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ABSTRACT: An almond allergen with two known short peptide sequences was reported as the almond 2S albumin but was
later suspected to be almond vicilin. However, this allergen was not designated by the World Health Organization/International
Union of Immunological Societies. This study aimed to determine the true identity of this elusive almond allergen. cDNAs were
synthesized from total RNA of the Nonpareil almond. The complete sequence of the previously reported almond allergen was
determined from its coding sequence. The deduced protein was produced recombinantly and was confirmed to be a food
allergen by testing with 18 almond-allergic sera. The allergen is a potential cysteine-rich antimicrobial protein with characteristic
C[X]3C−[X]10−12−C[X]3C motifs of the hairpinin antimicrobial protein. This first member of a novel family of food allergens
was named Pru du 8. The signature motif of the hairpinin antimicrobial protein can be found in the N-terminal region of some
vicilin allergens (e.g., Ara h 1). It can also be found in the signal peptide of other vicilin allergens (e.g., Car i 2). In many species,
however, vicilins do not contain such a motif, indicating that the presence of the signature motifs of the hairpinin antimicrobial
protein in vicilins might be a result of translocation during evolution.
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■ INTRODUCTION

Food allergies affect millions of patients in all parts of the
world,1,2 and there is, presently, no cure for it.3 Tree nuts are
regarded as healthy, and their consumption is recommended.4

However, tree nuts are also a major source of food allergens
that can cause life-threatening allergic reactions.5,6 A large
percentage of the protein weight in a plant seed is made up of a
few proteins, such as the 2S, 7S, and 11S seed storage proteins,
although there are thousands of different proteins in the seed.
Unfortunately, many of these abundant proteins are known to
be food allergens in more than one food, including peanuts,
soybeans, and tree nuts. Cross-reactivity among different foods
(as a result of a high percentage of sequence identity for linear
epitopes or structural surface similarity for conformational
epitopes) poses additional risks to allergic patients.7,8 Food
allergy also has a negative impact on the safe use of agricultural
products that can result in costly food recalls.9

Identification and characterization of food allergens is the
first step for understanding the allergenicity of food proteins.
Moreover, personalized component-resolved allergy diagnos-
tics may help to better understand food allergies,10 and such
diagnostics require the identification of the allergens and their
availability. There are 16 officially designated allergens in

peanuts.11 The prevalence of tree nut allergies in the United
States is as high as that of peanut allergy.12 Almonds are high
on the list of the most likely tree nut to trigger allergic
reactions.13,14 Prior to this study, only four almond
allergens15−17 have been designated by the World Health
Organization (WHO)/International Union of Immunological
Societies (IUIS).11 In a review, however, eight almond proteins
were referred to as food allergens.18 One of these proteins was
the 2S albumin based on a 2002 study in which almond protein
extract was fractionated by anion-exchange chromatography
and tested by an immunoblot with five patient sera.19 A protein
band was recognized by at least one serum. After peptidase
digestion of the protein, a 6 kDa fragment, which could still be
recognized by the serum, and a 2 kDa band, which did not
interact with the serum, were isolated. N-terminal sequencing
of the protein and one component of the 2 kDa band was
successful. On the basis of the alignments of sequences of the
N-terminal sequencing results and those of the 2S proteins
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from walnuts and Brazil nuts, the allergenic protein was
believed to be the 2S albumin.19 A recent study, however,
suggested that the immunoglobulin E (IgE) reactive protein
from almond might be the cleaved N-terminal region of a
vicilin-like protein.20 We isolated an almond vicilin and
identified it as a new food allergen.21 Nevertheless, it is not
the allergen involved in the aforementioned 2002 study
because it does not contain the previously reported partial
peptide sequences. Here, we report the isolation and
characterization of a new almond allergen, which, if cleaved
at the right positions, may result in peptide fragments that give
N-terminal sequencing data consistent with the 2002 findings
of Poltronieri et al.19

■ MATERIALS AND METHODS
Total RNA Extraction. Young Nonpareil almonds were collected

from Travaille & Phippen, Inc. Total RNA was extracted using an
RNeasy Plus Mini Kit (Qiagen, Valencia, CA, U.S.A.) following the
protocol of the manufacturer, with minor modifications. Briefly, the
inner part of almond, which would later become the kernel and the
hard shell of the seed, was ground with a pestle in a mortar containing
liquid nitrogen. About 100 mg of ground material was collected in a
microcentrifuge tube immediately after liquid nitrogen was evapo-
rated. A total of 500 μL of buffer RLT was added, and the sample was
mixed by inverting 6 times. RLT was one of the proprietary
components of the kit whose composition was not provided by
Qiagen. The sample was subjected to centrifugation, and the
supernatant was loaded onto an RNeasy Mini Spin column after
passing through a gDNA Eliminator Mini Spin column and mixed 2:1
with ethanol. The column was washed according to the protocol of
the manufacturer, and the total RNA was eluted with 50 μL RNase-
free water. A total of 2 μL (80 units) of RNase inhibitor (Invitrogen)
was added immediately, and the sample was used for reverse
transcription (RT) without delay.
RT and Polymerase Chain Reaction (PCR). Omniscript reverse

transcriptase (Qiagen) was used to synthesize cDNA following the
protocols of the manufacturer, using 6 μM of a 20-mer poly-dT
primer and 2 μL of the total RNA as templates in a 20 μL RT mixture.
The RT reaction was incubated for 60 min at 37 °C and then for 5
min at 95 °C to inactivate the reverse transcriptase. A total of 2 μL of
cDNA was used as a template in a PCR using the Q5 high-fidelity
DNA polymerase purchased from New England Biolabs (Ipswich,
MA, U.S.A.). The forward primer (ZY387, 5′-CACACAGTAT-
ATATTTGAGCACA-3′) used in the PCR was designed on the basis
of a mRNA sequence annotated as Prunus mume vicilin C72-like
mRNA (NCBI Reference Sequence XM_008226058.1). ZY387 and a
35-mer poly-T primer were custom-synthesized by Integrated DNA
Technologies, Inc. (Skokie, IL, U.S.A.) and used as primers in the
PCR. A PCR product of about 1 kb was obtained and inserted in an
in-house cloning vector pBC digested with EcoR V. Bacteria dH5α
was transformed with the ligation product, and multiple positive
transformants were isolated for plasmid DNA purification. The
plasmids were sequenced commercially by Elim Biopharmaceuticals,
Inc. (Hayward, CA, U.S.A.) using Elim’s primers T3 (AATTA-
ACCCTCACTAAAGGG) and M13for-40 (GTTTTCCCAG-
TCACGAC). An open reading frame of the inserted sequence was
amplified with Q5 DNA polymerase using primers ZY389 (AATCG-
CCAGCTGGGTGGTATGGCGACCATGACCAAA, forward) and
ZY390 (ATAGACCTCGAGTCAGGCTACCATTCTAAT-
TCCTTG, reverse). The PCR product was digested with EcoR V
and Xho I and inserted in the pTMS1 vector22 digested with Pvu II
and Xho I to generate pHMS-Prudu8 for expressing the new protein,
which has been designated as Pru du 8 by the WHO/IUIS Allergen
Nomenclature Sub-committee. It is also referred to as ssAMP below
because it is an antimicrobial protein possibly rich in disulfide bonds.
The inserted nucleotide sequence in pHMS-Prudu8 was confirmed by
DNA sequencing.

Protein Expression. The pHMS-Prudu8 plasmid was trans-
formed into the Escherichia coli strain Shuffle T7 (New England
Biolabs). The bacteria started with a positive colony were grown in 1
L batches of lysogeny broth (LB) containing 50 mg/L kanamycin
(Gold Biotechnology, St. Louis, MO, U.S.A.) at 37 °C. The
temperature of the incubator was set to 18 °C when the optical
density at a wavelength of 600 nm (OD600) of the culture reached
1.0−1.2, and the protein expression was induced 45 min later by
adding isopropyl β-D-1-thiogalactopyranoside (IPTG, Gold Biotech-
nology) to a final concentration of 1 mM. After 16 h of induction, the
bacteria were collected by centrifugation at 2500g and the pellets were
resuspended with a His-binding buffer (buffer HB, 20 mM imidazole
at pH 8.0 and 500 mM NaCl) and stored at −80 °C in 50 mL
centrifuge tubes.

Protein Purification and Tag Removal. Frozen cells were
thawed by putting the tube containing the pellet in a beaker with tap
water. The thawed pellet was resuspended in 50 mL of buffer HB
containing 1 mM benzamidine. The sample was sonicated in a beaker
surrounded by ice and water for 6 min and centrifuged at 20000g for
40 min at 18 °C. The recombinant protein was purified from the
supernatant with a 5 mL HisTrap FF crude column from GE
Healthcare (Piscataway, NJ, U.S.A.). The column was washed with 30
mL of buffer HW (56 mM imidazole at pH 8.0 and 500 mM NaCl),
and the protein was eluted with buffer HE (300 mM imidazole at pH
8.0 and 200 mM NaCl). Ubiquitin-like protease (ULP, a sumo
protease), which also has a His tag, was expressed and purified
similarly in-house. Purified MS-Prudu8 was incubated with an
optimized amount of ULP to release recombinant Pru du 8 (rPrudu8)
from the expression tags, and the digested product was passed
through a new HisTrap column as previously described.22,23

Preparation of the Almond Protein Extract. Nonpareil
almond kernels were ground in a KitchenAid blender for 5 min
with 8 mL of an extraction buffer (10 mM Tris at pH 8.0) per gram of
almond. The supernatant was collected after the sample was subjected
to centrifugation for 15 min at 4000g. Much Pru du 6 was cold-
precipitated by setting the sample tube on ice for 30 min. The sample
was subjected to centrifugation at 20000g, and the supernatant was
collected. The pellet was resuspended in the extraction buffer to the
same volume of the supernatant. An aliquot of the resuspension was
mixed with that of the supernatant at a ratio of 1:10, and the mixture
was used as the almond protein extract.

Sodium Dodecyl Sulfate Polyacrylamide Gel Electropho-
resis (SDS−PAGE) Analysis. The purified rPrudu8 and Nonpareil
almond protein extract sample were incubated at 96 °C in a SDS
sample buffer under reducing conditions for 10 min. SDS−PAGE
with 4−20% polyacrylamide gels was carried out as described
previously.21 Pre-stained protein markers (Bio-Rad, Hercules, CA,
U.S.A.) with molecular weights of 10, 15, 20, 25, 37, 50, 75, 150, and
250 kDa were used as standards. Gels were stained with Coomassie
Brilliant Blue (CBB) and documented with an ImageQuant LAS 400
imager (GE Healthcare).23

N-Terminal Protein Sequencing. Purified rPrudu8 was
subjected to SDS−PAGE and transferred to a polyvinylidene fluoride
(PVDF) membrane (GE Healthcare) using a Trans-Blot SD semi-dry
transfer cell from Bio-Rad (Hercules, CA, U.S.A.) and a Tris−glycine
buffer without methanol following the protocols of the manufacturer.
The membrane was stained with CBB using the conventional method.
The rPrudu8 band was excised, and N-terminal amino acid
sequencing was carried out by the analytical core facility at Tufts
Medical School.

Patient Sera. A total of 18 sera were collected from patients and
labeled as sera 1−18. The patients were enrolled in the food allergy
study at Stanford University under institutional review board approval
with informed consent (IRB approval certificate number 8629).

IgE Recognition of Almond Pru du 8. The protein bands in the
gels were transferred to PVDF membranes for immunoblot. The
membranes were blocked at room temperature in TBST (25 mM Tris
at pH 7.4, 137 mM NaCl, 2.7 mM KCl, and 0.1% Tween 20)
containing 10% non-fat dry milk. While the membranes were being
blocked, individual serum (100 μL) was diluted 1:10 with TBSTM
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(TBST containing 1% non-fat milk) and incubated with 10 μL of
agarose-immobilized protein A purchased from Pierce (Rockford, IL,
U.S.A.) for 45 min. The serum samples were then spun at 1000 rpm
for 2 min, and supernatants were used as a primary antibody solution
to incubate with a blocked membrane at room temperature for 45
min. The membranes were washed 3 times for 5 min each with TBST,
processed with a secondary antibody (diluted 1:5000 with TBSTM),
and washed again; the secondary antibody was raised against human
IgE and conjugated with peroxidase (Sigma). A mixture of Pierce
ECL western blotting reagents (Rockford, IL, U.S.A.) was used as a
peroxidase substrate, and the ImageQuant LAS4000 imaging system
was used for signal detection.

■ RESULTS
Determination of the Almond Antimicrobial Protein

Sequence. cDNAs were synthesized from the RNA isolated
from a young Nonpareil almond. Using the cDNA pool as
templates, a PCR with primers ZY387 and a poly-T resulted in
a 1 kb product. The nucleotide sequence of this product
contained an open reading frame that encoded a protein of 264
amino acids. The sequence data has been deposited to the
GenBank with accession number MH922028 (Figure S1 of the
Supporting Information). Searching the non-redundant protein
database at the National Center for Biotechnology Information
(NCBI) with the new protein identified six homologous
proteins (XP_007223717.1, XP_021811866.1, PQQ11123.1,
XP_008224280.1, XP_009335337.1, and XP_008390980.1).
These proteins were predicted by automated computational
analysis or identified during genome annotation. They are
named vicilin-like or vicilin-like antimicrobial peptides 2-2,
except one that is named bromodomain-containing protein.
Multiple sequence alignment of four of these proteins and Pru
du 8 is shown in Figure 1A.
Information about the signal peptide of pecan vicilin was

obtained from the N-terminal sequencing results of pecan
vicilin purified from the nuts24 and the protein sequence
deduced form of the pecan vicilin gene. Using the signal
peptide of pecan allergen Car i 2 as a query, a BLAST search of
the non-redundant protein database returned more antimicro-
bial proteins (including those that were in the results when
searching with Pru du 8) in addition to vicilins. A phylogenetic
tree generated with MUSCLE25 based on the sequences of
these antimicrobial proteins is shown in Figure 1B.
Purification of Recombinant Pru du 8. The open

reading frame was amplified with primers ZY389 and ZY390
and inserted into the vector pTMS1. The expressed protein,
His-MBP-sumo-Prudu8, was the target protein with an N-
terminal tag containing poly-His, maltose binding protein
(MBP), and sumo. These protein tags were used to enhance
the solubility of ssAMP, and sumo was also used as a peptidase
recognition site for the removal of the fusion tags. Most of the
expressed fusion protein was partitioned in the soluble portion
when the lysate was centrifuged. A HisTrap column was used
in the immobilized metal affinity chromatography purification
of His-MBP-sumo-Prudu8. After this one-step purification, the
sample purity was high enough and the sample was diluted
with a Tris buffer containing TDD to make the final condition
compatible with ULP digestion. After optimization, ULP was
used at a peptidase/substrate molar ratio of 1:800. The
reaction was carried out at 20 °C for 4 h and was close to half
complete (Figure 2). The recombinant ULP, the cleaved
fusion tag, and the undigested fusion protein were removed by
passing the digestion product through a Ni2+ column. The
flow-through contained a strong band at ∼31 kDa when

analyzed by SDS−PAGE (lane 1 in Figure 2), consistent with
the theoretical molecular mass of Pru du 8 without an
expression tag. The result of 10 cycles of N-terminal amino
acid sequencing confirmed the successful removal of the
expression tag.

Identification of Almond ssAMP as an Allergen. Sera
were collected from 18 patients diagnosed to be allergic to
almond by double-blind placebo-controlled food challenges.
The patients were enrolled in the food allergy study at Stanford

Figure 1. Sequence alignment of ssAMPs. (A) Sequence alignment of
ssAMPs from almond (Prunus dulcis), peach (Prunus persica), sweet
cherry (Prunus avium), cherry (Prunus yedoensis var. nudiflora), and
Chinese plum (Prunus mume). The red background indicates residues
conserved in all sequences. Yellow and green backgrounds indicate
identical and similar residues in half or more of the sequences at a
position, respectively. The Cys residues in the antimicrobial peptide
motif are indicated by a magenta background. The black bars on top
of the Pru du 8 sequence indicate the peptides that match the N-
terminal sequencing results reported by Poltronieri el al.19 (B)
Phylogenetic tree built with ssAMPs from almond (Prunus dulcis,
MH922028, this study), peach (Prunus persica, XP_007223717.1),
sweet cherry (Prunus avium, XP_021811866.1), cherry (Prunus
yedoensis , PQQ11123.1), Chinese plum (Prunus mume ,
XP_008224280.1), Chinese white pear (Pyrus × bretschneideri,
XP_009335337.1), apple (Malus domestica, XP_008390980.1),
sugar beet (Beta vulgaris subsp. vulgaris, XP_019107917.1), quinoa
(Chenopodium quinoa, XP_021716871.1), spinach (Spinacia oleracea,
XP_021859220.1), banana (Musa acuminata subsp. malaccensis), and
pineapple (Ananas comosus, XP_020100752.1).
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University. A 28-year-old adult and 17 pediatric patients ages
3−13 (median of 7) were included.21 Some of them were also
allergic to walnut.
These sera were individually tested to assess whether they

had IgE antibodies specific to almond ssAMP. For the
immunoblot experiments, recombinant ssAMP was separated
by SDS gels and transferred to PVDF membranes for analysis.
Among the 18 sera, 6 were positive for containing IgE
antibodies against ssAMP, as shown in the top panel of Figure
3. Sera of non-allergic individuals were used as negative
controls in some reported studies on identifying food
allergens.26 Such negative controls are especially important
when pooled sera are used. However, when sera are
individually tested, sera of patients that did not react with
the purified allergen can act as negative controls equally well.
In the middle and bottom panels of Figure 3, many sera (e.g.,
sera 17 and 18) were shown not to recognize recombinant
ssAMP. These sera could be considered as negative controls
for the experiment in detecting positive IgE recognition of
recombinant Pru du 8.
Poltronieri and collaborators first reported the serum IgE

recognition of a 12 kDa band.19 In the present study, we could
not confidently identify a common band in the almond extract
that was recognized by all of the sera in the top panel of Figure
3. A likely reason for this is that the level of ssAMP in almond
is low. As such, we did not attempt to identify the natural
allergen in the crude extract. To further characterize this
allergen, it is desirable to raise an antibody highly specific to
recombinant Pru du 8. The antibody can then be used to
affinity purify natural Pru du 8 from almond extract for
studying the post-translational modifications of the allergen.
In comparison of the signal difference in the extract lanes of

the images detected by the sera (e.g., sera 17 and 18), it could
be noticed that the total signal strengths from all allergens in
the protein extract recognized by each serum were not
proportional to the almond-specific IgE determined by
ImmunoCap.21 One major reason for this discrepancy might
be that ImmunoCap measures IgEs that recognize the native
proteins, while an immunoblot mainly detects IgEs that
recognize linear epitopes. These data may point to a need to
develop methods for comparing the prevalence of linear and
conformational epitopes recognized by IgEs for studying the

relative importance of different types of IgE epitopes in
childhood and persistent food allergies.

■ DISCUSSION
The literature reported the partial sequences (VTXEEGXY-
SISDQSKVGE and QXIRSPDREM) of two short peptides
from a protein band that reacted with almond-allergic patient
serum IgE.19 This allergen was thought to be the 2S albumin
because the sequences of the short peptides share high amino
acid identities with those in the 2S albumin of other species.19

Recently, however, it was debated that this allergen is likely to
be the 7S vicilin of almond for the following reasons: (1) The
reported short sequences matched 100% with two peptide
stretches of the predicted translation of a partial mRNA in the
GenBank (BU574985.1) if the uncertain residues in the
reported partial peptide sequences were cysteines. (2) The
peptide sequence translated from the partial mRNA had
homology to the N-terminal region of the 7S vicilin seed
storage protein deduced from its coding sequence in some
species.20

Using the peptide translated from BU574985.1 as a query, a
tBLASTn search of the non-redundant nucleotide database

Figure 2. SDS−PAGE analysis of recombinant almond ssAMP.
Recombinant ssAMP with a His-MBP-sumo tag after nickel column
purification (lane 3), its ULP digestion (lane 2), and ssAMP after tag
removal (lane 1) were analyzed with a 4−20% SDS gel, along with
almond protein extract (lane E) and protein standards (lane M). The
ssAMP band in lane 1 is shown with a red arrow.

Figure 3. Sera IgE recognition of recombinant Pru du 8. For
immunoblot analysis, PVDF membranes with protein bands from
almond protein extract (lane E) and ssAMP sample (lane A) were
blotted with individual serum from 18 almond-allergic patients. The
serum number is labeled at the bottom of the blot. (Top panel) Sera
containing IgE that recognize rPru du 8 (as indicated by the red
arrows). (Middle and bottom panels) Sera without rPru du 8-specific
IgE.
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resulted in three hits. Among them, the vicilin C72-like mRNA
(XM_008226058.1) from Prunus mume (commonly known as
Chinese plum or Japanese apricot) was the only one that also
contained 5′ and 3′ untranslated sequences. We used a primer
based on the 5′ prime end untranslated sequence and a poly-T
primer in the PCR and isolated the cDNA that encoded Pru du
8 shown in Figure 1. The results showed that this protein has
sequence homology with the N-terminal domain of vicilins
from some species. However, Pru du 8 is not a vicilin because
it lacks the two cupin domains that are the main feature of the
vicilin protein, although genome annotation with automated
computational analysis named the Pru du 8 orthologous
proteins in other species as vicilin-like proteins as a result of
their sequence similarity to the signal peptide or N-terminal
region of vicilins from some species. Some vicilins, such as
vicilin of macadamia (Macadamia integrifolia), have a N-
terminal region that has antimicrobial activity,27 while vicilins
from many species do not have this N-terminal region.28

On the other hand, using the signal peptide of pecan vicilin
Car i 2 as a query, a BLAST search of the non-redundant
protein database not only returned vicilins from different
species as expected but also identified many predicted proteins
from various species that consist of only the antimicrobial
domain. The relationship of these species as suggested by the
phylogenetic tree built with these antimicrobial proteins
seemed to agree with that of the species classifications,
indicating that the antimicrobial proteins are likely in a
separate family and not in the cupin protein superfamily. Thus,
Pru du 8 is the first member of a new allergen family whose
functions require further investigation.
Plant antimicrobial proteins are divided into different

families.29 One of them is the α-hairpinin AMP, which
assumes a helix−loop−helix structure containing two disulfide
bonds between the C3C (short for C[X]3C) pairs of a
characteristic C[X]3C−[X]10−12−C[X]3C motif in their
peptide sequence.29,30 The almond ssAMP isolated in this
study contained seven repeats of the motif (Figure 1A and
Figure 4A). Pru du 8 orthologous proteins included in Figure
1B contained 5 (Chinese plum) to 12 (apple and chickweed)
coupled C3C motifs.
For the vicilins that contain coupled C3C motif(s), their N-

terminal antimicrobial peptide regions also contain different
numbers of α-hairpinin AMP repeats. The peanut vicilin (Ara
h 1)31 and almond vicilin have only one α-hairpinin AMP
motif in their N-terminal region. While the pecan vicilin Car i
2, which has a 311AA signal peptide,24 consists of five α-
hairpinin AMP repeats (Figure 4A) in its signal peptide and
one hairpinin AMP motif in the N-terminal of the mature
protein. Pine nut vicilin (Pin k 2) and convicilin do not contain
the AMP repeat.32−34 These results indicate that this coupled
C3C motif may be able to expand by element duplication and
move to different genes by translocation. On the other hand,
the repeats in Pru du 8 and those in Car i 2 do not have high
sequence identity (Figure 4B), suggesting that the α-hairpinin
AMP repeat might exist very early in the plant evolution and
continued to diverge in different species. Apple AMP seemed
to contain six repeats of an [X]11−C[X]3C−[X]6−C[X]3C−
[X]9−C[X]3C−[X]9−C[X]3C−[X]12 motif (Figure 4C). This
pattern of the separations of the C3C elements does not match
that of any of the well-studied AMP families.29 Each of the
repeats contained C[X]3C−[X]9−C[X]3C sub-elements that
are similar to the coupled C3C motif of the α-hairpinin
antimicrobial protein. Whether these repeats or their C3C

elements form similar α-hairpinin structures awaits future
investigation.
In conclusion, an almond allergen was previously reported in

the literature, but its identity was not clear. It was initially
considered to be 2S albumin but was recently debated to be 7S
vicilin. Recently, we have isolated an almond vicilin gene and
identified it as a food allergen.21 However, almond vicilin was
shown to be different from the allergen previously reported in
2002. To further characterize almond allergens, the sequence
of a mRNA encoding a potentially disulfide-rich antimicrobial
peptide/protein was determined. This protein encompasses
the peptides identified in the allergen with debated identity.
IgE recognition of recombinant ssAMP was tested with 18
sera. The results indicated that almond ssAMP is a food
allergen that belongs to a novel family of allergenic food
proteins.
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IPTG, isopropyl β-D-1-thiogalactopyranoside; ULP, ubiquitin-
like protease; PVDF, polyvinylidene fluoride
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CACACAGTATATATTTGAGCACAAGC ATG GCG ACC ATG ACC AAA GCT GAG CTT CCT

TTG TTG GTT TTG TTC CTA TCC ACT CTT CTC CTT GCT ACC TCT GTG CCT TCT

GTT CGT GCC CAG GTC ACC TGC GAG GAA GGA TGC TAT TCG ATA TCT GAT CAG

TCG AAA GTG GGG GAG TGC TTG CAA ATG TGT TCA TCC CAT GGC CAG TCA TGT

GAA GAT CGT TGC ATG AGG GAA GCA AGG TGG CCG CAG CAG CAA GAA CAG TGC

CTG AGA ATG TGC AGG CAG CAG GAG CAG GGA CAT CAC TTG CCG TGC CGT GAG

CAA TGC ATC CGG AGT CCA GAC CGA GAG ATG TGC GAA AGA GCT TGC CAG CAG

CAG CAA GGT CAA GGA GGA GGG CGC CAG TGC CTG CAA CGA TGT AAG ATG ATA

ACC AGA GAT CCG CGG GAG CGG CTA AAG TGT GTA AGA ACG TGC ACG CAG GGG

CAG CAG CAG GGT GTT TTT CAA GGG CAG CAG CAG CAG CAG CAA GTT GAG CAG

CAG TGC CGG CAA CAT TGC CAA TCG GAG CGC GAC CCA ATG AGA CAG CAA GAG

TGT CAG GAA TAC TGT GTT GGG CAA ATG ATG CAG CAG GAA TAC GAG CAG CAG

TGC CGG TCG CGT TGC CAA TGG GAG CGC CCC AGG AGG GAG CAG CAG GAG CAG

TGC CAG GAA GAG TGT ACT GAG AAA ATA AGG CAG CTA GAG CAA TGC CAG GAA

GGG TGC AAG ATC CAG GGG CAA TAT GGT CCA CAG CAA CAG GAG TGT CAA AGG

ATG TGT AGG GAG CAG TTT GAA CAA GGA CAA GGA ATT AGA ATG GTA GCC TGA

TGCAATAGAAGTTGTATGCATGTAAGTAGTTGGCTGTGCTAGAGTTTAAGAGAGTATTATAGCTCATG
GAGAGTGAGCTTTAACTTAAATTGTATGTGTGAAATAAAGAGCTCTAGCTTAATAAAACTACAATGAT
GACAAGTTCTATAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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Fig. S1. Almond disulfide bond rich antimicrobial protein ssAMP. The mRNA sequence is shown in red letters. The translation of the open reading frame is shown in black with one-letter code for the amino acids. The underlines mark the regions that contain the peptide sequences partially determined in a previous report of an allergenic almond protein by Poltronieri et al. The mRNA sequence is deposited in the Genbank with accession number MH922028.
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