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Pine nuts are economically important as a source of human food. They are also of medical importance
because numerous pine nut allergy cases have been recently reported. However, little is known about
the proteins in pine nuts. The purpose of this study was to purify and characterize pine nut storage
proteins. Reported here is the first detailed purification protocol of the 7S vicilin-type globulin from
Korean pine (Pinus koraiensis) by gel filtration, anion exchange, and hydrophobic interaction
chromatography. Reducing SDS-PAGE analysis indicated that purified vicilin consists of four major
bands, reminiscent of post-translational protease cleavage of storage proteins during protein body
packing in other species. The N-terminal ends of vicilin peptides were sequenced by Edman
degradation. Circular dichroism (CD) and differential scanning calorimetry (DSC) analyses revealed
that pine nut vicilin is stable up to 80 °C and its folding-unfolding equilibrium monitored by intrinsic
fluorescence can be interpreted in terms of a two-state model.
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INTRODUCTION

Pines (Pinus genus) are gymnosperms. They are evolution-
arily important as they represent an ancient evolutionary branch;
they are economically important as they provide a source of
timber, wood pulp, and food, and they are medically relevant
as pine nut allergy poses a risk to a subpopulation of consumers.

Gymnosperms are evolutionarily ancient, arising as early as
300 million years ago. The conifers, a division to which the
pines belong, separated from flowering plants (angiosperms)
about 100 million years ago and by most measures have evolved
very slowly and conservatively (1–3). Pines therefore represent
an ancestral branch in the tree of life.

Pines are among the most widely distributed and prominent
genera of trees in the world. They extend throughout the
Northern Hemisphere from the equator to the Arctic Circle and
are the dominant vegetation over large areas (4). Pines are the

most important forest trees and crop species in the United States
and around the globe. One single species, Loblolly pine (Pinus
taeda L.), alone provides ∼16% of the world’s annual timber
supply (5) and grows on nearly 58 million acres of plantation
and natural forest in the southeastern United States (6). Pine
timber, including softwood and hardwood, is widely used in
logs and lumber, as well as in the pulp and paper industry.

Pine nuts are high in nutritional value. For instance, Stone
pine (Pinus pineal) seeds have a protein content up to 31.6%
of the total dry weight of the edible portion (7, 8). They also
contain a considerable amount of vitamins A, B1, and B2,
potassium, magnesium, and other minerals as well as dietary
fiber (7, 9). Pine nuts are widely used for human consumption
in Asia, Europe, and America. They are eaten either raw or
roasted and have been used as ingredients in a variety of
traditional recipes. Today, pine nuts are harvested in many
regions of the northern hemisphere and are marketed globally
as a gourmet product. The annual sales of pine nuts in the U.S.
market total about 100 million dollars, 80-90% of which is
imported, primarily from China where the most widely harvested
species is Korean pine (Pinus koraiensis) (10), which is the
most important species in today’s international pine nut trade.

Realizing the importance and the lagging status of the conifer
genomic study, compared with other agricultural crops, several
genomic projects have been launched worldwide (3). In the
United States, the Loblolly pine genome project started in 1999
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(11). The haploid Loblolly pine genome was estimated to be
22 pg, seven times larger than the human genome (5). To date,
a complete pine genome has not been reported.

Similar to other tree nuts and peanut, pine nut is also known
to be a source of food allergens (21, 22). Numerous food
allergies are caused by seed storage proteins from nuts. Seed
storage proteins account for >5% percent of the total seed mass
and accumulate during seed development. They are believed to
be rapidly broken down and metabolized during germination
and early seedling growth (21). On the basis of their solubility
and ultracentrifugation sedimentation coefficients (S), common
seed storage proteins are divided into 2S albumin, 7S vicilin,
and 11-13S globulins. Many vicilin-type seed storage proteins
in legume and tree nuts have been identified as allergens (22–26)
including Ara h 1 in peanut (27), Ana o 1 in cashew nut (23),
Cor a 11 in hazelnut (28), and Jug r 2 in English walnut (26).
Although pine nut allergy cases have been reported (12–20),
pine nut allergens have not been identified or characterized.

Seed storage proteins of some pine species have been isolated,
mostly by means of buffer extraction. SDS-PAGE analyses of
these proteins in mature seed or during development have been
reported (29). The megagametophytes of Pinus pinaster seeds
contain two types of oligomeric 7S vicilins of approximately
175 and 190 kDa, respectively. They are composed of 47, 27,
and 22 kDa subunits. N-terminal amino acid sequencing showed
that the 27 and 22 kDa peptides were originated from partial
proteolytic processing of a single storage protein, with the 27
kDa peptide at the N-terminal end (29). Here, a 7S vicilin-type
seed storage protein from Korean pine nut was purified and
identified by SDS-PAGE and N-terminal amino acid sequencing;
its thermal as well as chemical stabilities were investigated.

MATERIAL AND METHODS

Preparation of Pine Nut Seed Extract. Pine nut seeds were
purchased from a local vender and homogenized in 10 volumes (w/v)
of 0.01 M phosphate buffered saline pH 7.4 (PBS), containing protease
inhibitors (100 nM aprotinin, 50 µM antipain, 50 µM leupeptin, and
0.5 mg/ml pepstatin, all purchased from Sigma, St. Louis, MO) and
antibiotics (50 µg/ml ampicillin and 50 µg/ml kanamycin, both from
Invitrogen, Carlsbad, CA) in a KitchenAid blender. The homogenate
was defatted by adding an equal volume of cyclohexane with stirring
at 4 °C for 4 h. After centrifugation, the upper layer was discarded,
and the aqueous portion was defatted two more times with cyclohexane.
The aqueous layer after the last extraction was collected and centrifuged
at 12 000g at 4 °C for 15 min. The supernatant was filtered with 0.45
µm syringe filters and was either used for purification by FPLC or
stored at -80 °C for further use.

Purification of Pine Nut Vicilin by FPLC. The 7S vicilin-type
storage protein was purified from defatted pine nut extract at 4 °C by
sequential gel filtration, anion exchange, hydrophobic interaction
chromatography (HIC), and a second gel filtration step. For the gel
filtration step, a crude extract from an equivalent of 5 g of dry pine
nut seeds was loaded onto a 300 mL Superdex 200 column (XK 26/
70, GE Healthcare, Piscataway, NJ) pre-equilibrated with buffer A (10
mM Tris-HCl, pH 7.9) containing 100 mM NaCl, and the proteins were
eluted with the same buffer. The Superdex column was calibrated using
thyroglobulin (669 kDa), ferritin (440 kDa), catalase (242 kDa), aldolase
(158 kDa), and bovine serum albumin (67 kDa) (GE Healthcare) as
molecular weight standards.

Fractions containing pine nut vicilin eluted from the gel filtration
column were pooled and dialyzed overnight against buffer A. The
sample was then loaded onto an 8 mL Source 15Q anion exchange
column (GE Healthcare) pre-equilibrated with buffer A. The column
was then washed with buffer A and eluted with buffer A plus a linear
gradient of NaCl (0-0.3 M) by mixing buffer A with buffer B (10
mM Tris-HCl, pH 7.9, 1 M NaCl).

The vicilin containing fractions eluted from the anion exchange
column were pooled, and ammonium sulfate was added to the pooled
sample to a final concentration of 2.5 M. The sample was then loaded
onto two interlocked phenyl Sepharose columns (2 × 5 mL, GE
Healthcare) pre-equilibrated with HIC binding buffer (2.5 M ammonium
sulfate, 10 mM Tris-HCl, pH 7.9). The HIC column was eluted with a
2.5-0 M ammonium sulfate gradient in buffer A. The fractions of the
major peak eluted from the column were pooled, and the pooled sample
was concentrated and reapplied to the Superdex 200 column as
described above to obtain a purified vicilin preparation.

Purified pine nut vicilin was pooled and concentrated in an Amicon
ultra-15 centrifugal filter device with 10K nominal molecular weight
limit (Millipore, Bedford, MA), and the protein concentration was
estimated with a Cary 300 UV-visible spectrophotometer using a
theoretical extinction coefficient of ε280 ) 34 870 cm-1 mol-1 calculated
according to the vicilin sequence of Loblolly pine.

Reducing and Nonreducing SDS-PAGE Analysis. The protein
samples were analyzed with 10-20% polyacrylamide gels in Tris-
HEPES-SDS running buffer (100 mM Tris, 100 mM HEPES, 3 mM
SDS, pH 8.0). Prestained protein molecular weight marker (Precision
Plus All Blue, Bio-Rad, Hercules, CA) containing protein standards of
10-250 kDa was used as reference. For reducing SDS-PAGE, 288
mM �-mercaptoethanol was added to 2× nonreducing sample buffer
(20% glycerol, 150 mM Tris-HCl, pH 6.8, 4 mM EDTA, 4% SDS,
0.4% (w/v) bromophenol blue dye). Samples were mixed (1:1, v/v)
with the reducing/nonreducing sample buffer, boiled for 5 min, and
then cooled on ice before loading onto the gel. The gel was stained in
a solution containing 0.1% Coomassie Brilliant Blue R-250, 40%
ethanol, and 10% acetic acid for 2 h and destained within a solution
with 40% ethanol and 10% acetic acid. Images of the gels were taken
by a Nikon digital camera and analyzed with the ImageJ software
(30).

Peptide N-Terminal Amino Acid Sequencing. Purified pine nut
vicilin was subjected to SDS-PAGE using 8-25% gradient gels in a
PhastSystem (GE Healthcare) and electrophoretically transferred (0.35
A at 25 °C) to a Problott membrane (Applied Biosystems, Foster City,
CA) in a transfer buffer (10 mM 3-(cyclohexyl-amino)-1-propane
sulfonic acid containing 10% methanol, pH 11.0). The blot was stained
with Coomassie Brilliant Blue, and the four main peptide bands were
excised and subjected to N-terminal amino acid sequencing by Edman
degradation using a Procise Model 491 Protein Sequencer (Applied
Biosystems). Cysteine residues are chemically labile during Edman
degradation, and no attempts were made to derivatize those to their
PE-Cys form so that they could be analyzed.

Circular Dichroism Spectroscopy. Circular dichroism (CD) spectra
were acquired on a Jasco J715 spectrometer. The spectrometer was
calibrated using a camphorsulfonic acid solution according to the
manufacturer’s instructions. Each spectrum was recorded as an average
of 10 accumulations scanning from 250 to 190 nm (50 nm/min), using
a 1 mm path length cuvette. Prior to CD spectrum analysis, sample
buffer was changed to PBS, and the protein concentration was estimated
by its absorbance at 280 nm.

Differential Scanning Calorimetry (DSC). DSC measurements
were performed using a Mettler Toledo (Columbus, OH) model
DSC823e/700 differential scanning calorimeter. The protein concentra-
tions were 16.03 mg/mL and 26.16 mg/mL in PBS as determined by
BCA protein assays using a BCA kit from Pierce Biotechnology Inc.
(Rockford, IL). High sensitivity was achieved by using a MultiSTAR
HSS7 sensor with 120 thermocouples in a multilayer arrangement,
which amplifies the original signal and reduces the signal-to-noise ratio.
Indium was employed as a standard for internal calibration of the
instrument. All measurements were performed using 30 µL HP stainless
steel crucibles without pin and membrane gold platted covers as sample
pans. A second crucible filled with 30 µL of buffer was used as a
reference. The samples were heated from 25 to 180 °C at a scan rate
of 1 °C/min. The onset denaturation temperature To, the temperature
at which denaturation starts, was determined by taking the intercept of
the baseline and the extrapolated front edge of the peak. The temperature
at the maximum of the peak was regarded as the denaturation
temperature Td.
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Fluorescence Spectroscopy. Fluorescence spectra were obtained
using an ISS PCI spectrometer. A series of 25 vicilin samples at
folding-unfolding equilibrium were prepared by mixing equal molar
stock solutions of native (in PBS) and fully unfolded (in 8.5 M urea)
vicilin at different ratios. The samples were allowed to equilibrate at 4
°C overnight before fluorescence measurement. Fluorescence emission
spectra were recorded from 320 to 380 nm. The excitation was centered
at 280 nm with a bandwidth of 2 nm. All fluorescence measurements
were carried out using a 4 mm square quartz cuvette thermostatted at
20 °C. Fluorescence spectra of PBS and 8.5 M urea buffered in PBS
were also acquired and were used to construct the baseline of the protein
spectra at different urea concentrations.

RESULTS AND DISCUSSION

Purification of Pine Vicilin. In pine nut, vicilin is among
the proteins that can be extracted by buffers with low ionic
strength (e.g., PBS or 10 mM Tris-HCl, pH 7.9). As shown
in Figure 1, after gel filtration chromatography, the extracted
proteins were separated into four major peaks. As indicated
by SDS-PAGE analysis, the largest peak was eluted at ∼188
mL. By using the calibration curve obtained based on the
mobility of the molecular weight standards, the apparent
molecular weight of vicilin was calculated to be 137 kDa.
Further purification, SDS-PAGE analysis, and N-terminal
peptide sequencing (see below) indicated that this peak
contained vicilin (Figure 2, lane 1).

As shown in Figure 3, pine nut vicilin was able to bind to
the Source 15Q column equilibrated with a buffer of low ionic
strength. After the column was washed extensively with buffer
A, the protein was eluted with a NaCl gradient, at ∼0.20 M
NaCl. However, SDS-PAGE analysis indicated that the vicilin
sample collected after anion exchange chromatographic puri-
fication still contained a significant amount of impurities (Figure
2, lane 2). To further purify pine nut vicilin, two interlocked
phenyl Sepharose columns were used. This hydrophobic interac-
tion purification step effectively removed many unwanted
proteins as shown in Figure 4 and Figure 2, lane 3.

In order to remove salt and other impurities that were not
separated well during the first gel filtration step, the vicilin
containing fractions from the phenyl Sepharose columns were
purified again using the same gel filtration column. The vicilin
sample collected from this additional step consisted of four
major bands with molecular masses of ∼45, 34, 25, and 13 kDa,
respectively. The purified vicilin has been crystallized for
structure determination (31) and further SDS-PAGE analysis
of a sample redissolved from the vicilin crystals contained the
same banding pattern (Figure 5), confirming that all four
peptides were the result of post-translational processing of the
protein. The banding pattern is consistent with those of vicilin-
type storage proteins from other species (32, 33). No difference

was observed between the migration patterns of the bands in
reduced and nonreduced SDS gels, indicating that there was
no disulfide bond connection between any of the peptides
revealed in the SDS gel. These results are also consistent with
reported data for vicilins from other species (32, 34). Vicilins
are trimeric proteins of MW ranging from ∼150 to 190 kDa,
with subunits of ∼50 kDa. No disulfide bond was reported, but
proteolytic processing and glycosylation were believed to
occur (32, 35).

Identification of the N-Terminal Amino Acid of the
Peptides. In order to determine whether the multiple bands in
the purified vicilin sample resulted from a single gene product,
we sought to identify the peptides represented by the four major
bands by N-terminal amino acid sequencing. The N-terminal
amino acid sequences of the different bands determined by
Edman degradation are shown in Table 1. The 45 and 34 kDa
bands had the same N-terminal sequence, GRREEEREEN-
PYVFHSD, indicating that these two bands resulted from the
same protein. Table 1 also indicates that the 25 kDa band
represents two peptides that migrated together and one of these

Figure 1. Gel filtration of crude pine nut PBS extract. Dialyzed pine nut
PBS crude extract (20 mL) was loaded onto a 300 mL Superdex-200 gel
filtration column and eluted with a Tris buffer (10 mM, pH 7.9) containing
100 mM NaCl. Vicilin was eluted in the second major peak.

Figure 2. SDS-PAGE analysis of pine nut vicilin purification. Pooled vicilin
containing fractions from the gel filtration (lane 1), anion exchange (lane
2), and the hydrophobic interaction chromatography (lane 3) were
separated with a 4-20% SDS-gel. The molecular masses of the reference
bands in the marker (Precision Plus, Bio-Rad, lane M) are given to the
left of the gel.

Figure 3. Anion exchange purification of Korean pine vicilin. The vicilin
containing peak from the gel filtration step was pooled and loaded onto
an 8 mL Source 15Q anion exchange column pre-equilibrated with the
10 mM Tris buffer. The column was eluted using the Tris buffer with a
linear NaCl gradient (0-0.3 M over 75 mL) by mixing the Tris buffer with
buffer B (10 mM Tris, pH 7.9, 1 M NaCl). The vicilin peak is indicated.
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shared the same N-terminal amino acid sequence with the 45
and 34 kDa peptides, again indicating that these peptides are
from the same protein. The 13 kDa band may contain more
than two peptides as judged by the N-terminal sequencing
results. However, the N-terminal sequencing results as a whole
suggested that all four major bands resulted from the processing
of the vicilin protein when compared with the known sequence
of vicilin from Loblolly pine. As shown in Figure 6, by
searching the EST databases at the NCBI and the contig
sequences (36) of Loblolly pine, the N-terminal sequences of
the 45, 34, and one of the 25 kDa peptides could be matched to
that of aa56-aa73 of the Loblolly pine vicilin with one deletion.
The mismatch between the sequence of the vicilin we purified
and that translated from the contig sequence of the Loblolly
pine vicilin could be due to a sequencing error in the EST
sequence or due to errors in our N-terminal amino acid
sequencing. However, both of these are unlikely because the
N-terminal amino acid sequencing was performed multiple times
from each of the three bands and the contig also covered
multiple entries of EST sequences. Surprisingly, this sequence

of 17 amino acids is identical to a sequence in the vicilin-like
storage protein of white spruce (Picea glauca). These results
raised the question whether the Korean pine vicilin is more
closely related to that in the white spruce than to that in Loblolly
pine.

The 25 kDa band also appears to contain a peptide with an
N-terminal amino acid sequence (ASAQPKPFNLN) that closely
matches (7 out of 11 of) that of the Pinus taeda vicilin (36)
starting from aa262. Furthermore, this sequence also appears
to be at the N-terminal end of a peptide contained in the 13
kDa band. The 13 kDa band also appears to contain a different
peptide with an N-terminal sequence (G[HP]QEINY[NLY-
E]RVRARLRTGT) that closely matches a peptide in the
Loblolly vicilin starting from aa355. Considering the challenge
of N-terminal amino acid sequencing when a band consists of
more than one peptide, these data strongly indicated that the
four bands in the SDS-gel of the purified vicilin sample were
all part of the same protein. Although the exact sequence of
Korean pine vicilin is yet to be determined, these data indicated
that vicilin was post-translationally cleaved at the peptide bond
before G56 and partially cleaved before A262 and G355, in
reference to the Loblolly pine sequence (Figure 6). It was
unlikely that the cleavages occurred during purification because
protease inhibitor cocktails were added, these vicilin bands were
also present in the crude protein extract, and they accounted
for a large percentage of the whole protein content.

Urea Induced Denaturation. The urea-induced folding-
unfolding transitions of pine nut vicilin were measured by
monitoring the intrinsic fluorescence signals of vicilin as a
function of urea concentration (Figure 7A). For the spectrum
at each urea concentration, the “center of mass” wavelength of
the emission was calculated with the following equation:

<λ > ) (∑λi × Ii)/∑Ii

where λi is the wavelength of the i-th data point and Ii the
fluorescence intensity at λi. The “center of mass” wavelength
is closely linked to the “Red shift” induced during urea-induced
unfolding. For each sample, the fractions of native and unfolded
protein were calculated by assuming that <λ> was a weighted
average of that for the native and unfolded protein. The
fractional populations of the native and unfolded protein
(denoted fn and fu, respectively) were then used to calculate the
free energy of unfolding, ∆G ) kTln(fu/fn). In analyzing
the data, a two-state model with a linear dependence of the

Figure 4. Hydrophobic interaction chromatographic purification of pine
vicilin. A vicilin sample in 2.5 M ammonium sulfate was loaded onto a 10
mL phenyl-sepharose column. After washing with the binding buffer (10
mM Tris-HCl, pH 7.9, 2.5 M ammonium sulfate), the column was eluted
with an 80 mL linear ammonium sulfate gradient of 2.5-0 M by mixing
the binding buffer with buffer A (10 mM Tris-HCl, pH 7.9). The vicilin
containing peak is indicated in the graph.

Figure 5. SDS-PAGE analysis of the pine nut vicilin protein crystals.
This sample was used to determine the N-terminal amino acid sequences
of the major peptides in pine nut vicilin. The molecular masses of the
reference bands in the protein marker are shown on the left side of the
gel.

Table 1. N-Terminal Amino Acid Sequences of Korean Pine Vicilin
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unfolding free energy (∆G) on the concentration of the
denaturant was assumed. This model is characterized by a
midpoint concentration (Cm), the denaturant concentration at
which ∆G ) 0, and the slope of the ∆G dependence on the
denaturant concentration (m):

∆G)m(Cm - c))∆G0 -mc

where ∆G0 represents the free energy of unfolding in the
absence of a denaturant and can be derived by a linear
extrapolation. As shown in Figure 7B, the folding-unfolding
process of pine nut vicilin is mainly an equilibrium process
between the native and the denatured states. Fitting the data
with two transitions slightly improved the fitting statistics but
did not significantly change the fitting parameters for the main
transition. The midurea-concentration for the two-state model
was 4.40 ( 0.13 M, and the extrapolated ∆G0 was 19.04 (
3.29 kJ/mol. These data indicated that, as judged by urea
denaturation, this 7S protein is not unusually stable compared
to other globular proteins.

Circular Dichroism Spectroscopy. In order to assess the
thermal stability of the pine nut vicilin, far UV CD was used to

monitor its secondary structure content as a function of
temperature. As shown in Figure 8, the circular dichroism
spectrum indicated that vicilin is a well-structured protein.
Although the content of each of the secondary structure types
is often difficult to calculate accurately from CD data, it can be
seen from Figure 8 that pine nut vicilin is composed mainly of
�-sheets. This is consistent with the known secondary structures
of a number of 7S storage proteins from different types of beans
(soybean (Glycine max) (37, 38), Jack bean (CanaValia
pubescens) (39, 40), mung bean (Vigna radiata L. Wilczek),
and French bean (Phaseolus Vulgaris) 41, 42). However,
monitoring the CD signal as a function of temperature did not
detect a transition from regular secondary structures to random
coil up to 94 °C. On the contrary, the CD signal at 220 nm
started to increase sharply at ∼75 °C. There was no observable
precipitation up to 94 °C, and this transition was not a reversible
process. This phenomenon has also been reported for vicilins
from other species (43) when the CD signal at 208 nm was
monitored and the increase in optical activity was attributed to
increased �-structures upon thermal denaturation. However, our
data indicated that the largest CD signal change due to the
thermal transition occurred at ∼220 nm. Further investigation
is needed in order to understand the mechanism of this transition
at the molecular level.

Figure 6. N-terminal amino acid sequencing of pine nut vicilin. The amino acid sequence of the open reading frame (ORF) of Pinus taeda viclilin (36)
is shown. Except for one insertion, 17 cycles of Edman degradation of more than one band in Pinus koraiensis vicilin resulted in a peptide sequence
match that of a peptide in Pinus taeda vicilin (underlined residues). Additional N-terminal sequences of peptides in the vicilin bands (see Table 1) are
also closely matched to amino acid sequences (shaded or double underlined residues) in the ORF (see text).

Figure 7. Urea induced pine nut vicilin denaturation. (A) Typical
fluorescence emission spectra of pine vicilin at different urea concentra-
tions. The excitation beam was fixed at 280 nm with a 2 nm bandwidth.
(B) The “center-of-mass” wavelength of the vicilin fluorescence emission
spectrum as a function of urea. The solid line is the two-state fit of the
folding-unfolding equilibrium.

Figure 8. Thermal denaturation of pine nut vicilin monitored by CD. (A)
Irreversible conformation change of pine nut vicilin induced by heat. The
CD signal at 220 nm of a vicilin sample with an OD280 of 0.325 was used
to monitor the conformation change of pine vicilin. (B) CD spectra of
native and thermal denatured pine vicilin. The spectra of a Korean pine
vicilin sample before (solid line) and after (dotted line) thermal denaturation
are shown. Both spectra were recorded at 20 °C.

Characterization of Korean Pine Vicilin J. Agric. Food Chem., Vol. 56, No. 17, 2008 8163



Thermal Denaturation of 7S Vicilin Monitored by DSC.
As shown in Figure 9, DSC analysis showed an endotherm
peak for the 7S pine nut vicilin with an onset temperature of To

) 84.13 ( 2.25 °C and denaturation temperature of 93.23 (
1.36 °C. A gradual increase in the peak temperature of an
oligomeric protein with the increase in protein concentration
has been reported for the rabbit muscle glyceraldehyde-3-
phosphate dehydrogenase (44). In the present study, however,
neither the endotherm peak temperature nor the calculated enthalpy
of the pine nut vicilin thermal transition was affected by the protein
concentration between 0.5 and 3.0 mg/mL. Thus, the dependence
of the denaturation temperature on protein concentration observed
previously (44) does not seem to be a general property for
oligomeric proteins. Rescanning of the sample for a second time
after thermal denaturation showed a DSC curve without thermal
transitions that involved heat exchange, indicating that the process
of heat-induced denaturation was irreversible. A gel-like disk of
protein aggregates formed inside the pressure sealed sample pan
after heat-induced denaturation. No further thermal transition was
observed up to 180 °C, although the CD data indicated that the
vicilin protein was not in a random coil state after the transition at
∼85 °C. Further studies are required to characterize the thermally
denatured vicilin protein in order to assess whether it consists of
highly stable structural components.

In summary, we have purified a 7S vicilin from Korean pine.
Sequence analysis suggested that this vicilin is related to the vicilin
of the Loblolly pine. SDS-PAGE analyses revealed four bands
resulting from post-translational processing of a single gene product.
The thermal stability of the purified vicilin was accessed by CD
and DSC. It was found that heating to 94 °C resulted in irreversible
changes in the conformation of the protein. However, a significant
portion of the protein is not in random coil after thermal
denaturation. Urea denaturation study indicated that the purified
pine nut vicilin was not unusually stable. Molecular cloning of
Korean pine vicilin and structural studies of the protein in the future
may advance the understanding of the physical and chemical
properties of the cupin family of proteins. Such knowledge is of
great interest since it may provide insight into the structural property
and thermal stability of food allergens, many of which are members
of the cupin family.
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