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Cypress (Cupressus sempervirens) Pollen Allergens: Identification'by
Protein Blotting and Improved Detection of Specific IgE Antibodies
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" Abstract. On the basis of results of an investigation of the effects of different treatments employed, a dia-
lysed and reduced extract of Cupressus sempervirens was separated electrophoretically on sodium dodecylsul-
phate-polyacrylamide gels before being transferred and then fixed with glutaraldehyde to nitrocellulose mem-
brane. Probing with sera from 91 subjccts allergic to C. sempervirens policn followed by detection of bound IgE
antibodics with ['3])-labelled anti-human IgE revealed 17 IgE-binding proteins in the molecular weight range
14-96 kilodaltons (kDa). One component, of molecular weight ~42 kDa, reacted with IgE antibodies in the
sera of 81.3% of the allergic subjects and, for each of the subjects, this componeat bound the greatest quantity
of IgE. Almost 50% of the sera recognized only the ~42 kDa component, reinforcing the conclusion that thi:
component is the major allergen of C. sempervirens pollen. A comparative study employing C. sempervirens pol-
len allergen discs prepared commercially or in the laboratory shiawed that values of the uptakes of ['*1]-anti-
I¢gE indicating the presence of pollen-reactive IgE antibodies obtained with the latter discs were consistently
higher (means 4.5 vs. 0.88), and that false-negative results were obtained when many sera were used with the
commercial discs. The results of this study provide un esscntial basis [or the production of standardized, safe
and effective C. sempervirens pollen extract applicable to diagnosis and therapy of ¢ypress pollen allergy.

Introduction a commecreially availablc radio-allcrgosorbent test

(RAST) for C. sernpervirens allergen-reactive IgE an-
tibodies, we set out to improve the detection of
cypress-pollensreactive. TgE antibudies by obtaining
and emplaying a highly reactive C. sempervirens pol-
len extract. :

Allergies Lo cypress pollens, although apparently
not widespread, are a significant problem in some
countries bordering the Mediterranean, principally
France and Ttaly [1-3], and in South Africa [4].

At present, extracts of Cupressus sempervirens are
used for diagnosis and immunotherapy but, as with
many allergen extracls, there is a pressing need for
characterization of the active components and stan-
dardization of the solutions emplayed [5-7]. As a first

Materials and Methods

Pollen Extracts
Dry, non-defatted C. sempervirens pollen was purchased from

step in achieving this aim, we determined optimum
extraction conditions and employcd protcin blotting
{8-111 procedures to provide a qualitative definition
of the number and rank order of importance of aller-
gens in a C. sempervirens extract. This, we believe, is a
necessary prelude to effective standardization of any
allergenic extract [8, 12]. In addition, and because of
the many negative or cquivocal results obtained with

Gireer Laboratories (Lenoir, N.C., USA; lot 55X241.3). The pollen
(20 g) was extracted in distilled water (150 ml) at 4°C overnight,
centrifuged (17,300 g x 60 min) and the supernatant freeze-dried.
The yield of lyophilized material was 23 g. Lyophilized extract
(0.5 g) was reconstituted in 20 ml distilled water, dialysed in Spec
trapor membrane tubing [Spectrum Medical Industrics, s
Angeles, Calif., USA; molecular weight (MW) cut-off 2,000] at
4°C for 24 h and freeze-dried. Using the Pierce BCA® protin
assay reagent (131, the protein content for the undialysed and dia-
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Fig. 1. Comparison of the IgE antibody-binding putleins of
C. sempervirens pollen extracts preparcd by the employment of
various trecatments detailed in table 1. Strip a - C sempenvirens
dialysed, reduced pollen extract separated by SDS-PAGE and sil-
versstained; strips b-i and j-o = NC s(ripy incubated with patients’
sera QY-35 and CY-87, respectively, followed by ['#1)-unti-human
1gE; strip p = NC transfer strip incubated with ['*)]-anti-human
1gE only; strip g = strip incubated with scrum from a subject not
allergic to cypress pollen but allergic to house dust mites followed
by ["*Il-anti-human IgE. The cxtract sumples and quantities
applicd ta gels befoe silver staining (strip a) or before trunsler to
sirips b—g, and the treatments employed for each. are sct out in
table 1, Newborn calf scrum (25%) was included in the incubation
buffey when human serum was incubated with strip h.

lysed extracts was found to he (.03 and (.13%, respectively, A sec-
ond preparation involved the extraction of 12 a8 dry pallen with
75 m] 0,001 M NH,HCO,, followed by centrifugation. 1Tall of the
supernatant was dialysed and frecze-dried whilst the other half
was concentrated by Amicon oltrafiltration (MW cut-off 2,000).
Both samples werc resuspended in 30 ml distilled water and to
cach was slowly added 21 g (NH,),80,. Afier 60 min stirring at
4°C, the solutions were centrifuged at 4*C (40,000 g for 20 min)
snd the resultunt pellets resuspended in 20 ml distilled water. Fol-
lowing extensive dialysis (48 h), the dialysuies were freeze-dried.
All preparations were stored at 4°C,

Subjects and Sera
Serum samples were collected in Provence, France, and in
Canberra and Sydney, Australia, from subjects diugnosed on the

Tahle 1. Different treatments employed for the preparation
and comparison of allergenic cxtracts of C. sempervirens pollen

x

Strip  Treutment employed v Rela-  Number
= - tive of gk
dialy. glutaral- 2-ME (NH),80, protein reacrive
sis dehyde precipi- load- bands

tation ing!  detected

b 1 4

¢ [ ] 2 4

d [ ] e 2 6

O ® [ ] L] 2 8

f [ ® 5 6

g ® ) 11 6

h ® 1 0

i ® 1 4

i 1 5

k e 2 4

1 ® o 2 9

m ® ] e 2 10

n ® o 5 6

o° ] e 11 6

P ® e L 2 0

q ® ] ® 2 0

For derails of the trealment employed, see Matcrials and
Methods. 2-ME = 2-Mcreaptocthunol (5%).
' Relative to a loading of 5 pg protein per gel (respresented hy
the figure 1 in the tahle).
! Prior to (NH,),80, precipitation, allergen cxtracl was subject-
ed 10 Amicon ultrafiltration (MW cut-off 2000).

basis of case history and skin prick tests as allergi¢ t0 cypress pok
Jen, Sera were also obraincd from atopic subjects attending the
Allergy Clinic, Royal North Shore Hospital (RNSH), who were
not allergic to cypress pollen. Cord serum was from the Depart-
ment of Obstetrics, RNSH, and vsed as an IgE-‘free’ control,

Tests for Cypress-Pollen Reactive IgE: Antihodies

All rera were tested tor cypress-pollen.reactive IgE antibodies
in assays using 6-mm nitrocelluluse (NC) discs impregnated with
200 py C. sempervirens pollen extract per disc [14] and commercial
C. sempervirens discs (Pharmacia, Uppsala, Sweden; batch No.
22100). Bound IgE antibodics were detected by the addition of
[%1)-tahelled unti-human IgE (Pharmacia).

Sodium Dodecyl Sulphate-Folyacrylamide Gel

Electrophoresit and Electrotransfer to NC

SDS-PAGE [15] was carried out as previously described [16].
Cypress pollen proteins in polyacrylamide gels were stained with
silver nitrate [17). For electroblotting of the different extracts, &
range of protein loadings (5.0-55 pg protein/iS0 ul sample buffer)
was applicd to each gel (see legend to fig. 1 for further details).
For elcctroblotting and subscquent probing with  panel of 91 in-
dividual atopic sera, a total volume of 300 ul (including 5% 2-mer-
captocthanol) containing 96 uy protein (dialysed. rcduced exiract)




T16/00 '93 11:05 &

Selection of a C. sempervirens Extract for Allergen

Silver staining of an SDS-PAGE-separated pdst-di-

revealed 27 bands in the MW range 5-100 kilodattons

Tablc 1, which complemeats figure 1, lists the vari.
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alysis, reduced extract of C. sempervirens pollen
43— B -
T (kDa; fig. 1, strip a).
30 ous treatment combinations used in the preparation
of samples of C, sermpervirens pollen extracts and NC
nlé transfcrs. The procedure that resulted in the greatest
hy number of IgE-binding components involved dialysis,
: reduction with 2-mercaptoethanol and treatment of
14.4 4 i NC transfers with glutaraldehyde (fig. 1, strips ¢, m).
No IgE binding vceurred when this blotted &xtract
was probed with ['*I]-anti-human IgE alone, or with
sera from subjects allergic to house dust mite and/or
poliens (but not cypress pollen; fig.1, strips p, q).
& 0 Non-employment of 2-mercaptocthanol (fig. 1, strips
I o b, ¢, f=k, n, o), glutaraldeh . i
nme o etoni | K imas n, o), glutaraldehyde (fig. 1, strips b—d, [, g.

Fig. 2. Tdentification hy autaradiography of the IgE-binding
components trunsferred to nitrocellutose after SOS-PAGE of a
C. sempervirens pollen extract (refer to strips ¢ and m, table 1 and
fie. 1), Strip & -- Low-MW maurkers staincd with Coomassie bril-
liant hlue; srrips b-m = NC transfers incubated with individual
human sera from C, sempervirens-allergic subjects followed by
["™1)-unti-human TgE; strip n = strip incubated with scrum from a
subject not allergic to cypress pollen bur allergic to house duse
mites foliowed by ['*1]-anti-human [gl; strip o = strip incubated
with {'¥1]-anti-human IgE only. Exposure times for autoradio-
graphs were 7-11 days.

was toaded onto uch gel. To ensure reliubility of the MW estima-
tions, low-MW markers (Pharmacia) were included in cach gel.
Materials and methods for electrotransfer of separated prataina
to NC were as previously describad {10, 18], except that total trans-
fer time was extended to 2 h and the voltage employed was 60 V.
After transfer, NC membrunes were washed for § min in 10%
methanol in phosphate-buffcred saline (PBS) with rocking fol
lowed hy immersion in 0.192 Tween 20 in PBS for 2 h at room tem-
perature to block unbound membrane sites.

Probing of NC Membrane Strips and Autoradiography

The materials and methods for the identification, by autora-
dingraphy, of the IgF-binding protcins were as previously
descrihad [19]. Priar to probing with sera, some NC strips were
treated with 0.5% glutaruldehyde (1:50 uf 25% solution) in PBS
for 15 min, followed by & 30-second wash with PBS, und then incu-
bation in 1% cthanolamine in PBS for 1 h. With some other strips,
25% newbaorn calf serum was included in the incubation buffer
instead of 0.5% bovine serum albumin.

j-1, n, o) and dialysis ({ig. 1. strips b, h-j) yielded infe-
rior patterns both in terms of the number of hands
identified and the intensity of bands visualized on the
autoradiographs. Although ammonium sulphatc pre-
cipitation (with or without ultrafiltration) increased
the protein concentration of the extract, the IgE-bind-
ing profiles obtained (fig. 1, strips f and g, n and o)
were inferior 10 the non-precipitated samples. When
newborn call scrum was included in the incubation
bufter instead of Tween 20, no IgE binding bands
were seen (fig. 1, strip h).

In summary, the rcsults of allergen analysis experi-
ments led us to select the methodology usced in the
preparation of strips € and m (table 1, fig. 1), that is,
the employment of dialysis, reduction and glutaralde-
hyde fixation.

Identification of IgE-Binding Components

Scra from 106 different patients diagnosed as clin-
ically allergic to cypress pollen were examined for IgD
binding to ¢ypress pollen prolcins electroblotted onto
NC. Of the transferred proteins, 17 components in the
MW range 1496 kDa hound IgE antibodies (fig. 2,
strips b—-m). Nincty-one of the sera reacted with at
least onc of the pollen components. Scra from sub-
jects allergic to house dust mite and/or pollens (but
not ¢ypress pollen) and ['Z1)-anti-humun IgE alone,
also did not bind to any of the transferred proteins
(fig- 2, strips n, 0). The two most frequently recog-
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Fig. 3. Frequeney of recognition of the IgE.bind-
ing components detected in €. sempervirens pollen
extract, Hatched areas of bars show proportions of re-
actions that were weak.

8angd No.: 7
Approx. MW, kDa: 86 94 82 65 70 58 58

nized components were bands 8 (MW ~42 kDa) and
10 (MW ~36 kDa) which bound IgE from 81.3 and
40.7% of scra tested, ruspectively (fig. 3), and for the
majority of sera these components also bound the
greatest quantity of IgE as evidenced by the depth of
sluining on the autoradiographs (see for cxample
fig. 2, strips h, i, |, m). Although broad IgE-binding
patterns were $€cn on some autoradiographs (fig. 2,
strips b, I, i, m), expusure of autoradiographs for 40 h
and 3, 7, 10 and 11 days failed to clearly reveal more
than 3 IgE-binding bands in the 36- to 50 kDa region.
A further band, or bands, obscured by the 42 kDa
component cannot be ruled out, however. Bands 1, 4
and 5 of approximate MW 96, 85 and 70 kDa, respec-
tively, were the only other components recognized by
> 20% of subjects’ sera (fig. 3). Binding of IgE by
components 3,11, 12, 13, 14, 15 and 17 was not only low
in frequency (fig. 3) but also weak for the majority of
the reactive scra.

Figure 4 summarizes the frequencics of recogni-
tion &f one or more C. sempervirens allergens by the
panel of subjects. By far the most commonly recog-
nized pattcrn was reactivity with only a single compo-
nent — band 8 of MW ~42 kDa. A recognition fre-
quency of 46.7% was seen with this single component,
reinforcing the conclusion that it is the dominant
allergenic protein in C. sempervirens pollen. Combina-
tions of IgF-hinding camponcnts 2 and 6 were the on-
ly other patterns to show recognition frequencies of
10% or greater (fig. 4).

Detection of C. sempervirens-Reuctive IgE

Antibodies: Comparison with the Pharmaciu RAST

Figure 5 shows a side-by-side comparison of up-
takes of ['®I]-anti-IgE obtained with the in-house
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Fig. 4. Frequency of rcengnition of 1 or more C. sempervirens
pollen IgE-binding componcnis hy sera from cypress-poilen-aller-
gi¢ subjects.

C. sempervirens pollen allergen discs (fig. 5a) and the
commercial allergen discs (fig. Sb). The means of the
results, that is, percent uptakes of ['*1)-anti-IgE,
obtained with the Pnarmacia C. sempervirens allergen
discs and the discs prepared in the laboratory were
(.88 and 4.50, respectively. Analysis by the Student t
test revealed a statistically significant difference (p =
0.0005). Tn the RAST assay using the commercial discs
(fig. 5b), cord serum and scra from subjects not aller-
gic to cypress pollen gave radioactive uptakes of 0.3
and 0.5%, respectively. When the laboratory-prepared
discs were used (fig. 54), the corresponding radio-
active uptakes were 0.8 and 1.0%, respectively.
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Fig. 5. Results of radioimmunoassay tests for the presence of C. sempervirens pollen-reactive IgE antibodies in individual patients’
sera using C. sempervirens pollen allergen discs prepared in the laboratory (w) and Pharmacia C, sempervirens RAST allergen discs (b).
Unbroken and dashed lines in a and b indicatc radiouctive uptakes vf ("1]-unti-gE ubtained with scra from allergic subjccts who were

not allergic to ¢ypress pollen and from cord blood, respectively,

Discussion

An analysis of C.sempervirens pollen allergens
proved difficult due to the viscous nature and low
protein content of aqucous cxtracts, These problems
were overcome in a systematic study in which a
variety of extraction trcatments were used alone or in
various combinations. Results demonstrated that dial.
ysis, reduction and pre-treatment of NC blots with
glutaraldehyde improved allergen resolution and IgE
binding. Cven with the low protein content of the
extracts, however, ammonium sulphate precipitation
did not improve the quality of the resultant reconsti-
tuted solutions. -

Qne C. sempervirens pollen component of MW ~42
kDa was prominent both on stained polyacrylamide
gels and on the autoradiographs. This component
bound IgE antibodies in 81.3% of the atopic sera

screened and, both in terms of frequency of recog-
nition and relative quantities of 1gE bound, this com-
poncnt must be considered the major C. sempervirens
polien allergen. In fact, a high proportion (47%) of
the sera from the allergic subjects reacted only with
this allergen. The simplicity of this T¢E antibody ree-
ognition pattern contrasts with the recognition pat-
terns seen with grass pollens such as Dactylis glome-
rata (18], Lolium perenne [20] and Cynodon dactylon
[21], but not with pollen from the dicot Purietarie
Judaica [22) vr, in the case of Scandinavian subjects,
pollen from the birch tree Betula pendula [22]. The
recognition of only a single allergen is an importact
advantage with respect Lo the relative simplicity of pu-
rification and standardization of C. sempervircns pol-
len extract and for subsequent immunotherapy of
allergic subjects. . -

The need for a reappraisal of the currently avail-
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able commercial RAST C. sempervirens pollen disc
was demonstrated by our findings with allergen discs
prepared in the laboratory, Radioactive uptakes of
[25]]-anti-IgE with the latter discs were penerally
higher than values obtained with the commercially
available discs. In fact, the mean value obtained with
ihe Pharmacia discs did not even fall in what we took
as the positive range, demonstrating an unacceptably
bigh incidence of false negulives.

The definition of C. sempervirens pollen allergen
provided here represents the first important step in
the production of a safe, effective and standardized
allergen cxtract suitable for diagnosis and therapy.
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