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Protein and lipid composition analysis of oil bodies
from two Brassica napus cultivars
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Oil bodies were purified from mature seed of two Brassica napus crop cultivars, Reston and
Westar. Purified oil body proteins were subjected to both 2-DE followed by LC-MS/MS and mul-
tidimensional protein identification technology. Besides previously known oil body proteins
oleosin, putative embryo specific protein ATS1, (similar to caleosin), and 11-beta-hydroxysteroid
dehydrogenase-like protein (steroleosin), several new proteins were identified in this study. One
of the identified proteins, a short chain dehydrogenase/reductase, is similar to a triacylglycerol-
associated factor from narrow-leafed lupin while the other, a protein annotated as a myrosinase
associated protein, shows high similarity to the lipase/hydrolase family of enzymes with GDSL-
motifs. These similarities suggest these two proteins could be involved in oil body degradation.
Detailed analysis of the two other oil body components, polar lipids (lipid monolayer) and neutral
lipids (triacylglycerol matrix) was also performed. Major differences were observed in the fatty
acid composition of polar lipid fractions between the two B. napus cultivars. Neutral lipid com-
position confirmed erucic acid and oleic acid accumulation in Reston and Westar seed oil,
respectively. R
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1 Introduction cellular level, TAG is synthesized in the endoplasmic reticu-

lum (ER) and stored in small spherical organelles termed oil

In plants, storage lipids in the form of triacylglycerol (TAG)
are deposited in the embryo or endosperm during seed
development, and are mobilized upon germination to pro-
vide carbon and energy for the developing seedling. At the
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bodies. In situ electron microscopic observations of maturing
seed suggest that plant seed oil bodies are formed through
the ‘budding’ of ER. The mechanistic details of ER budding
are not entirely understood but it is known that the process
involves the accumulation of TAG molecules at the region
between the two polar lipid (PL) monolayers of the ER
membrane until a nascent oil body, composed of TAG matrix
surrounded by a PL monolayer, is produced [1-3].

The major protein component of oil body organelles are
oleosins, low molecular weight (15-26 kDa) basic proteins,
embedded in the PL monolayer. Oleosins are prominent in
plant seed oil bodies [4-6] and together with PL prevent coa-
lescence of oil bodies and attack of unspecific cytosolic lipa-
ses and phospholipases by maintaining organelles as small
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particles through surface charge and steric hindrance in
desiccating seed [7, 8]. It has also been suggested that oleo-
sins provide a specific binding site for lipases during seed
germination [9, 10]. Analysis of maturing seed and micro-
spore embryo cultures showed that in Brassica species TAGs
and oleosins accumulate simultaneously during oil body
formation [11]. As the fundamental protein found in oil
bodies of diverse angiosperms and gymnosperms, oleosins
have been studied in numerous plant species including corn,
sesame, safflower, sunflower, rapeseed, castor bean, and
soybean [12-20].

Oil bodies from sesame and Arabidopsis thaliana were
reported to contain a small number of proteins other than
oleosins [21]. Chen et al. [22] identified three minor proteins
(Sop1, Sop2, Sop3) in sesame oil bodies. The Sopl protein
was found to be homologous to a rice protein with a calcium
binding domain and was named caleosin [23]. Lin et al. [24]
characterized Sop2 protein from sesame and named it ster-
oleosin for its homology to a sterol binding dehydrogenase/
reductase class of proteins involved in signal transduction in
diverse organisms. A glycosylphosphatidylinositol-anchored
protein of unknown function was recently identified in oil
bodies from A. thaliana [25]. These discoveries suggested
that the composition of oil bodies might be more complex
than previously envisioned.

Recent development of high throughput protein identifi-
cation techniques allows for more thorough systematic pro-
teomic analyses. However, current MS-based approaches
have only recently been used to study the protein composi-
tion of plant oil bodies. Jolivet et al. [25] used SDS-PAGE
coupled with MS to resolve and identify proteins from
A. thaliana oil bodies. In addition to four oleosins, this
investigation revealed a 11-B-hydroxysteroid dehydrogenase-
like protein, an embryo specific protein, (ATS1), a probable
aquaporin, and a glycosylphosphatidylinositol-anchored
protein of unknown function.

A more thorough analysis of plant oil body proteomes
could potentially be obtained by using multiple, com-
plementary proteomic approaches. For this purpose we
selected a major oilseed crop, Brassica napus (common
names: rapeseed; oilseed rape) and adapted previously
established protocols to purify and characterize oil bodies
from two B. napus cultivars: high erucic, low glucosinolate
cultivar (cv.) Reston and low erucic, low glucosinolate cv.
Westar (canola). B. napus oil body proteins were character-
ized using two independent, complementary approaches:
2-DE followed by in-gel trypsin digestion and LC-MS/MS;
and in-solution trypsin digestion of total proteins followed by
multidimensional LC-MS/MS, also referred to as Multi-
dimensional Protein Identification Technology (MudPIT)
[26]. In addition to major, previously characterized oil body
proteins several additional proteins were identified.

The other, non-protein component of oil bodies is lipids.
The oil body PL monolayer and TAG matrix were analyzed by
TLC and GC-MS. The results support known differences in
neutral lipid fatty acid composition between Reston and
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Westar cultivars. However, analyses of PLs reveal major, pre-
viously uncharacterized differences in PL fatty acid compo-
sition between these two cultivars.

2 Materials and methods
2.1 Plant material

Mature seed from two Brassica napus cultivars was used for oil
body isolation, high erucic acid, low glucosinolate cv. Reston
and spring canola (low erucic acid, low glucosinolate) cv. Wes-
tar. Reston seed was kindly provided by Dr. Peter McVetty,
University of Manitoba, Winnipeg, Canada. Westar seed was
obtained courtesy of Dr. Gerhard Rakow, Agriculture and Agri-
Food Canada Research Center, Saskatoon, Saskatchewan.

2.2 lIsolation of oil bodies from mature seed

Oil bodies were isolated according to the method by Tzen
et al., [27] with the following modifications. Approximately
5 g of mature seed was ground in 15 mL cold (4°C) grinding
medium one (GMI; 1 mM EDTA, 10 mM KCI, 1 mM MgCl,,
2mM DTT, 0.6 M sucrose, 0.15M tricine-KOH, pH 7.5)
using a mortar and pestle. Crude homogenate was filtered
through two layers of Miracloth and added to 15 mL cold
(4°C) flotation medium one (FMI; the same composition as
GMI with the addition of 0.4 M sucrose). The sample was
centrifuged at 10000 x g (Sorvall® HB-6 rotor) for 30 min.
The top oleaginous layer was carefully removed using a spa-
tula and resuspended in grinding medium two (GMII; the
same as GMI plus 2 M NaCl) using a 50 mL glass Dounce
homogenizer. The suspension was added to 15 mL of flota-
tion medium two (FMII; the same as FMI plus 2 M NaCl),
and centrifuged at 10000 x g for 30 min. The top layer was
resuspended with a glass homogenizer in 15 mL GMI, added
to 15 mL FMI and centrifuged at 10000 x g for 30 min. The
procedure was repeated and the final oil body layer was either
resuspended in 3 mL GMI (purified oil bodies) or subjected
to one of the following treatments: oil body layer was resus-
pended in room temperature (RT, 25°C) medium GMII and
shaken at RT for 30 min (salt washed) or the oil body layer
was resuspended in RT medium GMI with 8 M urea and
shaken at RT for 30 min (urea washed). Suspensions were
centrifuged at 10000 x g for 30 min. Oil body layers were
resuspended with glass homogenizer in 15 mL cold (4°C)
GMI, added to 15 mL cold (4°C) FMI and centrifuged as
above. The procedure was repeated and final oil body layers
were resuspended in 3 mL GMI medium. The final oil body
preparations were used for oil body protein isolation.

2.3 Protein isolation from oil body preparations
Oil body protein was isolated according to the method by

Tzen and Huang [28] with the following modifications. To
each sample of 0.5 mL isolated oil bodies, 0.5 mL petroleum
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ether was added and sample was vortexed. The sample was
centrifuged 5 min at 13000 x g. After centrifugation, the
upper petroleum ether layer containing neutral lipids was
removed. The procedure was repeated two more times, pet-
roleum ether fractions were pooled and dried under nitrogen
gas. The interfacial layer and bottom aqueous phase were
sparged with nitrogen gas to remove any remaining petro-
leum ether. To the interfacial layer and aqueous phase
0.75 mL chloroform/methanol (2:1 v/v) was added and sam-
ples were vortexed. The lower chloroform phases containing
PLs were washed three times with 1 mL methanol/water
(1:1 v/v) pooled, and dried under nitrogen gas. The protein
rich interfacial layer was resuspended in 0.25 mL water,
0.75 mL chloroform/methanol (2:1 v/v) was added and sam-
ples were vortexed and centrifuged (13000 x g, 5 min). The
procedure was repeated two more times. After washing, oil
body protein pellet was resuspended in 0.5 mL water, soni-
cated 5 min and precipitated in 4 volumes of cold 100% ace-
tone for 16 h at —20°C.

2.4 Transmission electron microscopy (TEM)

Samples were fixed in 2% v/v glutaraldehyde, 2% v/v paraf-
ormaldehyde in 100 mM sodium cacodylate buffer-NaOH,
pH 7.4 for 2.5h at 4°C and rinsed three times 20 min with
130 mM sucrose, 10 mM 2-mercaptoethanol in 100 mM
sodium cacodylate buffer-NaOH, pH 7.4. Samples were post-
fixed with 1% w/v osmium tetroxide in 100 mM sodium caco-
dylate buffer-NaOH, pH 7.4, rinsed three times 5 min with
ultrapure water (Milli-Q), and dehydrated through a graded se-
ries of acetone (20%, 50%, 70%, 90%, 3 x 100% v/v). After
infiltration through a graded acetone/Epon/Spurr’s epoxy resin
series samples were embedded in 100% w/v Spurr’s epoxy
resin and polymerized at 60°C for 24 h. Ultrathin sections were
prepared using a Diatome diamond knife on an 8800 Ultra-
tome III (LKB Instruments, Inc., Gaithersburg, MD) and
stained with uranyl acetate and lead citrate. The stained sec-
tions were examined on a JEM-1200EX transmission electron
microscope (JEOL, Ltd., Akishima, Japan). Images were recor-
ded on 4489 film (Eastman-Kodak, Rochester, NY).

2.5 SDS-PAGE and western blot analyses of oil body
proteins

After precipitation in acetone, samples were centrifuged
15 min at 8 500 x g. Protein pellets were dried and resus-
pended in 0.5 x SDS-PAGE sample buffer (1 x sample buf-
fer equals: 60 mM Tris-HCl, pH 6.8; 60 mM SDS; 5% gly-
cerol; 100 mM DTT; 30 mM bromophenol blue) by vortex-
ing. Samples were centrifuged 15 min at 13000xg to
precipitate insoluble materials. Protein concentration in the
supernatant was determined using protein assay from
BioRad (Hercules, CA), based upon modified procedure by
Bradford [29]. Protein quantification was performed in trip-
licate against standard curve of chicken y-globulin. Ten pg
protein was loaded per lane on 12% SDS-PAGE gel. The
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molecular weight marker was Sigma Marker Wide Range
(Product no. M4038). After electrophoresis gel was washed
three times for 15 min in deionized water and stained 16 h in
colloidal Coomassie (20% v/v) ethanol, 1.6% v/v phosphoric
acid, 8% w/v ammonium sulfate, 0.08% w/v colloidal
CBB G-250). For immunoblot analyses 20 g of protein was
resolved per lane and electroblotted to nitrocellulose mem-
brane. Antibody probing was performed as described pre-
viously [30]. Anti-Arabidopsis oleosin D9 mouse monoclonal
antibody was raised against bacterial produced 18 kDa Ara-
bidopsis oleosin. Secondary antibody was anti-mouse IgG
developed in goat (Sigma).

2.6 Analyses of oil body lipids by TLC and GC

TLC plates (K6 Silica Gel 60 A from Whatman) were soaked
in 0.15 M ammonium sulfate for 30 s, air dried for 3 h and
immediately before use were activated by heating at 120°C
for 3 h. PL standards (1,2-Dioleoyl-sn-Glycero-3-Phosphocho-
line; 1,2-Dioleoyl-sn-Glycero-3-Phosphoethanolamine; 1,2-Di-
oleoyl-sn-Glycero-3-Phosphate; Avanti Polar Lipids, Inc) were
diluted in chloroform at 1 mg/mL and 5 pL was spotted on the
plate. Oil body PLs were diluted in chloroform and spotted on
the plate. Plates were developed in acetone/toluene/water
(91:30:8) to allow the separation of PL from the origin. Bands
were visualized after development with iodine. For GC analy-
ses, lipid bands were scraped and collected into glass Pasteur
pipettes plugged with glass-wool, eluted with 4 mL of acidic
chloroform/methanol 1:2 v/v, [31] and washed three times
with 2 mL chloroform. Samples were dried under nitrogen
gas and transmethylated with 1% v/v sulfuric acid in metha-
nol at 60°C for 30 min. After transmethylation, fatty acid
methyl esters were extracted with hexane (2 mL water and
100 pL hexane) and analyzed by GC on an Agilent Technolo-
gies model 689N Network GC System gas chromatograph fit-
ted with a DB-23 column (30 m x 0.25 mm; film thickness
0.25 um; Agilent 122-2332). The GC conditions were: injector
temperature and flame ionization detector temperature,
250°C; running temperature program, 150°C for 1 min, then
increasing at 2°C/min to 200°C and holding at this tempera-
ture for 5 min. Quantification of FAMEs was performed using
a flame ionization detector and FAME identification was per-
formed using a mass selective detector.

2.7 2-DE of oil body proteins

After acetone precipitation, protein pellets were dried and
resuspended in IEF sample extraction medium (8 M urea,
2 M thiourea, 2% w/v CHAPS, 2% v/v Triton X-100, 50 mM
DTT) by vortexing at low speed for 1 h. Insoluble matter was
removed by centrifugation for 20 min at 14000 x g. The
desired amount of protein (0.5 mg) was added to a 1.5 mL
tube, and volume was brought up to 450 uL with IEF extrac-
tion media. Ampholytes (2.25 pL) were added, mixed by vor-
texing, and centrifuged for 5 min at 14 000 x g to remove the
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remaining insoluble matter. 2-DE of oil body proteins, gel
staining, imaging, and analysis was performed as described
by Hajduch et al. [32].

2.8 LC-MS/MS identification of proteins from 2-D gels

Protein spots from 2-D gels were arrayed into 96-well Multi-
Screen plate model R5.5 um hydrophilic PTFE membrane,
glass-filled polypropylene plates (Milipore, Bedford, MA)
using a 1.5 mm diameter excision pen (Gel Company, San
Francisco, CA). In-gel digestion with trypsin and sample
preparation for MS was performed according to Hajduch
et al. [32]. LC-MS/MS analyses of tryptic peptides were per-
formed using an LTQ Proteome X mass spectrometer
(Thermo Finnigan, San Jose, CA). The mass spectrometer
was operated according to manufacturer’s instructions for
high throughput protein identification. Briefly, on-line capil-
lary LC included two polymeric sample traps (2 g capacity
each) and a fast-equilibrating C18 capillary column (Micro-
Tech Scientific, Cousteau Ct. Vista, CA; 150 pm ID x 10 cm).
The method alternated between loading/equilibration and
elution using two peptide traps to reduce time required for
each online LC-MS/MS. For analysis, 10 uL of sample in
0.1% v/v formic acid was loaded. For sample elution, a
15 min gradient with 40% of solution A (0.1% formic acid in
water) and 60% of solution B (0.1% formic acid in acetoni-
trile) was followed by a 5 min gradient with 20% solution A
and 80% solution B. The column was reset for 2 min and re-
equilibrated for 10 min with 100% of solution A before sam-
ple previously absorbed onto the second trap was eluted.
Eluted tryptic peptides were directly analyzed by LC-MS/MS
using 75 pm ID, 360 pm OD, 15 pum tip needles (New
Objective, Woburn) with a 1.7 kV nano-spray voltage. Manu-
facturer’s recommended scan method for high-throughput
protein identification consisted of double-play analysis
mode; a full MS scan (400-1600 m/z) followed by data de-
pendent triggered MS/MS scan for the most intense ion.

For protein identification, acquired MS/MS spectra were
searched against the non-redundant protein National Center
for Biotechnology Information (NCBI; ftp://ftp.ncbi.-
nih.gov/blast/) database (as of June 2005) using the
‘SEQUEST Search’ algorithm in the BioWorks 3.2 software
package (Thermo-Finnigan). Four criteria were applied to
SEQUEST searches to obtain high-confidence protein
assignments: 1) a minimum of two unique peptides were
required for an assignment; 2) cross-correlation number
(Xcorr) versus charge state must exceed 1.5, 2.0, and 2.5 for
+1, +2, and +3 charged peptides, respectively; 3) a peptide
probability of 0.005 was employed; 4) peptide mass search
tolerance was 2 m/z.

2.9 MudPIT of oil body proteins
After acetone precipitation, dry protein pellet was resus-

pended in 100 mM Tris-HCI, pH 8.0; 8 M urea, 5 mM DTT,
and vortexed for 30 min at RT. The clarified protein super-
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natant following centrifugation at high speed (14000 x g,
15 min) was quantified and a total of 0.1 mg protein was
reduced with 10 mM DTT at RT for 1 h and alkylated with
40 mM iodoacetamide in the dark for 1 h at RT. For in-solu-
tion digestion, the protein solution was diluted to 1 M urea
with 100 mM Tris-HCI, pH 8.0, followed by the addition of
calcium chloride to a final concentration of 1 mM. Sequenc-
ing grade modified trypsin (Promega, Madison, WI, USA)
was added to the solution at a 50:1 protein enzyme ratio and
incubated at 37°C for 20 h. The reaction was stopped by
acidification with formic acid to a final concentration of 5%.
Sample was lyophilized and stored at —80°C until MS anal-
ysis.

Before MS analysis, all samples were reconstituted in
60 pL of 0.1% formic acid in water. The MudPIT experiments
were performed according to the manufacturer’s instruc-
tions on a ProteomeX LTQ workstation (Thermo-Finnigan).
Peptides (100 pg in a volume of 20 puL) were loaded onto a
strong cation exchange resin (BioBasic SCX, 100 x 0.32 mm,
300 A, 5 um; Thermo-Finnigan) and eluted stepwise with six
ammonium chloride “bumps” (50, 100, 200, 400, 600, and
800 mM, respectively) onto peptide traps (C18, 5x 1 mm,
Thermo-Finnigan, Bellefonte) for concentrating and desalt-
ing prior to final separation by reversed-phase capillary col-
umn (BioBasic C18, 100 x 0.18 mm, 300 A, 5 um; Thermo-
Finnigan) using an ACN gradient (0% to 80% v/v) solvent B
in solvent A for a duration of 41 min, Solvent A = 0.1% v/v
formic acid in water; Solvent B = 100% ACN containing
0.1% v/v formic acid). Eluted peptides were ionized with a
fused-silica PicoTip emitter (12 cm, 360 pm OD, 75 um ID,
30 um tip; New Objective, Woburn). The heated PicoTip
emitter was held at ion spray 1.7kV and a flow rate of
250 nL/min. lons were analyzed in the data-dependent posi-
tive acquisition mode. Following each full scan (mass range
m/z 400-2000), six data-dependent MS/MS scans, isolation
width 2 amu, 35% normalized collision energy, minimum
signal threshold 500 counts, dynamic exclusion (repeat
count, 1; repeat duration, 30 s; exclusion duration 75 s), of
the six most intense parent ions were acquired. For protein
identification, acquired MS/MS spectra were searched under
the same conditions as described in Section 2.8 for 2-DE
analyses.

3 Results

3.1 In vitroisolated oil bodies from B. napus seed
are homogenous in size, reflecting in vivo
characteristics

TEM analysis of developing B. napus seed revealed a cross-
sectional view of a single embryonic cell may contain over
300 distinct oil body organelles which in total comprise
greater than 50% of the cell area (Fig. 1A). B. napus oil bodies
were spherical in shape, ranging in size from 0.2 to 3.0 pm.
Homogenization of seed in aqueous media followed by
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Figure 1. Oil body purification and TEM analyses: (A) TEM of embryonic cells from B. napus cv. Reston at 6 weeks after flowering. PSV,
protein storage vacuole; OB, oil bodies. Bar equals 5.0 um. (B) Purification of oil bodies from mature B. napus cv. Reston seed. In aqueous
media oil bodies collect at the surface during centrifugation; after iterative washes, the top layer of oil bodies were collected. (C) TEM of

purified rapeseed oil bodies. Bar equals 0.5 um.

differential centrifugation resulted in the collection of oil
bodies at the media surface, appearing as a gelatinous,
white layer (Fig. 1B). Analysis of in vitro purified oil bodies
from mature B. napus seed by TEM revealed similar char-
acteristics as TEM analysis of oil bodies from intact seed.
The structures were globular and compact in shape, and
ranged in size from 0.2 to 2.0 pm with the majority of oil
bodies 0.4 to 0.5 pm in diameter (Fig. 1C). The observed
size range of in vitro oil bodies corresponded to the size of
oil bodies in the intact cells of developing embryos at 6
weeks after flowering.

3.2 PLs from isolated B. napus oil bodies are
primarily phosphatidylcholine (PC),
phosphatidylethanolamine (PE) and phosphatidic
acid (PA)

Analysis of PLs from B. napus cv. Reston and Westar oil
bodies revealed in order of abundance: PC, PE, and PA;
based upon co-migration with lipid standards (Fig. 2). Dif-
ferences in fatty acid composition were detected among dif-
ferent PL components as well as between the same PLs from
two different cultivars (Table 1); Reston contained 5% and
11% oleic acid in PC and PA, respectively, while Westar con-
tained 21% and 16%. Reduced 18:1 content in PC and PA
from Reston was compensated by increased levels of stearic
acid (18:0). No linoleic acid (18:2) was detected in FAMEs
from PC and PE isolated from Reston oil bodies while both
PC and PE from Westar oil bodies had 1-2% linoleic acid.
Analysis of neutral lipids confirmed known fatty acid com-
position of TAGs from these two rapeseed cultivars (Table 1).
Reston TAGs contained 26% erucic acid (22:1) and ca. 30%
18:1 while Westar TAGs contained 63% 18:1 and no 22:1.
Since seed fatty acid composition varies with environmental
conditions and also within the Reston cultivar, as a control
we analyzed the composition of whole Reston seed used in
this study and determined 22:1 to be at 29% and 18:1 at 21%
(data not shown).
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Figure 2. TLC of PL fraction from oil bodies isolated from B. napus
cv. Reston and Westar. PC, phosphatidylcholine; PE, phosphati-
dylethanolamine; PA, phosphatidic acid.

3.3 SDS-PAGE analysis of B. napus oil bodies
revealed several other protein bands in addition
to oleosin

Proteins isolated from crude seed extracts, purified oil body

preparations, and purified oil bodies washed with salt or urea
were separated by SDS-PAGE and visualized by CBB
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Table 1. GC analyses of polar and neutral (TAGs) lipids from oil
body membranes from B. napus Reston and Westar

cultivars.
Polar Lipids Fatty Acid Composition %
16:0 18:0 18:1 18:2

PC-R 339 57.6 49 nd
PC-W 29.4 477 211 1.8
PE-R 35.3 515 13.2 nd
PE-W 26.2 57.6 14.9 13
PA-R 245 64.7 10.8 nd
PA-W 34.7 49.2 16.1 nd
Neutral Fatty Acid Composition %

Lipids 160 16:1 162 180 181 182 183 200 20:1 202 22

TAG-R 49 nd nd 11 30 155 96 03 121 02 262
TAG-W 47 02 01 17 634 20 83 02 08 nd nd

nd, not detected; R, Reston; W, Westar.

staining. Protein samples from crude seed extracts were rich
in proteins corresponding to the molecular weights of major
storage proteins cruciferin and napin. In contrast, proteins
recovered from untreated, salt washed, or urea washed oil
bodies were significantly enriched in a protein migrating at
20 kDa, corresponding to oleosin. Although oleosin was the
most abundant protein in all three different oil body prep-
arations, at least fifteen other protein bands were also detec-
ted. The overall SDS-PAGE profile of purified oil body pro-
teins was almost identical to purified oil bodies washed with
2 M sodium chloride. Purified oil body preparations washed
with 8 M urea contained prominent oleosin bands but
reduced levels of nearly every other protein (Fig. 3A).
Enrichment of oleosin in purified oil body preparations was
confirmed by immunoblot analyses with mAbs raised
against Arabidopsis oleosin (Fig. 3B). Bands corresponding
to oleosin were faint in crude seed protein fractions, but very
intense in purified oil body preparations indicating enrich-
ment in these fractions. Enrichment of oleosin was highest
in urea washed oil body preparations (Fig. 3B). Overall, SDS-
PAGE analysis of oil body protein fractions from Reston and
Westar yielded nearly identical profiles, suggesting oil body
protein composition and association is unaffected by the
aforementioned differences in acyl lipid composition be-
tween these cultivars.

3.4 Experimental design for B. napus oil body
proteome analyses

To systematically analyze proteins isolated from oil bodies of
B. napus cvs. Reston and Westar two different proteomic
approaches were employed: 1) 2-DE followed by in-gel tryptic
digestion and C18 reversed-phase LC-MS/MS; and 2) in-so-
lution tryptic digestion followed by MudPIT analyses (Fig. 4).
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Figure 3. (A) CBB stained SDS-PAGE of total protein (10 pug) from
crude seed, purified oil body, 2 M NaCl washed oil body, and
8 M urea washed oil body preparations from B. napus Reston and
Westar cultivars. Molecular weight markers are shown in kDa.
(B) Immunoblot analysis of oleosins in oil body fractions isolated
from Reston and Westar seed. Twenty micrograms of protein
from each fraction described in (A) was resolved in each lane and
probed with mouse mAbs raised against recombinant Arabi-
dopsis oleosin.

In both cases, tandem MS data were searched against the
NCBI non-redundant database using SEQUEST within the
BioWorks 3.2 software program using protein assignment
criteria listed in Fig. 4. Stringent criteria were used for pro-
tein assignments to minimize false-positives, a concern
when complete genome data are not available for data
mining.

3.5 2-DE and LC-MS/MS analyses

High resolution 2-DE of proteins from mature seed oil bod-
ies revealed approximately 100 protein spots for both Reston
and Westar cultivars (Fig. 5). The oil body 2-DE maps for the
two cultivars were nearly identical, and based upon the
similarities by SDS-PAGE, this was predictable (data not
shown). The 96 most intense spots were excised from gels of
each cultivar (192 total protein spots), digested with trypsin
and analyzed by LC-MS/MS. This analysis resulted in a total
of 91 identified 2-DE spots from both sets of gels (Table 2). In
addition to oleosins, identified proteins could be classified
into groups including 11-B-hydroxysteroid dehydrogenase-
like proteins, ATS1, short chain dehydogenase/reductase,
myrosinases, myrosinase binding proteins, myrosinase-
associated proteins, B-glucosidases, storage proteins, and
heat shock proteins (Table 2, Fig. 5). Three oleosin proteins
(oleosin type 4, 1803528A and oleosin BN-V) with experi-
mental molecular masses of 24, 21 and 19 kDa and pI values
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Figure 4. Experimental design for oil body purification and
washing, protein extraction, and analyses using 2-DE and Mud-
PIT proteomics approaches. After 2-DE, protein-containing gel
spots were excised and subjected to in-gel trypsin digestion. For
MudPIT analyses, in-solution protein mix was reduced and alkyl-
ated before digesting with trypsin. Tryptic peptides from 2-DE
spots were resolved and analyzed by online RP-LC, nanospray
ionization-MS/MS. Tryptic peptides from in-solution digest were
resolved and analyzed by online multidimensional chromatog-
raphy (strong cation exchange followed by C18 RP) nanospray
ionization-MS/MS. Resulting MS/MS spectra were searched
against the NCBInr database using SEQUEST. Criteria for peptide
and protein assignment were designated within the Bio-
Works™ 3.2 software.

{- Different Peptides (2)

of 9.5, 10, and 9.5 respectively, were identified. Two other
proteins showing high homology with seed oil body proteins
described in other species were identified including 11-B-
hydroxysteroid dehydrogenase-like protein similar to ster-
oleosin from sesame oil bodies and putative ATS1 similar to
caleosins described in oil bodies from sesame and rice. In
addition, a short chain dehydrogenase/reductase was identi-
fied from Reston oil bodies. This protein has an experimental
molecular mass of 32 kDa and pIvalue of 6.0 which is in
good correlation with theoretical values for the same protein
from A. thaliana (M, 31.3; pI 6.0; Acc. No. 21700875). Sur-
prisingly, MS analyses revealed myrosinase binding proteins,
myrosinase associated proteins, several myrosinase
enzymes, and B-glucosidases associated with oil body prep-
arations from both B.napus cultivars. The remainder of
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identified proteins are prominently expressed seed proteins,
but previously shown to be associated with non-oil body
organelles and are therefore possible contaminants. These
protein contaminants included storage proteins cruciferin
and napin (found in protein storage vesicles) and import
inner membrane translocase and ATP synthase o-chain
(mitochondrial proteins).

3.6 MudPIT analyses

Since 2-DE is well documented to be biased against high
molecular weight and hydrophobic proteins, MudPIT was
also applied to oil body protein preparations. Analysis of
Reston and Westar oil body protein preparations by MudPIT
revealed the same group of proteins identified by 2-DE as
well as aspartic protease, protein disulfide isomerase, lumi-
nal binding protein, and a LEA domain-containing protein
(Supplementary Tables 1 and 2). MudPIT analyses were per-
formed on protein samples isolated from (i) purified oil
bodies, (ii) salt-washed oil bodies, and (iii) urea-washed oil
bodies to determine the nature of association for each pro-
tein. Although MudPIT data are not quantitative, based upon
the protein assignments it was apparent that washing puri-
fied oil bodies with 2 M sodium chloride had minimal effect
on protein association. In contrast, 8 M urea completely
abrogated the association of protein disulfide isomerase, LEA
proteins, ATPase subunits, and heat shock proteins. A partial
disruption of myrosinases, myrosinase binding proteins,
beta-glucosidase, aspartate proteases, cruciferins and napin
seed storage proteins was also observed. Oleosin, ATS1, beta
hydroxysteroid dehydrogenase, and short-chain dehy-
drogenase/reductase proteins were apparently resistant to
urea dissociation. These conclusions based upon qualitative
MudPIT analyses are in strong agreement with the quantita-
tive analyses by SDS-PAGE indicating that non-ionic inter-
actions are responsible for the association of most proteins
with the PL monolayer of oil bodies (Fig. 3).

4 Discussion

The major structural components of plant oil bodies are
proteins and lipids, both storage and membrane. Since oil
body proteins can either be embedded within the lipid
monolayer, associated with lipid head groups, or peripherally
associated with either of the aforementioned classes it is
possible that membrane lipid composition could influence
protein association with oil bodies. Two oilseed rape culti-
vars, Reston and Westar, are known to differ in the amount of
elongated fatty acids within storage lipids. However, it is not
known if the polar membrane lipids of oil bodies also differ
in composition as a result of their genetic background.
Therefore, in addition to comparing protein composition of
oil bodies between these two cultivars, PLs were also ana-
lyzed and compared.

www.proteomics-journal.com
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Figure 5. Analysis of proteins isolated from rapeseed oil bodies by 2-DE in combination with CBB staining. Proteins (0.5 mg) were analyzed
using linear, wide-range IPG strips with pH range from 3 to 10. p/and molecular mass (in kDa) are noted. Protein spots identified by LC-MS/

MS are circled and numbered in accordance with Table 2.

4.1 Lipid analysis of rapeseed oil bodies reveals
differences in PL composition

The main pathway for TAG biosynthesis (Kennedy pathway)
involves three sequential transfers of acyl groups from acyl-
CoA to a glycerol backbone, with the last reaction being the
acylation of diacylglycerol catalysed by acyl-CoA:diacylgly-
cerol acyltransferase [33]. In addition to acyl-CoA dependent
TAG bioassembly TAG can also be synthesized in the
absence of acyl-CoA by phospholipid:diacylglycerol acyl-
transferase, also referred to as PDAT. The reaction involves
the transfer of an acyl group from PLs (e.g. PC) to diacylgly-
cerol to form TAG and lyso-PC [34, 35]. During oil body for-
mation, the PC pool in ER could be used for membrane lipid
synthesis as well as TAG assembly. In addition to differences
in the fatty acid composition of TAGs, differences in the fatty
acid composition of PL components (PC in particular) be-
tween Reston and Westar could be the result of microsomal
elongase enzyme (FAE1 condensing enzyme) activity in cv.
Reston which catalyzes elongation of 18:1-CoA to 20:1-CoA
and 22:1-CoA. Microsomal FAE1 enzyme from Westar is
inactive due to a point mutation in the coding region of the

© 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

corresponding gene [36-39] which leads to accumulation of
18 carbon fatty acids, with negligible levels of very long chain
fatty acids being synthesized. It is possible that because PL
pool is shared between two pathways, storage and mem-
brane lipid synthesis, besides affecting fatty acid composi-
tion of neutral lipids the activity of FAE1 condensing enzyme
in Reston could alter the fatty acid composition of PL mem-
branes of ER and consequently the composition of oil body
PL monolayers. Thus, in Reston a portion of available 18:1-
CoA pool is further elongated to 20:1-CoA and 22:1-CoA,
while in Westar it is channeled to further desaturation and
18:2 formation.

4.2 Proteomic analysis of rapeseed oil body
proteome reveals a tightly associated novel
short-chain dehydrogenase with similarity to a
TAG-associated factor

2-DE in combination with LC-MS/MS analyses resulted in
the assignment of 91 proteins spots (Table 2). Oleosin pro-
teins, 11-beta hydroxysteroid dehydrogenase-like protein and
ATS1 were previously reported as integral components of oil

www.proteomics-journal.com
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Table 2. Protein assignments from LC-MS/MS analyses of 2-D gel spots from B. napus cv. Reston and cv. Westar purified oil body proteins

Protein name Spec. Acc. Theor. Reston Westar

No MW/pi Spot P Exper. Pept/  Spot P Exper. Pept/

No. (pro) MW/p/  Cov. No (pro) MW/p/  Cov.
Oleosin type 4 At 1592686  20.3/6.9 424  4.43E-04  20/9.5 2/13.1 287  1.28E-02 19/9.5 2/12
1803528A QOleosin Bn 228416 20.7/9.5 281 2.90E-04 21/9.5 3/19.8
Oleosin BN-V Bn 808944  20.3/9.2 272 1.27E-06 21/9.5 2/13.1
11-Beta-hydroxysteroid deh. At 62320743 39.1/59 350  5.99E-05  45/5.5 2/3.1 148 2.33E-05 47/5.5 2/14
11-Beta-hydroxysteroid deh. At 62320743  39.1/59 351 4.83E-04  44/6.0 5/15.8
11-Beta-hydroxysteroid deh. At 62320743  39.1/59 353  7.05E-04  43/5.0 2/6.3 150  8.06E-10 45/5.1 6/19.8
Embryo-specific protein 1 (ATS1) At 7269526  28.0/5.8 233 6.57E-04 30/4.5 3/15.1
Short-chain dehydrogenase/ At 21700875 31.3/6.0 386  1.09E-06  27/5.5 2/9
reductase

Myrosinase-assoc. prot. Bn 1216389 41.8/85 344  585E-06  45/9.5 5/19.9 142 2.86E-12 47/9.3  14/31.7
Myrosinase-assoc. prot. Bn 1216389 41.8/85 348  6.43E-07  44/96 6/21 144 3.55E-12 47/96  15/38.3
Myrosinase-assoc. prot. Bn 1216389  41.8/8.5 173 2.50E-04 43/9.7 2/54
Myrosinase Rs 11034734  62.9/83 277  272E-06  93/9.4 2/5.5 82  2.85E-11 92/93  11/223
Myrosinase Rs 11034734  62.3/8.3 287 2.35E-04  90/5.1 2/4.7
Myrosinase Rs 11034734 62.9/83 292  571E-05 90/45 3/6.4
Myrosinase Rs 11034734 62.9/83 293  6.61E-05  90/4.7 317
Myrosinase Bnsp 56130949 62.96/6.7 284  4.3E-08 89/4.9 3/8
Myrosinase Bnsp 56130949 62.96/6.7 286  3.3E-08 90/5.3 4/11.3
Myrosinase Bnsp 56130949 62.96/6.7 295  1.1E-09 89/4.9 5/10.9
Myrosinase Bnsp 56130949 62.96/6.7 297  1.9E-06 90/5.1 4/10.2
Myrosinase Bnsp 56130949 62.96/6.7 298  1.1E-10 90/5.3 716
Myrosinase Bj 12621052  62.7/7.1 296 1.55E-04  90/5.5 2/5.8
Myrosinase Bj 12621052  62.7/1.1 124 6.03E-06 69/4.4 2/5.8
Myrosinase Bn 840725 62.8/8.7 60  1.57E-09 93/9.4 2/3.8
Myrosinase Bn 840725 62.8/8.7 70 1.78E-06 93/10 3/6.8
Myrosinase-binding protein Bn 1655824  99.4/55 248 1.5E-09 115/43 19/25.6 29 9.14E-10 116/4.4 16/25.4
Myrosinase-binding protein Bn 1655824 99.4/55 249  8.3E-11 115/4.2  20/24.6 35 1.40E-10  114/43  18/23.3
Myrosinase-binding protein Bn 1655824 99.4/55 250  4.4E-08 115/45  6/9.5 30  5.05E-11 115/45  20/31.4
Myrosinase-binding protein Bn 1655824  99.4/5.5 251 5.0E-08 115/4.1 5/1.8 36 9.43E-10  113/4.2 14/19.5
Myrosinase-binding protein Bn 1655824 99.4/55 252  4.8E-09 115/45 17/22.2 32 2.74E-07 115/45 713
Myrosinase-binding protein Bn 1655824  99.4/55 262  2.8E-07 95/5.2 3.7
Myrosinase-binding protein Bn 1655824  99.4/55 263  6.3E-10 93/4.0 6/11.4
Myrosinase-binding protein Bn 1655824  99.4/55 265  8.0E-11 95/5.3 4/8.8
Myrosinase-binding protein Bn 1655824  99.4/55 312 1.2E-09 75/4.1 7/9.8 100  2.21E-07 75/4.0 7/1.3
Myrosinase-hinding protein Bn 1655824  99.4/55 314  1.2E-07 75/4.2 7/85 101 7.10E-10 75/4.1 6/9.9
Myrosinase-binding protein Bn 1655824  99.4/5.5 172 9.14E-06 45/4.0 5/6.5
Myrosinase-binding protein Bn 1655824 37 2.12E-08  116/3.9 7/9.5
Myrosinase-binding protein Bn 1655824 99  8.80E-10 75/3.9 8/10
Myrosinase-binding protein At 62321136  49.7/6.0 317 2.79E-06  72/5.5 2/5.6 115 2.19E-10 73/5.3 4/10.2
Myrosinase-binding protein At 62321136  49.7/6.0 319  1.45E-06 72/5.8 3/85 111 3.71E-10 73/5.3 5/13.9
Myrosinase-binding protein At 62321136  49.7/6.0 107 1.11E-09 73/5.6 5/12.2
Myrosinase-binding protein At 62321136 49.7/6.0 114 4.72E-09 73/5.1 2/1.4
Myrosinase-binding protein At 62321136  49.7/6.0 120 1.71E-09 65/4.2 4/10.2
Myrosinase-binding protein At 62321136  49.7/6.0 197  3.98E-06 40/5.0 2/8.5
Myrosinase-binding protein At 62321136 49.7/6.0 199  9.07E-09 38/5.2 3/8.5
Myrosinase-binding protein At 62321136  49.7/6.0 113 4.10E-07 72/5.8 2/16
Beta glucosidase Bn 757740 585/6.2 280  1.62E-06  89/5.8 6/14.5 72 4.13E-09 90/5.8 8/19.5
Beta glucosidase Bn 757740 585/6.2 281  457E-06  91/6.1 3/8.2 66  1.65E-13 90/6.0  13/39.7
Beta glucosidase Bn 757740 585/6.2 285  5.49E-11  85/6.0 9/22 67  1.41E-08 90/5.9 9/26.6
Cruciferin Bn 33284988 51.3/6.6 385  5.31E-05  32/6.1 2/6.2 225  1.27E-09 31/6.3 4/133
Cruciferin Bn 33284988 51.3/6.6 418  7.36E-12  20/5.0 2/9 267 1.29E-07 21/4.9 4/12.9
Cruciferin Bn 33284988  51.3/6.6 191 2.01E-07 30/6.5 3/9.9
Cruciferin Bn 33284988  51.3/6.6 194 1.15E-06 30/6.2 4/12.2
Cruciferin Bn 33284988  51.3/6.6 222 5.62E-04 29/9.0 2/6.2
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Table 2. Continued
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Protein name Spec. Acc. Theor. Reston Westar
No MW/pi Spot P Exper. Pept/  Spot P Exper. Pept/
No. (pro) MW/p/  Cov. No (pro) MW/p/  Cov.
CRU4_BRANA Cruciferin Bn 461841 51.4/1.7 226  281E-09  27/6.6 2/13
CRU4_BRANA Cruciferin Bn 461841  51.4/1.7 234 1.19E-09 28/1.9 2/8.4
CRU4_BRANA Cruciferin Bn 461841  51.4/1.7 278  6.42E-12  22/95 4/14.2
CRU4_BRANA Cruciferin Bn 461841  51.4/1.7 279 2.40E-08 22/8.9 6/14.4
Cruciferin subunit Bn 12751302  54.4/8.1 207 1.70E-06  31/8.0 2/5.1
Cruciferin subunit Bn 12751302  54.4/8.1 213 1.77E-06  36/9.0 3/6.1
Cruciferin subunit Bn 12751302  54.4/8.1 248 3.80E-11 23/8.5 9/25.2
Cruciferin subunit Bn 12751302  54.4/8.1 251 1.00E-12  23/9.7 12/26
Low molecular weight heat-shock Br 2465461 17.7/56 417 2.98E-07 21/4.2 2/12.7
protein
Heat shock protein 22.0 At 7267721 22/5.9 245  151E-06  22/3.8 2/12.8
Heat shock protein 22.0 At 7267721  22/5.9 247 1.40E-05 22/4.0 2/12.8
Putative seed maturation protein At 4559335 67.2/6.0 268 2.31E-04  95/5.1 2/4.1
Glyceraldehyde-3-phosp. dehydrog., Dc 462137  36.9/6.5 154  3.69E-11  40/6.7 7/21.2
cyt.
Mitoch. import inner membr. At 30683558  18.7/7.6 250  451E-06  21/6.3 2/12.4
transloc. shu.
Mitoch. import inner membr. At 30683558  18.7/7.6 258  5.12E-07  21/8.0 2/18
transloc. shu.
ATP synthase alpha chain, At 14916970  55.0/6.0 97 1.49E-06  80/5.5 2/4.5
mitochondrial
Voltage-dep. anion-select. ch. prot. ~ Br 42601787  29.4/8.1 236  3.50E-08  30/9.5 5/26.4

Acc.No, accession number in database; At, Arabidopsis thaliana; Bj, Brassica juncea; Bn, Brassica napus; Bn s p, Brassica napus subspecies
pekinensis; Bo, Brassica oleracea; Cov., percentage of coverage; Dc, Dianthus caryophyllus; Exper. MW/PI, experimental values for mo-
lecular weight and isoelectric point; P (pro), peptide probability; Pept., number of unique peptide matched; Rn, Raphanus sativus; Spec,
plant species; Theor. MW/P/, theoretical values for molecular weight and isoelectric point;

body membrane monolayer from rice, soybean, and recently
Arabidopsis [21, 23, 25, 40, 41]. In addition to these known
oil body proteins, this proteomic investigation of oil body
proteins from B. napus Reston and Westar revealed the pres-
ence of a protein annotated as a short-chain dehydrogenase/
reductase enzyme from A.thaliana (Acc. No. 21700875).
This protein was observed in both the 2-DE and MudPIT
analyses and was resistant to 8 M urea dissociation. The high
homology (77% identity, 88% similarity, 0% gaps) with a
putative TAG-associated factor from narrow-leaved lupin,
(Lupinus angustifolius; Acc. no AY143339.1) suggests this
novel oil body protein may have an as yet unknown function
in oil body structure, synthesis or degradation.

4.3 Myrosinases, myrosinase binding proteins and
myrosinase associated proteins in rapeseed oil
body proteome

Proteomic analyses of oil bodies purified from seed of two
B. napus cultivars revealed a surprising abundance of my-
rosinases, myrosinase binding proteins, and myrosinase
associated proteins. Myrosinases, also referred to as thioglu-
coside glucohydrolases, catalyze the hydrolysis of glucosino-
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lates. The study of A. thaliana ecotype WS oil body proteins
reported recently by Jolivet et al., [25] is the only proteomic
analysis of isolated oil bodies. Based on their results no my-
rosinases were detected in the protein fraction of Arabidopsis
oil bodies. Although both A. thaliana and B. napus are cruci-
ferous plants, A. thaliana has only two myrosinase genes, and
they are expressed exclusively in the phloem parenchyma,
whereas the larger Brassicaceae members have approximately
20 genes expressed in both the ground tissue and phloem
parenchyma [42-44]. In Arabidopsis seed, myrosinases are
poorly expressed, whereas in B. napus seed members of all
three myrosinase gene families are transcribed. Although
glucosinolates are abundant in Arabidopsis seed there is a
paucity of myrosinase activity, which is necessary to release
the insecticidal thiocyanate compounds. Thus, in Arabidopsis,
glucosinolates have been regarded as storage compounds
used during later stages of germination [44].

It is known that myrosinases form myrosin grains pres-
ent in idioblasts called myrosin cells [45]. In seeds of oilseed
rape the myrosin cells are scattered throughout the tissue
and constitute 2% to 5% of the total number of embryonic
cells. They contain fewer storage lipids and have a high con-
tent of ER with myrosin grains forming continuous reticular
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system, a “myrosin body” [46, 47]. Yet, myrosinases could be
detected even in protein fractions of very stringently washed
oil body preparations (buffer with 8 M urea, 30 min at RT on
shaker). This could indicate that oil bodies in myrosin cells
could be tightly associated with myrosinases in vivo. Alter-
natively, myrosin grains may adhere to oil bodies after being
released from myrosin cells during oil body preparation, al-
though we did not observe these structures in any TEM
micrographs of isolated oil bodies.

Using 2-DE for protein separation prior to analysis by
MS, multiple isoelectric species of myrosinases, myrosinase
binding proteins , and myrosinase associated proteins were
detected and characterized in purified oil body protein prep-
arations from both rapeseed cultivars (Table 2). Some of
them could be isoforms resulting from polymorphisms in
coding regions of corresponding genes. For example, there
are at least three different families of myrosinase genes in
B. napus (MA, MB, and MC, [42]) that could have emerged
because of the amphidiploid nature of this species. However,
it is more likely that the existence of several myrosinase iso-
electric species is due to glycosylation. All known myro-
sinases are glycosylated and the sites for N-linked glycosyla-
tion are not conserved which leads to myrosinase isoforms
with different amino acid sequences as well as multiple
posttranslational modifications due to varying degrees of
glycosylation [48].

A protein annotated as myrosinase associated protein
(GI 1216389) was identified by both 2-DE and MudPIT pro-
teomic analyses of oil body proteins from both cultivars
(Table 2, 3, 4). This protein shares homology (70% identity,
81% similarity, 5% gaps) to an A.thaliana enzyme
(GI 4587543) that belongs to the PFI 00657 lipase/acylhy-
drolase family containing a GDSL-motif. The function of
myrosinase associated proteins and myrosinase binding
proteins is unknown at present, except that certain myro-
sinase binding proteins were found to be important for
complete formation of myrosinase isoenzymes in B. napus
[49, 50]. Thus, it is possible that at least some of the proteins
classified as myrosinase associated or myrosinase binding
proteins could function as lipases (as sequence homology
indicates) and as such be associated with oil bodies while
others could be associated with other organelles in plant
cells. In support of the notion, myrosinase binding protein
GI 7488496 was previously identified as an integral part of a
“crystalloid” fraction of B. napus protein storage vacuoles
[51]. Furthermore, a GDSL-acylhydrolase, believed to be
involved in oil body break down, was recently characterized
to be associated with the surface of oil bodies in Arabidopsis
seed [52].

4.4 Seed storage protein contamination of oil bodies
As it is always difficult to purify any organelle to homo-
geneity it was not unexpected that storage proteins from

protein storage vesicles were present even in protein
samples from urea washed oil bodies (Table 3 and 4). This
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is not surprising, considering that napin and cruciferin
constitute approximately 20% and 60% of total protein in
mature rapeseed, respectively [53]. Moreover, it was pre-
viously reported that storage lipids were detected in sig-
nificant amounts within in vitro preparations of protein
bodies from rice and soybean endosperm [54]. Recently,
Gillespie et al. [55] reported that protein storage vesicles
from Brassicaceae contain internalized membranes in
crystalloid like structure of protein bodies. It is therefore
possible that hydrophobic internal protein body mem-
branes adhere to oil bodies, which makes it very difficult
or even impossible to isolate oil bodies without con-
tamination with storage proteins even after stringent
washing with salt and urea.

4.5 Conclusion

This study investigates the oil body proteomes from two
B. napus cultivars, Reston and canola cv. Westar, along
with systematic analyses of polar and neutral lipid com-
ponents of this organelle. To analyze oil body protein
fractions, two different proteomic approaches, in combi-
nation with stringent database search conditions, were
applied. While 2-DE allowed for the identification of
multiple isoelectric species of numerous oil body proteins
in a semi-quantitative manner, MudPIT analyses mostly
confirmed the results achieved with 2-DE and also
allowed for the identification of some proteins that were
not identified using a 2-DE approach. Overall, the pro-
teins identified using the MudPIT approach had higher
values for protein coverage and probability than proteins
identified from 2-DE gels. However, by most assessments
these two protein identification approaches yielded simi-
lar results and therefore appear more redundant rather
than opposing or complementary, as they are frequently
portrayed in the literature.

Proteomic analysis of Reston and Westar cultivars of
B. napus, both 2-DE and MudPIT, revealed a similar set
of proteins. Although a more quantitative protein com-
parison of oil bodies from these two cultivars may reveal
subtle differences, it is apparent that the overall protein
composition of oil bodies from these two cultivars is very
similar. The high degree of similarity suggests the dif-
ferences in membrane PLs and matrix TAG lipids be-
tween these two cultivars has a minimal effect on the
protein structure of oil bodies as a whole. Although no
apparent protein compositional differences were detect-
ed, systematic analysis of two cultivars served as con-
firmation for the novel oil body associated proteins
reported here.

In conclusion, this study gives insight into possible
associations between cell proteins and oil body orga-
nelles in rapeseed embryonic cells. The high level of
similarity of one of the identified proteins to a lipase
and the other one to a putative TAG-associated factor
strongly indicates possible association of these novel
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proteins to rapeseed oil bodies invivo. Further bio-
chemical analysis of these proteins are underway to
verify this association and what role, if any, they have
in oil body function.
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