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B S T R A C T

ackground: Allergic sensitization to Cannabis sativa is rarely reported, but the increasing consumption of
arijuana has resulted in an increase in the number of individuals who become sensitized. To date, little is
nown about the causal allergens associated with C sativa.
bjective: To characterize marijuana allergens in different components of the C sativa plant using serum IgE

from marijuana sensitized patients.
Methods: Serum samples from 23 patients with a positive skin prick test result to a crude C sativa extract
were evaluated. IgE reactivity was variable between patients and C sativa extracts. IgE reactivity to C sativa
proteins in Western blots was heterogeneous and ranged from 10 to 70 kDa. Putative allergens derived from
2-dimensional gels were identified.
Results: Prominent IgE reactive bands included a 23-kDa oxygen-evolving enhancer protein 2 and a 50-kDa
protein identified to be the photosynthetic enzyme ribulose-1,5-bisphosphate carboxylase/oxygenase.
Additional proteins were identified in the proteomic analysis, including those from adenosine triphosphate
synthase, glyceraldehyde-3-phosphate dehydrogenase, phosphoglycerate kinase, and luminal binding
protein (heat shock protein 70), suggesting these proteins are potential allergens. Deglycosylation studies
helped refine protein allergen identification and demonstrated significant IgE antibodies against plant
oligosaccharides that could help explain cross-reactivity.
Conclusion: Identification and characterization of allergens from C sativa may be helpful in further
understanding allergic sensitization to this plant species.
� 2013 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
1
Introduction

Cannabis sativa is an herbaceous angiosperm belonging to the
family Cannabaceae. C sativa and its resinous derivative hashish have
a variety of industrial and more recently medicinal applications. The
plant is most well known for its use as a recreational drug because it
contains the psychoactive compound, D-9-tetrahydrocannabinol. An
increase in marijuana consumption has been observed among
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teenagers in the United States. As a result of the increasing social and
medical use, reports of allergic sensitization to marijuana are
increasing in the peer-reviewed literature.2e10

Cases have been reported where hypersensitivity and even
anaphylactic responses have been associated with marijuana use,
and clinical symptoms include sore throat, nasal congestion,
rhinitis, pharyngitis, wheezing, dyspnea, angioedema, and lac-
rimation.2e4,11,12 In long-term and high-dose users, more severe
manifestations of bronchitis and asthma with reduced vital
capacity have been reported.12

Allergic sensitization to C sativa has been reported in occupa-
tional settings as well.13 Hemp workers involved in processing
hemp fibers at a textile mill had significantly higher prevalence of
chronic respiratory symptoms attributed to byssinosis. Sensitiza-
tion of laboratory workers that handle and test marijuana has also
been reported.14e16

The allergens of C sativa and its various derivatives are poorly
characterized. Although D-9-tetrahydrocannabinol has been sug-
gested to be an allergen,11 more recent studies show type 1
Immunology. Published by Elsevier Inc. All rights reserved.
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hypersensitivity to high-molecular-weight proteins derived from C
sativa.4,6,9,10,17,18 In a recent study in Spain, IgE-binding proteins
were observed with molecular weights ranging from 10 to 69 kDa.4

Others have identified patients sensitized to 2 prominent IgE-
binding bands located at 10 and 14 kDa,9 and a 9-kDa lipid trans-
fer protein was identified to bind IgE from a patient sensitized to C
sativa.17 However, the identity of most allergens from C sativa
remains unknown, and no allergens are currently listed by the
International Union of Immunological Societies allergen nomen-
clature subcommittee.

Previously, we described 17 individuals who tested skin prick
test (SPT) positive to crude extracts of marijuana buds and flowers.3

In all patients, exposure was primarily through smoking and direct
contact with the plant. However, one patient was additionally
exposed through consumption of marijuana tea. In this study, we
characterize patient IgE reactivity to root, leaf, flower, and bud
extracts in an attempt to identify potential allergens for patients
sensitized to C sativa.

Methods

Patient Population

Serum samples were obtained from 17 individuals with inha-
lation and contact symptoms who were SPT positive to a crude C
sativa extract from buds and flowers (macerated in water for 15
minutes), as previously reported.3 The most common symptoms
after exposure to marijuana included rhinitis and conjunctivitis,
periorbital angioedema, wheezing, and contact urticaria. Most SPT-
positive patients had primary exposure to C sativa through smoking
or direct contact to the plant. One patient also consumedmarijuana
tea, which resulted in gastric cramping, vomiting, and anaphylaxis.
Exposure was due to recreational use of marijuana in all cases. Six
additional patients with similar clinical presentation and positive
SPT results to C sativa were also recruited during the study. In
addition, serum samples from 7 individuals who consumed C sativa
but were SPT negative to C sativa extracts and serum from a labo-
ratory worker with no known exposure to C sativa were used as
negative controls. Deidentified serum samples were sent to the
National Institute for Occupational Safety and Health for serologic
analysis of IgE-binding protein and proteomic analysis. Written
consent was obtained from human subjects, and the ethics
approval was obtained for this study from the Canadian Shield
Ethics Review Board.

C Sativa Extracts

For protein analysis, extracts from various parts of C sativa L
Mexican variant (leaf, root, female flowers, and buds) were
prepared at the National Center for Natural Product Research,
Research Institute of Pharmaceutical Sciences, School of Pharmacy
at the University of Mississippi. Unpollinated female flowers were
used for generation of extracts and were devoid of seed compo-
nents. Proteins were extracted from 100 mg of root, leaves, buds,
and flowers using the total plant protein extraction kit (Sigma-
Aldrich, St Louis, Missouri), according to the manufacturer’s
instructions.

SDS-PAGE, 2-Dimensional Gel Electrophoresis, and Western Blot
Analysis

Individual C sativa protein extracts (25 mg) were separated by
sodium dodecyl sulphateepolyacrylamide gel electrophoresis
(SDS-PAGE) using 12% polyacrylamide gels and stained with
Imperial Blue (Thermo Scientific, Rockford, Illinois) according to the
manufacturer’s instructions.

For Western blot analyses, 25 mg of individual C sativa protein
extracts were separated as described and transferred overnight to
a nitrocellulose membrane (0.22 mm; BioRad, Hercules, California).
The membrane was blocked using Tris-buffered saline (TBS) con-
taining 3% bovine serum albumin (blocking buffer) for 1 hour. The
membrane was incubated with pooled sera from SPT-positive
patients, diluted 1:5 (vol/vol) in blocking buffer for analyzing
patient reactivity to the extracts from different parts of C sativa
plants. For individual patient screening, the membrane was trans-
ferred to a multiscreen apparatus (BioRad) for analysis and incu-
bated with either individual SPT-positive or individual SPT-
negative patient sera diluted 1:5 (vol/vol) in blocking buffer and
incubated overnight at 4�C on a rocker. The following morning, the
membrane was washed and incubated with mouse anti-human IgE
monoclonal antibody (clone GE-1; Sigma-Aldrich) diluted 1:5,000
(vol/vol) in blocking buffer for 2 hours on a rocker at room
temperature (RT). The membrane was washed 3 times with TBS
containing 0.05% Tween-20 (TBST) and incubated with alkaline
phosphataseeconjugated goat anti-mouse IgG antibody (HþL;
Promega, Madison,Wisconsin) diluted 1:5,000 (vol/vol) in blocking
buffer for 1 hour on a rocker at RT. The membrane was incubated
with 1-Step NBT/BCIP (Promega) substrate solution for 15 to 20
min. The reaction was stopped by washing the membrane with
distilled water.

To investigate the role of glycosylation in IgE reactivity to C
sativa proteins, extracts from roots, leaves, buds, and flowers were
partially deglycosylated as previously described.19 The extracts
were first separated by SDS-PAGE and transferred to nitrocellulose
membranes, each membrane containing samples from the 4
different plant sources. One membrane was treated with 50 mM
sodium periodate in 50 mM acetate buffer for 1 hour in dark at RT,
whereas the other membrane served as a control and was treated
with 50 mM acetate buffer alone for the same duration. The
membranes were washed 3 times for 10 minutes with phosphate
buffered saline (PBS) (pH 7.4) containing 0.05% Tween 20 (PBST)
and blocked in PBST containing 3% nonfat dry milk (PBST-M). The
membranes were then incubated with pooled serum from SPT-
positive patients, diluted 1:5 (vol/vol) in PBST-M, and processed
for determination of IgE reactivity as described above.

For 2-dimensional gel electrophoresis, C sativa protein extracts
of leaves were processed as described earlier. Briefly, proteins were
solubilized in rehydration solution containing 8 M urea, 20 mM
dithiothreitol, 2% CHAPS, 0.5% IPG buffer, and bromophenol blue.
The solution was loaded onto a 7-cm IPG strip pH 3-10 (GE
Healthcare, Uppsala, Sweden) and focused using an IPGphor
apparatus (GE Healthcare). The strip was equilibrated in 50mM Tris
hydrochloride pH 8.8 (with 6 M urea, 65 mM dithiothreitol, 30%
glycerol, 2% SDS, and bromophenol blue) before separation of
focused proteins in the second dimension using SDS-PAGE. Strips
were processed in duplicate for each extract sample, and one set of
gels was stained with Imperial blue protein stain, whereas the
other was processed for Western blot analysis.

All Western blots were analyzed with secondary and tertiary
antibody control by incubating samples with mouse anti-human
IgE antibody and goat anti-mouse IgG (HþL) and developing with
NBT/BCIP as described earlier.
Proteomic Analysis and Homology Searching

Protein spots of interest were excised from 2-dimensional SDS-
PAGE gels. Spots were destained, reduced, alkylated, and digested
with porcine trypsin (Sigma-Aldrich) according to the methods of
Shevchenko et al.20 Reduction was performed with 20 mM tribu-
tylphosphine (Sigma-Aldrich), and trypsin digestion was per-
formed overnight at 37�C with shaking (500 rpm). Digested
supernatant was combined with extraction buffer and concen-
trated in a centrifugal evaporator (Savant DNA120; Thermo Scien-
tific, Asheville, North Carolina) before mass spectrometry analysis.
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Aliquots of individual digested protein spots were subjected
to ultraperformance liquid chromatography on a nanoACQUITY
system (Waters, Milford, Massachusetts). Samples were desalted on
a 180 � 20-mm Symmetry C18 (5-mm particle) trap column with
100% solvent A (0.1% formic acid in distilled, deionized water).
Analytical separation was performed on a BEH130 C18 (1.7-mm
particle) using a gradient of 97/3 A/B (0.1% formic acid in acetoni-
trile) to 50/50 A/B.

Eluent from the ultraperformance liquid chromatography
system was directed to the positive nanoelectrospray source of
a Synapt (Waters) quadrupole time-of-flight mass spectrometer.
Dry nitrogen was supplied as a desolvation gas. Ultrahigh purity
argon was used as the collision gas for collision-induced dissocia-
tion. Data were acquired in a data-dependent fashion according to
the following criteria: MS survey scans were performed from 100 to
1,500 unified atomic mass units for 1 second. A mass-to-charge
ratio of interest was selected for tandem mass spectrometry if it
met the intensity threshold of 20 counts per second and was either
doubly or triply charged, as determined by examination of the
mass-to-charge ratio gap between isotopes.

Data were analyzed by using ProteinLynx Global Server version
2.4 to search the entire nonredundant SwissProt protein database
(www.uniprot.org). The search was constrained by using 100-ppm
mass accuracy, carbamidomethyl cysteine as a fixed modification,
trypsin as the enzyme, and a minimum of 2 peptides to match. The
entire nonredundant database was searched for the full data set to
eliminate any false-positive matches from common in gel digest
contaminants, such as keratin or trypsin autodigestion products.
Unmatched de novo peptide sequences were blasted against
SwissProt using the PAM30MS scoring matrix.

The de novo peptide sequences were further analyzed to iden-
tify putative allergens. The translated nucleotide database or
transcriptome shotgun assembly of C sativa (taxid 3483) was used
for identification of putative messenger RNA sequences that tran-
scribe the de novo peptide sequences. The transcriptome shotgun
assembly database for C sativa was recently published in the
National Center for Biotechnology Information database collection
with accession numbers between GenBank numbers JP449145 and
JP482359.21 Putative messenger RNA sequences were translated
using EMBOSS Transeq software, and appropriate in-frame
Figure 1. Sodium dodecyl sulphateepolyacrylamide gel electrophoresis (SDS-PAGE) show
extracts were derived from leaves, buds, flowers, and roots of C sativa. A, Imperial protein
in daltons is indicated in the left margin as estimated using Precision plus protein all blu
translated protein sequences were identified in BLAST searches for
homologous proteins.

Results

IgE Reactivity to Various Parts of C sativa Plant

The protein profiles of root, leaf, bud, and flower extracts of C
sativa are demonstrated in Figure 1A. Protein profiles of C sativa
leaves, buds, and to some extent flowers were similar with
a prominent approximately 50-kDa band common to these
extracts. The extracts from flowers demonstrated prominent
protein bands at approximately 18 and approximately 35 kDa that
were absent in the other extracts. In contrast, the protein profile of
C sativa root extract was distinct but was lacking the predominant
bands present in the other extracts.

For extracts from each of the C sativa plant sources, IgE from
pooled serum reacted to multiple protein bands ranging from 20 to
100 kDa. Immunoblotting showed some variability in IgE binding to
each plant component (Fig 1B); however, IgE reactivity was largely
similar for extracts collected from leaves, buds, and flowers.
Prominent staining was observed at approximately 50 kDa and 23
kDa in these extracts. The IgE reactivity of pooled serum samples to
root extract showed a profile distinct to extracts from the other
sources, with prominent staining at approximately 35 kDa. In
addition to these prominent bands, immunostaining was also
observed for multiple other bands as well.

Individual patients had a wide spectrum of IgE reactivity
ranging from 10 to 100 kDa, with considerable variability. Eight
of 23 SPT-positive patients (35%) demonstrated a similar pattern
of IgE reactivity (Fig 2A). In leaf extracts, 13 of 23 patients (56.5%)
reacted to the approximately 50-kDa protein band. Eight patients
(patients 3, 8, and 16-21) had immunoreactivity to a band
localized at approximately 23 kDa. Minor bands associated with
IgE binding were also localized at approximately 15, 35, and
75 kDa.

With the root extract, 9 patients (39%) did not have IgE
binding to root extract proteins (Fig 2B). Of the remaining 14
patients, the reactivity was variable and mostly restricted to a 37-
kDa band. Minor bands were identified at approximately 10, 13,
15, 17, 25, 50, and 100 kDa. The 8 patients with the strongest
ing Cannabis sativa protein extracts profiles and pooled-serum IgE reactivity. Protein
stained SDS-PAGE gel. B, Pooled patient serum IgE reactivity. Molecular weight (MW)
e standards.

http://www.uniprot.org


Figure 2. IgE reactivity to Cannabis sativa protein extracts. A, Leaves; B, roots. N1 indicates healthy donor from the laboratory; N2-N7, serum samples from skin prick test
(SPT)enegative patients; and P1-P23, era from C sativa SPT-positive patients. Molecular weight (MW) in daltons is indicated in the left margin as estimated using Precision plus
protein all blue standards.

Figure 3. Effect of sodium periodate on IgE reactivity. Protein extracts separated by
sodium dodecyl sulphateepolyacrylamide gel electrophoresis (SDS-PAGE) were
transferred to nitrocellulose membranes. Lanes 1 and 5 (roots), lanes 2 and 6
(leaves), lane 3 and 7 (buds), and lanes 4 and 8 (flowers) represent various extracts.
Lanes 1 through 4 were treated with 50 mM sodium acetate as a control, and lanes 5
through 8 were treated with 50 mM sodium periodate in 50 mM sodium acetate.
Molecular weight (MW) in daltons is indicated in the left margin as estimated using
Precision plus protein all blue standards.
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reactivity to the root extracts were also the individuals who
exhibited the strongest reactivity to the leaf proteins (patients 3,
8, and 16-21).

The data also demonstrate considerable variability in IgE reac-
tivity between the SPT-positive patients. Patients who demon-
strated SPT reactivity to C sativa extracts during clinical
examination did not necessarily exhibit IgE reactivity to C sativa
extracts in Western blot analysis (Fig 2A-B). Furthermore, some
SPT-negative patients demonstrated IgE reactivity to C sativa
extracts, especially from leaves. This finding may be attributed to
cross-reactive allergens present in plants because we did not
observe any immune reactivity with the reagent antibody controls
(data not shown). It is conceivable that immunoreactivity may be
toward microbial contaminants in the resource materials used for
testing. Although no testing was performed to assess the microbial
burden of these samples, most of these patients were SPT negative
to Aspergillus.3

IgE Reactivity After Deglycosylation

To assess the IgE reactivity to C sativa extracts in the absence of
glycosylated epitopes, the sodium periodateetreated membranes
were analyzed using Western blot analysis (Fig 3). Many protein
bands with positive IgE reactivity in lanes 1 through 4 were not
reactive on membranes treated with sodium periodate lanes 5
through 8. IgE reactive to deglycosylated protein bands were
observed in all extracts of C sativa. For roots, the predominant
immunoreactive bands were observed at 70, 50, 35, and 27 kDa. In
leaves, a prominent band was observed at approximately 50 kDa
along with bands at 35, 25, and 23 kDa. The IgE reactivity was
similar for extracts from buds and flowers. In addition to IgE
reactivity at 50 kDa, the extracts showed reactivity to bands at 70
kDa and approximately 45 kDa, with the 45-kDa band appearing to
increase in intensity with deglycosylation. Some other minor bands
with IgE reactivity were also observed.
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Two-Dimensional Gel Electrophoresis and Proteomic Analysis

Two-dimensional gel electrophoresis was combined with
Western blotting to select C sativa bands for allergen identification.
Two-dimensional immunoblot demonstrated IgE reactivity at
approximately 50 kDa to a large area along the pH gradient (spots
3-10) (Fig 4). A number of peptides could be identified by proteomic
analysis for spots 1 through 4, including the heavy chain subunit of
ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO) and
peptides for adenosine triphosphate (ATP) synthase (spots 1 and 2)
(eTable 1). IgE binding to the 2-dimensional blot appeared themost
intense to a series of spots at approximately 23 kDa. Peptide
sequences were obtained for these spots (spots 6-10) and identified
as oxygen-evolving enhancer protein 2, a 23-kDa protein belonging
to photosystem II. Spot 5 (approximately 45 kDa), which increased
in IgE-binding intensity with deglycosylation, contained peptides
from several enzymes, including RuBisCO activase 1 and 2, gluta-
mine synthetase, phosphoglycerate kinase, glyceraldehyde-3-
phosphate dehydrogenase, and camphor resistance protein. In the
root extract, we identified the ATP synthase b-subunit and luminal
binding protein (BiP) as potential allergens (data not shown).
Discussion

C sativa is widely used for various medicinal and industrial
purposes.22 Recently, an increase in the recreational use of C sativa
has been reported.1,23 Studies have focused on the overall health
effects of C sativa consumption with less attention to aspects such
as respiratory morbidity or allergic sensitization.22 Allergic
responses to C sativa are rarely reported; however, it is likely that
the social and legal aspects surrounding the recreational use of
marijuana may discourage patients from addressing their symp-
toms with a physician. Exposure to C sativa has been reported to
sensitize individuals and even results in serious anaphylactic
reactions.3,11 Most cases described in the literature involve sensi-
tization to C sativa via multiple exposures, presumably involving
respiratory, cutaneous, and/or oral routes.6,24 Allergic sensitization
to C sativa has also been attributable to environmental C sativa
pollen exposures, particularly in the southwestern region of United
States.25 To date, the allergens associated with C sativa exposure
and sensitization have remained relatively uncharacterized.
Figure 4. Identification of IgE-binding antigens. Two-dimensional Western blot
analysis of IgE reactivity to Cannabis sativa leaf extracts using pooled serum IgE from
skin prick testepositive patients. Proteomic analysis was performed by de novo
sequencing of the peptides and matched with the existing UniProt database.
Molecular weight (MW) in daltons is indicated in the left margin as estimated using
Precision plus protein all blue standards.
In the present study, IgE binding to C sativa root, leaf, flower, and
bud extracts was determined. The protein and IgE-binding profiles
observed in leaf, flower, or bud extracts were similar, indicating
some common proteins in these parts of the plant. As expected, the
protein profile and the IgE reactivity of the root extract was
somewhat different. Analysis of individual SPT patient IgE reac-
tivity demonstrated a variability in patterns of reactivity, consistent
with a previous observation.9 Some patients who were determined
to exhibit a positive SPT result did not show evidence of IgE binding
in Western blot analysis (Fig 2).

In the leaf extract, the predominant IgE reactivity was observed
at 50 and 23 kDa, even after deglycosylation. Using proteomic
analysis, the 50-kDa protein was identified as the larger chain
subunit of RuBisCO, and the approximately 23-kDa protein was
identified as oxygen-evolving enhancer protein 2 of the photo-
system II, whereas multiple peptides and proteins were identified
for the 45-kDa protein. Previous studies have attempted to identify
allergens associatedwith C sativa sensitization,9,17 and sensitization
to a lipid transfer protein (LTP) was determined in one case report.17

A 10-kDa protein band, whichmay correspond to LTP, was proposed
in European and Asian cohorts as a potential C sativa allergen.2,9,26

Although LTPs are common sensitizers in foods and plant-derived
aerosols,27,28 no LTP sequences were identified in our liquid chro-
matographyemass spectrometry analysis; however, IgE reactivity
was observed at approximately 10 kDa for 2 patients with the C
sativa root extract.

The present study follows previous reports of clinical determi-
nation of hypersensitivity to C sativa.3,5 In this study, the prominent
IgE reactive bands were identified as RuBisCO and oxygen-evolving
enhancer protein 2. Multiple peptides for the large (55 kDa) and
small chains (14 kDa) of RuBisCO were identified in the liquid
chromatographyemass spectrometry analysis. RuBisCO is the most
abundant protein in nature and catalyzes the conversion of
D-ribulose,1,5-bisphosphate to 2,3-phospho-D-glycerate in the
presence of carbon dioxide, a rate-limiting step for photo-
synthesis.29e31 Although RuBisCO is generally susceptible to rapid
degradation by gastric fluid,32,33 IgE responses have been generated
on parenteral administration of this protein.34,35 Presumably, the
patients in the present study were sensitized by inhalation or
dermal contact with dried marijuana, potentially bypassing
degradation by gastric fluid. Recently, several reports have sug-
gested that RuBisCO can be an allergen in other plants.36e38

Another IgE-binding protein identified in this study was ATP
synthase. In one study, sequence homology was demonstrated
between a bovine allergen and one of the subunits of ATP
synthase, which forms the basis for a potential cross-reactivity.39

Glyceraldehyde-3-phosphate dehydrogenase was also identified
as one of the putative allergens of C sativa in our studies. This
protein has been identified as a major allergen of Triticum aestivum
(wheat), several fungi, and a major allergen in rambutan
(Nephelium lappaceum)einduced anaphylaxis.40e42 Several other
proteins identified in this analysis have also been reported as mold
or pollen allergens in previous studies. Phosphoglycerate kinase is
a characterized allergen of Candida albicans.43 BiP is a highly
conserved hazel pollen allergen (Cor a 10), which functions as
a chaperone during protein synthesis and is reported to be a cross-
reactive pollen allergen.44 BiP also shares a high degree of sequence
homology to heat shock protein 70, which has been reported as an
allergen in many fungi.45,46 Oxygen-evolving enhancer protein was
a prominent allergen in our analysis; however, there are no studies
in the literature that currently report this protein to be an allergen.

Analysis of IgE reactivity on sodium periodateetreated
membranes demonstrated an IgE response to carbohydrate deter-
minants. It is possible that patients who tested positive during skin
prick test analysis may have some IgE toward the glycosylated
moieties on proteins as demonstrated by the Western blot analysis.
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To the best of our knowledge, no previous studies have examined
this possibility in C sativa sensitization, and our studies suggest that
some of the reactivity could be due to cross-reactivity carbohydrate
determinants. Further analysis is required to determine the identity
and clinical relevance of these IgE-binding epitopes. It is not known
whether these IgE reactive oligosaccharides are similar to other
cross-reactive carbohydrate determinants that aremonovalent, and
although they exhibit extensive cross-reactivity during analysis of
plant extracts in vitro, they have limited activity in SPT.47 Because of
limitations in the amount of samples, the cross-reactivity to
carbohydrates could not be further addressed in the current study.

In this study, sensitization to C sativa allergens has been char-
acterized, and peptides from enzymes associated with the
primary metabolism of plants, such as RuBisCO, oxygen-evolving
enhancer protein, ATP synthase, phosphoglycerate kinase, and
glyceraldehyde-3-phosphate dehydrogenase were identified as
allergens. We also determined that IgE reactivity to carbohydrates
also exists. Because of the use of marijuana as a recreational drug
and as an antiemetic in patients receiving chemotherapy, allergic
sensitization to C sativa is expected to increase. Further research
is needed to understand the variability in underlying immuno-
logic mechanisms and development of standardized reagents for
clinical and diagnostic testing.
Supplementary Data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.anai.2013.04.018.
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eTable 1
Proteomic analysis data for IgE-reactive spots to Cannabis sativa leaf extracta

Spot GenBank
accession
No. (TSA)

Description MW Peptides Coverage
amino acids, %)

Peptide(s) Peptide
MW, Da

Signal
peptide

1 JP462165.1 ATP synthase subunit beta,
chloroplastic Q95DR6.1
(Agapanthus africanus)

53766 7 20.48 (R)INPTTSGSGVSTLEKK(N)
(K)LSIFETGIK(V)
(K)VVDLLAPYR(R)
(K)TVLIMELINNIAK(A)
(K)VALVYGQMNEPPGAR(M)
(R)DVNEQDVLLFIDNIFR(F)
(R)FVQAGSEVSALLGR(M)

1623.8777
1006.5699
1044.5968
1470.848
1600.8032
1948.9895
1432.7675

No

JP454288.1 Ribulose-1,5- bisphosphate
carboxylase/oxygenase
large subunit NP_084661.2
(Oenothera elata subsp hookeri)

52783 9 27.78 (R)VTPQPGVPPEEAGAAVAAESSTGTWT
TVWTDGLTSLDR(Y)

(R)IPTSYTK(T)
(K)TFQGPPHGIQVER(D)
(R)GGLDFTKDDENVNSQPFMR(W)
(K)DDENVNSQPFMR(W)
(R)DNGLLLHIHR(A)
(R)DDFIEKDR(S)
(R)VALEACVKAR(N)
(K)WSPELAAACEVWK(E)

3853.8645
808.433
1464.7474
2168.9797
1450.6147
1186.6571
1036.4825
1115.6122
1545.7285

No

JP449419.1 Putative UDP-glucosyltransferase
XP_002513630.1 (Ricinus communis)

54238 1 5.49 (-)LMEGMKFLWRLHVAAAGLVSAAELLAR(-) 2952.6191 No

JP451360.1 Conserved hypothetical protein
XP_002521999.1 (Ricinus communis)

62831 1 1.60 (-)YTGPKEKDR(-) 1092.5564 No

JP473150.1 Predicted uncharacterized protein
XP_003518132.1 (Glycine max)

50615 1 2.66 (-)PELACYAAASPLWK(-) 1575.7755 No

NA Unmatched NA NA NA (-)SPPGDLHQKGDYGK(-)
(-)NAPPHGLKLDR(-)
(-)AHGRSVFYVHR(-)
(-)AGQTPQEFRFPR(-)
(-)RDRTDQKLNWFRLQQLLGNAAK(-)
(-)LLRLEDAEQFEKEELRAAGLVSAAGRGRR(-)
(-)ASVKVFKVK(-)
(-)LSMLRAADKFLFKFDEAAAGLVKRHFSR(-)
(-)LGSAMGLSAK(-)
(-)GLALECSVKAR(-)
(-)QGDGPKEFELGTR(-)
(-)SSGSAAGTECLLSGSVKSGR(-)
(-)SVNLHLDVLDGNEKFLGKAR(-)
(-)SAGAEPVFLLTGGHEGPLVANTSLADYVPR(-)
(-)TPSPELAAAPAGYWK(-)
(-)LGLLHLHR(-)

1497.7213
1216.6676
1327.6898
1432.7211
2670.4468
3239.7485
1004.6383
3223.7437
933.4954
1145.6227
1432.6947
1909.9163
2224.1965
3037.5505
1557.7828
957.5872

NA

2 JP454288.1 Ribulose-1, 5-bisphosphate
carboxylase/oxygenase
large subunit NP_084661.2
(Oenothera elata subsp hookeri)

52783 5 12.63 (R)GGLDFTKDDENVNSQPFMR(W)
(R)FIFCAEAIYK(A)
(R)DNGLLLHIHR(A)
(R)EITLGFVDLLR(D)
(-)KGPPHGLKLDR(-)

2168.9797
1260.6213
1169.6304
1274.7235
1216.7040

No

NA Unmatched NA NA NA (-)FLEKQNKVLKTK(-)
(-)ESTELMTLLSSRTAKK(-)
(-)LLRAFAACDARDLLKVRAAAGLVCLLLLQK(-)
(-)AVSTTFDRVNFVDSKGGRGR(-)
(-)SRELNEKRARMK(-)
(-)NWGPKEFKSKGR(-)
(-)LTRALTFAERGPR(-)
(-)RLWLEFLLLERGDAAKLVSAAAARRK(-)
(-)FGRLWWFGAVFLMK(-)
(-)KRQLLKLVRRLRRLQQLLVSAALEVLK(-)
(-)SWPELAARGFLWK(-)

1474.8872
1793.9556
3223.8774
2168.1086
1516.8257
1432.7576
1486.8368
2952.7139
1756.9275
3240.0867
1559.8250

NA

3 JP454288.1 Ribulose-1,5- bisphosphate
carboxylase/oxygenase
large subunit NP_084661.2
(Oenothera elata subsp hookeri)

52783 3 15.36 (R)VTPQPGVPPEEAGAAVAAESSTGTWTTV
WTDGLTSLDR(Y)

(R)GGLDFTKDDENVNSQPFMR(W)
(R)VALEACVKAR(N)

3853.8645
2184.9744
1115.6122

No

NA Unmatched NA NA NA (-)FPHRRSNDPFTNSQKQAR(-)
(-)SSGSAARMCLLSKHHLR(-)
(-)LLARFAASVLGAAAAFLLRLFDKEDRFSR(-)
(-)KERFEFKRRRHAAAAGLVSAALLLDK(-)
(-)LFDDWDLLSSRGSKR(-)
(-)LFQVSLNYLFGSVQVSGSVK(-)
(-)SGGGGGGGLGSSKVR(-)
(-)DGKGPKEFELSVK(-)
(-)PASAFLKCLLK(-)
(-)HVWKLDVLNWDKFLNRK(-)
(-)PALPATSVKR(-)
(-)KTLTLVSLPR(-)
(-)TLLDLDKDK(-)

2185.0889
1909.9729
3223.7979
2952.6882
1793.9059
2171.1624
1231.6268
1432.7561
1189.6893
2210.2114
1038.6187
1126.7074
1059.5810

NA
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eTable 1 (continued )

Spot GenBank
accession
No. (TSA)

Description MW Peptides Coverage
amino acids, %)

Peptide(s) Peptide
MW, Da

Signal
peptide

4 JP462165.1 ATP synthase b-subunit, chloroplastic
Q95DR6.1 (Agapanthus africanus)

53766 4 11.44 (R)SAPAFIQLDTK(L)
(K)VVDLLAPYR(R)
(K)TVLIMELINNIAK(A)
(R)DVNEQDVLLFIDNIFR(F)

1189.6343
1044.5968
1470.8480
1948.9895

No

JP454288.1 Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit NP_084661.2
(Oenothera elata subsp hookeri)

52783 11 22.31 (R)LTYYTPEYQTK(D)
(K)DTDILAAFR(V)
(K)TFQGPPHGIQVER(D)
(R)GGLDFTKDDENVNSQPFMR(W)
(K)DDENVNSQPFMR(W)
(R)EITLGFVDLLR(D)
(R)EITLGFVDLLRDDFIEK(D)
(R)DDFIEKDR(S)
(R)VALEACVQAR(N)
(K)WSPELAAACEIWK(E)
(-)ANPPHGLQVER(-)

1405.6766
1020.524
1464.7474
2168.9797
1450.6147
1274.7235
2022.0674
1036.4825
1115.5758
1559.7443
1216.6312

JP452260.1 Predicted probable anion
transporter 5 XP_002282945.1
(Vitis vinifera)

48074 1 2.71 (-)NWGPQEFELGTR(-) 1432.6736 No

NA Unmatched NA NA NA (-)ASVKFRVAK(-)
(-)PTLSAPLPTSY(-)
(-)GAGNGPQEFELWK(-)
(-)NENASCPVSTEDGYVWK(-)
(-)FPQDNTLPAPKENSQPMVR(-)
(-)QECEGTSLVSGWGSRK(-)
(-)FLVLLQLDTK(-)
(-)QLDPYKDHPVRPAFLQLDTK(-)
(-)SLGEVDLQGEHR(-)
(-)EGCEAASSLLSGWGSRK(-)
(-)YWSCWNSFMSFSFDVCR(-)
(-)LPSPRFAANSFVSAAPNKSR(-)
(-)LMKVEAASVLGAAAAFLSAWSFESLEGLESR(-)
(-)RDSLTSDYDRTLASLFAAAAGLVSAAPLESR(-)
(-)GPEFLKASVLGAAAAFLSALTTEMSVESR(-)
(-)PATMFLDSR(-)
(-)VMQLAAPGVFFKPLCLLLLALGVSAAPELSR(-)

1004.6132
1145.5968
1431.6783
1954.8368
2168.0684
1779.821
1188.7118
2380.2537
1338.6528
1793.8367
2220.8855
2116.1177
3239.653
3223.647
2952.5264
1036.5011
3223.8225

NA

5 JP451043.1 Predicted ribulose bisphosphate
carboxylase/oxygenase activase 2,
chloroplastic isoform XP_002282236.1
(Vitis vinifera)

51833 5 16.45 (K)GLVQDFSDDQQDITR(G)
(K)VPLILGIWGGK(G)
(R)VPIIVTGNDFSTLYAPLIR(D)
(R)VYDDEVRK(W)
(-)LLREYGNFLVQESNRVK(-)

1879.901
1151.7067
2088.1619
1022.5032
2064.1116

No

JP450816.1 Putative plant glutamine synthetase
XP_002516801.1 (Ricinus communis)

47852 2 6.46 (K)IIAEYIWVGGSGIDLR(S)
(K)AILNLSLR(H)

1760.9462
898.5600

No

JP458176.1 Putative phosphoglycerate kinase
XP_002513353.1 (Ricinus communis)

50665 3 10.92 (K)LVASLPDGGVLLLENVR(F)
(K)GVSLLLPSDVVIADK(F)
(K)GVTTIIGGGDSVAAVEK(V)

1764.0144
1524.8763
1572.8359

No

JP481389.1 Predicted phosphoglycerate kinase,
cytosolic-like XP_003546821.1
(Glycine max)

42504 3 13.46 (K)LVASLPDGGVLLLENVR(F)
(K)GVSLLLPSDVVIADK(F)
(K)GVTTIIGGGDSVAAVEK(V)

1764.0144
1524.8763
1572.8359

No

JP452228.1 Glyceraldehyde-3-phosphate
dehydrogenase B CBL43264.1
(Solanum tuberosum)

48315 3 9.05 (K)YDSMLGTFK(A)
(K)GISAEDVNAAFR(K)
(K)VVAWYDNEWGYSQR(V)

1076.4847
1248.6099
1771.7954

No

JP473302.1 Camphor resistance CrcB-like protein
NP_565956.1 (Arabidopsis thaliana)

46943 1 2.33 (-)CGLGVLGLFK(-) 1005.5681 No

JP458088.1 Predicted ribulose bisphosphate
carboxylase/oxygenase activase 1,
chloroplastic-like XP_002270571.2
(Vitis vinifera)

48523 1 3.60 (-)LLREYGNFLVQESNRVK(-) 2064.1116 No

NA Unmatched NA NA NA (-)ANDPAPHLVLFDLFYEARK(-)
(-)TPLSRGVETLGK(-)
(-)KNDGLPWVASLPEAKGLDEQQDVK(-)
(-)WTALYLGEAVALCQR(-)
(-)YNFTLPNLK(-)
(-)SLGTLLFPPSLPR(-)
(-)APARTPDLDRRKESGNAWPAK(-)
(-)HPQKRKDPSFPDVFAK(-)
(-)YDDEKVR(-)
(-)EWRCCLLSGLEFPK(-)
(-)LNLFLLKYKRLGEARSDRR(-)
(-)ERRRLDLLKTLSFELLAAGLVSAAAARQR(-)
(-)YFCRLVVEELWK(-)
(-)KLSFLELDRKLLLETLRRSVSAAARAQR(-)
(-)TEYLFLNRQWER(-)

2215.1426
1256.709
2636.3445
1692.8657
1108.5916
1396.8077
2335.2144
1896.0004
923.4349
1793.8594
2347.36
3223.8628
1640.8385
3239.8943
1653.8263

NA

(continued on next page)
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eTable 1 (continued )

Spot GenBank
accession
No. (TSA)

Description MW Peptides Coverage
amino acids, %)

Peptide(s) Peptide
MW, Da

Signal
peptide

6 JP449733.1 Predicted calmodulin-like protein
XP_002279066.1 (Vitis vinifera)

17245 1 5.59 (-)SVSYYSWLK(-) 1131.5599 NA

NA Unmatched NA NA NA (-)QMTWASSLLSGVSTAKK(-)
(-)SLKHGGGSTWRLARFLFLLGK(-)
(-)QAYEDLAKK(-)
(-)GNRLLQKVDLGFK(-)
(-)RLWFRSFGAGAAYKK(-)
(-)RFLALAASKNLLRLSRTTLGLVRGRKWK(-)
(-)FQFSGALLMWK(-)
(-)PANLQRYLLDLLMPGRPLLPRPLALENK(-)
(K)GSCVILSTSASK(Y)

1793.9346
2343.3328
1064.5502
1486.862
1756.9526
3223.9622
1326.679
3210.8423
1208.607

NA

7 JP475070.1 23-kDa protein of oxygen evolving
system of photosystem II P16059
(PSBP_PEA) (Pisum sativum)

28585 5 14.98 (-)ARLESSAPVLGGK(-)
(-)EFPGQVLR(-)
(-)QYYNISVLTR(-)
(-)EREFPGQVLR(-)
(-)TADGDEGGKHQLITATVK(-)

1283.7198
944.4427
1255.6212
1229.4939
1853.7921

Yes

JP469123.1 Putative glycine-rich RNA-binding
protein XP_002533374.1
(Ricinus communis)

19941 1 6.59 (-)APQGFGFLSASK(-) 1208.6189 NA

NA Unmatched NA NA NA (-)LSSPAKSLSR(-)
(-)VATVLALR(-)
(-)YLLSVQLFQTYLLSVKEL(-)
(-)NYLLLKLWNFTLAGK(-)
(-)TALSSSFDRFRRNLLESRVVVKK(-)
(-)LAATLTKK(-)
(-)KDNFLNLVLETLKERRRLRSAALLLSR(-)
(-)TQGKNLVPRTRRHLSASK(-)
(-)PLGFNLNVRPTRRHLSASK(-)
(-)LGKRLLFLRFTRWHASK(-)
(-)PAGGFFQLSASK(-)

1044.5928
841.5385
2156.2134
1793.024
2707.5244
844.5382
3223.899
2162.2144
2162.2183
2215.2854
1208.6189

NA

8 JP474788.1 Conserved hypothetical protein
XP_002518775.1 (Ricinus communis)

21574 1 8.24 (-)SKTDFLPVPGTAGGSK(-) 1560.8147 NA

JP475070.1 23-kDa protein of oxygen evolving
system of photosystem II P16059
(PSBP_PEA) (Pisum sativum)

28585 6 23.59 (K)QYYNISVLTR(T)
(-)EREFPGQVLR(-)
(-)ILESSAPVIGGK(-)
(-)EFPGQVLR(-)
(-)TADGDEGGKHQLITATVK(-)
(-)TADGDEGGKHQLITATVKDGK(-)

1255.6106
1229.8915
1169.7180
944.5249
1855.2118
2153.9761

Yes

NA Unmatched NA NA NA (-)LSSPATLKTK(-)
(-)APANRRLVLDKLLTLHPAVK(-)
(-)VATVALLR(-)
(-)LSPKPLESLPR(-)
(-)LWSELYLLSLLFLGK(-)
(-)EYELKKKKK(-)
(-)RRRDLRLLDESLQLESLLKVKK(-)
(K)QFPYPKYEPVGVHDIMLLK(L)
(-)AYWTALLLLFGK(-)
(-)TVLDPAFLTVVK(-)
(-)AYWTAFRKKPK(-)
(-)SLLDPAFLTVVK(-)
(-)PANEFCRSASK(-)
(-)PANEKFMSASK(-)
(-)LSFNLLLLLGFVVR(-)
(-)DLRFRLLLGFVVR(-)

1044.6179
2224.3535
841.5385
1235.7238
1794.0332
1192.718
2707.6184
2273.1917
1394.7961
1301.7594
1394.6934
1301.7119
1208.5709
1208.5709
1602.8352
1602.8352

NA

9 NA Unmatched NA NA NA (-)LSSPATLKTK(-)
(-)FQLSSQTLLSGLLLFK(-)
(-)VATVLALR(-)
(-)TSSFSKAFLLAR(-)
(-)ALATLKTK(-)
(-)RRLLRVLLSLALVFK(-)
(-)SLVMPTTEEWFRSFLSASK(-)
(-)NALKQHSVRFAPQGFLNRK(-)
(-)PANEFCRSASK(-)
(-)SLVMLWEEFWRSFLSASK(-)
(-)SVSYYWLK(-)
(-)NNDAQQMLLK(-)

1044.6179
1794.0292
841.5385
1326.7296
844.5381
1796.1876
2214.9365
2210.086
1208.5709
2214.9365
1131.4957
1173.6466

NA

A.P. Nayak et al. / Ann Allergy Asthma Immunol 111 (2013) 32e3737.e3



eTable 1 (continued )

Spot GenBank
accession
No. (TSA)

Description MW Peptides Coverage
amino acids, %)

Peptide(s) Peptide
MW, Da

Signal
peptide

10 NA Unmatched NA NA NA (-)LSSPAKSLSR(-)
(-)AVRGFGSGGHLRLL(-)
(-)KDTSDFTVALTK(-)
(-)APQGRRLVLNFHGTLAAVYK(-)
(-)APANRRLVLKELLTLHPAVK(-)
(-)AAPLSLPR(-)
(-)TFTLLSSGYKGLHRK(-)
(-)KQSLSSVGVFKKK(-)
(-)DRMLEFLLSVRLFR(-)

1044.5928
1438.8158
1324.6875
2210.2437
2238.3691
823.4916
1706.9469
1434.856
1793.9973

NA

Abbreviations: ATP, adenosine triphosphate; NA, not applicable; MW, molecular weight; TSA, transcriptome shotgun assembly.
aPeptides identified from spots 1 through 10 in Figure 3A were analyzed against the Cannabis sativa database to determine sequence coverage. Information on homologous
proteins in the database has been identified. No peptides were recovered for spots 11 and 12.
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