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EXECUTIVE SUMMARY

The purpose of this report was to characterise the algal Pavlova salina A4-desaturase (Pavsa-
A4D) protein, its amino acid sequence and homology to other proteins, and its enzymatic
activity in different expression systems.

The results of the study demonstrated that Pavsa-A4D protein was a functional enzyme for
accumulation of omega-3 long-chain (>C20) polyunsaturated fatty acids (03 LC-PUFA) in
different cells. Pavsa-A4D protein contains 447 amino acid residues and shares high
homology to other A4-desaturases that have been consumed as food, used in food production
or in animal feeds. The molecular weight of Pavsa-A4D is predicted to be 49.3 kDa, with an
estimated isoelectric point (pl) of 8.66.

I. INTRODUCTION

The omega-3 long-chain (>C20) polyunsaturated fatty acids (w3 LC-PUFA)
eicosapentaenoic acid (EPA, 20:503), docosapentaenoic acid (DPA, 22:5w3) and
docosahexaenoic acid (DHA, 22:6w3) are widely recognised for their beneficial roles in
human health, particularly those related to cardiovascular and inflammatory health. EPA,
DPA and DHA are primarily sourced from wild-caught fish oils and algal oils, with algae
being the primary producer in the marine food web. These sources are under pressure due to
increasing demand for 3 LC-PUFA by aquaculture, nutraceutical and pharmaceutical
applications. Additional sources of these fatty acids can be produced by engineering land-
based oilseed crops to convert native fatty acids to marine-type 3 LC-PUFA which are then
accumulated in seed oil. Canola is a commonly grown oilseed with 67 million metric tons
(MMT) of rapeseed produced globally in 2015/16".

In collaboration with the Commonwealth Scientific and Industrial Research Organization
(CSIRO), Nuseed Pty Ltd has developed genetically modified canola event NS-B50027-4
(DHA canola), which accumulates significant amounts of DHA in the seed oil.

In this DHA canola, seven fatty acid desaturases and elongases were introduced to convert
oleic acid (OA) to DHA in a single pathway expression vector (Figure 1). The pathway
includes the following enzymes: Lachancea kluyveri Al2-desaturase (Lackl-A12D,
Watanabe et al., 2004), Pichia pastoris @3-/A15-desaturase (Picpa-w3D, Zhang et al. 2008),

! http://www.ers.usda.gov/data-products/oil-crops-yearbook/oil-crops-yearbook/#World Supply and Use of
Oilseeds and Oilseed Products
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Micromonas pusilla A6-desaturase (Micpu-A6D, Petrie et al., 2010c), Pyramimonas cordata
A6-elongase (Pyrco-A6E, Petrie et al., 2010a), Pavlova salina A5-desaturase (Pavsa-ASD,
Zhou at al., 2007), P. cordata A5-elongase (Pyrco-ASE, Petric et al., 2010a) and P. salina
A4-desaturase (Pavsa-A4D, Zhou at al., 2007). The functionalities and activities of these
enzymes have been demonstrated in different heterologous expression systems (see Report
N° 2016-005, 2016-006, 2016-007, 2016-008, 2016-009, 2016-010) and in transgenic
Arabidopsis or Camelina seeds (Petrie et al., 2012, 2014). Based on the sequence similarity
and functionality, these seven proteins can be classified into three groups: (1) yeast acyl-
CoA-type fatty acid desaturases including Lackl-A12D and Picpa-®3D (Figure 1, blue) that
introduces a double bond at the A12 and Al5 positions, respectively; (2) algae fatty acid
elongases including Pyrco-A6E and Pyrco-ASE (Figure 1, purple) that add two carbons to the
carboxyl end of fatty acids; and (3) algae front-end fatty acid desaturases that introduce a
double bond between an existing double bond and the carboxyl end of fatty acids (Zhou at
al., 2007) including Micpu-A6D, Pavsa-A5D and Pavsa-A4D (Figure 1, green).
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Figure 1. DHA biosynthesis pathway engineered into DHA canola event NS-B50027-4.
Seven enzymes introduced in canola to convert oleic acid to final product

docosahexaenoic acid were grouped into three classes: two fatty acid desaturases from
yeast in blue, two elongases from microalgae in purple, and three front-end desaturases
from microalgae in green (see text for detail).

II. PURPOSE

The purpose of this study was to characterise the fatty acid biosynthesis enzymes used in the
engineering of DHA canola. The investigations included the amino acid sequences, their
homology to other proteins with similar function or presented in consumed food or used in
food production, and their enzymatic activities in heterologous expression systems. This
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particular report is focused on the Pavlova salina A4-desaturase (Pavsa-A4D) protein that
catalyses the A4-desaturation of DPA into DHA (22:547-10-13:16.19 5 99.gA4.7.10.13.16.19)

I1l. MATERIALS
A. TARGET PROTEIN

The A4-desaturase gene used in the DHA canola event was previously cloned from the alga
P. salina (Zhou et al., 2007). The Pavsa-A4D protein was expressed as a native sequence in
yeast S288C cells (Zhou et al., 2007), Arabidopsis seed (Robert et al., 2005; Petrie et al.,
2012), Camelina seed (Petrie et al., 2014) and Nicotiana benthamiana leaf (Petrie et al.,
2010b), as well as a His-tag fusion in insect cell lines (Sf9) infected with baculovirus
pFastBac vector (Life Science Technologies, Germany). The His-tag fusion vector contains a
coding sequence that encods a His-tag (Hisig) and a PreScission protease cleavage site
(SLEVLFQ'GP) fused to the codon optimized Pavsa-44D gene.

B. OTHER MATERIALS

P. salina strain CS-49 was obtained from the CSIRO Collection of Living Microalgae?.

For baculovirus expression, the codon-optimized Pavsa-44D gene was synthesized at
GeneArt (Life Science Technologies, Germany) as a His-tag fusion, and cloned into the
pFastBac vector.

IVV. METHODS

A.  SEQUENCE COMPARISON

The Pavsa-44D gene was previously cloned from the alga P. salina (Zhou et al., 2007). The
translated amino acid sequence homology was compared to other published A4-desaturases
or related front-end desaturases presented in food or used in food production, with Vector
NTI software (Version 11, Invitrogen, Germany).

2 https://www.csiro.au/en/Research/Collections/ ANACC
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V. RESULTS AND DISCUSSION
A. GENE SOURCE AND DONOR ORGANISM

The A4-desaturase gene used in DHA canola was previously cloned from the microalga
Pavlova salina (Class Prymnesiophyceae; Zhou et al., 2007). The open reading frame (ORF)
of the Pavsa-44D gene is shown in Figure 2.

ATGCCTCCGAGCGCGGCGAAGCAGATGGGCGCGAGCACGGGCGTGCATGCGGGCGTCACA
GATTCGTCGGCCTTCACGCGCAAGGATGTCGCCGACAGGCCGGACCTCACGATCGTGGGT
GACAGCGTGTACGATGCGAAGGCGTTCCGCTCCGAGCATCCGGGTGGCGCGCACTTTGTG
TCGCTGTTCGGCGGGCGCGATGCCACGGAGGCGTTCATGGAGTACCACCGGCGCGCCTGG
CCCAAGTCGCGCATGTCGCGCTTCCACGTCGGCTCTCTGGCATCGACCGAGGAGCCCGTC
GCCGCCGATGAGGGCTACCTCCAGCTGTGCGCTCGCATCGCCAAGATGGTGCCGTCGGTC
AGCAGCGGGTTCGCGCCGGCGTCGTACTGGGTGAAGGCCGGGCTGATCCTCGGCTCCGLCG
ATCGCGCTCGAGGCGTACATGCTGTACGCGGGCAAGCGCCTGCTCCCGTCGATCGTGCTC
GGGTGGCTGTTTGCGCTGATTGGCCTGAACATCCAGCACGATGCCAACCACGGCGLCGCTC
TCCAAGTCGGCCTCGGTCAACCTGGCGCTCGGGTTGTGCCAGGACTGGATCGGCGGGAGC
ATGATCCTCTGGCTGCAGGAGCACGTTGTCATGCACCACTTGCACACCAACGACGTTGAC
AAGGACCCGGACCAGAAGGCGCACGGCGCCCTGCGGCTCAAGCCGACCGACGCGTGGAGC
CCGATGCACTGGCTGCAGCACCTCTACCTGCTGCCTGGGGAGACGATGTACGCCTTCAAG
CTGCTGTTTCTCGACATCAGCGAGCTGGTGATGTGGCGGTGGGAGGGCGAGCCCATCAGC
AAGCTGGCCGGGTACCTCTTCATGCCCTCGCTGCTCCTCAAGCTCACCTTCTGGGCGCGL
TTTGTCGCGCTGCCGCTGTACCTCGCGCCCAGCGTGCACACGGCGGTGTGCATCGCGGLCG
ACGGTAATGACGGGGAGCTTCTACCTCGCCTTCTTCTTCTTCATCTCGCACAACTTCGAG
GGCGTGGCGAGCGTCGGACCGGACGGCAGCATCACCAGCATGACGCGCGGCGCATCCTTC
CTCAAGCGGCAGGCCGAGACCTCGTCCAACGTGGGCGGCCCGCTGCTCGCCACGCTCAAC
GGCGGCCTCAACTACCAAATCGAGCACCACCTCTTCCCCAGGGTGCACCACGGCTTCTAC
CCTCGCCTCGCGCCGTTGGTCAAGGCGGAGCTCGAGGCGCGCGGCATTGAGTACAAGCAC
TACCCCACCATATGGAGCAACCTGGCATCCACGCTGAGGCACATGTACGCGCTCGGLCCGC
AGGCCGCGCAGCAAGGCGGAGTGA

Figure 2. Nucleotide sequence of native Pavsa-A4D gene.
Start codon (ATG) and stop codon (TGA) are in bold.

B.  PROTEIN SEQUENCE

The translated P. salina A4-desaturase (Pavsa-A4D) contains 447 amino acid residues
(Figure 3). The amino acid sequence of Pavsa-A4D shares high homology to other A4-
desaturases (Figure 3). The molecular weight of Pavsa-A4D is predicted to be 49.3 kDa, with
an estimated isoelectric point (pl) of 8.66.
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MPPSAAKQMGASTGVHAGVTDSSAFTRKDVADRPDLTIVGDSVYDAKAFRSEHPGGAHEV
SLFGGRDATEAFMEYHRRAWPKSRMSRFHVGSLASTEEPVAADEGYLQLCARIAKMVPSV
SSGFAPASYWVKAGLILGSAIALEAYMLYAGKRLLPSIVLGWLFALIGLNIQHDANHGAL
SKSASVNLALGLCODWIGGSMILWLQEHVVMHHLHTNDVDKDPDOKAHGALRLKPTDAWS
PMHWLOHLYLLPGETMYAFKLLFLDISELVMWRWEGEPISKLAGYLFMPSLLLKLTEWAR
FVALPLYLAPSVHTAVCIAATVMTGSEYLAFFFFISHNFEGVASVGPDGSITSMTRGASE
LKROAETSSNVGGPLLATLNGGLNYQIEHHLFPRVHHGFYPRLAPLVKAELEARGIEYKH
YPTIWSNLASTLRHMYALGRRPRSKAE

Figure 3. Amino acid sequence of Pavsa-A4D.

The Pavsa-A4D protein shares high homology to A4-desaturase proteins isolated from other
organisms. Figure 4 shows the phylogenetic tree of amino acid sequence comparison.

I Pavsa-A4D AAY15136 (0.1611)
Pawi-A4D ADG36330 (0.0894)
—{ Paviu-A4D AQQ8793 (0.0863)
Sphar-A4D AGN91198 (0.3427)
‘ Trycr-A4D EKF32393 (0.2213)

Leifr-A4D XP_001687734 (0.0296)
| [—:e.m-mo XP_001464321 (0.0263)
[—Lelpa-A‘w XP_010697363 (0.0726)
Euggr-A4D AAQ19605 (0.2931)
Thaps-A4D AAX14506 (0.2447)
Thrau-A4D AAM09688 (0.1528)
Thrau-A4D AAN75707 (0.1581)

Isoga-A4D AAV33631 (0.4340)

Figure 4. Phylogenetic tree for sequence comparison of Pavsa-A4D.
The phylogenetic tree was generated with Vector NTI software (Invitrogen, Carlsbad,

USA). The protein sequences were named as 5-letter initial of species name, followed
by NCBI accession numbers. Euggr, Euglena gracilis (Eukaryote algae); Isoga,
Isochrysis galbana (microalga); Leifr, Leishmania major strain Friedlin (trypanosome);
Leiin, L. infantum JPCM5 (trypanosome); Leipa, L. panamensis (trypanosome); Pavlu,
P. luthri (microalga); Pavsa, P. salina (microalga); Pavvi, P. viridis (microalga); Sphar,
Sphaeroforma arctica (protozoan); Thaps, Thalassiosira pseudonana (marine
phytoplankton); Thrau, Thraustochytrium aureum (moncentric fungus); Trycr,
Trypanosoma cruzi (protozoan).

C. SIMILARITY OF PAVSA-A4D 17O OTHER PROTEINS IN CONSUMED FOODS,
USED IN FOOD PRODUCTION OR IN ANIMAL FEEDS

The Pavsa-A4D protein shares similarity to desaturase proteins presented in food that is
consumed, used in food production or in animal feeds (Table 1). P. salina itself is one of
microalgae used in mariculture (Brown 1991). P. lutheri is used for oyster larvae and clam
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larvae feeds (Brown et al. 1997). Pavsa-A4D shares 66% sequence identity to P. lutheri A4-
desaturase (AQ98793).

The Pavsa-A4D protein belongs to the subfamily of front-end desaturases that introduce a
double bond between an existing double bond and the carboxyl end of fatty acids. The front-
end desaturases include A4-, A5-, A6- and A8-desaturases, which exist in a wide range of
organisms including algae, diatom, fungi, moss and bacteria. Microalgae such as Spirulina,
Chlorella, Dunaliella, Haematococcus and Schizochytrium are classified as food sources
falling under the Generally Regarded as Safe (GRS) category according to the U.S. Food and
Drug Administration (Chacén-Lee and Gonzalez-Marino, 2010). Spirulina and Chlorella are
major microalgal genera cultivated in China for health food (Liang et al., 2004). Algal
biomass is supplemented to noodles, breads, biscuits, candies, ice cream, bean curd and other
common foods to enhance their nutritive and health values. The so-called blue-green algae
Spirulina is actually a cyanobacterium. Cyanobacteria have been part of the human diet for
centuries (Gantar and Svircev, 2008). Some cyanobacteria like Arthrospira platensis and
Aphanizomenon flos-aquae are sold as food (Spolaore et al. 2006). Food products containing
the cyanobacteria Spirulina (A. platensis) have been sold worldwide as supplements (Belay et
al., 1993). FDA had approved Spirulina’s extracted blue color for use as a natural food
coloring in gum and candy.®. The Pavsa-A4D protein shows 20% sequence identity to
cyanobacterium A. platensis A6-desaturase (CAA60573). The Pavsa-A4D protein shares 23%
sequence identity to single-celled flagellate Euglena gracilis A4-desaturase (AAQ19605).
From 2005, Tokyo-based Euglena Company has started marketing Euglena-based food and
beverage products, based on their provision of both plant- and animal-based nutrients. The
Pavsa-A4D protein shows 20% or 25% sequence identity to fungus Mortierella alpina A6-
desaturase (AAF08605) or A5-desaturase (O74212). M. alpina is currently used for the
commercial production of arachidonic acid for fortification of baby food. The Pavsa-A4D
protein shares 26% sequence identity to Phaeodactylum tricornutum AS5-desaturase
(AAL92562). P. tricornutum is used to produce pigments or antioxidant for food (Chacon-
Lee and Gonzalez-Marino, 2010). P. tricornutum and Thalassiosira pseudonana are foods of
oyster (Epifanio et al., 1981). The Pavsa-A4D protein shares 19% amino acid sequence
identity to microalga Isochrysis galbana (AAV33631). I. galbana is an outstanding food for
various bivalve larvae, and is now widely cultured in aquaculture®. Pavlova lutheri is used in
the aquaculture of bivalves, carp and shrimp where it is fed either directly or indirectly to
cultured larval organisms.

® Federal Register; FDA Approves Natural Blue Color Additive Extracted from Spirulina”. 13 August 2013
* The hatchery culture of bivalves: a practical manual. FAO Fisheries and Aquaculture Department. 2004.
p. 201. ISBN 9251052247.
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The Pavsa-A4D protein shares ~17% amino acid sequence identity with plant A6D proteins
from Echium plantagineum (echium, AAZ08559), Borago officinalis (borage, 004353) and
Oenothera biennis (evening primrose, ACB47482). These species have been used to produce
oils that are relatively high in GLA and/or SDA for human consumption. The oils produced
by these species have been studied extensively for their anti-inflammatory effects on
leukotriene and prostaglandin biosynthesis (Fan and Chapkin, 1998), and are sold as cold-
pressed oils for use as dietary supplements. Evening primrose oil is commonly sold in
Australian health food shops. Additionally, the flowers of Echium sp. have been consumed as
medicinal plants in countries such as Iran (Heidari et al., 2006). Evening primrose plants
have been used as ornamentals, food sources, and as medicinal herbs for more than 50 years.

Table 1. Comparison of amino acid sequence identity of Pavsa-A4D in DHA canola
(event NS-B50027-4) to other desaturase proteins present in foods that are consumed,
used in food production or in animal feeds.

Sequence identity

No.  Protein Accession Common Name 1 2 3 4 5 6 7 8 9 0 11 12

1 NS-B50027-4 Pavsa-A4D 100 65.5 23.3 26.6 19.8 249 20.0 189 19.8 17.7 156 174
2 Pavlu-A4D AQ98793 Alga 100 239 25.8 19.2 23.2 20.1 209 185 19.1 185 16.2
3 Euggr-A4D AAQ19605  Alga 100 22.8 344 242 279 16.0 16.7 16.7 15.7 18.3
4 Phatr-ASD AAL92562  Alga 100 20.6 21.7 219 210 179 189 20.1 19.6
5 Thaps-A4D AAX14506  Alga 100 23.8 16.4 16.8 17.2 15.8 15.5 15.3
6 Moral-ASD 074212 Fungus 100 20.9 18.1 22.5 20.7 20.9 215
7 Moral-A6D AAF08685  Fungus 100 21.0 155 27.9 27.1 27.9
8 Isoga-A4D AAV33631  Alga 100 12.0 20.2 20.5 19.3
9 Artpl-A6D CAA60573  Cyanobacteria 100 16.7 13.9 14.5
10 Echpl-A6D AAZ(08559  Paterson’s curse 100 85.3 62.5
11 Borof-A6D 004353 Borage 100 64.3
12 Oenbi-A6D ACB47482  Evening primrose 100

Artpl-A6D, Arthrospira platensis A6-desaturase; Borof-A6D, Borago officinalis A6-desaturase;
Echpl-A6D, Echium plantagineum A6-desaturase; Euggr-A4D, Euglena gracilis A4-desaturase;
Isoga-A4D, Isochrysis galbana A4-desaturase; Moral-A5SD, Mortierella alpina AS5-desaturase;
Moral-A6D, M. alpine A6-desaturase; Oenbi-A6D, Oenothera biennis A6-desaturase; Pavlu-
A4D, Pavola luthri A4-desaturase; Phatr-A5D, Phaeodactylum tricornutum A4-desaturase;
Oenbi-A6D, Oenothera biennis A6-desaturase; Thaps-A4D, Thalassiosira pseudonana A4-
desaturase.

D. HETEROLOGOUS EXPRESSION

The enzyme functionality of Pavsa-A4D has been confirmed in different heterologous
expression systems, including yeast (Zhou et al., 2007), Arabidopsis seed (Robert et al.,
2005; Petrie et al., 2012), Camelina seed (Petrie et al., 2014) and Nicotiana benthamiana leaf
(Petrie et al., 2010a). Table 2 shows the enzyme activity of Pavsa-A4D expressed in yeast
S288C cells when exogenously supplied with ®3 and @6 substrate (Zhou et al., 2007).
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Table 2. Fatty acid composition of yeast S288C cells expressing Pavsa-A4D showing the
activity of A4-desaturase activity

Exogenous fatty acid fed in growth medium

Fatty acid
22:4A7,10,13,16 (0)6) 22:5A7,10,l3,16,19 (0)3)
4700 (w6, .
22:4°7101318 (6 DTA) 0.97 0
22:547101316 ()6 DPA) 0.03 0
29:5A7.10,13,16,19 (@3, DPA) 0 1.66
67T (@3, :
226A4710131619( 3, DHA) 0 0.04
Conversion 3.0% 2.4%

Pavsa-A4D is able to desaturate both w6 22:4*7'%1%16 (96 DTA) or @3 22:5471%13:16.19 (43
DPA) substrates at A4 positions, making w6 22:5447101316 (4,6 DPA) or ©3 22:64471013.1619
(03 DHA). The conversion rates with the yeast cell expressed the Pavsa-A4D protein were
3.0% or 2.4% respectively.

E. EXPRESSION OF FUSION PROTEIN

In order to purify the target protein, the target enzyme was expressed as a His-tag fusion
protein in baculovirus. The functionality in baculovirus was not tested. Nevertheless, the
Pavsa-A4D has shown activity in different expression systems. The DHA canola expressing
DHA synthesis pathway including Pavsa-A4D has resulted in approximately 10% of DHA in
seed oil.

For baculovirus expression, the codon optimized Pavsa-44D gene was fused to the coding
sequence for a His-tag (Hisio) and a PreScission protease cleavage site (SLEVLFQ'GP) at its
5'-end, as shown in Figure 5. The expressed fusion protein from insect cells was used for
protein stability assay (Report N° 2016-014).
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ATGCATCATCATCATCATCACCATCACCACCACTCCCTGGAAGTGCTGTTCCAGGGTCCC
ATGCCCCCATCCGCTGCTAAGCAGATGGGCGCTTCCACCGGTGTCCACGCTGGTGTCACC
GACTCCTCCGCTTTCACCCGCAAGGACGTGGCCGACCGTCCCGACCTGACCATCGTGGGC
GACTCCGTGTACGACGCTAAGGCTTTCCGTTCCGAGCACCCTGGTGGTGCTCACTTCGTG
TCCCTGTTCGGTGGTCGTGACGCTACCGAGGCTTTCATGGAATACCACCGTCGTGCTTGG
CCCAAGTCCCGTATGTCCCGTTTCCACGTGGGCTCCCTGGCTTCCACCGAGGAACCCGTG
GCTGCTGACGAGGGTTACCTGCAGCTGTGCGCTCGTATCGCTAAGATGGTGCCCTCCGTG
TCCTCCGGTTTCGCTCCCGCTTCCTACTGGGTCAAGGCTGGCCTGATCCTGGGTTCCGCT
ATCGCTCTGGAAGCTTACATGCTGTACGCTGGCAAGCGTCTGCTGCCCTCCATCGTGCTG
GGCTGGCTGTTCGCTCTGATCGGCCTGAACATCCAGCACGACGCTAACCACGGTGCTCTG
TCCAAGTCCGCTTCCGTGAACCTGGCTCTGGGCCTGTGCCAGGACTGGATCGGTGGTTCC
ATGATCCTGTGGCTGCAAGAGCACGTGGTCATGCACCACCTCCACACCAACGACGTGGAC
AAGGACCCCGACCAGAAGGCTCACGGCGCTCTGCGTCTGAAGCCCACCGACGCTTGGTCC
CCCATGCACTGGCTGCAGCACCTGTACCTGCTGCCCGGCGAGACTATGTACGCTTTCAAG
CTGCTGTTCCTGGACATCTCCGAGCTGGTCATGTGGCGTTGGGAGGGCGAGCCCATCTCC
AAGCTGGCTGGTTACCTGTTCATGCCCTCCCTGCTGCTGAAGCTGACCTTCTGGGCTCGT
TTCGTGGCTCTGCCCCTGTACCTGGCTCCCTCCGTGCACACCGCTGTGTGTATCGCTGCT
ACCGTGATGACCGGTTCCTTCTACCTGGCTTTCTTCTTCTTCATCTCCCACAACTTCGAG
GGTGTCGCTTCCGTGGGTCCCGACGGTTCCATCACCTCCATGACCCGTGGTGCTAGCTTC
CTGAAGCGTCAGGCTGAGACTTCCTCCAACGTGGGCGGTCCCCTGCTGGCTACCCTGAAC
GGTGGCCTGAACTACCAGATCGAGCACCACCTGTTCCCCCGTGTGCACCACGGTTTCTAC
CCCCGTCTGGCTCCCCTGGTCAAGGCCGAGCTGGAAGCTCGTGGTATCGAGTACAAGCAC
TACCCCACCATCTGGTCCAACCTGGCCTCCACCCTGCGTCACATGTACGCTCTGGGTCGT
CGTCCCCGTTCCAAGGCTGAGTAA

Figure 5. Nucleotide sequence of codon optimized Pavsa-A4D gene for baculovirus
expression.

The start codon (ATG) and stop codon (TGA) are shown in bold. The start codon
(ATG) for the His-tag fusion coding sequence is underlined.

The total protein extracted from insect cells expressing His-tag::Pavsa-A4D was confirmed
by Western blot against anti His-tag antibody (see detail in Report N° 2016-014). The
expected molecular weight (MW) of His-tag::Pavsa-A4D is approximately 51 kDa. A
specific protein band close to 50 kDa was detected in the protein pellet (Figure 6).
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Figure 6. Western blot analysis of His-tag::Pavsa-A4D protein expressed in baculovirus-
infected insect cells.
M, protein markers with molecular weight (in kDa) indicated to the left; lane 1, total

protein in pellet; lane 2, total protein in supernatant.

F. GLYCOSYLATION ANALYSIS

Several classes of glycans exist, which are widely distributed in nature, including N-linked
glycans glycolipids, O-GlcNac, and glycosaminoglycans. N-linked glycosylation occurs
when glycans are attached to asparagine residues on the protein. O-linked glycans are most
commonly attached to serine or threonine residues through the N-Acetylgalactosamine
residue. N-linked glycans are the most common in plants, and typically, can only be found as
a linkage to an asparagine residue (N) where it is flanked on the C-terminal side by X-S or X-
T. For the Pavsa-A4D protein, there is no predicted N-glycosylation site within this amino
acid sequence derived from the nucleotide sequence of the inserted DNA.

MPPSAAKQOMGASTGVHAGVTDSSAFTRKDVADRPDLTIVGDSVYDAKAFRSEHPGGAHEV
SLEFGGRDATEAFMEYHRRAWPKSRMSRFHVGSLASTEEPVAADEGYLQLCARIAKMVPSV
SSGFAPASYWVKAGLILGSATALEAYMLYAGKRLLPSTITVLGWLFALTGLNIQHDANHGAL
SKSASVNLALGLCODWIGGSMILWLOQEHVVMHHLHTNDVDKDPDOKAHGALRLKPTDAWS
PMHWLOHLYLLPGETMYAFKLLFLDISELVMWRWEGEPISKLAGYLFMPSLLLKLTEFWAR
FVALPLYLAPSVHTAVCIAATVMTGSEFYLAFFFFISHNFEGVASVGPDGSITSMTRGASE
LKROAETSSNVGGPLLATLNGGLNYQITEHHLFPRVHHGFYPRLAPLVKAELEARGIEYKH
YPTIWSNLASTLRHMYALGRRPRSKAE

Figure 7. Absence of theoretical N-glycosylation sites (NXT/NXS) in Pavsa-A4D.
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G. SEQUENCE CONFIRMATION IN TRANSGENIC CANOLA

The genome sequence including the T-DNA insertions in DHA canola was analysed. The
translated amino acid sequence of Pavsa-A4D in the insert was confirmed to be identical to
the original sequence (Figure 8).

1 50

Pavsa-A4D vec
NS-B50027-4

MPPSAAKOMGASTGVHAGVTDSSAFTRKDVADRPDLTIVGDSVYDAKAFR
MPPSAAKQMGASTGVHAGVTDSSAFTRKDVADRPDLTIVGDSVYDAKAFR
51 100

Pavsa-A4D vec (51) SEHPGGAHFVSLEFGGRDATEAFMEYHRRAWPKSRMSRFHVGSLASTEEPV
NS-B50027-4 (51) SEHPGGAHFVSLEFGGRDATEAFMEYHRRAWPKSRMSRFHVGSLASTEEPV
101 150
Pavsa-A4D vec 101) AADEGYLQLCARIAKMVPSVSSGFAPASYWVKAGLILGSAIALEAYMLYA
NS-B50027-4 101) AADEGYLQLCARIAKMVPSVSSGFAPASYWVKAGLILGSAIALEAYMLYA
151 200
Pavsa-A4D vec 151) GKRLLPSIVLGWLFALIGLNIQHDANHGALSKSASVNLALGLCQDWIGGS
NS-B50027-4 151) GKRLLPSIVLGWLFALIGLNIQHDANHGALSKSASVNLALGLCQDWIGGS
201 250
Pavsa-A4D vec 201) MILWLQEHVVMHHLHTNDVDKDPDOKAHGALRLKPTDAWSPMHWLOHLYL
NS-B50027-4 201) MILWLQEHVVMHHLHTNDVDKDPDOKAHGALRLKPTDAWSPMHWLOHLYL
251 300
Pavsa-A4D vec 251) LPGETMYAFKLLFLDISELVMWRWEGEPISKLAGYLFMPSLLLKLTFWAR
NS-B50027-4 251) LPGETMYAFKLLFLDISELVMWRWEGEPISKLAGYLFMPSLLLKLTFWAR
301 350
Pavsa-A4D vec 301) FVALPLYLAPSVHTAVCIAATVMTGSFYLAFFFFISHNFEGVASVGPDGS
NS-B50027-4 301) FVALPLYLAPSVHTAVCIAATVMTGSEFYLAFFFFISHNFEGVASVGPDGS
351 400
Pavsa-A4D vec 351) ITSMTRGASFLKRQAETSSNVGGPLLATLNGGLNYQIEHHLFPRVHHGFY
NS-B50027-4 351) ITSMTRGASFLKRQAETSSNVGGPLLATLNGGLNYQIEHHLFPRVHHGFY
401 448
Pavsa-A4D vec 401) PRLAPLVKAELEARGIEYKHYPTIWSNLASTLRHMYALGRRPRSKAE
NS-B50027-4 (401) PRLAPLVKAELEARGIEYKHYPTIWSNLASTLRHMYALGRRPRSKAE

Figure 8. Alignment of protein sequences of Pasva-A4D.
A4D sequence translated from sequenced T-DNA insert in DHA canola NS-B50027-4

event was identical to the original A4D sequence from P. salina in the binary vector
(Pavsa-A4D vec).
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VI. CONCLUSIONS

The results of this study demonstrated that the cloned alga Pavsa-A4D protein has activity in
heterologous expression systems, including in DHA canola event NS-B50027-4, Arabidopsis
seed, Camelina seeds and yeast cells. Data for Pavsa-A4D expressed in yeast S288C cells
when exogenously supplied with ®3 and w6 substrate confirms this functionality. The Pavsa-
A4D protein shares similarity to desaturase proteins present in food that is consumed, used in
food production or in animal feeds.

Pavsa-A4D protein contains 447 amino acid residues. The molecular weight of Pavsa-A4D is
predicted to be 49.3 kDa, with an estimated pl of 8.66. For the Pavsa-A4D protein, there are
no potential N-glycosylation sites within this amino acid sequence derived from the
nucleotide sequence of the inserted DNA. The study also demonstrates that canola event NS-
B50027-4 contains T-DNA insertions that are translationally identical to the original Pavsa-
A4D protein sequence.
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