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Allergic diseases have been increasing in industrialized countries. The environment is thought to have both direct and indirect
modulatory effects on disease pathogenesis, including alterating on the allergenicity of pollens. Certain plant proteins known as
pathogenesis-related proteins appear to be up-regulated by certain environmental conditions, including pollutants, and some have
emerged as important allergens. Thus, the prospect of environmentally regulated expression of plant-derived allergens becomes
yet another potential environmental influence on allergic disease. We have identified a novel pathogenesis-related protein allergen,
Jun a 3, from mountain cedar @uniperus ashej pollen. The serum IgE from patients with hypersensitivity to either mountain
cedar or Japanese cedar were shown to bind to native and recombinant dua 3 in Western blot analysis and ELISA. Juin a 3 is
homologous to members of the thaumatin-like pathogenesis-related (PR-5) plant protein family. The amounts of da 3 extracted
from mountain cedar pollen varied up to 5-fold in lots of pollen collected from the same region in different years and between
different regions during the same year. Thus, Ja a 3 may contribute not only to the overall allergenicity of mountain cedar pollen,
but variable levels of Jun a 3 may alter the allergenic potency of pollens produced under different environmental conditions. The
Journal of Immunology, 2000, 164: 2188-2192.

ypersensitivity to aeroallergens causes allergic diseaseBomology to previously described pollen proteins and, thus, de-

(e.g., bronchial asthma, allergic rhinitis, and allergic fines a new class of pollen allergens within the group 5, patho-

conjunctivitis) that affect up to 30% of the population (1, genesis-related plant proteins (PR-8). We have characterized
2). Symptoms of rhinitis and asthma due to aeroallergens are majahe IgE-binding capacity of Jua 3 from patients with mountain
causes of morbidity, lost productivity, and increasing healthcarecedar hypersensitivity as well as its serum IgE cross-reactivity in
costs (3). Hypersensitivity to mountain cedar polldur(iperus patients with hypersensitivity to Japanese cedar. Further, we have
ashe) in the Cupressaceae family causes severe seasonal allergitvestigated the expression ofnJa 3 in diferent lots of pollen
disease in broad areas of south-central U.S. and northern Mexicaollected from different regions and in different years and suggest
Related species within the cedar family cause similar problemshat Jun a 3 content may contribute to variable allergenicity in
worldwide (4). Allergenic cross-reactivity and protein allergen se-those different lots of pollen. Variability of dua 3 expression may
quence similarity among these related species suggests that came another example of the role of environmental changes in the
servation of allergenic proteins occurs across diverse regions andcreasing prevalence and severity of allergic disease.
climate conditions. However, the degree of allergenicity of pollens
obtained from related species and between specific lots of col\aterials and Methods

lected pollens may vary tremendously. Human sera and polyclonal Abs
We have recently isolated and cloned the two major extractable ) ) ) ) )
erum samples were obtained from 14 mountain cedar allergic patients in

proteins of mountain cedar pOI,len (5). One of them,. Junal, Wa$exas and 35 Japanese cedar allergic patients in Japan and 12 nonatopic
four\d to be homologous to €1 1 and Cha ol Wh'_Ch are the  gonors. Subjects were selected on the basis of clinical history and positive
major allergens of Japanese cedaryptomeria japonicaTaxo-  scratch test or capsulated hydrophilic carrier polymer-radioallergosorbent

diaceae, and Japanese cypreShamaecyparis obtusaCupres-  test (Pharmacia, Uppsala, Sweden) results. Total radioimmunosorbent test
saceae. Here, we describe the cloning and characterization of tH@F Was measured by (Pharmacia). A polyclonal antiserumncaJs was

d . bl I N J 2.93 b produced in New Zealand white rabbits. IgG was purified from this anti-
second major extractable pollen protein, Jun a &. €ars N0 gerym using protein G Sepharose (Pharmacia) (5). Biotinylated goat anti-

human IgE was prepared using an IgG fraction of goat anti-human IgE
antiserum (Sigma, St. Louis, MO) and oxysuccinimide-biotin (1:8 molar
ratio; Sigma) (5).
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Protein purification and sequencing B Juna3(A)
(% of Juna 1 (B))

Mountain cedar pollen was obtained from Oklahoma, Arkansas, and Texas, a \ 19.2%

dried under vacuum for 48 h, and stored in amber glass under nitrogen — “en

(Bayer, Elkhart, IN). Jo a 3 was purified as described (5). Briefly, moun- - B

tain cedar pollen was defatted and extracted with 0.125 M ammonium

bicarbonate and then ammonium sulfate precipitated (40—80% fraction) b A 12.2%

and applied to a 214TP510 Vydac HPLC column (Vydac, Hesperia, CA). T ’

The elution was performed in acetonitrile (30—50%) in 0.1% trifluoroacetic
acid. The relative amounts of da 1 and Jun a 3 ieach lot of cedar pollen
was determined from the integrated optical densities (216f the two B

peaks. The purity of Jua 1 and Jun a 3 was analyzed by N-terminal amino c A
acid sequencing. 23.1%

Jun a 3 fragments were generated with trypsin digestion (7). Purified

Jun a 3 was reduced, alkylated, and repurified by HPLC. Lyophilized pro- A B
tein was dissolved in 0.1 M Tris-HCI buffer, pH 8, containing 0.01 M
CaCl, and 2 M urea, andN-tosyl+-phenylalanine chloromethyl ketone-
treated trypsin (Promega, Madison, WI) (enzyme/substrate ratld50) d 56.5%
and then incubated for 17 h at 37°C. Tryptic peptides were separated by
C18 reverse-phase HPLC (Vydac 218TP52) using a 0—45% gradient of B
acetonitrile in 0.08% trifluoroacetic acid. N-terminal amino acid sequenc-
ing of Jun a 3 and its tryptic peptides were determined using a Perkin- e A 12.7%
Elmer/Applied Biosystems Precise microsequencer (Norwalk, CT). —
1 1 1 [ (]
Isoelectric point and Western blot analysis 30 35 40 45 50
Elution time (min)
The m.w. of Jm a 3 was determined by SDS-PAGE and the isoelectric
point by nonequilibrium pH gradient electrophoresis in slab and tube f
gels, respectively. After electrophoresis, proteins were either stained MW 1 2 3 4
with Coomassie blue or colloidal gold (Pierce, Rockford, IL) or trans- (kD) TR
ferred to nitrocellulose and incubated with an anty@rl (KW-S91; 206 -y
Ref. 8) or biotinylated Con A (Pierce) followed by HRP-streptavidin in 14 o
0.3% BSA-TBST and developed with 4-chloro-1-napthol angkl 81 -
cDNA cloning 4.3 - En ! «—Junat
3323 ! «Juna3
Messenger RNA was purified from frozen pollen with guanidinium thio- 20 e -
cyanate using oligo(dT)-cellulose (Pharmacia). First-strand cDNA was 72 e - e
synthesized using oligo(dT) (Life Technologies, Gaithersburg, MD) and Juna3(%oftotal) 1.8 29 380 35
reverse transcriptase (Life Technologies). Degenerate PCR sénsA(G Juna3(%ofdunat) 27 167 643 10.1

or T)CA(A or G)TG(C or T)GGITA(C or T)ACIGTITGGG-3 and anti- ) )
sense (5GTICCIGCIA(G or A)(G or A)TTIACIGTCC-3) primers were ~ FIGURE 1. HPLC chromatograms of the ammonium sulfate fraction of
synthesized, based on the sequence of the first 48 N-terminal amino acidgountain cedar pollen extracts. The chromatograms of five different lots of
of Jun a 3 protein. mountain cedar pollen are shown. The pollens were harveste 992
Inverse PCR was used to clone unknownahd 3 sequences (9). Arkansas, If) 1993 Oklahoma,d) 1993 Arizona, §) 1995 Oklahoma, and
Briefly, double stranded DNA was synthesized uskscherichia coli  (e) 1998 Texas. The relative percentage of the dB peak4), to the Jun
DNA polymerase, DNA ligase, and RNase H and circularized using T4, 1 peak B) is indicated to the right of each chromatogrdrwhole pollen

DNA ligase. Foward (5GGAAGCGGCTTGACCAGGGG) and inverse was anal : ) :
) . yzed by SDS-PAGE, transferred to nitrocellulose, and stained with
primers (3-CCTCCGGGCAACCCCGCTG) were synthesized based " colloidal gold. Lane 1,1992 Arkansaslane 2,1993 Oklahomalane 3,

the sequence obtained from the PCR fragment described above.
As a second approach to obtain & 3 unknown sequence€coRl 1995 Oklahomalane 4,1998 Texas. The Jua 3 content as a percent of

adaptors (Life Technologies) were ligated onto double-stranded cDNAgotal protein and relative to Jun a 1, as determined by densitometry, are
from a library generated from mountain cedar pollen. These were thershown below the each lane.

inserted into Bluescript || SK- vector (Stratagene, La Jolla, CA), which was

used as a template for PCRs in which T3 and T7 primers were paired with

the Jun a 3-specific primers '(6CTGCACAGTCTCCGGAG, 5
GCIGG(A or G)CA(A or G)TT(G or A)TCIAC(A or G)TAI). These prim-
ers were designed based on sequences obtained from inverse PCR and
amino acid sequence of a tryptic peptide. To identifp 3u3 sequences,
PCR products were separated by agarose gel electrophoresis, transferred®@SUlts

nylon membranes, and hybridized witiP-labeled osmotin cDNA or .

digoxigenin-labeled oligonucleotide probes (7, 10). Fig. 1,a—e shows_ the HPLC chrqmatqgrams of the crude pollen
extract of mountain cedar from five different lots of pollen. The

DNA sequencing and analysis area under peak A (Jun a 3) in these lots varied from 12.2 to 56.5%

of that of peak B (Jun a 1). Figf shows the SDS-PAGE stained

PCR products were separated by agarose gel electrophoresis, purified . . . .
gel extraction (Qiagen, Hilden, Germany), ligated into pCR 2.1 (mvitro_?X/ colloidal gold (Pierce). In that experiment, the ratio of Jun a 3

gen, San Diego, CA), cloned i. coli, and sequenced using PCR-based and Jun a 1 was analyzed by densitometry. The density of the Jun
techniques and automated detection (Perkin-Elmer/Applied Biosystema 3 band varied from 2.7 to 64.3% of thenJa 1 band. The 1995

model 373 A DNA sequencer). Sequences were compared against Gemyklahoma lot of pollen (Fig. 1d andf, lane 3 expressed a higher

S:;Eeﬁggét'cs Computer Group, Madison, WI) for homology to known . inn of Jun a 3, representing 38% of the total pollen protein.
N-terminal amino acid sequence of peak A was analyzed, and a

Expression of recombinant dwa 3 (rJun a 3) inE. coli single sequence was obtained, indicating that this peak was not

A full-length cDNA was generated by PCR amplification with engineered Con.tammated with other proteins. .

Ndd (5') andEcaRl (3') sites, inserted into thdd and EcaRl sites of pET Fig. 2 shows the SDS-PAGE and Western blot analysis of the

30, and transfected in. coli strain BL21. Synthesis of rita 3 was induced ~ tWO peaks (A and B). The 43-kDa protein from peak B reacted
in bacterial cultures with 2 mM isopropgto-thiogalactopyranoside. Bacterial  with anti-Ciy j 1 and was previously identified asila 1 (5). Peak

cells were harvested by centrifugation, purified, and analyzed by SDS-PAGE
?ﬁ]g Western blotting (7).
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a
(kD) ; ARTG GCCCGAGTATCAGAG
206 e : M ARV S E -26
1&."1‘ 2 CTTGCGTTTCTTCTT GCGGCCACATTGGCC ATCTCTTTACACATG CAAGAGGCGGGAGTA
3 LAFLL AATLA I SLEM QEASGYV -20
483
GTGAAGTTTGATATA AAGAACCAGTGCGGG TACACAGTCTGGGCA GCGGGGTTGCCCGGA
33.6 ¥v X F D I KN Q C G ¥ T V W A A G L P G 20
29 GGAGGGAAGCGGCTT GACCAGGGGCAGACA TGGACGGTTAATTTG GCGGCGGGCACAGEG
6 6 KR L D QGO T W T VNL AAGTA 10
20
7.2 G 2 TCGGCAAGGTTCTGG GGACGAACGGGCTGC ACTTTCGATGCGAGE GGGAAAGGAAGCTGC
. Bl $ AR FW GRTOGC TFDAS GKGS C 60
FIGURE 2. The 1993 fanes 1, 2,and5-9) and 1995 lanes 3and4) CAGACCGGTGACTGC GGCGGGCAACTGAGC TGCACAGTCTCCGGA GCAGTTCCCGUGACG

Q T 6 D C G 6 Q L 8§ € T V S G A vV P A T 80

Oklahoma pollen was analyzed further. HPLC pealahés 1 3, and5)
and peak Bl@anes 2 4, and6) were examined by SDS-PAGE and Co0-  STCeCRAGTACACS (AGAGCIACEAGOAC TACTACSACHIMICE CICTIORMTEST™ 1o
massie stainingdnes 1-4, and immunoblotting (anti-Cry j Ianes 5and

6). Both peaks stained with Coomassie blue but only peak B bound anti- e e A O T I ™ 1ae
Cry j 1 Ab in immunoblotting. Recombinant dua 3 (anes 7-9 stained

GACATTAATGCAGTG TGCCCTTCCGAGTTG ARGGTTGATGGCGGA TGCAATAGCGCCTGC

with Comassie lane 7), anti-Juna3 léane 8, and anti-IgE from patients’ DI NAV CPSEL KVDGSG CNGSAGC 140
sera (ane 9 AATGTCTTCAAAACT GATCAGTATTGCTGC AGAAATGCGTATGIT GATAACTGCCCTGCC
N VvV F KT DQY CC RNAY YV DNZCU®PA 160

ACGAATTACTCCAAG ATATTCAAGAACCAG TGCCCTCAGGCTTAC AGCTATGCCAAGGAT
T N Y § K I FKNO CPQAY S8 YATZKTD 180

A (Jun a 3) migrated as a 30-kDa protein and Weak|y bound CON GACACGECCACTTTC GCTTGCGCCTCTGGT ACCGACTACAGTATT GTATTCTGCCCCTAG

A (data not shown) but not to anti-Cry j 1. Nonequilibrium pH prATEACRSS RRESL VEEeTS .
gradient electrophoresis showed that &3 had isoelectric points

of 4.9 and 6.1 (data not shown). b

The N-terminal amino acid sequence of the 30-kDa protein (Flg P81295 Junal -26  MARVSE LAFLLAATLA ISLHMQEAGV
3a), Jun a 3, lacked homology with other described pollen aller- 5eees e o or RSSO
gens (Swiss-prot P81295). Figh also displays the nucleotide se- 50751 v o e T o Soerumrirn
qguence of Juo a 3 obtained by sequencing cDNA clones from three esosss Pz *¥*MMK TLVVVLSLSL T1.SFGG.HA

separate mRNA preparations derived from three separate samples
Jun a 3 1 VKFDIKNQCG YTVWAAGLP*G GGKRLDQ*****+*GQT WIVNLAAGTA SARFWGRTGC

of pollen (Fig. Z&; GenBank/EMBL no. AF121776). Much of this 350646 AV.TVV...P F..... SV.V. ..RQ.NR**#**+ ES .RITAP...T A..I.A....

829581 AV.TVV...P F..... SV.V. ..RQ.NR**¥*** ES _RITAP...T A..I.A.

sequence was confirmed by N-terminal amino acid sequencing of 34754 ATIEVR.N.D ..
tryptic peptides. A single potential N-glycosylation site occurred at i%;
N*62yS. The full-length coding region spans 597 nt. The 26 aa

following the first ATG codon were relatively hydrophobic and = 7un 2 3 51 TFoASGKGSC QTGDCIGGQLS CIVSGA-VEAT LAEYTQY* +SDQD YYDVSLVDGE

..R...Rew#dxx . VI APR. . K M,.V

. . . . . 180646 Q.. ... R... R....*..VVQ ..GY.R*A.N. ....ALKQFNNL. FF.I..I...

were not found within the purified protein and most likely repre- s29581 Q.....R... R....*..VVQ ..GY.R*A.N. ... ALKQFNNL. FF.I.IL...
. . . s .. 534794 N.N.A.R.T. .....*..V.Q ..GW.K*P.N. ....ALDQF.GL. FW.I..L...

sent a signal peptide. A TAG stop codon was identified at position jnoz31 N..G..R.N. E....*N.M.E .QGY.K*E.N. ...FALNQ*PN.. FV.I......
p50694 ST..... FV. A.A..AS..VM .NGN..IP... ... FNIPAGGG.. F.........

598, which would result in a mature protein of 199 aa with a
calculated molecular mass of 21,174 Da. The amino acid SEQUENCEsun a 3 101 NIPLAINPTI AQ*+CTAPACKA DINAVCPSEL KVDGH*****GCNSAC NVFKTDQYCC

inferred by the nucleotide sequence was identical with that ob- 1350 Vier be asaesro A v, n.in.. RG. veeessv N 5. K.m. .

i i i i i i 3479 ...MTF*... PSGGKCHAL.T. *..GE..A.. R.P.*¥**¥** _ NP, TT.GGQ....
tained from N-terminal amino acid sequencing of intact Jun a 3 ;hg;;; R e e T
and itS tryptic fragments, p50694 .L.MSVT.QG GTGD.KTAS.P. NV........ QKK.SDGSVVA.L... VK.G.P....

The sera from patients allergic to mountain cedar or Japanese

. . . . Jun a 3 151 R**NAYVDNCPA TNYSKIFKNQ CPQAYSYAKD D*TATFACASG *TDYSIVFCP*

cedar were examined for binding of IgE tonJa 3 (Fig. 4). Of 14 150646 VesGSAAN..HP .TURY..G. ..D....P.. A.S..T.PA. *.N.KV....t
. e . . . a29581 V**GSAAN. .HP ....RY..G. .. A.§..T.PA. *.N.KV., ..*
mountain cedar sensitive patients, six (42.9%) reacted with Jun a s:a7s. »sneeTQRP.GP .FF..F..QR .. P.S..T.PG. S.N.RVI...N

1h0231 T***NGPGS . GP .PPSL.T.PP. *.N.RV....

3. Of 36 Japanese cedar sensitive patients, 12 (33.3%) reacted withgsgsss TREQNIFET..P ... E..H.A . KRG, TNG. PYN.AT. .
Jun a 3. Fig. B shows the lack of correlation between the IgE
reactivity to Jun a 3 and total IgE levels in the Japanese patients. 722

Dooo

% amino acid identity
KEEARKERTE KA RRAA AR

150646 o 3

i - 1+ KEEAAAAARE AAKRARARRN 54.6
Fur'ther, the total IgE ]evels in the serum of the Jun a 3-positive 22952 e 5.6
patients was not significantly different from that of the Jun a 3-neg- 30231 528

ative patients (1481.73 2277.18 IU/ml vs 1000.1% 1154.23
IU/ml). Thus, the binding of IgE to Jua 3 did not appear to be due FIGURE 3. Homology analysisa, Nucleotide and amino acid sequence
to nonspecific binding by high levels of circulating IgE. of Ju_n a3 isshoyvn with its N-term@nal amino ac_id sequences of intact
Recombinant Jua 3 was expressed in BL21. Lysatessofcoli protein a_nd tryptic pep?ldes (underllnedb),.The amino acid sequence of
transformed with plasmid DNA encodingia 3 reacted in West- Jun a 3 iscompared with other PR proteins. a2958tamylase/trypsin

. . . . inhibitor (21); js0646, 22K antifungal protein in maize (22); s34794, os-
ern blot analysis with an antl'ﬂ_ua 3 po!yclonal Ab and with IgE motin in common tobacco (20); jh0231, thaumatin-like protein E2 (19);
from cedar-hypersensitive patients (Fid) (8).

p50694, Pu a 2 from cherries (24). The potential N-glycosylation site is
. . double underlined.
Discussion

The PR proteins represent an important group of human allergensnd was suggested to be involved in oral hypersensitivity (24). Bet
Several allergenic PR proteins have been biochemically character- 1, the major birch pollen allergen, is a PR protein, but is a
ized in detail (Table I). The mountain cedar allergen, Jun a 3member of the PR-10 group. The ubiquitous nature of these fam-
characterized in this report was found to be homologous to thdlies of proteins, their similarity among diverse species, and their
PR-5 group of proteins (Fig. 3) (23). No PR-5 group membersability to be up-regulated under certain environmental conditions
have been identified previously as pollen allergens. The cherrynakes them an important target of investigation into their role in
allergen, Pru a 2, was recently identified as a PR-5 group proteiallergic disease. Further analysis ohJu3 and other related PR-5
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FIGURE 4. ELISA for cedar allergen- 2
specific IgE and total IgE content of sera
from Japanese cedar-hypersensitive patients.
A, Allergen-specific IgE levels directed
against Ja a 3 insera from cedar-hypersen-
sitive patients and normal donors were ex-
amined by ELISA. MC, Mountain cedar-hy-
persensitive patients; JC, Japanese cedar-
hypersensitive patients. The mean plus2SD !
of the IgE binding to each allergen for a
group of 12 normal subjects was regarded as
the negative cut ofB, The correlation of IgE
reactivity to Jun a 3 with the total IgE levels
are shown. The total serum IgE level for the
Jun a 3-positive group®) was 1481.73+
2277.18 IU/ml, while that for the Jun a

OD 492nm

.2’ °
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ileeg .
[N e [
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2191

1.0

OD 492nm

7500
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pollen allergens may reveal important aspects of allergen potencguced PR-1, PR-2, and PR-5 group proteins (39). Air pollutants
from industry and automobiles are considered cofactors contribut-

and cross-reactivity.

In our study, cross-reactivity of dua 3 was shown in patients

ing to the recent increase in allergic disease and asthma (40). For

with Japanese cedar hypersensitivity who were never exposed &xample, pollutants have been shown to enhance IgE responses to
mountain cedar. This cross-reactivity may be due to the presencgapanese cedar pollen (41). The effect of air pollutants on Bet v 1,
of IgE Abs to unidentified Jun a 3-like proteins in Japanese cedathe major allergen of birch pollen, was examined, and it was found
patients. Previous studies suggested a wide degree of cross-redhat the distance from an industrial pollutant point sources did not
tivity among members of the Cupressaceae (cedar and cypressdrrelate with the expression of Be 1 (11). Those authors con-
family (5). We recently showed that the major pollen protein from cluded that other factors including shading, soil properties, and
mountain cedar, Jun a 1, which is not a PR protein, but has pectatgenetics may have stronger influences on the composition of birch
lyase activity, may explain some of that cross-reactivity. Now, thepollen allergens.
identification of a PR-5 protein as a prominent allergen in pollen Our data supports the concept that the levels of PR proteins in
from mountain cedar trees may also help to explain not onlyallergenic pollens are highly variable, but we did not explore the
cross-reactivity, but also variations in the cross-reactivity and po-etiology of that altered expression. Our data does suggest that trees
of the same species in different locations and in different years may

tency of pollens among these species.

PR proteins are up-regulated in plants in response to stressoexpress variable levels of PR-5 proteins. It is interesting to spec-
such as drought, freezing temperature, infection by fungi, virusesylate that alterations in environmental conditions may be the cause
or bacteria, ozone, and UV B (36—-38). Surplus et al. showed thadf that altered expression of PR proteins, thereby contributing to

UV B in Arabidopsis thalianaCruciferae (mustard family) in-

Table I. PR proteins

altered allergenic potency of different pollens.

Family Source Properties Inducible Reference
PR-1 PR-1 a,b,c proteins Tobacco leaf Antifungal Yes 12
Tomato leaf 13
PR-2 B-1,3-Glucanase Tobacco leaf B-1,3-Glucanase Yes 14
PR-3 Chitinase (tobacco), 25kD Tobacco leaf Endo-chitinase 15
PR-4 PR-“R” Tobacco leaf Antifungal, chitinase 14
Hev b 6* Latex prohevein 17
Bra r 2* Turnip root 18
Pers a 1* Avocado 16
PR-5 Thaumatin Tobacco Anti-fungal Yes 19
Osmotin Tobacco leaf 20
a-Amylase/trypsin inhibitor Maize 21
Anti-fungal protein Maize 22
Zeamatin Maize 23
Pru a 2* Cherry 24
Osmotin-like protein Paprika 25
PR-6 Tomato proteinase inhibitor | Tomato Proteinase-inhibitor 26
PR-7 Tomato endoproteinase P Tomato Endoproteinase 27
PR-8 Cucumber chitinase Cucumber Chitinase 11l 28
PR-9 Tobacco lignin-forming peroxidase Tobacco Peroxidase 29
PR-10 Parsley “PR1” Parsley Ribonuclease-like Yes 30
Betv 1* Birch pollen 31
Mal d 1* Apple 32
Api g 1* Celery 33
Dau c 1* Carrot 34
PR-11 Tobacco class V Tobacco leaf Chitinase 35

*, Allergens.
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