and polyunsaturated fats, the inventors concluded that the yeast-generated
TAG would be healthier for consumption on a weight basis than animal fat such as milkfat.
Additionally, the yeast-generated TAG comprised substantially greater levels of the
monounstaurated fatty acid C16:1 (palmitoleic acid), also considered a relatively healthy fatty
acid, than the milkfat.

Positional distribution of the SCFA in TAG from trangenic yeast cells.

The positional distribution of fatty acids in the TAG isolated from the 3L cultures of
yeast INVScl::;pAT003 cells grown in the presence of butyrate was analysed using the
Rhizopus lipase assay as described in Example 1, except with conversion of the fatty acids in
the isolated MAG by propylation to propyl esters (FAPE). The method thereby included the
conversion of sn-2 MAG into FAPE and analysis by GC-FID. The data are shown in Table 7,
on either a weight basis or on a mol % basis. The data showed that the C4:0 and C6:0 present
in the TAG was almost entirely at the sn-1/3 position of the TAG molecules — the sn-1 and
sn-3 positions of TAG are chemically indistinct with regard to the lipase activity even though
they are biochemically distinguished during synthesis of TAG. Since the C4:0 and C6:0 were
present in the TAG only as a consequence of DGAT activity from the introduced ChDGAT1-
X2 gene, this implied that almost all (>95%) of the C4.0 and C6:0 were esterified at the sn-3
position of the TAG produced in the yeast cells. The C8:0 fatty acid was also predominantly
at the sn-1/3 position of TAG, again implied to be present at the sn-3 position due to the
DGAT activity. Each of the saturated fatty acids C14:0 and the LCFA C16:0 and C18:0 were
also predominantly at the sn-1/3 positions. This was most marked for C16:0 (palmitic acid):
39.16% of the fatty acids at the sn-1/3 positions of TAG were palmitate, whereas only 2.68%
of the fatty acids at the sn-2 position of TAG molecules was palmitate. In contrast, C10:0 and
C12:0 fatty acids were esterified mostly at the sn-2 position of TAG. Furthermore, the
monounsaturated fatty acids C14:1, C16:1, C18:1A9 and C18:1A11 were all predominantly at
the sn-2 position of TAG. Therefore many of these observed preferences at the sn-1/3 and sn-
2 positions for the different fatty acids were similar to that observed for the milkfat TAG
(Table 7). The inventors concluded that, with regard to the positional distribution of various
fatty acids, the yeast-produced TAG had similar characteristics to milkfat TAG.

The positional distribution analysis is repeated using butylation rather than propylation

in the Rhizopus lipase assay.
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It will be appreciated by persons skilled in the art that numerous variations
and/or modifications may be made to the invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects as
illustrative and not restrictive.

All publications discussed and/or referenced herein are incorporated herein in
their entirety.

Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim
of this application.

The present application claims priority from AU 2020900780 filed 13 March

2020, the entire contents of which are incorporated herein by reference.
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