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Abstract

Ragweed pollen is primarily responsible for the hay fever allergies of sufferers throughout the 

world. A proteome study of three ragweed plants (Ambrosia artemisiifolia, Ambrosia trifida, and 

Ambrosia psilostachya) was undertaken to document and compare their protein profiles. Proteins 

extracted from the pollen of the three plants were subjected to one dimensional electrophoresis 

followed by tandem liquid chromatography-mass spectroscopy. Peptide sequence mapping 

permitted discovery of proteins not previously reported for all three plants and 45% of the 

identified proteins were shared by all three of them. Application of stringent criteria revealed not 

only a majority of known allergens for short ragweed but also allergens not previously reported for 

the other two plants. Additionally, potentially allergy inducing enolases are reported for the three 

plants. These results suggest that all three ragweed plants could contribute to the allergy malady.
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1. INTRODUCTION

According to the CDC, ragweed pollen is largely responsible for the allergic hay fever 

reaction suffered by approximately 16 percent of the United States population each year. 

Despite the prevalence of this disease, only 11 proteins of the total of 99 listed by UniProt as 

arising from Ambrosia artemisiifolia, short ragweed, have well annotated sequence entries. 

The sequences for most of those 99 proteins were translated from nucleotide sources. The 

nomenclature committee of the World Health Organization/International Union of 

Immunological Societies (WHO/IUIS) lists 11 known antigens of short ragweed; six of these 

sequences were reviewed by UniProt. Although three prominent ragweed plants, Ambrosia 
artemisiifolia (common/short), Ambrosia trifida (giant), and Ambrosia psilostachya 
(western), are found in the United States, the majority of the documented proteins are 

associated with A. artemisiifolia. For A. trifida, the UniProt list of 26 proteins includes 3 

reviewed, one of which is the antigen Amb t 5. For A. psilostachya, having the fewest 

sequence entries, only 2 of 17 are reviewed.
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Early work focused on the immunogenic properties of extracts from short ragweed [1]; 

however, there was some coverage of all three species [2]. Significant work expansion began 

in the 1960s with the isolation of 2 antigens of 32 kDa and 10 kDa by King and Norman [3]. 

Multiple antigens were discovered in a glycosylated protein extract of short ragweed [4]. 

Major allergen E, Amb a 1 in current nomenclature, with four isoforms, was also isolated 

[5]. Employing IEF, King [6] demonstrated multiple proteins in the short ragweed extract 

and isolated two acidic proteins, antigen E (Amb a 1) and antigen K (Amb a 2). Later, the 

size of Amb a 1 at 37.8 kDa and its alpha and beta forms were determined by MALDI/ TOF 

analyses [7]. Rafner [8] produced protein translates from three short ragweed cDNA clones 

(Amb a 1.1, 1.2, and 1.3) with 85% nucleotide sequence identity; polymorphism was 

confirmed for Amb a 1, and a fourth (Amb a 1.4) was identified by Griffith, et al. [9]. They 

also reported finding Amb a 2 RNA in flowers but not in pollen [9]. The cDNA based amino 

acid sequence of Amb a 2 was found to share 65% identity with the Amb a 1 group [10]. 

Subsequently, as reported on the WHO/IUIS page, Amb a 2 was renamed as a subcategory 

of Amb a 1.

Extensively investigated, the basic short ragweed pollen glycoprotein Ra3 (Amb a 3) 

reported as being15 kDa size presented differences in amino acid composition and 

immunological specificity when compared to antigen E [11]. Sequencing of a single isoform 

of Ra3 yielded 101 amino acids and confirmed glycosylation [12]. In a follow up study, two 

forms of Ra3 of 12.3 kDa were reported biochemically and immunologically similar [13].

Purified Ra5 (Amb a 5) from short ragweed, comprised of 45 amino acids [14], evinced 

amino acid sequence polymorphism [15]. Purified antigenic Amb t 5, a 4.4 kDa polypeptide, 

showed limited cross reactivity with Amb a 5 [16]. Likewise, Goodfriend et al. [17] 

demonstrated that Ra5G (Amb t 5) was biochemically similar but immunologically 

dissimilar to Ra5S (Amb a 5). Lowenstein and Marsh [18] detected 52 short ragweed 

antigens by immuno-electrophoresis and reported isoelectric points for some. In a refined 

procedure, specific antigens E (Amb a 1), K (Amb a 2), Ra5, and Ra6 (Amb a 6), but not 

Ra3, were identified amongst the 52 antigens [19], and nine of them were found to be 

significant allergens [20]. Purified Ra6 was shown to be composed of four 8 kDa 

(SDSPAGE) isoforms with equivalent immunological properties [21].

Metzler [22, 23] reported composite 3-dimensional structures for Amb t 5 and Amb a 5 with 

some variation in the beta sheet cores but similar C-terminal helices. Ghosh et al. [24] 

confirmed the entire protein sequence of Amb t 5 from its cDNA sequence.

Heightened interest in assigning the relative antigenicity and allergenicity among Amb 5 

isoforms revealed immunological dissimilarities [16, 23, 25, 26] and similarities [16, 26]; 

Amb p 5 being the most similarity to Amb a 5 [27].

From short ragweed, two new endopeptidases, a chymotrypsin-like [28] and a trypsin-like 

[29], were purified and characterized. cDNA expressed sequences yielded pan allergens 

including two profilin isoforms (Amb a 8), two 2 EF-hand calcium binding proteins, (Amb a 

9), and one 3 EF-hand calcium binding protein (Amb a 10) [30]. Newly isolated Amb a 4 

allergen has a defensin domain and is a homolog of Mugwort Art v 1 [31]. The newest 
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antigen Amb a 11, a 37 kDa cysteine protease, was discovered and characterized by a 

combination of electrophoretic, immunological, and mass spectroscopy methods [32].

Identification of proteins extracted from various tissue sources by mass spectroscopy has 

become a prominent proteomics tool increasingly applied to plant tissue, including the 

pollen of allergy inducers. Initial studies employed peptide mass fingerprinting (PMF) [33–

37] that evolved to the more powerful peptide sequence mapping (PSM) [36–41], wherein 

the spectra of experimentally generated peptides are matched to those produced virtually 

from all of the database proteins. Bordas-Le Floch et al. [41] created a transcriptome-derived 

proteome database to determine identities of short ragweed proteins obtained in a shotgun 

PSM approach. One dimensional SDS PAGE coupled to liquid chromatography and tandem 

mass spectroscopy (LC-MS/MS) enhanced the powerful PSM method [42–45].

Justification for this project included the paucity of protein-based sequencing and limited-

sequence entries for the giant and western plants. In addressing these aims, we undertook 

proteomic profiling of all three species. Based on our findings, we have increased the 

number of proteins attributed to each of them. Such knowledge enables profile comparison, 

reveals similarity in the allergens produced by the three plants, and perhaps suggests a basis 

for still unaccounted allergic reactions.

For this investigation, all profiles were generated by combining one dimensional SDS gel 

electrophoresis with liquid chromatography and tandem mass spectroscopy. The study 

yielded 257 proteins, including 28 orthologs that met stringent criteria. Of the 257 proteins 

identified, 117 were found in all three species, 21 were in common and giant, 29 in common 

and western, and 22 in giant and western. There were 68 proteins associated with only one 

species. Western was by far the most populated with 50; 12 were attributed to common and 6 

to giant. To avoid duplicate protein names appearing in the data reported in the results 

section, it was decided to eliminate the orthologs. Ortholog elimination yielded 229 

identified proteins.

2. METHODS

2.1 Materials

The source of defatted pollen for all three Ambrosia species came from Greer Laboratories, 

Lenoir, NC. The following were purchased from Invitrogen (Life Technologies), Carlsbad, 

CA: NuPAGE Novex 4–12% Bis-Tris Protein Gels, 1.5 mm, 10-well; NuPAGE® MES SDS 

Running Buffer; NuPAGE® LDS Sample Buffer; and the BenchMark Protein Ladder 10–

220 kDa. Iodoacetamide, Protease Inhibitor Cocktail, Trizma base , and Coomassie Brilliant 

Blue were obtained from Sigma-Aldrich, Saint Louis, MO. Dithiothreitol came from Bio-

Rad, Hercules, CA, and sequencing grade Trypsin (V511) from Promega, Madison, WI. All 

general chemicals were acquired from Thermo Fisher Scientific, Waltham, MA.

2.2 Pollen Extraction

A Life Technologies procedure was modified to create an extraction process more 

proteomics suitable [46]. The pollen (50 mg) was suspended in 909 μL of Invitrogen LDS 

buffer (2% LDS and 2.5 mM Tris, pH 8.5), 3 μL of 1 M Tris Base, 10 μL of Sigma Protease 
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Inhibitor Cocktail, 10 μL of 2 M dithiothretiol (DTT), and 18 μL of ultra-pure water. Placed 

on ice, it was sonicated at 20% power 5 times for 30 seconds followed by 15 minutes of 

shaking, while maintaining pH 8.5 by addition of 1 M Tris, if needed. Disulfide bonds were 

reduced by adding 10 μL of 2 M DTT to the lysate; sulfhydryl groups were alkylated by 

adding 121 μL of 0.4 M iodoacetamide to the lysate, and the samples were placed on the 

shaker for 30 minutes. The extracts were centrifuged at 4 °C and 16,000 x g for 30 minutes, 

with the resultant supernatant transferred to Amicon Ultra 0.5 mL centrifugal filters for 

concentrating while lowering the LDS concentration level to about 0.5% with water. The 

protein extracts were stored at −80 °C.

2.3 Electrophoresis

Samples of the protein extracts were subjected to gradient one dimensional electrophoresis 

on Invitrogen NuPAGE 4–12% Bis-Tris Gels, with 10 1.5 mm wells in an Invitrogen MES 

(2-(N-morpholino)ethane sufonic acid) SDS buffer (2.5 mM MES, 2.5 mM Tris base, 

0.005% SDS, 0.05 mM EDTA, pH 7.3) for 40 minutes at 200 V using an Invitrogen XCell 

SureLock ® Mini-Cell. After fixation in 50% ethanol and 10% acetic acid, the gels were 

stained with Coomassie Colloidal Blue stain and destained with water.

2.4 Mass Spectroscopy

The protein bands were excised from the gel in roughly 2 x 5 mm slices and were cut into 3 

or 4 pieces. A minimum of 20 slices was produced from each gel well. The gel slice pieces 

were washed twice with 200 μL of washing buffer (0.2 M ammonium bicarbonate and 50% 

acetonitrile) for 45 minutes at 37 °C in a water bath with gentle agitation. The washing 

buffer was discarded and the slices were dried with the Eppendorf Vacufuge for 5 minutes at 

45 °C. The gel pieces were swelled with 19 μL of digestion buffer A (0.2 M ammonium 

bicarbonate and 5mM CaCl2), 1 μL of 0.4 μg/μL trypsin, and sufficient digestion buffer B 

(0.2 M ammonium bicarbonate and 10% acetonitrile) to bring the total liquid volume to 70 

μL. In order to ensure proper mixing, the solution was centrifuged at 12,000 x g for 3 

minutes prior to incubating the samples overnight in a water bath at 37 °C with gentle 

agitation. Twice the samples were acidified to 1% acetic acid, centrifuged at 12,000 x g for 3 

minutes, the supernatant was removed, and the volume of combined supernatants was 

reduced to about 30 μL with the Vacufuge. Any remaining gel pieces were removed by 

microfiltration using Millipore Ultrafree-MC-HV centrifugal filters.

The digested samples were subjected to liquid chromatography tandem mass spectrometry 

(LC-MS/MS) at the Analytical Proteomics Laboratory of the University of Kansas. Used 

was a NanoAcquity chromatographic system (Waters Corp., Milford, MA) with Binary 

Solvent Manager with mobile phase A and B of 0.1 % Formic acid (Water) 0.1 % Formic 

acid (ACN), respectively, to produce a gradient with solvents of highest purity (Optima LC-

MS grade, Fisher Scientific) and delivering analytes through a reverse-phase column 

(ThermoScientific Acclaim PepMap300) to an electrospray source of an LTQ-FTICR mass 

spectrometer (ThermoFinnigan, Bremen, Germany). A linear gradient was developed in 50 

minutes with a flow rate of 10 μL/min. The mass spectrometer was operated in a data-

dependent acquisition mode.
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XCalibur software was used to acquire the data. Mascot software was used for database 

search and protein mapping. It was setup to search SwissProt Viridiplantae database. Mass 

tolerance was 20 ppm for precursor ions and 0.60 Da for fragment ions. Carbamidomethyl 

(+57) was set as a fixed modification of cysteine residues, oxidation of methionine residues 

and acetylation of protein N-terminus were specified as variable modifications, and trypsin 

was the digestion enzyme, with a maximum of 2 missed cleavages. The results were 

exported into Scaffold software for statistical analysis and data sharing.

The limited number of proteins identified in the SwissProt database for these three ragweed 

species informed our decision to use the green plant database, Viridiplantae, which provided 

35480 entries, including those from ragweed. It is not uncommon for researchers performing 

tandem mass spectroscopy proteomic analysis on plant sources to use the Viridiplantae 
database, when none exists for their particular species [34, 40, 47]. Sequence comparison is 

consistent with the long history of evolutionary homology discovered by protein sequence 

similarity and is the basis for BLASTP.

2.5 Data Validation

The criterion for naming found proteins involved Scaffold (Scaffold_4.3.4, Proteome 

Software Inc., Portland, OR) use to validate all MS/MS based peptide and protein 

identification results generated from Mascot, Sequest, and X! Tandem search engines [48, 

49]. Scaffold employs the Peptide Prophet algorithm [50] to generate probability scores 

from the three search engines to enhance the accuracy of identifying peptides. Scaffold 

employs the resulting peptide probabilities to correctly match peptide sequence and mass to 

proteins with the Protein Prophet statistical algorithm [51].

2.6 Data Analysis

In Scaffold, the peptide threshold identification filter was established at 50.0% probability, 

the protein threshold identification filter was established at 95.0% probability, and the 

minimum number of peptides filter was set at 2. Using the Scaffold outcome, an additional 

criterion for including proteins in this report was 2 exclusively unique peptides (matched to 

no other protein in the database). Moreover, the protein had to be found in at least two 

separately extracted samples for a species. Additional criteria for reporting proteins were the 

total number of exclusively unique peptides and percentage of sequence coverage. When 

multiple entries were found for the same protein in a species, we selected those with the 

greatest number of exclusively unique peptides unless the coverage was greater with fewer. 

The same criteria were used when orthologs were excluded from the final data.

A minimum of 20 gel slices generated from each of 12 separately and independently 

extracted samples, four from each of the three plants, were subjected to LC-MS/MS 

analysis. To compare the protein profiles of the three plants, the Scaffold data was exported 

into Excel files and then converted into CSV format. The individual proteins from all 12 

experiments were captured by name and accession number from the CSV file and aligned by 

protein name using a JAVA file designated as ProcessCSVCount, which also counted the 

incidences for a protein found in each of the ragweed plants. These counts were used to 

assign proteins among seven categories of All, Common, Giant, Western, Common & Giant, 
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Common & Western, and Giant & Western. Visual Basic (VB) programs were written to 

accomplish the latter assignment. Additionally, other VB programs were created to manage 

the data, including eliminating entries that had fewer than 2 exclusively unique peptides and 

generating the non-exclusive assignment of proteins among the three plants

3. RESULTS and DISSCUSSION

The above criteria allowed protein assignment among the three kinds of ragweed pollen. A 

total of 257 unique proteins (redundancies removed) were found in the SwissProt database. 

When orthologs were eliminated, the number of found proteins reduced to the 229 that are 

displayed in Supplementary Table 1. UniProt lists a total of 142 proteins (99 short, 26 giant, 

and 17 western) found among the three plants. When the redundant UniProt entries and 

associated viruses and other pathogens were removed, the number of proteins for the plants 

became 57 (34 short, 18 giant, and 5 western). This investigation not only expands the 

protein profile of the ragweed species but also has the distinction of employing proteomics, 

an alternative to the often used nucleotide tools.

Table 1 displays a selection of the 229 proteins found through this LCMS/MS investigation. 

The presented 59 proteins are among those not previously reported to be found in the pollen 

of any of the three ragweed species. Having an average sequence coverage of 28%, these 

selected proteins also represent a wide range of protein function, and 66% of them were 

found for all three species. The information presented in the table by column has headings of 

protein name, the name of the database plant which yielded the protein sequence, the 

accession number, molecular mass of the protein, the number of exclusively unique peptides, 

the percent probability of protein identification (PID), total spectra, percentage coverage of 

the database sequence by the peptides, whether the protein was identified for the common/

short, giant, and western plants, and the putative function in the cell. A broad array of 

protein types was identified, such as, metabolic enzymes for carbohydrate, amino acids, 

lipids, citric acid cycle, proteins, and nucleic acids. The list includes, anti-oxidant, 

regulatory, signaling, structural and motion, electron transport and ATP synthases, 

nucleosomes, proteasomes, folding, stress response, chaperones, translation, transcription, 

and transport (intra and intercellular) functions. The entire list of 229 proteins can be found 

in the supplemental material as Table S1.

The PID values presented in Table 1 are calculated protein identification probabilities, 

rounded to the ones-digit. The calculations done in Scaffold used Bayesian statistics to 

combine the scores of three search engines (Mascot, Sequest, X! Tandem). The outcome 

operated on by the Scaffold version of the Protein Prophet yields the PID score.

Certificates of analysis from Greer Labs for each of the three species show less than 1% 

contamination from other sources. The three plants were harvested from different locales 

and different environments. There are preferences in natural environment; giant tends to 

grow in moist areas, common in multiple types of drier soils, and western in dry uplands 

[52]. The pollen from all sources was processed and stored in the same manner. Results of 

studies done on a specific plant grown at the same location but subjected to different 

environmental treatments have found differential proteome effects [47, 53]. To our 
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knowledge, the three species investigated in this research grew under native conditions of the 

site and were not subjected to environment experiments. Still, it is not impossible the 

proteome reported here bears witness to some effects by growing at different sites. Whether 

the differences found are more a reflection of the species native genome expression or the 

locale environment is not determinable by this work. Protein expression response to an 

identical stress could be similar or individualistic and perhaps a reflection of the native 

habitat.

As shown in Figure 1, the molecular masses of database proteins assigned to the ragweed 

species match very well those of the gel slices from which the data arose. The scatter about 

calculated lines is quite small with an average R2 value of 0.9885, especially considering 

that the plotted data came from three different gels and species. Such excellent agreement 

further supports the findings of the presented proteome results.

Considering the results reported in Table S1, assessment of exclusive protein distribution 

among the species reveals both similarities and distinctions. Of the 229 unique proteins, 104 

are assigned to all three plants. Common and western are the most similar, sharing 26 

proteins; also shared are 19 and 21 proteins for common and giant and giant and western, 

respectively. Fifty-nine proteins are assigned exclusively to a single species: 10 to common, 

4 to giant, and 45 to western, the only perennial of the three. A non-exclusive assignment 

yields a more comprehensive protein profile for each plant, with western being the most 

complex with 196, followed by common with 159, and giant with 148 proteins.

It is well known that the pollen of A. artemisiifolia contains several allergens of which 

UniProt lists 11 reviewed proteins. Among the reviewed are five pectate lyases better known 

as Amb a 1.1, 1.2, 1.3, 1.4, and Amb a 2, now Amb a 1.5; all are isoallergens. The remaining 

six reviewed proteins include Amb a 3, a plastocyanin; Amb a 5, an allergen; Amb a 6, a 

non-specific lipid transfer protein; and Amb a 8, having three forms of profilin. The UniProt 

list of non-reviewed proteins includes three calcium-binding proteins that appear to be the 

equivalent of the allergens, polcalcins Amb a 9, composed of 2 isoforms, and Amb a 10. A 

cysteine protease, probably Amb a 11, and an Art v 1 homolog, also known as Amb a 4 are 

among the non-reviewed allergens. In contrast, the known allergens are limited for the other 

two ragweed plants; UniProt shows Amb t 5 for A. trifida and Amb p 5a and 5b for A. 
psilostachya

The Allergen Nomenclature site (Allergen.org) lists the following ragweed pollen allergens: 

11 for short (Amb a 1- Amb a 11), 1 for giant (Amb t 5), and 2 for western (Amb p 5a and 

5b isoforms). Allergen.org manages the allergens somewhat differently from UniProt, 

subsuming all isoforms of Amb a 1 (the pectate lyases) under the major numeral. The site 

also contains allergen Amb a 7 a plastocyanin, not found in UniProt.

For the three plants, our results of found allergens, shown in a Table 2, are somewhat 

broader. All five of the pectate lyases, Amb a 3, Amb a 5, Amb a 6, and profilin (Hel a 2) 

and profilin-3 (Amb a 8), were found for short ragweed. If a less restrictive criterion were 

applied, we also found profilin-2 once in all three species. For giant ragweed Amb t 5 was 

found, but also were some of the pectate lyases (Amb a 1.2, 1.4, and Amb a 2), profilin and 
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profilin-3. Pectate lyases Amb a 1.2, 1.3, and Amb a 2 were found for western ragweed as 

well as Amb a 6 and profilin-3. These findings imply that although short ragweed may be 

the primary source of allergens, giant and western might also contribute to the symptoms of 

hay fever.

We also found a probable calcium-binding protein (CBP) with a 3 EF-hand, which may be 

related to the polcalcin allergens of short ragweed. The evidence for the presence of the CBP 

is very compelling, having been found for all three ragweed plants in all twelve experiments. 

An NCBI Blastp search with this 3 EF-hand protein of 148 residues as the query sequence 

revealed a sequence identity of 83% with an Artemisia vulgaris polcalcin, a protein with 

similar length of 149 residues. This striking similarity of the 3 EF-hand protein with the 

Artemisia vulgaris polcalcin suggests the discovered probable calcium- binding protein 

might be a member of the polcalcin family. The CBP (148 residues) might be viewed Amb a 

10-like (160 residues) as the two proteins show 24% identity in a CLUSTAL Omega 

alignment done at UniProt.org. Interestingly, an additional alignment query revealed the 

polcalcin-like Amb a 10 allergen with a 4 EF-hand and 160 residues shared 23% identity 

with the polcalcin allergenic protein Amb a 9, a 2 EF-hand protein with 83 residues. 

Consideration of these sequence similarities might suggest a possible allergenic character for 

the probable CBP, even though its sequence shows just 15% identity to the much shorter 

Amb a 9 protein. Whether CBP has allergenic properties will require immunological 

evidence. Both Amb a 9 and Amb a 10 are listed on Allergen.org as separate short ragweed 

allergens.

Our results show the well-known latex Hevea brasiliensis allergen enolase-1 was assigned to 

giant ragweed multiple times but only once in the short plant. We also found in all three 

ragweed plants, the Zea mays enolase-1 having 89% identity to that of H. b. Additionally, 

the enolase of Ricinus communis was found multiple times in the short and western plants 

but only once in giant; it displayed a 95% identity to the H. b. enolase-1. This high sequence 

identity is compelling evidence to consider these two enolases as possible allergens, worthy 

of further investigation. Our results are consistent with those of Bordas-Le Floch et al. [41] 

who demonstrated an enolase allergen in short ragweed. Babbitt et al. [54] defined an 

enolase fingerprint motif, which can be found in H. b. [55]. In a UniProt alignment of all 

three enolases, we found the fingerprint motif runs from S380 to D388 for H. b. and R. c. 
and includes active site residue H381; the motif is shifted one residue toward the C-terminal 

residue for Z. m., having a sequence one residue longer. The significant identity R. c. and Z. 
m. demonstrate with the H. b. enolase-1 could imply an enolase contribution to allergic 

reactions inducible by all three ragweed plants.

Table 2 contains a list of some Ambrosia allergens found in Allergen.org and revealed 

through our LCMS/MS study of the pollen from all three ragweed species. Most are widely 

considered known allergens of short/common ragweed; however, as observed in this table 

some also appear in the data for the other two species. Enolase-1, a known allergen in Hevea 
brasiliensis, shown as Hev b 9, is included in Table 2 based on the data providing evidence 

for its presence in these ragweed plants as well. Profilin, Amb a 8, is represented in the table 

by Helianthus annuus, in the same family as Ambrosia, and appears as allergen Hel a 2. The 

table also includes Profilin-3, known allergen of A. artemisiifolia, and is assigned to all three 
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species. Interestingly, Profilin-3 occurs in the UniProt and NCBI protein databases, but is 

not found at Allergen.org. The numbers given in the last three columns of Table 2 are the 

number of occurrences of the protein for each species.

The Bordas-Le Floch paper reporting shotgun LC MS/MS of short ragweed pollen found 

573 proteins using the criterion of 1 unique peptide. Their list, somewhat different from 

ours, seems to include identical UniProt homolog entries as well as homologs of the same 

name but different UniProt identification entries. Our list eliminates all duplicates by name 

whether found in the ragweed plants or homologs in other species, as well as name identical 

UniProt entries. When the authors used the more stringent criterion of the total number of 

sequenced peptides being equal to or greater than 5 their list reduced to 328 proteins [41].

Employing the 1 exclusively unique peptide criterion on our short ragweed data we report 

681 homologs, which represent 378 distinct proteins. It is difficult to compare these two sets 

of data as we seem to be using somewhat different criteria. Although it is possible these two 

ways of reporting data are the same, the Bordas-Le Floch paper appears to be using total 

unique sequenced peptides, whereas our results contain exclusively unique peptides. The 

outcome of applying exclusivity and elimination of homologs is our reported 229 distinct 

proteins.

Although The Bordas-Le Floch paper and ours report many of the same proteins, missing 

from both lists are both RNA and DNA polymerases; however, we do report finding 

transcription factors. Both papers, theirs and ours, report initiation and translation proteins. 

They report the inability to find Amb a 3 by either transcriptome or proteome analysis, but, 

instead, an Amb a 3-like protein was identified. Our proteomic analysis revealed the 

presence of Amb a 3 in short pollen, but not giant or western.

We used Gene Ontology (GO) Annotations from NCBI to display broad categories of 

biological processes associated with greater than 98% of the distinct 229 proteins. Slightly 

under 50% of GO designations fell into a broad metabolism category including biosynthesis 

of cell wall, proteins, and nucleotides among others but not including regulation. Regulation 

(metabolic, cell cycle, enzyme chromatin silencing, transport, transcription, and so forth), 

transport (protein, ion, membrane, electron, cytosis, and so forth) protein folding (heat 

shock, chaperone, isomerase, and others) and translation (ribosomes and initiation factors) 

constituted another 50% with additional contributions from microtubule processes and 

nucleosome assembly. There were only three entries -Amb a 5, Amb t 5, and a protein 

fragment- for which no GO assignment could be found.

The proteome for all three ragweed species shows important similarities and distinctions. 

Similarities are demonstrated by 45% of the found proteins shared by all. Notable are the 

differences whether one considers what is the unique for each or the number of proteins in 

the non-exclusive distribution category among the plants. The finding of a protein only in 

one of the three species could have multiple explanations. It is possible the other two plants 

may not express the protein; alternately, there could be differences in expression level; also 

harvesting of pollen granules might be time and environment dependent; although the pollen 

extraction protocol was common and samples of all species were simultaneously extracted 
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on four different occasions, variations are not impossible. The somewhat higher similarity 

shown between short and western ragweed may reflect their likeness of appearance. It is 

difficult to distinguish them on the basis of foliage, unless one is expert in the field; 

however, it is possible to do so by the root system. Being an annual short has a tap root not 

shared by the perennial west.

We found seven categories of allergens distributed among the three plants. The categories 

include all five pectate lyases, Amb a 3, Amb a 5, Amb t 5, Amb a 6, profilin and profilin-3 

(Amb a 8). Although we were unable to find Amb p 5 at the two peptide criterion, we did 

find it in two experiments at the one peptide level. Evidence for the enolase-1 of H.b. or its 

equivalent was found for giant and common ragweed. Sequence similarity evidence for the 

presence of possible new allergens, enolases and polcalcin-like, was found for all three 

species. The identity information for the enolases is quite strong; that for the CBP polcalcin-

like protein is less so.

4. CONCLUSION

Overall, in comparison to UniProt, this work has added to the protein knowledge for all three 

plants: short 159, giant 148, and western 196. The contribution to the protein knowledge 

base of the giant and western plants is most notable. Not only did we report a new antigen 

enolase-1 for some ragweed plants but also we found not previously reported antigens for 

giant and western; both were found to have some pectate lyases, Amb a 2, and profilin; Amb 

a 6 was found in western. Although short ragweed may still be the most important source of 

allergies, there is now evidence for a greater role of giant and western plants in the hay fever 

malady.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Total of 229 proteins representing multiple cellular protein functions 

identified

• Found a minimum of 59 proteins not previously reported for any ragweed 

plant

• Known allergens of short ragweed identified for giant and western species

• Newly found enolase-1 allergen for some ragweed species

• Potential allergens proposed based on sequence similarity
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Fig. 1. 
Assigned Protein and Gel Slice Molecular Mass from  western,  giant,  common/short
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