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Oil body, an organelle in seed cell (naturally pre-emulsified oil), has great potentials to be used in food,
cosmetics, pharmaceutical and other applications requiring stable oil-in-water emulsions. Researchers
have tried to extract oil body by alkaline buffers, which are beneficial for removing contaminated pro-
teins. But it is not clear whether alkaline buffers could remove oil body integral proteins (mainly oleo-
sins), which could keep oil body integrity and stability. In this study, seven oleosin isoforms were
identified for soybean oil body (three isoforms, 24 kDa; three isoforms, 18 kDa; one isoform, 16 kDa).
Oleosins were not glycoproteins and 24 kDa oleosin isoforms possessed less thiol groups than 18 kDa
ones. It was found that alkaline pH not only removed contaminated proteins but also oleosins, and more
and more oleosins were removed with increasing alkaline pH.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Oil body (also named as oleosome, lipid body, and spherosome)
is discrete intracellular organelle storing triglycerides (TAGs),
which is energy resource for seed germination and seedling
growth. It is composed of TAGs matrix shielded by a monolayer
of phospholipids embedded by its integral proteins (Huang,
1992). Lin, Liao, Yang, and Tzen (2005) reported that there were
three identified classes of integral proteins for sesame oil body,
named as oleosin, caleosin, and steroleosin, which respectively
had isoforms. Oleosin is the major protein (80-90%) of oil body
integral proteins (Huang, 1992). Generally, oleosin molecule has
a structure composed of N-terminus, hydrophobic central domain,
and C-terminus with hydrophobic central domain embedded into
TAGs matrix and N-, C-terminus exposed to exterior (Huang,
1992). According to Huang’s oil body model, oleosin almost consti-
tutes the whole oil body surface and plays key roles on oil body
integrity and stability by supplying electrostatic repulsion and ste-
ric hindrance. Therefore, oil body is a kind of naturally stable pre-
emulsified oil, which could be used in food industry and personal
care products (Deckers, Rooijen, Boothe, Goll, & Moloney, 2001).
As a result, researchers have tried to extract oil bodies from diverse
plant seeds, including soybean, maize, rapeseed, sunflower and so
on (Tzen, Cao, Laurent, Ratnayake, & Huang, 1993). And alkaline
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extraction buffers were well used in the research of food science
(Chen & Ono, 2010; Iwanaga et al., 2007; Kapchie, Wei, Hauck, &
Murphy, 2008; Karkani, Nenadis, Nikiforidis, & Kiosseoglou,
2013; Matsakidoua, Biliaderisb, & Kiosseogloua, 2013; Nikiforidis,
Biliaderis, & Kiosseoglou, 2012; Nikiforidis, Kiosseoglouc, &
Scholtena, 2013; Wu et al., 2012), which were beneficial for remov-
ing contaminated proteins.

It is known that the pH of extraction buffer has great effects on
the protein composition of extracted soybean oil body, which has
great effects on oil body properties and subsequently affects the
oil body utilization. By neutral pH extraction, lipoxygenase, B-con-
glycinin, y-conglycinin, B-amylase, Gly m Bd 30K, and some not
well-known proteins are remained on oil body surface in addition
to oil body integral proteins; by pH 8-10 extractions, lipoxygenase,
B-conglycinin, y-conglycinin, B-amylase, and glycinin are almost
removed from oil body surface; by pH 11 extraction, just oil body
integral oleosins are remained on oil body surface (Chen & Ono,
2010; Wu et al., 2012). However, it is not clear whether oleosin
could also be removed by the alkaline pH.

Soybean oil body oleosin isoforms with molecular weights
(MWs) of 24, 18, and 17 kDa were reported (Herman, 1987,
Kalinski, Melroy, Dwivedi, & Herman, 1992). Schmidt and
Herman (2008) reported that soybean oil body caleosin was
appeared as one thin band (30 kDa) on SDS-PAGE gel, revealing
that caleosin was one minor integral protein. Until now, no
researches have ever reported soybean oil body steroleosin.
Therefore, this study would focus on the major integral oleosin of
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soybean oil body. 24 kDa oleosin was confirmed to have at least
two isoforms A and B, whose amino acid sequences had been pre-
dicted through their cDNA clones (Kalinski, Loer, Weisemann,
Matthews, & Herman, 1991; Rowley & Herman, 1997). There were
no detailed researches about 18 and 17 kDa oleosins, and whether
they had isoforms was not clear. In addition, some fundamental
properties of oleosin (pl, glycoprotein or not, containing cysteine
residue or not) were not clear as well. Therefore, this study would
be divided into two parts: (1) oleosin fundamental properties
(isoforms, isoelectric points (pls), glycoprotein or not, containing
cysteine or not); (2) the effects of alkaline pH on the oleosin release
from oil body.

2. Materials and methods
2.1. Materials

Soybean (Nannong 88-31), cultivated in 2012, was kindly sup-
plied by Soybean Research Institute, Nanjing Agricultural Univer-
sity (Nanjing, China), and stored at 4 °C until use. Urea, thiourea,
CHAPS, dithiothreitol (DTT), and low melting agarose were pur-
chased from Bio-Rad Laboratories (CA, USA). Methylene diacryla-
mide, acrylamide, sodium dodecyl sulfate (SDS),
monobromobimane (mBBr), iodoacetamide, and p-mercap-
toethanol were purchased from Sigma-Aldrich (Shanghai, China).

2.2. Preparation of oil body suspension

Twenty grams of soybean was soaked in de-ionized (DI) water
for 18 h at 4 °C, ground in fresh DI water (1 g of dry soybean per
9 mL of DI water) with a blender (Midea BE601AB, China) for
2 min. The homogenate was filtered through four layers of cheese
cloth to get raw soymilk. Eight grams of sucrose and 32 g of raw
soymilk were added into four beakers, respectively, with a final
sucrose concentration of 20% (w/w). pH values of the four raw soy-
milks were respectively adjusted to 6.8, 8.0, 9.5, and 11.0 using 1 M
NaOH. They were centrifuged at 25,000g for 40 min (Hitachi
CR21G, Japan). Oil body pads were collected, dispersed into 39 g
of 20% sucrose solution, and correspondingly adjusted to pH 6.8,
8.0, 9.5, and 11.0. They were centrifuged, and oil body pads were
collected. Then this was repeated one more time. These four oil
body pads were collected, and dispersed into 10 mL of DI water,
respectively.

2.3. Protein contents of extracted oil bodies by gravimetric analysis

The suspensions of extracted oil bodies above were dialyzed in
3000 mL of DI water at 4 °C three times, 6 h one time. The dialyzed
samples were freeze-dried, and weighed. They were defatted with
chloroform/methanol (v/v, 2/1; removing the neutral lipids and
polar lipids) three times. The ratio of freeze-dried sample to chlo-
roform/methanol was 1/50 (w/v). The residual matters were air-
dried in hood, and weighed. The protein contents in 100 g of
extracted oil bodies (dry basis) could be calculated.

2.4. Oil body protein preparation for electrophoresis

The oil body suspensions above were dialyzed against DI water
and lyophilized as above. The lyophilized oil bodies were extracted
with acetone at 4 °C to remove neutral lipids. After stirred for
30 min, the homogenate was filtered through a layer of filter paper,
and the residual was recovered. This was repeated two more times.
Then the residual was further defatted by chloroform/methanol (2/
1, v/v) for three times. The oil body protein obtained was placed in
hood to allow the organic solvent evaporated.

2.5. SDS-PAGE and Tricine-SDS-PAGE

Samples used for SDS-PAGE/Tricine-SDS-PAGE were prepared
as below: oil body protein obtained in Section 2.4 was dissolved
into 1 mL of SDS-PAGE/Tricine-SDS-PAGE sample buffer to the
concentration of 2 mg/mL, and 20 pL of pB-mercaptoethanol was
added and heated in boiling water bath for 3 min. Ten microliters
of each sample was loaded into sample well.

SDS-PAGE was performed according to the method by Chen and
Ono (2010), with the concentrations of stacking gel and separating
gel being 5% and 12.5%, respectively. After electrophoresis, the gel
was stained with Coomassie Brilliant Blue G-250.

Tricine-SDS-PAGE was carried out according to the method by
Schagger (2006), using 16% separating gel and 4% stacking gel.
After electrophoresis, the gel was also stained with Coomassie
Brilliant Blue G-250.

2.6. Two-dimensional electrophoresis (2-D electrophoresis)

Protein of oil body extracted by pH 8.0 obtained in the Sec-
tion 2.4 was used. The 2-D electrophoresis was performed as the
Bio-Rad manufactures instructions. One hundred and fifty micro-
grams of protein, dissolved in 125 pL of sample preparation solu-
tion (7 M urea, 2 M thiourea, 2% (w/v) CHAPS, 75 mM DTT, 0.2%
(w/v) ampholyte 3-10, 0.001% (w/v) bromophenol blue, 0.05%
(w/v) SDS), was loaded onto a linear IPG gel strip (pH 3-10,
7 cm, Bio-Rad Laboratories, CA). The first dimensional isoelectric
focusing (IEF) was conducted at 40 kVh using Protean IEF Cell
(Bio-Rad Laboratories, USA). After IEF, the IPG strip was reduced
in equilibration buffer A (6 M urea, 2% (w/v) SDS, 0.375 M Tris-
HCl, pH 8.8 and 20% (w/v) glycerol, 0.2% (w/v) DTT) and alkylated
in equilibration buffer B (6 M urea, 2% (w/v) SDS, 0.375 M Tris-HCl,
pH 8.8 and 20% (w/v) glycerol, 0.25% (w/v) iodoacetamide) for
15 min. After rinsing by SDS-PAGE electrode buffer, the strip was
transferred onto 12.5% (w/v) polyacrylamide gel, covered with
low melting point agarose, and subjected to the second dimen-
sional SDS-PAGE. The gel was stained with Coomassie Brilliant
Blue G-250, and pls of the interested spots were estimated.

2.7. Protein identification by MALDI-TOF/TOF mass spectrometry
(MALDI-TOF/TOF MS)

Interested protein spots from 2-D gel or bands from SDS-PAGE/
Tricine-SDS-PAGE gels were treated with trypsin (Promega, China)
according to a standard protocol (Shevchenko, Tomas, Havlis,
Jesper, & Mann, 2007). After digestion at 37 °C for 20 h, the pep-
tides were extracted, dried in a SpeedVac vacuum centrifuge, and
redissolved in 3 pL of 0.1% (w/v) trifluoroacetic acid solution. The
sample for detection was prepared by mixing 0.7 pL of the above
sample and 0.7 pL of 4-hydroxy-o-cyanocinnamic acid (matrix)
on a MALDI target and air-dried. All the peptide mass fingerprint
data were obtained by using an ultrafleXtreme MALDI-TOF/TOF
(Bruker Daltonics, Germany) with the flexAnalysis software.
Searches of the peptide mass fingerprint data against NCBI data-
base were performed with the Mascot search engine (http://
www.matrixscience.com).

2.8. Whether the oleosins are glycoprotein or not

Oil body proteins were separated by SDS-PAGE. The gel was
fixed with 10% TCA, stained by a combination of (i) initial periodic
acid oxidation/Alcian blue staining and (ii) subsequent silver
nitrate staining. The glycoproteins could be stained as brown
bands while the non-glycoproteins as blue bands (Moller &
Poulsen, 1995).
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2.9. Monobromobimane (mBBr) labeling of proteins

Thiol groups of protein could be visualized after they were
labeled by fluorescent reagent of mBBr. Labeling procedure was
done according to the method by Buchanan et al. (1997). Ten
microliters of 30 mM DTT was added into 50 pL of oil body protein
suspension (2-4 pg protein/pL) in water bath at 37°C for 1h,
allowing disulfide bonds to be reduced. Ten microliters of 50 mM
mBBr solution was added. This operation was done under dim light
since mBBr was light sensitive. After 20 min of incubation in dark,
the sample was exposed to light, and 3 pL of B-mercaptoethanol
and 40 pL of SDS-PAGE sample buffer were added. Subsequently,
mBBr-labeled samples were resolved by SDS-PAGE. The gel was
fixed in fixing solution (5% trifluoroacetic, 33% (v/v) ethanol)
overnight, and the fixing solution was changed three times. The
fluorescent bands were appeared with UV light excitation on a
computing densitometer (Molecular Imager ChemiDoc XRS+, Bio-
Rad, USA). The fluorescent bands were considered to be proteins
with thiol groups. Afterwards, the gel was stained with Coomassie
Blue G-250.

2.10. The effect of alkaline pH on oleosin

Oil bodies extracted from 40 g of raw soymilk (pH 6.8, 20%
sucrose) by centrifugation (25,000g, 40 min) was redispersed into
DI water, with a total weight of 40 g (20% sucrose, 0.4% (w/w) oil
bodies). The oil body suspension was uniformly divided into three
beakers, respectively adjusted at pHs 8.0, 9.5 and 11.0 with 0.1 M
NaOH and treated by using BECKMAN Optima™ L-XP ultracentri-
fuge (197,000g, 1 h). The supernatants were collected, and their
protein contents were determined as 1.12, 2.35 and 3.11 pg/puL
by BCA method (bovine serum albumin as standard). The superna-
tant without dilution (0.5 mL) was mixed with 0.5 mL of SDS-PAGE
sample buffer, and treated by SDS-PAGE. Interested protein bands
on gel were identified by MALDI-TOF/TOF MS above.

3. Results and discussion

3.1. The oleosin isoforms are resolved by SDS-PAGE and Tricine-SDS-
PAGE

Generally, the oleosin isoforms of plant seed oil body have
molecular weights (MWSs) in a range of 16-24 kDa (Tzen, Lai,
Chan, & Huang, 1990), and are always examined by SDS-PAGE
(Chen & Ono, 2010; Herman, 1987; Kalinski et al., 1992; Schmidt
& Herman, 2008; Wu et al., 2012). Schédgger (2006) reported that
Tricine-SDS-PAGE was the preferred electrophoretic system for
the resolution of proteins smaller than 30 kDa. Therefore, soybean
oil body oleosin isoforms were respectively resolved by SDS-PAGE
and Tricine-SDS-PAGE and compared. It is found that four bands
are resolved by SDS-PAGE (Fig. 1a), while nine bands are resolved
by Tricine-SDS-PAGE (Fig. 1b) in the range of 16-24 kDa. The
bands (1-9) on Tricine-SDS-PAGE gel are examined by MALDI-
TOF/TOF MS, and the results are shown in Table 1.

Band 1 was matched to 24 kDa oleosin isoform A (I1N747) and
band 2 was matched to 24 kDa oleosin isoform B (P29531), in good
agreement with the results by Kalinski et al. (1991). Bands 3-5
were matched to the subunits of glycinin (data not shown). Band
6 was matched to 18 kDa oleosin isoforms (I1K1K4 and
gi|356515553). Band 7 was matched to 18 kDa oleosin isoform
(C3VHQS8). Surprisingly, band 8 was matched to 24 kDa oleosin iso-
forms (I1N747 and P29531), 18 kDa oleosin isoform (C3VHQ8), and
16 kDa oleosin isoform (C65Z13). Because the hydrolysis phenom-
enon is frequently happened in biological system, it is highly pos-
sible that the former three ones are hydrolyzed by soybean
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Fig. 1. The protein profiles of pH 6.8 extracted oil bodies resolved by SDS-PAGE (a)
and Tricine-SDS-PAGE (b). Twenty micrograms of protein was loaded for SDS-
PAGE and Tricine-SDS-PAGE analysis, and the gels were stained by Coomassie Blue
G-250.

endoproteases to form polypeptides which have similar MWs to
the 16 kDa oleosin isoform (C6SZ13). Unfortunately, band 9 was
not matched to any protein in this study. These results confirmed
that 24 kDa oleosins (I1N747 and P29531) and 18 kDa oleosin
(C3VHQS8) were major isoforms, and 18 kDa oleosins (I11K1K4 and
gi|356515553) and 16 kDa oleosin (C6SZ13) were minor isoforms.

The four bands (10-13) on SDS-PAGE gel were also examined
by MALDI-TOF/TOF MS. Band 10 was matched to 24 kDa oleosin
isoforms (I1N747 and P29531). Band 11 was matched to the sub-
units of glycinin. Interestingly, band 12 was matched to 18 kDa
oleosin isoforms (gi|356515553 and C3VHQ8) and 16 kDa oleosin
isoform (C6SZ13). Band 13 was matched to 24 kDa oleosin iso-
forms (I1N747 and P29531), which further showed that some oleo-
sins were hydrolyzed in the extracted oil bodies. Compared with
SDS-PAGE, Tricine-SDS-PAGE is better at resolving soybean oleo-
sin isoforms.

3.2. The oleosin isoforms are resolved by two-dimensional
electrophoresis

In order to examine the pls of oleosin isoforms, two-dimen-
sional electrophoresis was performed. Fig. 2 shows that there are
more than 40 separated protein spots on gel and there are 14 spots
in the range of 16-24 kDa, which are excised from the gel and sub-
jected to MALDI-TOF/TOF MS (Table 1). Spot 1 was matched to
24 kDa oleosin isoform (I11N747), and spot 2 was matched to
24 kDa oleosin isoform (P29530). Spots 3 and 4 were matched to
the subunits of glycinin. Spot 5 was matched to 18 kDa oleosin iso-
form (gi|356515553), and spot 6 was matched to 18 kDa oleosin
isoform (C3VHQ8). Spot 7 was matched to one fragment originated
from 24 kDa oleosin isoform (P29530). Unfortunately, the spots
indicated by blue arrows were not matched to any proteins. These
results confirmed one more 24 kDa oleosin isoform (P29530),
while three confirmed oleosin isoforms above (P29531, 11K1K4,
and C6SZ13) were not identified on the 2-D gel. 24 kDa oleosin iso-
forms (I11N747 and P29530) showed similar pls to their theoretical
pls, while 18 kDa oleosin isoforms (gi|356515553 and C3VHQ8)
showed lower pls than their theoretical pls, which might be
induced by the small amount of SDS used in the 2-D electrophore-
sis. In this study, the 2-D electrophoresis was conducted several
times, it was found that oleosin isoforms could not be resolved
without SDS. Therefore, it was considered that 2-D electrophoresis
was difficult to be used for hydrophobic proteins as oleosins.

Seven oleosin isoforms were unambiguously identified in the
results above. 24 kDa oleosin isoforms (P29530, P29531, and
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Table 1

Protein bands (pH 6.8 extracted oil bodies) on Tricine-SDS-PAGE gels (Fig. 1) and protein spots (pH 8.0 extracted oil bodies) on 2-D gel (Fig. 2) identified by MALDI-TOF/TOF MS.

Protein ID Identified in band /spot™ Length?® MW" pl E/T¢ NCBInr acc.# UniProtKB acc.#
PREDICTED: P24 oleosin isoform A 1 8 10 13 1* 226 23,575 9.09/8.89 gi|356571311 11N747
RecName: P24 oleosin isoform A 2% 226 23,487 8.19/8.01 gi|1709459 P29530

P24 oleosin isoform B 2 8 10 13 223 23,378 gi|351722277 P29531
PREDICTED: oleosin 5-like 6 181 19,150 gi|356511688 11K1K4
PREDICTED: oleosin 16 kDa-like 6 12 5% 166 17,534 6.60/7.77 £i|356515553

16.5 kDa oleosin 7 8 12 6" 165 17,463 6.19/7.74 gi|351726299 C3VHQ8
Uncharacterized protein LOC100306353 8 12 147 15,767 gi|351721929 C6SZ13

24 kDa oleosin isoform® 7% 152 15,801 8.47/8.23 gi|18720

" Band identification numbers correspond to those proteins labeled in Fig. 1.
Spot identification numbers correspond to those proteins labeled in Fig. 2.
The number of amino acid residues for each protein.

Molecular weight (MW) are given as theoretical values (Da).

GNOMON, supported by mRNA and EST evidence.

Isoelectric point (pI) values of proteins from 2-D gel are given as experimental/theoretical values.
PREDICTED: This record is predicted by automated computational analysis. This record is derived from a genomic sequence annotated using gene prediction method:

€ 24 kDa oleosin isoform is one fragment from 24 kDa oleosin isoform (P29530). The accession numbers (acc.#) are according to the genome sequence of soybean reported

by Schmutz et al. (2010).
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Fig. 2. 2-D gel pattern of protein from oil bodies obtained by pH 8.0 extraction.
Proteins were separated by isoelectric focusing on IPG strips (7 cm, pH 3-10), then
by SDS-PAGE on a 12.5% gel. The spots indicated by arrows were examined by
MALDI-TOF/TOF MS. The gel was stained by Coomassie Blue G-250.

[1N747) had been well examined (Kalinski et al., 1991; Rowley &
Herman, 1997). The other four isoforms were the first time to be
identified by SDS-PAGE, Tricine-SDS-PAGE, and 2-D electrophore-
sis combining with MALDI-TOF/TOF MS. To our best knowledge,
this study should be the first time to confirm that soybean oleosin
isoforms were alkaline proteins by 2-D electrophoresis although it
could not resolve oleosin isoforms very well.

3.3. 24 and 18 kDa oleosins are not glycoproteins

Fig. 1a shows that oleosin isoforms are mainly appeared as
24 kDa (P29530, P29531, and 11N747) and 18 kDa (gi|356515553,
C3VHQS8, and C6SZ13) bands, and 16 kDa band is the products of
endoprotease-hydrolyzed 24 kDa oleosin isoforms on the SDS-
PAGE gel. Therefore, oleosin isoforms were deemed as 24 and
18 kDa oleosins in the following study.

It was considered that oleosin, one kind of membrane protein,
might be glycoprotein. To our best knowledge, there were no
researches examining whether oleosin was glycoprotein or not.
Fig. 3 clearly shows that Gly m Bd 30K, o/, o, and B subunits of
B-conglycinin, which are glycoproteins (Maruyama et al., 1998;
Ogawa et al., 1993), are stained as brown color, while acidic (A)

)
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o
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B «—
“»18 kDa oleosin
1 2 3 4 B 6

Fig. 3. SDS-PAGE pattern of proteins from pH 6.8, 8.0, 9.5, and 11.0 extracted oil
bodies. The gel was stained by a method which could distinguish glycoprotein and
non-glycoprotein. Lane 1, marker; Lane 2, supernatant obtained from raw soymilk
by centrifugation (25,000g, 40 min); Lanes 3-6, protein of oil bodies obtained by pH
6.8, 8.0, 9.5, and 11.0 extractions. o, o, and B subunits of B-conglycinin and Gly m
Bd 30K, which are glycoproteins, are stained as brown color, while acidic (A) and
basic (B) polypeptides of glycinin, which are not glycoproteins, are stained as blue
color. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

and basic (B) polypeptides of glycinin, which are not glycoproteins
(Utsumi, Kanamori, Kim, Sato, & Kito, 1991), are stained as blue
color. And 24 and 18 kDa oleosins are stained as blue color, which
clearly reveals that oleosin isoforms are not glycoproteins. It was
reported (Chabrand, Kim, Zhang, Glatz, & Jung, 2008) that the car-
bohydrate contributed about 2% (dry basis) to the pH 8.0 extracted
soybean oil bodies (without washing). It was considered that the
carbohydrate might include three parts: contaminated carbohy-
drate (such as soybean oligosaccharides), contaminated glycopro-
teins (such as Gly m Bd 30K), and oil body membrane intrinsic
glycolipids.

3.4. 24 and 18 kDa oleosins contain different amounts of cysteine
residues

Cysteine residues of protein molecule are very reactive owing to
their thiol groups. According to the NCBI database, the three iden-
tified 24 kDa oleosin isoforms in this study do not contain any cys-
teine residues, while the three identified 18 kDa oleosin isoforms
contain cysteine residues. In order to confirm this, the protein of
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oil body was reduced by DTT, labeled by mBBr and treated by SDS-
PAGE. Fig. 4 shows that Gly m Bd 30K, o/, o, acidic and basic poly-
peptides (thiol-containing proteins) can be clearly visualized,
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while B (not thiol-containing protein) (Maruyama et al., 1998) can-
not be visualized with UV light excitation. Both of 24 and 18 kDa
oleosins can be visualized, and the intensity of the former one is
obviously weaker than that of the latter one, revealing that
24 kDa oleosin contains less thiol groups than 18 kDa oleosin. It
was surprising that thiol groups were detected for 24 kDa oleosin
although NCBI database showed that the three confirmed 24 kDa
oleosins (P29530, P29531, and I11N747) in this study did not con-
tain any cysteine residues. This similar phenomenon was also
found in sunflower oil body oleosin by Babazadeh, Poursaadat,
Sadeghipour, and Colagar (2012). In addition, another research
about the interaction between soybean oil bodies and Gly m Bd
30K in our lab showed that Gly m Bd 30K could strongly be bound
to soybean oil bodies through disulfide bond with 24 kDa oleosin.
It was considered that 24 kDa oleosin might have some unknown
cysteine-containing isoforms, which needed further researches.

3.5. The effects of alkaline pH on oleosin
The protein contents of oil bodies extracted by pH 6.8, 8.0, 9.5,
and 11.0 were examined by gravimetric analysis. Fig. 5a shows that

pH 6.8 extracted oil bodies contain the most protein (8.33 + 0.26 g/
100 g of oil bodies, dry basis), followed by pH 8.0 (6.05+0.15 g/

gi
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Fig. 5. (a) The protein contents (dry basis) of pH 6.8, 8.0, 9.5, and 11.0 extracted oil bodies by gravimetric analysis. (b) The SDS-PAGE pattern of protein in the supernatants.
Lane 1, marker; Lanes 2-4, the supernatants obtained by ultracentrifuging (197,000g, 1 h) pH 6.8 extracted oil body suspensions whose pHs have been adjusted to 8.0, 9.5,
and 11.0; Lane 5, protein of pH 6.8 extracted oil bodies. (c) The band intensities of 24 and 18 kDa oleosins on Lanes 2-4 by software Quantity One (version 4.6.2, Bio-Rad, USA).
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100 g of oil bodies), 9.5 (5.67 + 0.13 g/100 g of oil bodies), and 11.0
(5.33+£0.20 g/100 g of oil bodies) extracted oil bodies. Tzen et al.
(1993) reported that the protein contents of oil bodies from rape-
seed, mustard, cotton, flax, maize, peanut, and sesame were in a
range of 0.59-3.46% (dry basis) by gravimetric analysis, and were
negatively correlated with the particle size of oil bodies (0.65-
2.00 um). Therefore, it was reasonable that soybean oil bodies
(400 nm, Chen & Ono, 2010) contained more protein than the oil
bodies above. It was reported that the protein content of soybean
oil bodies was about 10-15% (dry basis) by using Kjeldahl method
(Iwanaga et al., 2007; Wu et al., 2012), the larger value should
result from the phospholipids, another important components of
oil bodies (Huang, 1992). This was because phospholipids included
some nitrogen-containing phospholipids: phosphatidylserines
(PS), phosphatidyl cholines (PC), and phosphatidyl ethanolamines
(PE). In addition, oleosin was alkaline protein, so a proper conver-
sion factor was needed. Therefore, it was concluded that Kjeldahl
method was not good at determining the protein content of oil
bodies, and the gravimetric analysis should be the convincing
method.

In order to clarify whether alkaline pH could remove oleosin, pH
6.8 extracted oil bodies were dispersed into 20% sucrose solution
(w/w), divided into three beakers and adjusted to pH 8.0, 9.5, and
11.0, respectively. They were treated by ultracentrifugation
(197,000g, 1 h), which could float all of the oil bodies in the suspen-
sions. The protein concentrations of the supernatants were deter-
mined as 1.12, 2.35, and 3.11 pg/pL, which clearly showed more
and more protein released from oil body with increasing pH. The
supernatant without dilution (0.5 mL) was mixed with 0.5 mL of
SDS-PAGE sample buffer, and 20 pL of B-mercaptoethanol was
added. It was treated by SDS-PAGE. Fig. 5 shows that all the protein
bands become denser with increasing pH. The band intensities of 24
and 18 kDa oleosins (lanes 2-4) are analyzed by software Quantity
One (Version 4.6.2, Bio-Rad, USA) and shown in Fig. 5¢, and it is
found that their band intensities are gradually increased with
increasing pH, and more amounts of 24 kDa oleosin is released from
oil body than 18 kDa oleosin. This clearly revealed that high alkaline
pH was beneficial for oleosin releasing from oil body. According to
Huang's oil body model (1992), oleosin was composed of three
parts: N-terminus, hydrophobic central domain, and C-terminus.
The positively charged amino acid residues of N- and C-terminus
were bound to negatively charged phospholipids by salt bridges,
and hydrophobic central domain was embedded into TAGs matrix,
which should make oleosin release from oil body difficult. It was
reported that some surface active agents, such as Tween and SDS,
could induce oleosin release from oil body, and it was explained that
oleosin was replaced by these surface active agents (Nikiforidis &
Kiosseoglou, 2011; Tzen, Peng, Cheng, Chen, & Chiu, 1997). The oleo-
sinrelease induced by alkaline pH was not well examined until now.
The reason might be that the positively charged amino acid residues
of N- and C-terminus were deprotonated by alkaline pH, which
decreased the numbers of salt bridges between oleosins and phos-
pholipids. As a result, oleosin could not anchor on oil body as strong
as before. These results showed that alkaline pH extraction not only
removed contaminated proteins but also oleosins.

4. Conclusions

Seven oleosin isoforms were unambiguously identified in this
study (Table 1). Three oleosin isoforms (P29530, P29531, and
[1N747) had MWs around 24 kDa, three oleosin isoforms
(ITK1K4, gi|356515553, and C3VHQ8) held MWs around 18 kDa,
and one oleosin isoform (C6SZ13) had MW around 16 kDa. It was
found that all identified oleosin isoforms were not glycoproteins,
and 24 kDa oleosin isoforms possessed less thiol groups than

18 kDa ones, and alkaline pH extraction not only removed contam-
inated proteins but also oleosins, which was enhanced by high
alkaline pH. In all, the study was not only meaningful for oil body
utilization, but also meaningful for the enzyme-assisted extraction
processing of soybean oil, in which oleosin played a role in inhib-
iting oil release from oil body. This study might give some hints
to modify this processing to increase the oil yield.
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