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Molecular and immunological characterization of two polcalcins
as novel allergens of Artemisia sieversiana pollen

Dear Editor,

Artemisia pollen is considered one of the leading causes of out-
door allergens in northern China.! Currently, Artemisia sieversiana
pollen extracts are widely used in China for clinical skin prick tests
and specific immunotherapy.> However, only five allergens have
been registered, Art si 1, Art si 2, Art si 3, Art si 8, and Art si 12.
Therefore, the full analysis and characterization of more
potential allergens in A. sieversiana pollen requires further
investigation.

In this study, we identified two polcalcins from A. sieversiana
pollen designated Art si 5.0101 and Art si 5.0201; they are
composed of 249 and 261 nucleotides (82 and 86 amino acids),
respectively, and share 57% sequence identity (Fig. 1 A, B). Amino
acid sequence comparison analysis showed that the sequence ho-
mology between Art si 5.0101/5.0201 and other polcalcin aller-
gens was 57%~99% (Fig. 1 C). The sequence similarity between
Art si 5.0101 and Art v 5 is up to 99%. Similar levels of sequence
identity have been reported for other Artemisia species. For
example, there is high amino acid sequence similarity between
the same group allergens from Artemisia annua and Artemisia vul-
garis pollen, particularly the 100% sequence identity in Art an
4.0101 vs. Art v 4.0101 and Art an 4.0201 vs. Art v 4.0201.2 We
infer that there may be high sequence conservation among
some allergen groups in Artemisia species. Comparatively, Art si
5.0201 shows high sequence identity with Sal k 7 (95%) and Che
a 3 (90%), which belong to the Amaranthaceae family. It has
long been thought that polcalcins of Artemisia and even Ambrosia
should be classified together, whereas we reported a completely
novel isoform of polcalcin Art si 5.0201, which is distinct from
traditional polcalcins in Artemisia.

The Art si 5.0101 and Art si 5.0201 genes were expressed in E.
coli BL-21 (DE3) and purified by nickel affinity and ion-exchange
chromatography (see the details in Supplementary Methods). The
proteins migrated as a single band with an approximate molecular
weight of 10 kDa or 12 kDa (Supplementary Figs. 1A and B). Three
homologous polcalcins, Art v 5, Amb a 9 and Sal k 7, were also
expressed and purified (Supplementary Figs. 1C—E).

Specific IgE reactivity of the recombinant polcalcin allergens
was demonstrated by ELISA using sera from 130 Artemisia-allergic
patients (Supplementary Table 1) and 14 healthy subjects. The
sensitization prevalence of Art si 5.0101 and Art si 5.0201 was
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3.1% (4/130) and 3.8% (5/130), respectively (Fig. 2A). Among them,
three of the patients displayed abnormally high specific IgE to the
recombinant polcalcins with an OD value over 4 times the cut-off
value. The reported IgE reactivity of polcalcin allergens is 5% for
Bet v 4, 6% for Par j 4, 10% for Cyn d 7/Phl p 7, 11.4% for Art v 5/
Amb a 9.0101 and 18% for Aln g 4.*~7 Moreover, the IgE reactivity
of the Italian group (ranging from 21% to 28%) was much higher
than that of the Austrian group (approximately 10%). Taken
together, the results from similar studies suggest that the deviation
of sensitization rates of polcalcins could be due to the pollen spe-
cies, geographical locations, and different populations. In addition,
five ELISA-positive sera to Art si 5.0101 and Art si 5.0201 were
further validated by Western blot (Fig. 2 B, C), and four showed
prominent bands except for the serum 31.

Pooled sera of 4 polcalcin-allergic patients were used to conduct
the IgE-ELISA inhibition test between the polcalcins and the crude
extract of A. sieversiana pollen. Approximately 60% inhibition rates
were shown at the 100 pg/mL concentration of polcalcins
(Supplementary Fig. 1F). The results indicated that polcalcin-
specific IgE accounted for a large proportion of IgE specific to the
A. sieversiana pollen extract in patients sensitized to polcalcins.
This could be attributed to the potential properties of panallergens.
For instance, both Che a 2 and Che a 3 were able to inhibit approx-
imately 50% of the IgE binding to Chenopodium album pollen
extract.”

The high degree of conservation of polcalcins implied that they
may show IgE cross-reactivity. Due to the limited serum availability
of four polcalcin-positive patients, we chose a large concentration
of homologous polcalcins (100 pg/mL) to obtain the maximal IgE in-
hibition rates (Fig. 2 D). The results showed that Art si 5.0101, Art v
5, Amb a 9.0101, Art si 5.0201 and Sal k 7 could almost completely
inhibit IgE binding to Art si 5.0101 (approximately 90%). Art si
5.0101 and Art v 5 showed 34% inhibition of IgE binding to Art si
5.0201, and Amb a 9.0101 showed 77% inhibition. Calcium-
binding proteins are a class of cross-reactive panallergens. The re-
ported possible IgE cross-reactive epitopes are marked with blue
circles in Figure 1C (Supplementary Refs. 3-6). These cross-
reactive epitopes are located in highly conserved sequences,
including two calcium-binding sites and homologous exchanges
(such as Glu/Asp and Ser/Thr). Accordingly, the highly conserved
functional amino acid sequence ensures the cross-reactivity of pol-
calcins among different species.
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Fig. 1. Molecular characterization of Art si 5.0101 and Art si 5.0201. (A, B) Nucleic acid and amino acid sequences of Art si 5.0101 and Art si 5.0201. Initiation and termination codons
are marked in red. Primers designed for PCR were framed. (C) The amino acid sequence comparison of Art si 5.0101 and Art si 5.0201 with polcalcins from different plant pollens
(the sequences retrieved from WHO/IUIS Allergen Nomenclature Database: http://www.allergen.org/). The conserved residues are framed in blue. Identical and similar residues are
indicated in white and red letters, respectively. Two calcium-binding sites are marked with black lines. The possible IgE cross-reactive epitopes of polcalcins are marked with blue
circles (Supplementary Refs. 3-6). Identity 1 (Identity 2) indicates the percentage of amino acid sequence similarity between Art si 5.0101 (Art si 5.0201) and the homologous pol-

calcins of other species.

Further application of BAT can more accurately reflect the clin-
ical relevance of Art si 5.0101 and Art si 5.0201. Fresh whole blood
from two newly recruited Artemisia pollen-allergic patients (Pa-
tients A and B) was collected. Patient A showed negative

stimulation, and patient B showed obvious positive stimulation
(Fig. 2 E). For patient B, when comparing the negative control and
experimental groups, Art si 5.0101 and Art si 5.0201 differed signif-
icantly (p = 0.044 and 0.015, respectively), with a 3.6-fold and 4.6-
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Fig. 2. IgE binding of Art si 5.0101 and Art si 5.0201. (A) IgE binding in ELISA. 130 Artemisia pollen allergic patients and 14 non-allergic individuals' sera were involved in the assay.
The cutoff values were calculated as the mean absorbance value of the negative samples plus 3 standard deviations. The data are presented as mean + SD (n = 3). (B, C) IgE binding
in immunoblotting. Art si 5.0101 and Art si 5.0201 (reduced samples) were incubated with the 5 positive representative serum samples and 2 negative control serum samples,
respectively. (D) Crossreactivity was assessed by inhibition ELISA. Inhibition assay was performed by pre-incubating pool of sera from four Art si 5.0101/5.0201 allergic patients
(No. 26/81/84/95) with Art si 5.0101, Art v 5, Amb a 9.0101, Art si 5.0201 or Sal k 7 at 100 pg/mL. The data are presented as mean + SD (n = 3). (E) Basophil activation test in
two newly recruited Artemisia allergy patients. The specific-IgE of Artemisia vulgaris in patient A was 1.68KU/L (class grade 2); the sIgE in patient B was 3.07KkU/L (class grade
2). Allergen-specific basophil degranulation was analyzed by monitoring the proportion of CCR3 and CD63 positive cells. The data are presented as mean + SD (n = 3). P values

were determined by Dunnet's test. *P < 0.05. **P < 0.01.
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fold increase in the proportion of CCR37CD63" cells. Our present
analysis illustrates that Art si 5.0101 and Art si 5.0201 are clinically
relevant pollen allergens.

In summary, this study extends our understanding of the molec-
ular and immunological properties of polcalcins in A. sieversiana
pollen. The high degree of conservation with homologous polcal-
cins highlights the role of Art si 5.0101/5.0201 as potential cross-
reactive markers. In addition, our results illustrate that Art si
5.0101 and Art si 5.0201 are clinically important in patients with
significant IgE reactivity despite their low sensitization rates. Art
si 5.0101 and Art si 5.0201 may be considered for potential desen-
sitization vaccines appropriate for molecular-based allergen
immunotherapy.
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