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ABBREVIATIONS

6500 QTRAP AB SCIEX 6500 QTRAP LC-MS/MS system

ALA a-Linolenic acid, 18:3%%'%!° (»3)

CE Collision energy

Da Dalton

DHA Docosahexaenoic acid, 22:6* 710131619 (,3)
DHA canola Genetically modified canola, event NS-B50027-4
DPA Docosapentaenoic acid, 22:5%71%131619 (53)
DTT Dithiothreitol

EPA Eicosapentaenoic acid, 20:5>81417 (;3)
ETA Eicosatetraenoic acid, 20:4*411417 (3)

FA Formic acid

FASP Filter-assisted sample preparation

FDR False discovery rate

HPLC High performance liquid chromatography
IAM lodoacetamide

kDa Kilo dalton

LA Linoleic acid, 18:2%%'? (w6)

Lackl-A12D Lachancea kluyveri A12-desaturase

LC-MS Liquid chromatography-Mass Spectrometry
Micpu-A6D  Micromonas pusilla A6-desaturase

MMT Million metric tons

MRM Multiple reaction monitoring

MS Mass spectrometry

MS/MS Tandem mass spectrometry

MW Molecular weight

MWCO Molecular weight cut-off

m/z Mass-to-charge ratio

PBS Phosphate buffer saline

OA Oleic acid, 18:1*

®3 LC-PUFA Omega-3 long-chain (>C20) polyunsaturated fatty acids
Pavsa-A4D  Pavlova salina A4-desaturase

Pavsa-ASD  Pavlova salina A5-desaturase

Picpa-o3D  Pichia pastoris A15-/w3-desaturase

PMSF Phenylmethylsulfonyl fluoride

Pyrco-ASE ~ Pyramimonas cordata AS-elongase

Pyrco-A6E ~ Pyramimonas cordata A6-elongase

Q1 Quadrupole 1 (referring to the analysis of the precursor ion)
Q3 Quadrupole 3 (referring to the analysis of the fragment ion)
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RT Retention time (min)

SD Standard deviation

SDA Stearidonic acid, 18:4%%°1215 (»3)

SDS-PAGE Sodium dodecyl-sulfate polyacrylamide gel electrophoresis
SGF Simulated gastric fluid

SIN Signal-to-noise

UA buffer ~ 8 Murea, 0.1 M Tris-HCI, pH 8.5
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EXECUTIVE SUMMARY

The purpose of this report was to assess the in vitro stability of the Pavlova salina A4-
desaturase (Pavsa-A4D) protein in simulated gastric fluid (SGF) comprising the proteolytic
enzyme, pepsin, and in combination with a novel pepsin-trypsin assay employing state-of-
the-art mass spectrometric approaches to monitor the precise degradation products. The
extent of protein digestion was evaluated by the appearance of peptic products and the
disappearance of tryptic peptide products (as a proxy for intact protein). The allergenic
potential of a protein is determined by a weight of evidence approach since no single
method can predict the allergenicity of a protein. Protein digestibility is one aspect of the
overall allergenicity assessment that is conducted for newly introduced proteins into
genetically modified crops.

The results of the study demonstrated that greater than 80% was digested within 10 min
and greater than 93% of the full-length Pavsa-A4D protein was digested within 60 min of
incubation in pepsin when analysed by LC-MS/MS.

The results of this study show that the integral membrane protein Pavsa-A4D was readily
digestible in pepsin and/or trypsin. The Pavsa-A4D protein was used as the representative
of the three front-end desaturases engineered in DHA canola, for stability analysis in this
report. Rapid digestion of the full-length protein is one of many factors that indicate
protein safety.

I. INTRODUCTION

The omega-3 long-chain (>C20) polyunsaturated fatty acids (03 LC-PUFA)
eicosapentaenoic acid (EPA, 20:5w3), docosapentaenoic acid DPA, 22:5®3) and
docosahexaenoic acid (DHA, 22:6®3) 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 w3 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%.

! 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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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. The pathway consisted of
the Lachancea kluyveri Al2-desaturase (Lackl-A12D, Watanabe et al. 2004), Pichia
pastoris Al5-/w3-desaturase (Picpa-w3D, Zhang et al. 2008), Micromonas pusilla A6-
desaturase (Micpu-A6D, Petrie et al. 2010b), Pyramimonas cordata A6-elongase (Pyrco-
AGE, Petrie et al. 2010a), Pavlova salina A5-desaturase (Pavsa-A5D, Zhou et al. 2007), P.
cordata AS-elongase (Pyrco-ASE, Petrie et al. 2010a) and P. salina A4-desaturase (Pavsa-
A4D, Zhou et 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, 2016-011) 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-w3D (Figure 1, blue)
that introduces a double bond at the A12 and AlS5 positions, respectively, (2) algae fatty
acid elongases including Pyrco-A6E and Pyrco-ASE (Figure 1, purple) that add a carbon 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
et al. 2007) including Micpu-A6D, Pavsa-ASD and Pavsa-A4D (Figure 1, green). One
representative from each of these three groups was analysed for protein stability.
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(OA)

lAlZ-Desaturase

18:249,12
Linoleic acid
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——

Docosapentaenoic acid
(DPA)

Eicosapentaenoic acid
(EPA)

1A4-Desaturase

22:644,7,10,13,16,19

Docosahexaenoic acid
(DHA)

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).
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Il. PURPOSE

The likelihood of allergic oral sensitization to a protein is first affected by the stability of
the protein to gastrointestinal digestion (Astwood et al. 1996). The purpose of this study
was to assess the in vitro digestibility of the fatty acid biosynthesis enzymes introduced
into DHA canola by digesting with pepsin. In the absence of functioning antibodies
against these integral membrane proteins, as typically used in traditional Western blot
analysis, a sensitive LC-MS analytical method was developed.

This particular report focuses on the front-end desaturase representative P. salina A4-
desaturase (Pavsa-A4D) protein, which was used in the engineering of DHA canola NS-

B50027-4 to catalyse the Ad4-desaturation of DPA into DHA (22:5471131619 5
22:6A4,7,10,13,16,19).

I1l. MATERIALS
A. TARGET PROTEIN

The A4-desaturase gene used in DHA canola was previously cloned from alga P. salina
(see Report N° 2016-011 for details). The Pavsa-A4D protein was expressed as a His-tag
fusion in insect cell lines (Sf9) infected with baculovirus pFastBac vector (Invitrogen,
Germany) and then purified. The vector contained coding sequences encoding a His-tag
(Hisy) and a PreScission protease cleavage site (SLEVLFQ'GP) fused to the codon
optimized Pavsa-44D gene produce fusion protein His;o::Pavsa-A4D.

B. OTHER MATERIALS

Sequencing grade porcine trypsin and a highly purified form of pepsin (Catalogue number
V195A,; specific activity >2,500 units/mg) were purchased from Promega (Madison,
USA). Mouse anti-His antibody (Catalogue number A7058) was purchased from Sigma-
Aldrich (Sydney, Australia).

V. METHODS
A. PROTEIN EXTRACTION

About 100 mg of insect cell pellet expressing Hisyp::Pavsa-A4D was resuspended in 500
ML of lysis buffer (1x phosphate buffer saline (PBS) with imidazole, DTT and PMSF). The
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final lysis buffer contained 140 mM NaCl, 27 mM KCI, 10 mM NayHPO,, 1.8 mM
KH,PO4, 20 mM imidazole, 10 mM DTT and 1 mM PMSF). The cells were sonicated
(Branson Probe Sonicator, St. Louis, MO, USA) and centrifuged at 21,700 x g for 30 min
at 4°C. The pellet protein and leftover protein in supernatant were assessed by SDS-PAGE
and Western blot analysis using a mouse anti-His-tag antibody (1:1000 dilution). The
proteins were stored in a -80°C freezer until assayed.

B. METHOD DEVELOPMENT: LC-MS CHARACTERIZATION OF THE PROTEIN
AFTER TRYPSIN DIGESTION

The His;o::Pavsa-A4D protein was diluted in UA buffer (8 M urea, 0.1 M Tris-HCI, pH
8.5) to ~1.3 pg/pL. The protein was reduced by addition of 100 mM DTT and incubated
on a shaker at room temperature for 50 min. An aliquot of the protein extract (equivalent to
~300 pg) was subjected to filter-assisted sample preparation (FASP, Wisniewski et al.
2009). The protein extract was applied to a 10 kDa molecular weight cut-off (MWCO)
filter (Millipore, Australia), washed with two 200 pL volumes of UA buffer with
centrifugation (20,800 x g, 15 min). The buffer was exchanged using 50 mM ammonium
bicarbonate (pH 8.0) by two consecutive wash/centrifugation steps. Sequencing grade
porcine trypsin at a concentration of 1 pg/pL in 100 mM ammonium bicarbonate (30 pL)
was added to the protein on the 10 kDa filters and incubated for 16 h at 37°C in a wet
chamber. The filters were transferred to fresh centrifuge tubes and the filtrate (digested
peptides) were collected following centrifugation (20,800 x g, 10 min). The filters were
washed with 200 pL of 100 mM ammonium bicarbonate and the filtrates were combined
and lyophilised. The tryptic peptides were resuspended in 30 pL of 1% formic acid (FA)
and 12 pL was injected on the LC-MS/MS system.

C. METHOD DEVELOPMENT: LC-MS CHARACTERIZATION OF THE PROTEIN
AFTER PEPSIN DIGESTION

The Hisyp::Pavsa-A4D protein was diluted in UA buffer to ~1.3 pg/ulL. An aliquot of the
protein extract (equivalent to ~200 pg) was subjected to filter-assisted sample preparation
(FASP). The protein extract was applied to a 10 kDa MWCO filter (Millipore), washed
with two 200 pL volumes of UA buffer with centrifugation (20,800 x g, 15 min). The
buffer was exchanged using 50 mM ammonium bicarbonate (pH 8.0) by two consecutive
wash/centrifugation steps. The pH was adjusted by further washing with acidified 50 mM
ammonium bicarbonate (pH 1.2) by two consecutive wash/centrifugation steps. The 10
kDa filter was transferred to a fresh centrifuge tube and 600 pg pepsin (200 pL, 3 pg/pL in
50 mM ammonium bicarbonate, pH 1.2) was added to obtain an enzyme to protein ratio of
3:1. The filter was incubated at 37°C. After 60 min the filter was transferred to a clean
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tube. The filtrate (containing the digested peptides) was collected following centrifugation
(20,800 x g, 10 min). The filters were washed with 200 pL of 100 mM ammonium
bicarbonate and the filtrates were combined and lyophilised and stored at -20°C until
analysis. The resultant peptides were reconstituted in 12.5 pL of 1% FA of which 10 pL
was analysed by LC-MS/MS.

D. METHOD DEVELOPMENT: LC-MS ANALYSIS

Proteolytically digested (either pepsin or trypsin) protein were analysed as described
previously (Colgrave et al, 2014) with chromatographic separation (2%/min linear gradient
from 2-40% acetonitrile) using a nano HPLC system (Shimadzu Scientific, Rydalmere,
Australia) directly coupled to a TripleTOF 5600 MS (AB SCIEX, Foster City CA, USA).
ProteinPilot™ 4.0 software (AB SCIEX) with the Paragon Algorithm (Shilov et al, 2007)
was used for protein identification. Tandem mass spectrometry data was searched against
in silico tryptic digests of a custom-built database. The database (76,110 sequences)
comprised the Noctuidae and Baculovirus proteins of the Uniprot-KB database (version
2015/11) appended with the transgenic proteins and additionally with a database of
contaminant proteins (known as the common repository of adventitious proteins). The
search parameters were defined as: (1) no modification to cysteine and pepsin as the
digestion enzyme; or (2) iodoacetamide modified for cysteine alkylation and trypsin as the
digestion enzyme. Additional modifications and cleavages were defined previously
(Colgrave et al, 2014). The database search results were manually curated to yield the
protein identifications using a 1% global false discovery rate (FDR) determined by the in-
built FDR tool within ProteinPilot software (Tang et al, 2008).

E. IDENTIFICATION OF PROTOTYPIC PEPTIDES FOR PROTEIN DIGESTIBILITY

For the tryptic data, peptide summaries generated by ProteinPilot were used to select
peptides that yielded intense peaks and were fully tryptic, i.e. no unusual or missed
cleavages. For the pepsin data, peptide summaries generated by ProteinPilot were used to
select peptides that yielded intense peaks and that were consistently observed in the
replicate digests and that were present after 30 and 60 min incubation with pepsin. As
pepsin is non-specific, many of these peptide products were overlapping or contained
missed cleavages. MRM transitions (Tables 1-2) were determined for each peptide where
the precursor ion (Q1) m/z and the fragment ion (Q3) m/z values were determined from the
data collected in the discovery experiments. Three transitions were used per peptide (with
8 peptides from Pavsa-A4D), wherein the peak area of the three MRM transitions were
summed.
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F. DIGESTIBILITY ASSAY

Two test systems, pepsin digestion (representing simulated gastric fluid, SGF) and a
combined pepsin-trypsin digestion, were utilized independently to test the stability of the
Hisyo::Pavsa-A4D protein. SGF contained the proteolytic enzyme pepsin in a buffer
adjusted to an acidic pH 1.2, using a highly purified form of pepsin. The SGF was
formulated so that an enzyme:protein ratio of 3:1 would be present in the digestion
reactions. The digestion of the Pavsa-A4D protein was monitored by LC-MS/MS (as
described below).

G. JUSTIFICATION FOR SELECTION OF THE PEPSIN TEST SYSTEM

In vitro digestion models are used widely to assess the nutritional value of ingested
proteins based on their amino acid bioavailability. The correlation between protein
allergenicity and protein stability in an in vitro pepsin digestion assay has been previously
established (Astwood et al. 1996). When proteins are found to be highly digestible, the
potential for systemic exposure is reduced. The current safety assessment strategy (Codex,
2003) is based on a weight-of-evidence approach that recognizes that no single endpoint
can predict human allergenicity potential. Based on this strategy, a number of factors are
evaluated: the gene source, determining the similarity of amino acid sequence of the newly
expressed protein to known allergens, the abundance of the protein in the crop and the
digestibility of the protein to in vitro digestion. The pepsin digestibility assay protocol
used in this study was based on the protocol standardized by the International Life
Sciences Institute (ILSI) in a multi-laboratory test. The results demonstrated that the in
vitro pepsin digestion assay is reproducible when a common protocol is followed (Thomas
et al. 2004).

H. JUSTIFICATION FOR DESIGN AND APPLICATION OF THE COMBINED
PEPSIN-TRYPSIN TEST SYSTEM

The complete digestion of a protein by a single enzyme is difficult to judge, especially
when employing a non-specific enzyme such as pepsin. While it is possible to judge the
disappearance of the intact protein on a gel or by Western blotting techniques, the protein
may be hydrolysed once (cleaved at a single site) or multiple times often resulting in small
and overlapping fragments. Allergenic reactions require that a protein or protein fragment
simultaneously bind to two IgE molecules in order to induce mast cell degranulation
(Goodman 2008). This IgE binding places theoretical limits on the peptide size of between
1500 and 3500 Da. Gel analysis with various staining or antibody techniques is typically
able to detect peptides down to approximately 3,000 Da. When employing gel analysis
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solely, to judge the completeness of digestion, a high level of purity is required. When
employing antibodies, the hydrolysis of a protein by a proteolytic enzyme may result in
cleavage of the antigenic site (epitope) thus rendering antibody-based detection methods
unsuitable. Likewise, cleavage of a protein at a single site may yield two protein
fragments, in which one may contain the epitope (recognised by a monoclonal antibody)
while the other does not. In this instance, large protein fragments may evade detection.

By using LC-MS/MS analysis, the peptide products resulting from both pepsin and trypsin
digestions could first be determined qualitatively and then subsequently a quantitative LC-
MS/MS for the detection of these peptide fragments was developed. LC-MS analysis is
capable of simultaneously monitoring peptides spanning the entire protein sequence that
are generated by proteolytic digestion. The approach to analyse digestibility in this study
mimics the typical mammalian digestive system that exposes food proteins to both pepsin
(stomach) and trypsin (intestine) enzymes in transit through the gut.

l. PEPSIN DIGESTION

Thirty pg of protein (30 uL, n=30 comprising 5 replicate digestions and 6 time points)
were applied to a 10 kDa molecular weight cut-off filter (Millipore, Australia), washed
twice with 200 pL volumes of UA buffer with centrifugation (20,800 x g, 15 min). The
buffer was exchanged using 50 mM ammonium bicarbonate (pH 8.0) by two consecutive
wash/centrifugation steps. The pH was adjusted by further washing with acidified 50 mM
ammonium bicarbonate (pH 1.2) by two consecutive wash/centrifugation steps. The 10
kDa filters were transferred to fresh centrifuge tubes and 90 pg pepsin (150 uL, 0.6 pg/mL
in 50 MM ammonium bicarbonate (pH 1.2) was added to obtain an enzyme to protein ratio
of 3:1. The replicate tubes were incubated at 37°C for 5 time points (5, 10, 15, 30 and 60
mins). Pepsin was not applied to the 0 time point, which served as an experimental control
for acid hydrolysis. The digestion was stopped by the addition of 200 pL of 50 mM
ammonium bicarbonate (pH 8.0) which served to irreversibly inactivate the enzyme. The
10 kDa filters were immediately centrifuged (20,800 x g, 15 min) and the filtrate
containing digested peptides were collected. The filters were washed twice with 200 uL of
50 mM ammonium bicarbonate (pH 8.0) and the filtrates were combined, lyophilised and
stored in a -80°C freezer until analyzed. The peptic peptides were resuspended in 12 pL of
1% FA and run on the 6500 QTRAP LC-MS system and quantified.

J. TRYPSIN DIGESTION

The 10 kDa filters were transferred to fresh centrifuge tubes and the residual protein was
reduced with 200 pL of 50 mM DTT, 50 mM ammonium bicarbonate (pH 8.5) on mixer at
600 rpm for 45 min prior to centrifugation (20,800 x g, 15 min). The protein was alkylated
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with 200 pL of 50 mM IAM, 50 mM ammonium bicarbonate (pH 8.5) in the dark for 20
min prior to centrifugation (20,800 x g, 15 min). The 10 kDa filters were transferred to
fresh centrifuge tubes and 2 pg trypsin (200 pL, 0.01 pg/mL in 50 mM ammonium
bicarbonate, pH 8.5, and 1 mM CaCl,) was added to obtain an enzyme to protein ratio of
~1:15. The replicate tubes were incubated at 37°C for 16 h. The filters were centrifuged
(20,800 x g, 15 min) and the filtrates containing digested peptides were collected. The
filters were washed twice with 200 pL of 50 mM ammonium bicarbonate (pH 8.5) and the
filtrates were combined, lyophilised and stored in a -80°C freezer until analyzed. The
tryptic peptides were resuspended in 12 pL of 1% FA and run on the 6500 QTRAP LC-
MS and quantified.

K.  LC-MRM-MS QUANTIFICATION OF DIGESTION PRODUCTS

Either 5 pL of native peptic peptides (Table 1) or reduced and alkylated tryptic peptides
(Table 2) were chromatographically separated on a Shimadzu Nexera UHPLC and
analyzed on a 6500 QTRAP mass spectrometer (AB SCIEX) as described previously
(Colgrave et al, 2014). Quantification was achieved using scheduled MRM scanning
experiments using a 60 s detection window for each MRM transition and a 0.2 s cycle
time. Peaks were integrated using MultiQuant v3.0 (AB SCIEX) wherein all three
transitions were required to co-elute at the same retention time (RT, min) with a signal-to-
noise (S/N)>3 for detection and a S/N>5 for quantification. The graphs showing
digestibility of the Pavsa-A4D protein were generated in Graphpad Prism v6.

V. EXPERIMENTAL DESIGN
A. SPECIFICITY OF PROTEOLYTIC ENZYMES USED IN THIS STUDY

For the digestibility assay, two enzymes trypsin and pepsin were used. Trypsin is a serine
protease that is found in the digestive system. Trypsin cleaves polypeptide chains at the
carboxyl side of the basic amino acids lysine (K) or arginine (R), but the cleavage is
hindered by the presence of proline as the preceding amino acid (P1’ position, Figure 2A).
Pepsin is a protease produced in the stomach and is efficient at cleaving the peptide bonds
adjacent to aromatic and hydrophobic amino acids phenylalanine (F), tyrosine (Y),
tryptophan (W) and leucine (L) (Figure 2B). Histidine (H), lysine (K) and arginine (R) at
the P3 position act to hinder proteolysis, while proline (P) at P3 or P4 positions promotes
proteolysis.
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(A) Substrate: Cleavage
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Figure 2. Specificity of proteolytic enzymes used in this study.

(A) Trypsin cleavage site. Proline (P) as the preceding amino acid (P1’ position)
hinders proteolysis is shown in red. (B) Pepsin cleavage sites at both sides of
aromatic and hydrophobic amino acids. Amino acids that act to hinder proteolysis at
the P3 position are shown in red, whereas those that promote proteolysis (P at P3 or
P4) are shown in green. The images were created using WebLogo (Crooks et al,
2004).

B. THEORETICAL PREDICTION OF DIGESTION CURVES

Upon digestion with pepsin alone, there are a number of scenarios that may occur (Figure
3A). The simplest one is when the protein is rapidly digested to produce fully peptic
fragments wherein the response rapidly increases reaching a maximum and creating a
plateau (filled circle). The second one involves the slow digestion that does not reach a
plateau within the experimental duration (filled triangles). This scenario is difficult to
judge for completeness as LC-MS monitors the peptide response (peptide peak intensity or
area). The third one involves a rapid, but incomplete digestion that may appear to be
complete as judged by the plateau in peptide response (empty circles). Lastly, slow and
incomplete digestion may be observed (empty triangles).

By employing trypsin post-pepsin (Figure 3B), it is possible to judge the completeness of
the digestion by comparison to an experimental control (time 0, no pepsin added) wherein
the tryptic peptides liberated appear at the maximum value (in this instance as the MRM
peak area). If the protein is not digested, then no decrease in peptide response will be
observed (circles, dashed line). If the protein is partially digested, a partial decrease in the
peptide response will be observed (squares, dotted line). If the protein is completely
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digested, the peptide response will drop to zero within the experiment duration (triangles,
solid line).

Thus by examining the pepsin proteolytic fragments, the breakdown of a protein could be
monitored, but it is noted that determining whether degradation had reached completion is
a difficult task. To overcome this deficiency, the tryptic peptide products were used as a
proxy for intact protein, wherein in the absence of pepsin, the amount of tryptic peptide
was equivalent to 100% of protein being present. In the presence of pepsin (at varying time
points during digestion), the level of tryptic peptides would be expected to decrease for
peptides that contained a pepsin cleavage site. In this way the complete degradation of the
protein could be monitored.

A )

( ) Pepsin
3‘125'
o —®—- Rapid & complete digestion
;( 100 4 Ps L ’,' -¥- Slow & complete digestion

S P L7 -6~ Rapid butincomplete digestion

.

>§< ; 751 /’ -¥- Slow butincomplete digestion

s

Z = 504 —~< —V

o . -

\c E ,I ——4

T E 254 PPT At
£ PR e
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g O _I T T 1
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Time (min)
B ) .
( ) Trypsin (Post-Pepsin)

1259
-®- Undigestible protein
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Present

%
(Relative to Control)

Time (min)

Figure 3. Theoretical digestion curves that could be generated using LC-MS and
the proposed digestibility assay.
Theoretical digestion curves for pepsin (A) and trypsin post-pepsin (B).

Nuseed Report 16 of 33 December 12, 2016
No. 2016-014



C. SGF DIGESTION

Simulated gastric fluid (SGF) was represented by the proteolytic enzyme pepsin in a buffer
adjusted to an acidic pH 1.2. The digestion was performed for 5, 10, 15, 30 and 60 min,
with 0 min (no pepsin added) as the control, and each with five replicates. Due to the
practical difficulty that was involved in filtering and washing after pepsin digestion with
five replicates, the earliest practical time point was 5 min from the addition of pepsin. The
increased abundance of targeted peptic peptides was used as indicator of the protein
digestibility.

The SGF digestion was further extended by pepsin digestion at the same time point as
above, followed by 16 h digestion with trypsin, designated as combined pepsin-trypsin
digestion. The relative abundance of tryptic peptides compared to the abundance of same
peptides in no pepsin digestion (0 min) followed by trypsin digestion was used as indicator
of the protein digestibility.

VI. RESULTS

A. PROTEIN EXTRACTION

The total protein extracted was estimated to be ~5.7 mg/mL. The total protein from the
precipitated pellet and supernatant were assessed by SDS-PAGE (Figure 4A). The protein
was also transferred to PVDF membrane and confirmed with Western blot using an anti
His-tag antibody. The expected molecular weight (MW) of Hisig::Pavsa-A4D is 51 kDa. A
specific protein band close to 50 kDa was detected in the protein pellet, but very low levels
were detected in the supernatant (Figure 4B), suggesting good recovery of intact protein by
protein precipitation.
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Figure 4. Characterisation of Hisyo::Pavsa-A4D protein expressed in baculovirus-
infected insect cells.

(A) SDS-PAGE of total proteins from baculovirus infected cells. (B) Western blot
analysis of Hisyg::Pavsa-A4D developed with anti His-tag antibody (1:1000 dilution).
M, protein markers with molecular weight indicated aside; lane 1, total pellet protein;
lane 2, total protein in supernatant.

B. CHARACTERISATION OF THE PAVSA-A4D PROTEIN USING PEPSIN

As depicted in Figure 2, pepsin is a relatively non-specific enzyme which cleavages at Phe
(F), Tyr (Y), Trp (W) and Leu (L) resulting in hundreds of possible peptide fragments
wherein missed cleavages are commonly observed. In silico analysis of the Pavsa-A4D
protein with pepsin digestion suggested the theoretical pepsin cleavage map below.

MHHHHHHHHHHSLEVLFQGPMPPSAAKQMGASTGVHAGVTDSSAFTRKDVADRPDLT I
VGDSVYDAKAFRSEHPGGAHFVSLFGGRDATEAFMEYHRRAWPKSRMSRFHVGSLAST
EEPVAADEGYLQLCARIAKMVPSVSSGFAPASYWVKAGLILGSAIALEAYMLYAGKRL
LPSIVLGWLFALIGLNIQHDANHGALSKSASVNLALGLCQDWIGGSMILWLOEHVVMH
HLHTNDVDKDPDQKAHGALRLKPTDAWS PMHWLQHLYLLPGETMYAFKLLFLDISELV
MWRWEGEPISKLAGYLFMPSLLLKLTFWARFVALPLYLAPSVHTAVCIAATVMTGSFY
LAFFFFISHNFEGVASVGPDGSITSMTRGASFLKRQAETSSNVGGPLLATLNGGLNYQ
IEHHLFPRVHHGFYPRLAPLVKAELEARGIEYKHYPTIWSNLASTLRHMYALGRRPRS
KAE

Figure 5. Theoretical pepsin cleavage map.
The potential pepsin cleavage sites are indicated in bold red font. Pepsin cleaves at
both the amino and carboxyl sides of the highlighted residues. Wave underlined is the
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N-terminal His-tag and protease cleavage site followed by methionine of native
Pavsa-A4D in the fusion protein.

In this study, the peptide fragments of His;o::Pavsa-A4D persisting after pepsin digestion
for 60 min were characterised by untargeted LC-MS/MS.

LFQGPMPPSAAKQMGASTGVHAGVTDSSAFTRKDVADRPDLTI
VGDSVYDAKAFRSEHPGGAHFVSL RAWPKSRMSRFHVGSLAST
EEPVAADEGYLQLCARIAKMVPSVSSGFAPASYWVKAGLILGSAIALEAYMLYAGKRL
LPSIVLGWLFALIGLNIQHDANHGAL SVNLALGLC IGGSMILWLOEHVVMH
HLHTNDVDKDPDQKAHGALRL WSPMHW FKLLFLDISE

WRWEGEPISKLAGYLFMPSLLLKLTFWARFVALPLYLAPSVHTAVCI
VASVGPDGSITSMTRGASFLKRQAETSSNVGGPLLATLNGGLNYQ
IEHHLFPRVHHGFYPRLAPLVKAEL IEYKHYPTIW RHMYAL

Figure 6. Protein sequence coverage obtained after pepsin digestion.

Green = peptides identified with >95% confidence; yellow = peptides identified with
50-95% confidence; red = peptides identified with <50% confidence; grey = not
detected. Wave underlined is the N-terminal His-tag and protease cleavage site
followed by methionine of native Pavsa-A4D in the fusion protein. The fully tryptic
peptide product, FHVGSLASTEEPVAADEGYLQLCAR, was not detected in this
experimental digest (representative sequence coverage shown). However, this peptide
was detected in an alternate digest and as such was included in the MRM method
developed (Table 2).

C. CHARACTERISATION OF THE PAVSA-A4D PROTEIN USING TRYPSIN

Trypsin is a relatively specific enzyme that cleavages at Lys (K) and Arg (R) resulting in
37 possible peptide fragments, of which 22 were in the mass range suited to LC-MS/MS
analysis (Report N° 2016-015).

MHHHHHHHHHHSLEVLFQGPMPPSAAKQMGASTGVHAGVTDSSAFTRKDVADRPDLT I
VGDSVYDAKAFRSEHPGGAHFVSLFGGRDATEAFME Y HRRAWPKSRMSRFHVGSLAST
EEPVAADEGYLQLCARIAKMVPSVSSGFAPASYWVKAGLILGSAIALEAYMLYAGKRL
LPSIVLGWLFALIGLNIQHDANHGALSKSASVNLALGLCQDWIGGSMILWLQEHVVMH
HLHTNDVDKDPDQKAHGALRLKPTDAWS PMHWLQHLYLLPGETMYAFKLLFLDISELV
MWRWEGEPISKLAGYLFMPSLLLKLTFWARFVALPLYLAPSVHTAVCIAATVMTGSFEY
LAFFFFISHNFEGVASVGPDGSITSMTRGASFLKRQAETSSNVGGPLLATLNGGLNYQ
IEHHLFPRVHHGFYPRLAPLVKAELEARGIEYKHYPTIWSNLASTLRHMYALGRRPRS
KAE

Figure 7. Theoretical trypsin cleavage map.
The potential trypsin cleavage sites are indicated in bold blue font. Trypsin cleaves at
the carboxyl side of the highlighted residues. Wave underlined is the N-terminal His-
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tag and protease cleavage site followed by methionine of native Pavsa-A4D in the
fusion protein.

In this study, the peptide fragments present after trypsin digestion (for 16 h) were
characterised by untargeted LC-MS/MS as shown in Figure 8.

QOMGASTGVHAGVTDSSAFTRKDVADRPDLTI
VGDSVYDAK SEHPGGAHFVSLFGGRDATEAFMEYHRRAWPKSR

LLFLDISELV
MWRWEGEPISKLAGYLFMPSLLLKLTEFWAR

VHHGFYPRLAPLVKAELEAR HYPTIWSNLASTLRHMYALGR

Figure 8. Protein sequence coverage obtained after trypsin digestion.
Green = peptides identified with >95% confidence; yellow = peptides identified with
50-95% confidence; red = peptides identified with <50% confidence; grey = not
detected. Wave underlined is the N-terminal His-tag and protease cleavage site
followed by the methionine of the native Pavsa-A4D in the fusion protein.

D. DEVELOPMENT OF A QUANTITATIVE LC-MRM-MS METHOD TO ASSESS
THE PROTEIN DIGESTIBILITY

To assess the digestibility of the His;o::Pavsa-A4D protein, a targeted LC-MS/MS method
based on the use of multiple reaction monitoring (MRM) (Lange et al, 2008) mass
spectrometry (MS) was developed. The appearance and the increase of the peptic peptides
during the time course of pepsin digestion were used as the evidence of the protein
digestibility. Moreover, the rapid decline of the tryptic peptides subsequent to pepsin
digestion served as confirmation of the protein digestibility.

In order to select peptides to quantify in this method, the digestion products resulting from
both pepsin and trypsin digestion were first characterised as described previously. Peptides
that were identified with 95% confidence and that yielded intense signals in the MS were
selected for relative quantification. The eight peptides that were selected from the
digestion of the His;o::Pavsa-A4D protein are summarized in Tables 1-2. The selected
peptides spanned the length of the protein.
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Table 1. Peptide MRM transitions for Pavsa-A4D pepsin products.

Peptide (rr?i-lr;)a Q1lm/z? z? Q3 m/z? | Fragment CE?
615.310 Y5+ 27.0
FTRKDVADRPDL 2.97 478.256 3+ 686.347 y6+ 27.0
785.415 y7+ 27.0
501.278 b4+ 24.6
TRKDVADRPDL 2.20 429,234 3+ 615.310 y5+ 24.6
686.347 y6+ 24.6
657.310 b5+ 19.9
FRSEHPGGAHF 2.19 414,532 3+ 488.225 y5+ 23.9
585.278 y6+ 19.9
534.223 Y5+ 216
YLLPGETM 5.99 462.231 2+ 673.357 b6+ 21.6
774.403 b7+ 21.6
557.366 y5+ 204
WRWEGEPISKL 5.70 467.582 3+ 715.331 b5+ 204
844.374 b6+ 204
664.850 b13++ 24.8
LKRQAETSSNVGGPLL 4.19 557.313 3+ 769.918 b15++ 24.8
756.425 y8+ 24.8
438.282 b4+ 19.3
PRLAPLVKAEL 5.32 402.924 3+ 559.345 y5+ 17.3
648.419 b6+ 17.3
460.277 ya+ 25.6
APLVKAEL 451 420.763 2+ 559.345 y5+ 21.6
672.429 y6+ 19.6

Pavsa-A4D sequence:’

MPPSAAKQOMGASTGVHAGVTDSSAFTRKDVADRPDLT IVGDSVYDAKAFRSEHPGGAHFVSLFGGR
DATEAFMEYHRRAWPKSRMSRFHVGSLASTEEPVAADEGYLQLCARIAKMVPSVSSGFAPASYWVK
AGLILGSAIALEAYMLYAGKRLLPSIVLGWLFALIGLNIQHDANHGALSKSASVNLALGLCQDWIG
GSMILWLQEHVVMHHLHTNDVDKDPDOKAHGALRLKPTDAWS PMHWLQHLYLLPGETMYAFKLLFL
DISELVMWRWEGEPISKLAGYLFMPSLLLKLTFWARFVALPLYLAPSVHTAVCIAATVMTGSFYLA
FFFFISHNFEGVASVGPDGSITSMTRGASFLKRQAETSSNVGGPLLATLNGGLNYQIEHHLFPRVH
HGFYPRLAPLVKAELEARGIEYKHYPT IWSNLASTLRHMYALGRRPRSKAE

a. RT, retention time (min); Q1 m/z, precursor ion mass-to-charge ratio (m/z); z, charge state;
Q3 m/z, fragment ion m/z; CE, collision energy in V.

b. Pavsa-A4D sequence with mapped peptic peptides (bold, underlined). For pepsin, different
cleavage variants were observed owing to the incomplete digestion and these peptides have
been differentiated by single or double underline.
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Table 2. Peptide MRM transitions for Pavsa-A4D trypsin products.

Peptide (n?i-rl;)a Qim/z® | z* | Q3m/z® | Fragment | CE?
884.411 Y8+ 33.1
QMGASTGVHAGVTDSSAFTR 4.00 660.647 3+ | 1040.501 y10+ 33.1
1111.538 yll+ 33.1
953.457 yo9+ 34.8
DVADRPDLTIVGDSVYDAK 5.70 683.676 3+ 854.389 y8+ 34.8
797.368 y7+ 34.8
1301.675 y13+ 38.7
SEHPGGAHFVSLFGGR 4.95 827.908 2+ | 1019.542 y9+ 38.7
882.483 y8+ 38.7
1109.541 y9+ 47.0
FHVGSLASTEEPVAADEGYLQLC*AR 6.22 907.438 3+ 980.498 y8+ 47.0
923.477 y7+ 47.0
475.242 y3+ 24.1
DATEAFMEYHR 4.27 457.200 3+ 604.284 ya+ 24.1
735.325 y5+ 24.1
776.384 y6+ 27.1
VHHGFYPR 2.07 506.759 2+ 639.325 yo+ 27.1
582.303 ya+ 27.1
456.319 ya+ 21.0
LAPLVK 3.72 320.720 2+ 527.356 yo+ 21.0
359.266 y3+ 21.0
424.216 y7++ 26.2
HMYALGR 2.77 424.200 2+ 579.326 y5+ 26.2
710.366 y6+ 26.2

Pavsa-A4D sequence:”

MPPSAAKQMGASTGVHAGVTDSSAFTRKDVADRPDLTIVGDSVYDAKAFRSEHPGGAHFVSLFGGR
DATEAFMEYHRRAWPKSRMSRFHVGSLASTEEPVAADEGYLQLCARIAKMVPSVSSGFAPASYWVK
AGLILGSAIALEAYMLYAGKRLLPSIVLGWLEFALTIGLNIQHDANHGALSKSASVNLALGLCQDWIG
GSMILWLQEHVVMHHLHTNDVDKDPDOKAHGALRLKPTDAWS PMHWLOHLYLLPGETMYAFKLLEL
DISELVMWRWEGEPISKLAGYLFMPSLLLKLTFWAREFVALPLYLAPSVHTAVCIAATVMTGSEYLA
FFFFISHNFEGVASVGPDGSITSMTRGASFLKROQAETSSNVGGPLLATLNGGLNYQIEHHLFPRVE
HGFYPRLAPLVKAELEARGIEYKHYPTIWSNLASTLRHMYALGRRPRSKAE

a. RT, retention time (min); Q1 m/z, precursor ion mass-to-charge ratio (m/z); z, charge state;
Q3 m/z, fragment ion m/z; CE, collision energy in V.

b. Pavsa-A4D sequence with mapped tryptic peptides (bold, underlined). For trypsin, all
peptides selected were fully tryptic, i.e. contained no missed cleavages. As some of the
peptides were adjacent in the sequence, these have been differentiated by single or double
underline.

E. DIGESTIBILITY OF PAVSA-A4D PROTEIN

Digestibility of Hisjo::Pavsa-A4D in SGF was assessed by LC-MRM-MS method as
described above. Characterisation and quantification of the targeted peptic peptides
showed the rapid degradation of Hisio::Pavsa-A4D. The pepsin digestion data has been
presented in Figure 9 as the mean of five replicate digests relative percentage of the
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maximum detected MRM peak area (sum of three transitions) per peptide across the time
points (0, 5, 10, 15, 30, 60 min).

Four of the peptides characterised and quantified after pepsin digestion were cleavage
variants (Figure 9A-B, G-H). The black arrows in Figure 9 indicate that the peptide in the
left panel is cleaved further by pepsin to yield the peptide in the right panel. All peptic
peptides monitored were produced rapidly (<15 min) and many reached an equilibrium
over this time frame. The peptic peptides monitored may not represent the fully cleaved
final product as pepsin is relatively non-specific. In some cases, a decrease in peptide level
is noted over time, for example, PRLAPLVKAEL (Figure 9G) decreases after 5 min and
its product APLVKAEL increases in concentration from 10-15 min before also decreasing.
It should be noted that APLVKAEL could be further cleaved to yield smaller peptide
fragments that were not monitored, e.g. LVKAEL/VKAEL. Several other examples of
pepsin proteolysis products containing missed cleavages (indicated by red font in peptide
sequence) that are therefore susceptible to further degradation were monitored (Figure 9A,
C-H). In fact only peptide TRKDVADRPDL contains no predicted secondary cleavage
sites (Figure 2B). The appearance of these peptides in the digest is taken as evidence of the
degradation and therefore digestibility of the Pavsa-A4D protein. Six of the eight peptides
monitored reached a peak at 5 min. The remaining two peptides had reached 70% of
maximum response by 5 min and peaked by 30 min in the pepsin time course (Figure 9).
These two peptides were located in the central region of the intact Pavsa-A4D protein
(Table 1).
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Figure 9. Quantification of the peptide products of Hisig::Pavsa-A4D after pepsin
digestion.

LC-MRM-MS analysis of pepsin proteolytic fragments. The response in the LC-MS
system (measured as peak area) was converted to a percentage relative to the
maximum peak area observed during pepsin digestion. The experimental control was
time 0 with no pepsin addition. The peptides are graphed in order from protein N- to
C-terminus. The peptide sequence (and calculated molecular weight) are denoted
above each graph. Arrows indicate a subsequent cleavage to yield a secondary
cleavage variant. The potential sites for secondary pepsin cleavage are indicated in
red font within the sequence. The error bars denote SD.
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The rapid degradation of the Hisyo::Pavsa-A4D protein demonstrated by the rapid increase
of peptic peptides was further demonstrated by rapid decline of tryptic peptides in trypsin
digestion after pepsin digestion (combined pepsin-trypsin digestion). The tryptic peptides
monitored after the pepsin digest show a rapid decline in the first 5-10 min and then a
further decline over the remainder of the 60 min duration experiment (Figure 10). The
summed MRM peak area of the tryptic peptides without pepsin digestion (0 min) as the
undigested control. The summed MRM peak area of the tryptic peptides after digestion of
pepsin for 5, 10, 15, 30, 45 and 60 min followed by trypsin were calculated as the
percentage relative to the undigested control, as the indicator of the protein cleavage. It is
estimated that >93% of the protein is cleaved after 60 min on the basis of the
disappearance of these 8 tryptic peptides. The peptides containing multiple pepsin
cleavage  sites: ~ DVADRPDL'TIVGDSVY'DAK, SEHPGGAHF'VSL!'F‘GGR,
F*HVGSL'ASTEEPVAADEGY'L'QL'C[CAM]AR, DATEAF'M'EY‘HR, L'APL‘VK
and HM*Y'AL'GR (where X*X represent pepsin cleavage site) are reduced to 3.0, 0.4, 0.6,
1.2, 6.7 and 2.8% of the undigested control (no pepsin digest) respectively. This is
supported by analysis of the digested peptides on the TripleTOF 5600 LC-MS/MS, which
shows that these peptides are more frequently fragmented to yield smaller fragments after
30-60 min. The tryptic peptides containing fewer sites: QMGASTGVHAGVTDSSAF'TR
(with a single site) or VHHGFYY'PR (where the histidine in position P3 is known to
hinder pepsin cleavage) were reduced to 5.8 and 5.1% respectively. The higher percentage
of LAPLVK observed despite containing two potential pepsin cleavage sites (L1 and L4)
can be explained in relation to the incomplete peptic digestion product PRLAPLVKAEL
which is noted to persist at 60 min and hence be available for tryptic digestion to yield the
fragment LAPLVK. Overall, it was observed that the peptides from the N-terminus to
center of the protein were liberated rapidly with <15% remaining after 10 min (Table 3).
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Figure 10. Quantification of the tryptic peptide products of His;o::Pavsa-A4D after
combined pepsin-trypsin digestion.

The trypsin data has been presented as the mean percentage (n=5 replicate digests)
reduction relative to the experimental control at 0 min (no pepsin addition, measured
as MRM peak area, sum of three transitions) per peptide across the time points (0, 5,
10, 15, 30, 60 min). The peptides are graphed in order from protein N- to C-terminus.
The peptide sequence (and calculated molecular weight) are denoted above each
graph. The potential sites for pepsin cleavage of these peptide sequences are indicated
in red (expected cleavage) or orange (potentially hindered) font. The error bars denote
SD.
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Table 3. Percentage of each tryptic peptide remaining during pepsin time course.

. Time (min)
Peptide Sequence 5 10 15 20 50
QMGASTGVHAGVTDSSAFTR 46.9 14.8 104 10.2 5.8
DVADRPDLTIVGDSVYDAK 28.6 6.2 5.0 3.6 3.0
SEHPGGAHFVSLFGGR 12.3 1.0 1.2 0.6 0.4
FHVGSLASTEEPVAADEGYLQLC[CAM]AR | 23.2 2.8 1.5 1.2 0.4
DATEAFMEYHR 34.2 4.8 3.2 1.8 0.9
VHHGFYPR 51.2 18.6 124 11.3 5.1
LAPLVK 47.4 16.3 114 121 6.7
HMYALGR 45.1 8.2 7.7 54 3.0
Nuseed Report 27 of 33 December 12, 2016

No. 2016-014




VII. DISCUSSION

Pavsa-A4D is an integral membrane protein. Currently there is no functional antibody for
Western blot analysis available to quantify the transgenic protein content in DHA canola,
event NS-B50027-4, or to detect the stability of Pavsa-A4D as a native protein. The
commercially raised polyclonal and monoclonal antibodies produced by GenScript
(Piscataway, NJ, USA) failed to generate a specific signal towards Pavsa-A4D. The
antibodies were raised against the synthetic peptides predicted by GenScript as potential
epitopes for antigens (Figure 11).

MPPSAAKOMGASTGVHAGVIDSSAFTRKDVADRPDLTIVGDSVYDAKAFRSEHPGGAHEFVSLEG
GRDATEAFMEYHRRAWPKSRMSREFHVGSLASTEEPVAADEGYLQLCARIAKMVPSVSSGEFAPAS
YWVKAGLILGSATALEAYMLYAGKRLLPSIVLGWLEFALIGLNIQHDANHGALSKSASVNLALGL
CODWIGGSMILWLOQEHVVMHHLHTNDVDKDPDOKAHGALRLKPTDAWSPMHWLOHLYLLPGETM
YAFKLLFLDISELVMWRWEGEPISKLAGYLFMPSLLLKLTFWAREVALPLYLAPSVHTAVCIAA
TVMTGSEYLAFFEFFISHNFEGVASVGPDGSITSMTRGASELKROQAETSSNVGGPLLATLNGGLN
YOIEHHLFPRVHHGEYPRLAPLVKAELEARGIEYKHYPTIWSNLASTLRHMYALGRRPRSKAE

Figure 11. Peptides selected for antibody production by GenScript.
The peptides for polyclonal antibodies are highlighted in yellow, while the peptide
for both polyclonal and monoclonal antibodies is highlighted in cyan.

Although Pavsa-A4D, expressed as the His-tag fusion protein, could be analysed by
Western blot using the anti-His-tag antibody, such a Western blot analysis could only
monitor the fusion region rather than whole protein, which would be problematic when the
His-tag is cleaved off, for example after SGF digestion. In addition, the anti-His-tag
antibody is not suitable for quantification of the native Pavsa-A4D (unfused) protein in
DHA canola. Thus an alternative approach using LC-MRM-MS analysis was developed
here, which can be applied to both the quantification of protein expressed in canola and to
the stability assay. The results shown here clearly demonstrated that the LC-MS approach
is suitable for such an application. This method is as sensitive as traditional Western blot,
which can normally detect down to a ng to pg protein scale. The LC-MRM-MS approach
used was demonstrated to detect Pavsa-A4D levels as low as 0.31 femtomoles which
equates to ~15 pg on a protein scale (Report N° 2016-015). In addition, Western blot using
antibodies might only detect a limited number of epitopes (one or two) from the protein.
Here we targeted eight peptides, spanning the intact protein, which provides an
understanding of the kinetics of digestion and the susceptibility of specific regions of the
protein to proteolysis. Due to the technical difficulty that was involved in the filtration and
washing steps after pepsin digestion with five replicates, the earliest practical time point
was 5 min. Nevertheless, the results have shown the successful application of LC-MRM-
MS for protein digestibility analysis.
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The thermal stability of the trans-membrane enzyme proteins, such as desaturases and
elongases, cannot be easily characterized in vitro as it can for non-membrane bound
enzymes. Traditionally the isolated protein is heated to various temperatures and its
enzymatic activity is assayed to ascertain the level of functionality. A denatured or
unfolded protein will lose its enzymatic activity. Desaturase activity has been assayed in
crude extracts when the required substrates are added (Jackson et al. 1998), but with DHA
canola it is far more difficult because there are multiple desaturases and elongases
expressed in the canola seed and the levels of the transgenic proteins in seed were
extremely low (see Report N° 2016-015). Solubilisation using detergents to replace the
lipid of the membrane and purification can increase the levels of protein but once away
from the membranes, the desaturase or elongase is not assayable most likely due to the
requirement of other proteins co-localized in the membrane as well as cofactors, some yet
unknown.

Membrane proteins, and especially trans-membrane proteins, typically have low thermal
stability and are difficult to refold once they are partially or fully denatured (Bowie 2001).
When cells are heated, the lipid membrane becomes more fluid and exposes the
hydrophobic regions of the proteins within the membrane. When exposed, the hydrophobic
regions tend to lead to protein aggregation and loss of function. This is seen when
preparing gel samples of membrane proteins isolated with detergents (Gennis 1989).

SDS-PAGE analysis is not useful for determining thermal denaturation of membrane
proteins. It may be used to determine the amount of protein aggregating at a given
temperature, with the protein sample being heated, and the aggregated protein removed by
centrifugation before the remaining protein in the solution is subjected to SDS-PAGE
analysis. However in the absence of detergent, all membrane proteins will be in the
precipitate, and in the presence of detergent micelles, unfolded proteins could be
artificially solubilised and remain in the soluble fraction, hence providing no useful
information about thermal stability or activity.

In the processing of seeds to produce oil, the seed material reaches temperatures ranging
from 80°C to 115°C. It is improbable that any trans-membrane proteins will be remain in
the native folded state at this temperature and even after cooling, it will be unlikely to
refold correctly. Therefore it is anticipated that Pavsa-A4D will not be present in its native,
folded state after processing and hence will have reduced or no activity. Based on these
reasons, the thermal stability of Pavsa-A4D was not included in this study.

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
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front-end desaturases, including A4-, A5-, A6- and A8-desaturases, exist in a wide range of
organisms including algae, diatom, fungi, moss, bacteria and plants. The front-end
desaturases all contain a cytochrome bs-like domain at the N-terminus fused with a
desaturase domain with three conserved histidine motifs required for desaturase activity
(Zhou et al. 2007). Some of these front-end desaturases are also common in food or in
food production (see Report N° 2016-011). The Pavsa-A4D protein was used as the
representative of the three front-end desaturases (Micpu-A6D, Pavsa-A5D and Pavsa-A4D)
engineered in DHA canola, for stability analysis in this report.

VIII. CONCLUSIONS

The results of this study demonstrated that greater than 80% digested within 10 min and
greater than 93% of the full-length Pavsa-A4D protein was digested within 60 min of
incubation in pepsin. The combined pepsin-trypsin assay showed a rapid decline in the
tryptic peptides that were used as a proxy for the presence of intact protein.

The results of this study show that the integral membrane protein Pavsa-A4D was readily
digestible in pepsin and/or trypsin. Rapid digestion of the full-length protein is one of
many factors that indicate protein safety.
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