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To investigate the relationship of the major allergens of birch (Bet v I), alder (Aln g I), hazel
(Cor a I), and hornbeam (Car b 1) at the nucleic acid level, a cDNA clone coding for the
complete Bet v I protein was used for Northern and Southern blot experiments. RNAs were
isolated from pollen of birch (Betula verrucosa), alder (Alnus glutinosa), hazel (Corylus
avellana), and hornbeam (Carpinus betulus). Hybridization was performed at different
stringencies. At high stringency, comparable binding of the complete Bet v I cDNA probe to
pollen RNAs from birch, alder, and hazel could be observed, indicating high homology of the
mRNAs coding for these allergens. With the 3' and 5' half fragments of the Bet v I ¢cDNA, both
probes bound to transcripts of all four tree pollens, but most strongly to birch RNA. In Southern
blots, distinct binding patterns of genomic DNA digests of birch, alder, hazel, and hornbeam
were observed. Most bands were observed with birch DNA digests and less with alder, whereas
in genomic DNA digests of hornbeam and hazel, only one band was observed. The result of
these cross-hybridization experiments indicate a high homology at the nucleic acid level of the
four major allergens of trees belonging to the order Fagales. The sequence similarity presented
here further corroborates earlier observations of immunologic cross-reactivity at the protein
level. Therefore, in the case of the major allergens of the Betulaceae, an extract with only one
major allergen, preferentially Bet v I, instead of all four major allergens, should be sufficient
Sfor diagnostic and therapeutic purposes. (J ALLERGY CLIN IMMUNOL 1991:87:677-82.)

Proteins isolated from aqueous extracts of pollen
from birch, alder, hazel, and hornbeam were dem-
onstrated to be responsible for most of the allergic
symptoms (rhinitis, conjunctivitis, and polien asthma)
occurring in middle, eastern, and northern Europe, as
well as in certain areas of North America during early
and middle spring.'
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Abbreviations used
cDNA: Complementary deoxyribonu-
cleic acid
Restriction endonucleases
Eco R V, Hind III: Restriction endonucleases
Hinf I, Sac I: Restriction endonucleases
SSC: 3 mol/L of NaCl and 0.3
mol/L of sodium citrate,
pH7
SDS: Sodium dodecyl sulfate
PAGE: Polyacrylamide gel electro-
phoresis
kb: Kilobase
kbp: Kilobase pair
kd: Kilodalton

BamHI, EcoR I:

The molecular weight of the major allergens playing
a predominant role in tree-pollen allergy, Bet v I
(birch), Aln g I (alder), Cor a I (hazel), and Car b 1
(hornbeam), were determined to be approximately 16
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to 20 kd, corresponding to approximately 160 to 180
amino acid residues.” ’ The isoelectric point of these
allergens was in the range of 4 to 6. Characterization
of these proteins by two-dimensional gel electropho-
resis/immunoblotting demonstrated extensive cross-
reactivity of patients’ IgE.* The monoclonal anti-Ber
v I antibody, BIP 1, raised against Bet v 1.% strongly
bound also to Aln g 1, Cor a1, and Car b 1"

Partial N-terminal amino acid sequence analysis of
Betv I, Aln g1, Cor al, and Car b 1 (40 to 45 amino
acid residues) demonstrated high sequence identity-
homology and putative common epitopes.* * However,
nothing was known about the C-terminal parts of the
allergens, which may be of immunologic relevance.

Recently, we isolated a complete ¢cDNA coding
for Ber v 1 from a lambda gt 11 expression library
by screening with IgE from a selected patient.’
This ¢DNA clone enabled us to perform cross-
hybridization experiments with pollen RNA and
genomic DNA digests from alder, birch, hazel, and
hornbeam.

The presence of a unique Bam H I restriction site
in the Bet v 1 cDNA at base pair 399 (approximately
in the middle of the exon(s) of the gene)’ facilitated
the construction of two subclones in plasmid pUC 18,
representing the respective 5’ and 3’ portion of the
Ber v 1 ¢DNA. Thus, homologies in the C-terminal
half of the protein could be investigated. Cross-
hybridization of pollen RNA from alder, birch, hazel,
and hornbeam was observed with the 5" and 3 probe,
indicating sequence conservation over the complete
allergenic molecules. Various restriction fragments of
the respective genomic DNA digests hybridized with
the Bet v I cDNA, corroborating the Northern blot
experiments.

MATERIAL AND METHODS
Isolation and characterization of RNA

RNA was isolated from pollen purchased from Allergon
AB, Engelholm, Sweden. The pollen was confirmed to be
95% pure by light and clectron microscopy. One gram cach
of pollen of black alder (Alnus glutinosa), white birch (Be-
tula verrucosa), hazel (Corylus avellana), and hornbeam
(Carpinus betulus} was used for RNA extraction.

Each portion was homogenized scparately with the ad-
dition of glass powder in a mortar under liquid nitrogen.
Extraction was performed as previously described.”

Total RNA was characterized by 5% PAGE with a 16S
and 23S molecular weight marker of defined concentration
(2 pg/pl) (Bochringer Mannheim, Vicnna, Austria).

Gels were stained with cthidium bromide to estimatc the
amount and quality of the RNA samples. Amounts of RNA
were also estimated by spectrophotometry at a wavelength
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of 260 nm. Ten micrograms of total RNA from alder, birch,
hazel, and hornbeam were separated through a 1 1% de-
naturing agarose gel containing 6% deionized formalde-
hyde.” " One set of RNA and 10 pg marker were stained
with cthidium bromide to ensure that similar amounts of
intact RNA had been used.

Northern blotting

Identically prepared series of tree pollen RNAs were blot-
ted onto nitrocellulose (Schleicher & Schuell BA 83. Kassel,
Germany) according to previously published methods.”

To achieve a constant ratio between amounts-of ribosomal
RNA and messenger RNA, total RNA was used for all
Northern blots rather than poly A plus enriched RNA. Thus.
information was obtained regarding the relative amount of
specific mRNA in the preparations.

Isolation and purification of DNA

Young leaves from white birch, alder, hazel, and horn-
beam were collected from trees in Maria Enzersdort and
Laxenburg, near Vienna. In case of alder, hazel, and horn-
beam, the lcaves were picked from one defined tree. whercas
in case of birch, leaves were obtained from three defined
trees. These leaves were immediately frozen in liquid ni-
trogen and stored at —70° C until use.

DNA extraction was performed essentially according to
the method of Dellaporta et al."" DNA was then purified by
CsCl gradient centrifugation according to the method of
Mantiatis.' Integrity and amount of DNA was estimated by
agarose gel electrophoresis (0.8% agarose- gel; ethidium
bromide staining).

Restriction digest, agarase gel
electrophoresis and Southern blotting
of DNA

Ten micrograms of DNA from each alder, birch, hazel,
and hornbeam were digested with 10 units of Eco R V and
Hind HI. respectively {(Boehringer Mannheim), according
to the manufacturer’s advice.

Digested DNA was separated by agarose gel clectro-
phoresis (0.8% agarose) and blotted to nitrocellulose BA 83
from Schleicher & Schuell.*

Construction of subclones containing the 5’
and 3’ half of the Bet v 1 cDNA

We subcloned the complete Ber v 1 cDNA, flanked by
lambda gt 11 sequences into the Kpn I and Sac T site- of
plasmid Sk* bluescript.” From this construction. designated
pBV 1, the complete Ber v 1 coding region was excised.

The presence of a unique Bam H [ site at base pair 399
of the Ber v I cDNA allowed the construction of a subclone
representing the 3’ coding regions, named pBet v I-Bam 3’
and a sccond one representing the 5 half of the Ber v 1
c¢DNA, together with its lambda gt 11 flanking region. The
second subclone was named pBer v -Bam 5'."

All subcloning steps were done essentially according to
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FIG. 1, A. Northern blot: 23S/16S ribosomal weight marker from Escherichia coli {lane M), total
pollen RNA from black alder f/ane A), white birch flane B), and hazel {lane CO) was hybridized
with the complete Bet v | cDNA (Hinf I/Eco R | fragment). Position of hybridizing transcripts is
marked with an arrow (~0.8 kb). The 28S and 18S ribosomal bands indicate that comparable
amounts of total RNA were blotted to nitrocellulose. Washing conditions: 1.5 x SSC and 0.1%
SDS at 35° C. B, The same Northern blot as in A was washed up to 0.3 x SSC and 0.1% SDS
at 50° C; 28S and 18S ribosomal bands disappear, whereas signals of specifically hybridizing

transcripts remain equally intensive, as in A.

previously published methods.'* As a control, pBET v I-
Bam 3' was digested with Eco R I/Bam H I and pBet v I-
Bam 5’ with Sac I/Bam H 1. The size of these fragments
was analyzed by agarose gel electrophoresis.

Preparation of fragments for random-primed
DNA labeling

The complete Bet v I cDNA was excised from pBV 1
with Hinf I and Eco R I. In parallel, the 5’ region (Hinf
[/Bam H I) and 3’ region (Bam H I/Eco R I) were isolated
from the above described subclones pBet v 1-Bam 5’ and
pBetvI-Bam 3'. All fragments were eluted from 1% agarose
gels.” One hundred nanograms of each fragment was la-
beled with alpha *P-dCTP by randomly primed DNA la-
beling. ' Nonincorporated nucleotides were separated from
labeled DNA with nick columns (Pharmacia, Uppsala,
Sweden).

Prehybridization, hybridization, and washing
of Northern and Southern blots

Prehybridization and hybridization solutions were pre-
pared according to the method of Ausubel.'* The hybrid-
ization mixture contained 10% (wt/vol) dextran sulfate
5000 (Sigma Chemical Co., St. Louis, Mo.) to enhance
RNA/DNA and DNA/DNA interaction. Prehybridization
and hybridization was performed overnight at 37° C. Ra-

diolabeled probe (10’ cpm, Cerenkow radiation) was added.
Blots were washed twice in 3 X SSC and 0.1% SDS at
room temperature for 10 minutes, followed by washing
twice in 1.5 X SSC and 0.1% SDS, and finally twice in
0.3 X SSC and 0.1% SDS. During the last wash, temper-
ature was increased to 50° C.

Care was taken to avoid complete drying of the blots to
make further washing possible. For exposure, Hyperfilm
MP (Amersham International, Buckinghamshire, England)
and intensifying screens (Kodak, Heidelberg, Germany)
were used.

RESULTS
Northern blots

RNA from alder, birch, and hazel was hybridized
with the complete Bet v 1 ¢cDNA (Hinf I/Eco R 1
fragment of pBV 1) applying two different stringency
conditions (1.5 X SSC and 0.1% SDS at 35° C,
Fig. 1, A; 0.3 X SSC and 0.1% SDS at 50° C,
Fig. 1, B). At low stringency, hybridization to a
band of approximately 0.8 kb was observed with pol-
len RNA from all trees, most notably with birch
(Fig. 1, A). At high stringency, the same binding of
the Bet v I cDNA probe to the RNAs could be observed
(Fig. 1, B), indicating high homology of the major



680 Valenta et al.

FIG. 2. Northern blot: 23S/16S ribosomal weight marker
from Escherichia coli (lane M), total polien RNA from black
alder /ane A}, white birch (lane Bj, hornbeam flane CAj,
and hazel (lane CO) was hybridized with the 5’ portion of
the Bet v | cDNA (Bam H [/Hinf [ fragment); 28S and 18S
ribosomal bands indicate that comparable amounts of
RNA were blotted to nitroceltulose. All tree-pollen mRNAs
hybridized with the probe at approximately 0.8 kb, as in-

dicated by an arrow.
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dition, at low strmgency washmg Condmons non-
specific hybridization with the 288 and 18S ritbosomal
RNAs was observed (Fig. 1, A). Nonspecific hybrid-
ization of the pollen with ribosomal RNAs indicated
that similar amounts of RNA had been loaded onto
the gel (Fig. 1. A).
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hybridized with the 5’ and 3’ portion of the Bet v |
c¢DNA (Bam H I/Hinf I fragment of pBet v [-Bam 5’
and Bam H I /Eco R I fragment of pBet v I-Bam 3').
As illustrated in Figs. 2 and 3, both DNA probes
bound to mRNA from all trec pollens, but most
strongly to birch mRNA (washing condition: | X
SSC and 0.1% SDS at 45° C). Again, hybridization

of the ribosomal bands indicates that comparable
amounts of RNA had been blotted to nitrocellulose,
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Southern blots

Genomic DNA from alder, birch, hazel, and horn-
beam was digested with Eco R V and Hind III. DNA
digests were hybridized with the complete Ber v |
c¢DNA (Eco R 17Hinf 1 fragment of pBV 1).
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birch /ane BJ, hornbea (ane CA} and
hazel (lane CG/ was hybridized with the 3’ portion of the
Bet v 1 cDNA (Bam H I/Eco R | fragment). The position of
the 28S and 18S ribosomal bands is marked. The arrow
points to the hybridizing transcripts from ali trees (~0.8
kb}.
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and nine bands (Hind II1), respectively, in birch DNA
digests (Fig. 4, A). In the case of hazel and hornbeam,
genomic DNA digests (Eco R V and Hind [H), only
one band was observed, whereas at least three bands .
(Eco R V) and five bands (Hind 11} could be cbserved
in gepomic blots of alder (Fig. 4, B).

DISCUSSION

Computer-aided sequ

\—h
’D

ence d.n.a.yses d
amino acid sequence of Bet v I (159 amino duds)
revealed putative antibody bmdmg epitopes on the N-
and well as the C-terminus of the molecule.” Since
sequence homology of Ber v 1 to a protein involved
in disease resistance of parsiey and pea exists.'™ ¥ it
would be expected to have high homology at the level

of RNA and DN A sequence to the closely related trees -
O6 IINA and 2N A SeqUeEneC 10 Ine C1O8C1Y 1eiaicG aees

of the order Fagales, alder, hazel, and hornbeam.

In Northern blots, all probes reacted most strongly
with pollen RNA isolated from birch. This finding
appears not to be due to different amounts of total
RNA applied to the gel. Conversely, the relative
amount of pollen mRNA coding for Aln g I Car b 1.
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FIG. 4, A. Southern blot: four bands in Eco R V digests (7} and nine bands in Hind Il digests {2/
of genomic DNA from birch, (B), hybridized with the complete Bet v | cDNA. B, Southern blot:
three bands in Eco R V digests (7) and four bands in Hind lil digests (2) of genomic DNA from

alder (A), bound to the Bet v | cDNA.

and Cor a | appears to be lower than the amount of
the Bet v I coding mRNA. Thus, our data demonstrate
sequence conservation of the mRNAs coding for these
major tree-pollen allergens.

Markedly distinct patterns were observed in South-
ern blots with Eco R V and Hind III digests of birch,
alder, hazel, and hornbeam genomic DNA and the
complete Bet v 1 cDNA as probe. Most bands were
observed with DNA from birch and less with alder
DNA, whereas with DNA from hazel and hornbeam
only, one band could be observed. All these Southern
blot data are in best accordance with the Northern blot
experiments. The presence of restriction fragments in
digests of genomic DNA from alder, hazel, and horn-
beam, which cross-hybridize with the Bet v 1 cDNA,
documents the homology of the respective major tree-
pollen allergens also at the DNA level.

It is well-known that the three-dimensional struc-
ture of proteins is more conserved than the amino acid
sequence and the nucleotide sequence. Therefore, the
fact that there is high homology within the major
allergens of trees belonging to the order Fagales,
demonstrated by cross-hybridization experiments at

the nucleic acid level comprising 5" and 3’ regions of
the exons of the genes, indicates highly conserved
protein structure spanning the complete allergen
molecules.

For this reason, our data support the idea that, in
case of the major allergens of birch, alder, hazel, and
hornbeam, cross-sensitization, elicited probably in
most cases by birch pollen, is to be expected. This
concept is supported by clinical studies demonstrating
that immunotherapy with birch-pollen extract alone is
effective in reducing IgE responses (RAST measure-
ments) as well as skin and nasal sensitivity in patients
allergic to pollen of alder, birch, hazel, and horn-
beam.'*?! Therefore, it would be expected that for
diagnostic and therapeutic measures, at least in the
case of the major allergens, a preparation containing
only the extract from one plant, preferentially birch,
should be sufficient.

We thank Irmgard Lubenik for the preparation of the
manuscript, Peter Wyskovsky for skillfully taking the pho-
tographs, and Michael Duchene for critically reading the
manuscript.
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