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Abstract
Background: Sunflower seed can cause severe anaphy-

lactic reactions in some susceptible individuals. It is con-

ceivable that the 2S sunflower seed protein is an allergen

based on its high degree of homology (34%) with the

allergenic mature 2S albumin protein of the Brazil nut.

The first step in determining the allergenicity of sunflow-

er seed proteins is to identify IgE-binding proteins. Meth-

ods: Sera from sunflower seed-sensitive individuals

were evaluated by radioallergosorbent test (RAST), iso-

electric focusing (IEF) and sodium dodecyl sulfate-poly-

acrylamide gel electrophoresis immunoblotting with

sunflower seed proteins. Results: Positive RAST scores

(12) were observed in 3 individuals and immunoblotting

demonstrated IgE-binding to 2–7 distinct proteins rang-

ing in size from 10 to 50 kD. Two out of 3 sera recognized

two proteins between 16 and 17 kD. The lower molecular

weight protein (16 kD) approximates to the prepo region

of the precursor methionine-rich 2S albumin protein

found in sunflower seed (SFA-8/SSA). IEF followed by

immunoblotting demonstrated several IgE-binding pro-

teins, including two proteins with isoelectric points of

5.97 and 5.3, respectively, which are consistent with the

mature and immature forms of the SFA-8/SSA region.

Conclusions: Sunflower seed contains several IgE-bind-

ing proteins, including regions of the high-methionine

2S albumin SFA-8/SSA.
Copyright © 2000 S. Karger AG, Basel

Introduction

Sunflower (Helianthus annuus) seeds are popular as
snacks and as bread condiment. Sunflower seed products
are used extensively as consumable commodities in mar-
garine, and cooking and salad oils for humans, as well as
for poultry [1]. In spite of their popularity, sunflower
seeds have been reported to cause anaphylactic reactions
after ingestion [2–4] and rhinitis and asthmatic reactions
after occupational exposure to sunflower seed dust [5].
The identity of sunflower seed allergens is unknown. Sun-
flower seeds contain 2S storage albumins which in other
seeds such as rapeseed, castor seed, mustard seed, cotton-
seed and also nuts (Brazil nut and walnut) have been
shown to be allergenic [6–13], but their contribution to
allergy to sunflower seed is unknown. There is also a lack
of information regarding other nonalbumin allergens in
sunflower seed.
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There are insufficient data regarding the relationship
between sunflower seed and type I allergy (hypersensitivi-
ty) as previous reports on sunflower seed allergy have not
investigated this association in depth. Type I allergy is ini-
tiated by the production of immunoglobulin E (IgE) anti-
bodies to proteins from the offending food. One or more
proteins cross-link to IgE-sensitized mast/basophil cells
causing the release of endogenous mediators associated
with allergenicity [14].

It is conceivable that 2S proteins present in sunflower
seed may be associated with its allergenicity. One of the
2S proteins in sunflower seed is sunflower albumin-8
(SFA-8) otherwise known as sunflower seed albumin
(SSA), which is very rich in sulfur-containing amino acids
[15]. This property makes it a target for genetic manipula-
tion into crops deficient in sulfur-containing amino acids.
It consists of a single polypeptide chain [15, 16] with four
intra-chain disulphide bonds [17]. The predicted mass of
the immature protein is approximately 16 kD (isoelectric
point 5.35), but at different growth stages of the seed this
protein is cleaved to form the mature protein with a mass
of approximately 12 kD (pI 5.91) [18]. To date, SFA-8/
SSA has not been investigated as a possible allergen in
sunflower seed-allergic patients. Consequently, the pur-
pose of this study is to determine the presence of IgE-
binding proteins in sunflower seed and to determine their
role in sunflower seed allergenicity.

Materials and Methods

Extraction
Salted roasted and unsalted raw meat sunflower seeds were

ground and then respectively extracted (1:10) in either 0.01 M phos-
phate-buffered saline, pH 7.4 (PBS) or double-distilled water over-
night with shaking at room temperature. The extracts were clarified
(3,180 g for 30 min at 4°C) and stored at –20 °C.

Characterization of Sera
Serum samples were obtained from individuals with a positive

skin prick test (range 1+ to 4+) and positive radioallergosorbent test
(RAST) (range RAST ratio 1–71 times control) to sunflower seed,
and a convincing history of IgE-mediated reaction to sunflower seed.
Serum samples were obtained under informed consent using a proce-
dure approved by the Institutional Review Board of the University of
Nebraska, Lincoln. The control sera sample contained equal
amounts of serum from 5 atopic but not food-allergic individuals.

RAST Analysis
Sera from 5 sunflower seed-sensitive subjects were analyzed for

sunflower seed-specific IgE as described by Hefle et al. [19] with
slight modifications. Sera from atopic control subjects were pooled
and used for a negative control.

SDS-PAGE and Isoelectric Focusing Electrophoresis and
Immunoblotting
Both sunflower seed extracts and molecular weight markers were

loaded and separated by either a 10–20% gradient gel (Novex, San
Diego, Calif., USA) or a preparative (12.5% resolving gel) SDS-
PAGE. After electrophoresis, the 10–20% gradient tricine gel was
stained with 0.1% Coomassie blue and the preparative gel was equili-
brated in 25 mM Tris-HCl, 192 mM glycine containing 20% MeOH
(pH 8.3) solution for at least 15 min and then transferred to a PVDF
membrane (Millipore, Bedford, Mass., USA) using a semi-dry blotter
(Labconco, Kansas City, Mo., USA). For isoelectric focusing (IEF),
double-distilled sunflower seed extract and IEF markers (Sigma
Chemical, St. Louis, Mo., USA) were loaded and separated onto an
IEF pH 3–10 precast gel according to the manufacturer’s protocol
(Novex). After electrophoresis, the gel was stained in 0.1% Coomas-
sie blue (BioRad, Hercules, Calif., USA) solution to visualize pro-
teins, soaked in water for 3.5 h, incubated in a reducing solution
(0.28% SDS, 0.35 M Tris-HCl and 5% ß-mercaptoethanol, pH 8.3)
for 1 h and equilibrated in 25 mM Tris-HCl, 192 mM glycine con-
taining 20% MeOH solution for 15 min. The gel was then blotted
onto a PVDF membrane by semi-dry blotting for at least 1 h. The
membranes were blocked (1% casein, Sigma Chemical, in 0.025%
Tween 20 in PBS) and incubated with diluted sera (1:5 or 1:32) in
blocking solution overnight, with shaking at 4 °C. Membranes were
washed 4 times with PBS containing 0.025% Tween 20 before incu-
bation with goat anti-human IgE conjugated to horseradish peroxi-
dase in blocking solution (1:1,000; Bethyl Laboratories, Montgome-
ry, Tex., USA) overnight at 4 °C. After washing, membranes were
immersed in chemiluminescent reagents (1:1; Amersham, Arlington
Heights, Ill., USA) for 1 min, followed by exposure to X-ray film
(Amersham) for 1–5 min. Estimated molecular weights and pIs of
IgE-binding proteins were determined by best-fit models of the
molecular weight and IEF standard curves. Densitometric data were
obtained with UN-SCAN-IT gel software (Silk Scientific, Orem,
Utah, USA).

Results

RAST Analysis
All patients were clinically diagnosed as allergic to sun-

flower seed based on convincing histories and accompa-
nying skin tests, RAST, and in some cases history of ana-
phylaxis to sunflower seed (table 1). Not all sera exhibited
a high sunflower seed RAST score. Subjects 1 and 4 had
significant levels of sunflower seed-specific IgE. The
RAST scores for subjects 3 and 5 were unexpectedly low,
essentially not different from the control serum score.

SDS-PAGE and IEF Immunoblotting
The salted roasted and unsalted raw sunflower seed

extracts demonstrated a difference in the pattern of pro-
tein profiles (fig. 1). Three out of 5 sera possessed IgE that
bound to proteins in roasted sunflower seed extract (fig. 2)
with immunoestimated molecular weights between 10
and 50 kD (table 2). The 2 subjects with the highest RAST
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Fig. 1. SDS-PAGE of salted roasted and unsalted raw sunflower seed
in a 10–20% gradient gel stained with Coomassie blue. Seventy
micrograms of protein extract/lane. Lane M contains molecular
weight markers.

Fig. 2. SDS-PAGE of salted roasted sun-
flower seed followed by IgE immunoblotting
from different sunflower seed-allergic sub-
jects. Lane markers refer to subject sera, with
C designating the control sera. Four hundred
and forty micrograms of protein extract were
loaded onto a preparative gel.

Table 1. Characteristics of sunflower seed-allergic subjects

Subject No. Gender SPT class1 RAST2 Symptoms

M/F 2 atopic, non-food allergic
1 M 4+ 71 vomiting, hypotension
2 F 4+ 7 urticaria, angioedema
3 M 1+ 2 itchy mouth
4 F 4+ 9 anaphylaxis
5 F 3+ 2 angioedema, fever

1 Skin prick test.
2 RAST score is expressed as the ratio of IgE-binding of subject serum to binding of pooled
non-sunflower seed-allergic, atopic control serum. IgE-binding of control sera was equivalent
to the response in analyses that contained no serum.

Table 2. Immunoestimates of the molecular
weights (kD) of IgE-binding proteins of
roasted sunflower seed

Subject No. Molecular weight

10.5
13.5
15.9
17.2
22.7
33.2
43.6

2 48.9

4 15.9
16.7
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Fig. 3. IEF gel of unsalted raw sunflower
seed followed by IgE immunoblotting after
IEF with sera from subject 1 (1:32). Lane 1
and 2 contained 27 and 57 Ìg of extract,
respectively. Lane 3 is the buffer lane.

scores recognized two IgE-binding proteins of a molecular
weight of 16–17 kD and subject 1, with the highest RAST
score, recognized several proteins including one at
13.5 kD. Immunoblotting of sunflower seed extract for
IEF purposes demonstrated the presence of several IgE-
binding proteins including those with pIs of 5.3 and 5.97
(fig. 3) when incubated with sera from subject 1.

Discussion

There are reports in the literature indicating that sun-
flower seed can cause anaphylactic reactions after inges-
tion [2–4]. The objective of this study was to determine
whether sunflower seed possesses IgE-binding proteins.
Due to the popularity of salted roasted sunflower seeds as
a snack food, salted roasted sunflower seed extract was
used to determine the mass of IgE-binding proteins. How-
ever, the amount of salt present in the extract was too high
to determine the pIs of the IgE-binding proteins. To cir-
cumvent this problem, unsalted raw sunflower seed ex-

tract was used in pI determination studies. The roasted
and raw extracts showed different protein profiles. These
profiles are significant because subjects may develop
allergenicity to specific proteins found in certain sunflow-
er seed cultivars and not others. IgE from sunflower seed-
sensitive subjects unequivocally bound to salted roasted
sunflower seed proteins with molecular weights ranging
from approximately 10 to 50 kD. One of the limitations of
this study was the small number of subjects available.
Thus, it is likely that other proteins may be present out-
side this molecular weight range that could bind IgE from
the sera of other sunflower seed-allergic patients. The fact
that individual variation exists between the subjects in
this study suggests this possibility. Two sera from subjects
with high sunflower seed RAST scores recognized two
proteins with similar masses of 16 and 17 kD. Subject 1
recognized several proteins including a protein with a
mass of approximately 13.5 kD. The sensitivity of chemi-
luminescence methods explains the detection of this pro-
tein immunochemically, but not via the Coomassie blue
staining method in the salted roasted sunflower seed
extract. This 13.5-kD protein has previously been re-
ported to bind IgE from a sunflower seed-sensitive indi-
vidual who experienced an anaphylactic episode [3]. It is
interesting to note that sera from subjects 3 and 5 did not
bind to any sunflower seed proteins and that their sun-
flower seed RAST scores were very low. The low RAST
reactivity may be related to the efficacy of the extraction
protocols used to isolate the sunflower seed allergens. This
observation has been made in other studies of food aller-
gens, particularly in sesame seed [20–22]. However, the
positive skin tests in these subjects and their clinical histo-
ries attest to their allergy to sunflower seed. In vivo tests
measure the presence of specific IgE bound to mast cells;
in vitro tests, such as RAST only, detect the presence of
IgE in serum which has a half-life of only 3 days.

The limited supply of sera from sunflower seed-allergic
individuals prevents determination of which IgE-binding
protein may be the major allergen. However, some inter-
esting observations can be made regarding individual
variation and the intensity of which IgE bound to these
proteins. Sera from subject 1 contained a significant
amount of specific IgE distributed among 7 different pro-
teins. The major IgE-binding protein as assessed by band
intensity was in the 16- to 17-kD region. Due to the
amount of protein used in the SDS-PAGE, it was not pos-
sible to get quantitative densitometry data. However,
qualitative observation suggests that a substantial portion
of the total IgE-binding proteins were found in this region.
The significant degree of IgE-binding in this region may
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or may not be an indication of their importance to aller-
genicity; the other less intensely bound bands may also be
allergenic proteins. Serum from subject 4 exclusively rec-
ognized the 16- to 17-kD proteins and the clinical history
showed that this individual suffered anaphylaxis and had
a strongly positive skin prick test. The anaphylactic histo-
ry of subjects 1 and 4 could be easily attributed to these
proteins because IgE directed against these proteins
seemed to be consistently present in both sera. However,
their symptoms may have been the result of an allergen
not extracted using our extraction protocol.

2S albumin proteins from a variety of seeds such as
castor seed, cottonseed, yellow and oriental mustard seed
have been known to be allergenic proteins [6–9]. More
recently, Brazil nut and walnut 2S albumins have been
found to bind to human IgE and therefore have been asso-
ciated with allergenicity [10, 11]. The 2S albumins of Bra-
zil nut and sunflower seed have 34% sequence homology
[18]. The high degree of homology that exists between
Brazil nut and sunflower seed only suggests that the 2S
sunflower seed may be either an IgE-binding protein or an
allergen. However, if the specific antigenic sequences are
not present, the high degree of homology is inconsequen-
tial.

The 2S albumin fraction of sunflower seed is made up
of at least 8 different albumins [15], one of them designat-
ed as SFA-8/SSA [15, 23]. SFA-8/SSA is very rich in
methionine and cysteine (16 and 8%, respectively). The
immature mass of SFA-8/SSA is approximately 16 kD
(pI, 5.35), which in the process of seed development is
cleaved to form the mature protein with a mass of approx-
imately 12 kD (pI 5.91). The results show that IgE from 2
of 3 sunflower seed-allergic subjects recognized a 16-kD
protein. To further characterize SFA-8/SSA as a potential
IgE-binding protein, the pI of the IgE-binding proteins of
unsalted raw sunflower seed were determined by IEF fol-
lowed by IgE immunoblotting using serum from a sun-
flower seed-allergic subject. The IgE immunoblotting
findings clearly demonstrate that both regions (immature
pI of 5.35 and mature pI of 5.91) of the presumed SFA-
8/SSA protein bound IgE. The pooled serum from nega-
tive control atopic individuals did not recognize these
proteins (data not shown). The predicted value of 5.30
and 5.97 for the immature and mature protein is within
experimental error. Densitometry data indicated that
24% of the IgE-binding proteins within the pI 4.6–6.0
area had a pI of 5.97. This study shows that the mass and
pI are consistent with the immature form of SFA-8/SSA.
While an IgE-binding protein of pI 5.97 was observed, the
mass associated with the mature SFA-8/SSA is approxi-

mately 12 kD. There is reason to believe that the 13.5-kD
protein which others [3] also have detected is actually
12 kD in size; the standard curve used to estimate the
molecular weight ranged only from 14.4 to 97 kD. There-
fore, the expected mass of the 13.5-kD protein would be
questionable.

This study presents only circumstantial evidence that
SFA-8/SSA may be an IgE-binding protein. Currently,
there is interest in producing transgenic crops using the
SFA-8/SSA gene for animal and human foods [23, 24].
While the use of transgenic crops for animal food does not
present a problem to humans, direct consumption of an
IgE-binding protein may, such as the potential issue with
the transgenic soybean [10]. The IgE-binding properties
and allergenicity of SFA-8/SSA must be determined and
evaluated before producing a crop that would potentially
have adverse effects in sunflower seed-allergic individu-
als.

In conclusion, sunflower seeds possess several IgE-
binding proteins, including regions of the immature and
mature SFA-8/SSA. Transgenic manipulation of the 2S
sunflower seed IgE-binding proteins for human consump-
tion should be closely and critically evaluated in light of
these findings. Further research is in progress to purify the
mature SFA-8/SSA protein and assess its IgE-binding
potential and allergenicity.
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