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To the Editor

Recent analyses of several databases of allergens provide evidence for structural similarities 

of allergenic proteins.1 The 707 allergens with known sequences belong to only 184 (~2%) 

of the 9318 protein families (Pfams).2 Furthermore, of the rare Pfams that contain an 

allergen, 81 contain multiple allergens and 10 Pfams with the most allergens contain 300 

(42%) allergens. The congruence of pollen allergens with structural families is even more 

apparent. Of the 157 pollen allergens with known sequences, 93 (59%) reside in just 5 

Pfams,3 suggesting that pollen allergens share a very limited number of relatively unique 

structures. Identifying the common structural features of allergens may help to elucidate 

their unique structural elements and potentially the mechanism(s) for their allergenicity.

The goal of our research was to use the highly allergenic mountain cedar (Juniperus ashei, 

Cupressaceae) pollen as a model for characterizing the allergenicity of individual proteins 

and to identify the structural elements that are required for allergic sensitization or 

reactions.4 In the current study, we first quantified patient IgE antibodies to crude extract of 

cedar pollen and to purified Jun a 1,5 a major mountain cedar allergen, using ImmunoCap 

technology (Phadia, Uppsala, Sweden). The vast majority (median, 93%) of IgE antibodies 

to cedar pollen in the serum from 35 allergic subjects (34 subjects; see Table E2 in this 

article’s Online Repository at www.jacionline.org) reacted with Jun a 1 (see Fig E1 in this 

article’s Online Repository at www.jacionline.org).

To define the fine specificity and complexity of these antibodies, we chose 7 sera with high 

concentrations of IgE anti–Jun a 1 antibodies and adequate serum volume to assess the 

relative amount of IgE binding to linear versus discontinuous (conformational) epitopes. We 

first used ELISA inhibition assays, in which binding of IgE to wells coated with native Jun a 

1 was inhibited by prior incubation of the sera with either native or denatured Jun a 1. Our 

previous study showed that exposing Jun a 1 to 6 mol/L guanidine-HCl caused irreversible 
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denaturation of Jun a 1.6 More than 96% of the IgE reactivity to native Jun a 1 was lost after 

denaturation of the allergen (Fig 1, A). To assess the biological activity of IgE antibodies to 

conformational and linear epitopes on Jun a 1, we next tested the ability of the same sera to 

sensitize and induce degranulation of cultured mast cells that express human FcεR1 (RBL 

SX-38)7 after stimulating with native or denatured Jun a 1. Fig 1, B, shows a dominance of 

IgE antibodies to conformational epitopes in mast cell degranulation, similar to that seen in 

ELISAs, indicating that IgE antibodies to conformational epitopes of Jun a 1 should be 

particularly effective in mediating clinical allergic reactions to cedar pollen.

To identify and enumerate the conformational epitopes of Jun a 1 that are recognized by the 

patients’ IgE, we produced a panel of mAbs and selected those that (1) reacted with native 

but not denatured Jun a 1 and (2) were inhibited from binding to Jun a 1 by human sera, 

indicating that these mouse IgG antibodies recognize conformational structures that are also 

recognized by IgE antibodies in the sera from our highly sensitized patients (see Fig E2 in 

this article’s Online Repository at www.jacionline.org). Within this panel of antibodies, we 

identified 4 distinct (non-competing) groups (G1–G4) on the basis of their cross-inhibition 

in ELISAs (see Table E1 in this article’s Online Repository at www.jacionline.org). 

Additional characteristics of these antibodies and the types of epitopes they recognize are 

shown in Fig E2. Of particular interest was the finding that the epitope for G1 was 

dependent on a structure maintained by a disulfide bond (Fig E2, B). We have previously 

reported that guanidine treatment of Jun a 1 results in irreversible loss of α-helical 

structures.6 Together these observations suggest that epitope G1 and potentially other (G2–

G4) conformational epitopes are located in one or both of the α-helical regions, near the N- 

and C-terminal regions, and contain disulfide bonds (Cys7-Cys21 and Cys285-Cys291).8 

However, further studies will be required to confirm the importance of these regions and 

map each of the mAbs to specific conformational elements.

To test whether our mAbs G1 to G4 bind to the linear epitopes we previously described, we 

performed inhibition assays with mAb KW-S91,6 which we have previously mapped to a 

region of Jun a 1 that contains linear epitopes we termed 2 and 3.9 This antibody caused 

partial inhibition of E2 and E3 binding (17% and 27% vs 83% for autologous binding of 

KW-S91). This suggests that the epitope for these mAbs may reside in the extensive parallel 

helical region of Jun a 1, near the linear epitopes 2 and 3.

We next used the mAbs G1 to G4 in competition experiments to determine the frequency 

with which the IgE antibodies from the 7 subjects recognized G1 to G4 epitopes (Fig 2). 

Interestingly, the IgE antibody responses of 5 of the 7 sera were strongest against epitopes 

G2 or G3, suggesting that these may represent dominant epitopes. This pattern is also 

reflected in the mean intensity of the IgE responses to the 4 epitopes, shown in Fig 2, B.

Our findings indicate that the IgE response to mountain cedar pollen is strongly focused on a 

single protein Jun a 1. The major targets of the patients’ IgE were at least 4 discontinuous 

regions, brought together by protein folding of this highly dominant allergen. We have also 

found that purified Jun a 1 is predominantly monomeric (zonal ultracentrifugation indicated 

>95% monomers; see Fig E3 in this article’s Online Repository at www.jacionline.org). 

Thus, IgE antibodies from each of our patients’ serum must bind to at least 2 different 
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epitopes10 to degranulate mast cells or basophils. This is consistent with the results of our 

mAb inhibition studies, which indicate that Jun a 1 displays at least 4 discrete IgE epitopes 

and that each of our patients’ sera contained antibodies to 2 or more of these discontinuous 

epitopes.

In conclusion, this study indicates that several conformational epitopes on Jun a 1 are major 

targets for the IgE response to mountain cedar pollen. This finding suggests that these 

antibodies are produced in the upper airway after exposure to inhaled, native Jun a 1. This 

makes Jun a 1 an excellent candidate for the development of new approaches for preventing 

allergic reactions. These might entail the development of agents that selectively alter the 

display of dominant epitopes, which may impede epitope spreading. On a more basic level, 

our findings are consistent with the concept that allergens, as a group, share a relatively 

small number of structures, which, along with other factors, such as their abundance and 

stability in the human environment, make them unique among proteins. The characteristics 

of the allergic response to mountain cedar pollen also make Jun a1 an excellent prototype for 

identifying the structural basis of allergenicity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIG 1. 
Immunoglobulin binding to conformational and linear epitopes of Jun a 1. The % of binding 

due to discontinuous epitopes is indicated for each serum. These were computed from the 

relative amount of native (◆) and guanidine-denatured Jun a 1 (○) required to inhibit by 

50% the binding of patient IgE to native Jun a 1 on ELISA plates (A) and to induce mast cell 

degranulation of RBL SX-38 cells sensitized with patient sera (B). RBL, Rat basophilic 

leukemia.
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FIG 2. 
Relative binding of patients’ antibodies to discontinuous epitopes defined by mAbs G1 to 

G4. Binding of serum IgE from 7 patients with cedar pollinosis (a–g) and (A) mean of 7 

patients to 4 distinct discontinuous epitopes of Jun a 1 (B). The results indicate the 

frequency and relative intensity of the patients’ responses to each of the 4 epitopes defined 

by mAbs G1 to G4.
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