Human monoclonal IgG antibodies derived from
a patient allergic to birch pollen as tools to
study the in situ localization of the major

birch pollen allergen, Bet v 1, by immunogold

electron microscopy
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Background: Bet v 1, the major birch pollen allergen, and
related allergens present in various tree pollens, fruits, and
vegetables represent a family of important cross-reactive al-
lergens. Although the DNA, deduced amino-acid sequence,
and structure of Bet v 1 have been determined, little is
known regarding its biologic functions.

Objective: Human monoclonal antibodies derived from an
individual allergic to birch pollen were used for refined ul-
trastructural localization of Bet v 1 in birch pollen grains to
gain information regarding the allergen distribution and its
possible biologic function. These data were to be supple-
mented by sequence analyses.

Methods: Ultrathin sections of anhydrously prepared birch
pollen grains were incubated with human monoclonal anti-
bodies (BAB1, BAB2, and BAB4). The binding sites were vi-
sualized in the transmission electron microscope by gold-
conjugated anti-human IgG antibodies.

Results: In the cytoplasm of the birch pollen grain, human
monoclonal antibodies bound to ribosome-rich areas and to
pollen nuclei. Sequence analysis of Bet v 1 and homologous
allergens identified a highly conserved p-loop motif in these
proteins, which is typically found in nucleotide-binding proteins.
Conclusions: Immunolocalization of Bet v 1 to ribosome-rich
areas and the nucleus would be consistent with a highly con-
served biologic function of Bet v 1 and homologous proteins
as nucleotide binding proteins and explains why this group
of plant proteins represents highly cross-reactive plant aller-
gens against which many type I patients are sensitized.

(J Allergy Clin Immunol 1998;101:60-6.)
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Tree pollen allergens play a major role in the elicita-
tion of hay fever in Middle and Northern Europe and
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Abbreviations used
PBS:  Phosphate-buffered saline
SDS-PAGE: Sodium dodecylsulfate-polyacrylamide
gel electrophoresis
BSA: Bovine serum albumin
p-loop:  Phosphate-binding loop
PR:  Pathogenesis related

Northern America. This is demonstrated by the fact that
up to 80% of all patients allergic to pollen are sensitized
to allergens from birch, alder, and hazel.!

The biochemical characterization of pollen allergens
has made rapid progress. Thus the major birch pollen
allergen, Bet v 1, was isolated, purified, sequenced, and
expressed in Escherichia coli as a recombinant protein.>*
Moreover, it was shown that Bet v 1 is a highly conserved
allergen that occurs in a variety of pollen species and
vegetable foods and leads to IgE-mediated cross-reac-
tivities in a high percentage of allergic patients.>® Al-
though numerous Bet v 1 homologous proteins have
been sequenced,” little information has so far been
gathered concerning a possible biologic function of this
protein. Only two hints have so far been obtained. First,
Bet v 1 shows sequence homology with a group of plant
proteins referred to as pathogenesis-related (PR) pro-
teins.? Although expression of these proteins is activated
by a variety of stimuli (e.g., attack by microorganisms,
treatment with salicylic acid, and darkening®), the bio-
logic function of these PR proteins has so far remained
enigmatic. Second, Bet v 1 was recently found to show
ribonuclease-like activity in vitro.% 1

In this study we wanted to obtain further clues regard-
ing possible biologic functions of this allergen from an
improved ultrastructural localization by immunogold
electron microscopy. To this end we used human mono-
clonal antibodies with specificity for the major birch
pollen allergen, Bet v 1. These antibodies were obtained
by using B cells from a patient allergic to birch pollen.
B-cell clones secreting Bet v 1-specific antibodies were
established using the anti-CD40 system and subsequent
Epstein Barr virus immortalization. Each of these hu-
man monoclonal antibodies recognizes a different
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FIG. 1. Detection of nitrocellulose-blotted natural birch pollen extract (Betula verrucosa) and recombinant Bet
v 1 (r Bet v 1) with human monoclonal antibodies BAB1, BAB2, BAB4, and isotype controls (IgG1, 1I9G2, IgG4).

epitope on the Bet v 1 molecule. One of them was shown
to inhibit the binding of Bet v 1-specific IgE antibodies
on the allergen molecule, thus creating the possibility of
its use as a potential drug in clinical allergen therapy.'!

METHODS
Preparation of natural birch pollen extract

White birch (Betula verrucosa) pollen was purchased from
Allergon, Vilinge, Sweden. Protein extracts were prepared by
shaking 1 gm pollen in 25 ml distilled water for 2 hours at room
temperature. The aqueous extract was then centrifuged at
18,000 rpm to remove debris and lyophilized in 1 ml portions.
The amount and quality of the extracts were estimated by
sodium dodecylsulfate—polyacrylamide gel electrophoresis (SDS-
PAGE)'? and Coomassie blue staining.'> 14

Production of recombinant Bet v 1

Recombinant Bet v 1 was expressed as a nonfusion protein by
using plasmid pET (Novagene, Madison, Wis.), which was
transformed into E. coli BL21 (DE3)." The protein was
purified by conventional chromatography.?

Human monoclonal antibodies

Human B cells producing Bet v 1-specific monoclonal anti-
bodies (BAB1, BAB2, and BAB4)!! were cultivated in RPMI
1640 medium supplemented with 2 mmol/L I-glutamine, 50
wmol/L  B-mercaptoethanol, 100 pg/ml gentamicin (Gibco,
Gaithersburg, Md.), and 10% fetal calf serum (Sera Lab,
Crawley Down, U.K.). Human monoclonal antibodies were
purified from the culture supernatant by protein-G affinity
(Pharmacia, Uppsala, Sweden). Antibodies were checked for
purity by SDS-PAGE, and the protein contents were adjusted
according to photometry at 280 nm.

Binding and specificity of the purified monoclonal antibodies

were checked by immunoblotting and ELISA, with purified
natural and recombinant Bet v 1 and recombinant birch profilin
(Bet v 2)!%17 as a negative control.

Human immunoglobulin isotype controls

Immunoglobulin isotype controls were purchased from
Sigma (St. Louis, Mo.) and adjusted to the same protein
concentration as the purified Bet v 1-specific monoclonal
antibodies according to photometry (280 nm).

SDS-PAGE and immunoblotting

Birch pollen extract (approximately 150 pg/cm gel) and
recombinant Bet v 1 (2 pg/cm gel) were separated in a 12.5%
preparative SDS-PAGE according to the method of Fling and
Gregerson'? and electroblotted onto nitrocellulose membranes
(Schleicher & Schuell, Dassel, Germany).'® Nitrocellulose
strips were blocked in buffer A (50 mmol/L Na-phosphate, pH
7.5, 0.5% wt/vol bovine serum albumin [BSA], 0.5% Tween 20,
0.05% NaNj;) incubated with purified human Bet v 1-specific
monoclonal antibodies diluted 1:100 in buffer A or with purified
immunoglobulin isotype controls overnight at 4° C. Strips were
washed and probed with a 1:1000 diluted rabbit anti-human IgG
antiserum (Dako, Glostrup, Denmark) for 2 hours at room
temperature. After washing, bound antibodies were detected
with a 1:2000 diluted iodine 125-labeled donkey anti-rabbit
antiserum (Amersham, Buckinghamshire, U.K.). Washed strips
were exposed to Kodak XOMAT films using intensifying
screens at —70° C overnight.

Anhydrous preparation of birch pollen for
electron microscopy
Anhydrous preparation of birch pollen for electron micros-

copy is crucial for retaining the highly water—soluble allergens
in the pollen grain. It was performed as described earlier.!” In
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FIG. 2. Survey of pollen grain showing part of pollen wall, peripheral cytoplasm, and nucleus after mapping
of Bet v 1 with human monoclonal antibody BAB4 and goat anti-human IgG/gold. Gold particles are
distributed in cytoplasm and nucleus, whereas there is no labeling in pollen wall (magnification X 40,000; bar:
0.25 um). GP, Gold particle; ST, starch; L, lipid; M, mitochondrion; N, nucleus; W, wall.

short, native birch pollen was fixed in p-formaldehyde vapor,
dehydrated in dimethoxypropane and ethanol, and embedded
in Lowicryl K4M (Plano, Wetzlar, Germany) at -35° C. Ultra-
thin sections (silver color) were cut on an Ultracut S (Leica,
Bensheim, Germany).

In another approach birch pollen grains were fixed in an
anhydrous liquid consisting of 6% p-formaldehyde dissolved in
water-free glycerol, dehydrated in dimethoxypropane and eth-
anol, and embedded in Lowicryl K4M as above.?

Postembedding immunogold labeling procedure
using vapor-fixed birch pollen grains

Sections were incubated face down in a moist chamber on the
following solutions: (1) 5% BSA in PBS, pH 7.4, for 15 minutes;
(2) monoclonal human antibodies (either BABI, diluted 1:5 in
PBS, pH 7.4; BAB2, diluted 1:5 in PBS, pH 7.4; or BAB4,
diluted 1:2 in PBS, pH 7.4, for 2 hours); (3) washing in PBS, pH
7.4, (1 X 5 minutes), Tris-BSA, pH 8.2, (2 X 5 minutes); (4)
goat anti-human IgG (heavy and light chains), coupled to 10 nm

colloidal gold particles (British BioCell, Cardiff, U.K.), diluted
1:10 in Tris-BSA, pH 8.2, for 1 hour; (5) washing in Tris-BSA,
pH 8.2 (1 X 5 minutes) and distilled water (2 X 5 min).

Controls

Controls were performed by replacing the primary monoclo-
nal human antibody with normal human immunoglobulin iso-
types appropriately diluted in PBS: BAB1 with IgG1 (kappa),
BAB2 to IgG4 (kappa), and BAB4 with IgG2 (kappa).

Staining and documentation

The labeled sections were stained for 3 minutes in uranyl
acetate and 5 seconds in lead citrate. They were analyzed in a
Hitachi H500 (Nissei Sangyor, Tokyo, Japan) or Philips EM410
transmission electron microscope (Philips Electron Optics,
Eindhoven, The Netherlands) operated at 75 kV and 80 kV,
respectively. Agfa 23D56 films (Agfa, Leverkusen, Germany)
were used for documentation.
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FIG. 3. Part of pollen grain showing wall and cytoplasm after
probing with human monoclonal antibody BAB1 followed by goat
anti-human IgG/gold. Gold markers predominantly associate with
electron-dense matrix between various cell organelles like mito-
chondria, dictyosomes, endoplasmic reticulum, and vesicles
(magnification X 46,000; bar: 0.25 wm). E, Exine; ER, endoplasmic
reticulum; GP, gold particle; /, intine; L, lipid; M, mitochondrion;
ST, starch.

Sequence analysis of Bet v 1 and homologous
proteins

Bet v 1 homologous proteins were searched in the databases
using the BLASTP program and retrieved from the National
Institute of Health database. The Bet v 1 amino acid sequence
was analyzed for subsequence patterns using the MacVector
Program (Kodak, Rochester, N.Y.). Bet v 1 and homologous
protein sequences retrieved from the databases were aligned by
hand and gaps were introduced to allow maximal fit. The
following representative proteins were compared: the major
birch pollen allergen, Bet v 1 (MPAV_BETVE); the major
alder allergen, Aln g 1 (MPAG_ ALNGL); the major allergens
from hornbeam pollen, Car b 1 (MPA1_CARBE), and hazel
pollen, Cor a 1 (MPAA_ CORAYV); homologous allergens
from apple, Mal d 1 (MAL1_MALDO), and celery, Api g 1
(MPAG_APIGR); and PR proteins from Phaseolus vulgaris
(PRI_PHAVU), soybean (SAM2 SOYBN), Lupinus luteus
(L1R18A), Vigna unguiculata (VUPRA42), pea (DRR1_PEA),
potato (PRS1_SOLTU), parsley (PR11_PETCR), and aspara-
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gus (PR1_ASPOF). Additionally, the Bet v 1-derived polypep-
tide ENIEGNGG PGTIKKISFP containing the putative phos-
phate-binding loop (p-loop) motif was compared with the
databases using the BLASTP program.

RESULTS

Purified human monoclonal antibodies (BABI,
BAB?2, and BAB4) bound specifically to nitrocellulose-
blotted natural and recombinant Bet v 1 (Fig. 1). BAB1
displayed binding to a 34 kd band and to several bands
below 17 kd in both Bet v 1 preparations (from birch
pollen extract and from recombinant preparation). The
34 kd component represents a Bet v 1 dimer, whereas
the low molecular weight bands most likely represent
proteolytic fragments of Bet v 1. BAB2 and BAB4
strongly bound to Bet v 1 at 17 kd. No reactivity of the
purified immunoglobulin isotypes (IgGl, IgG2, and
IgG4) with any of the nitrocellulose blotted proteins was
observed (negative control).

Figs. 2 through 4 present immunogold labeling results
in ultrathin sections of anhydrously fixed birch pollen
grains after use of three different human monoclonal
antibodies for localization of Bet v 1.

For a survey of birch pollen morphology, Fig. 2 shows
a large segment of the whole birch pollen grain after
fixation in p-formaldehyde vapor. Part of the pollen wall
(exine and intine), part of the peripheral cytoplasm with
well-preserved cell organelles (membranes appearing in
negative contrast because of a lack of osmium fixation),
and part of the (vegetative) nucleus are shown. In
contrast to cell organelles like mitochondria, dictyo-
somes, and endoplasmic reticulum, ribosomes are not
preserved during fixation of birch pollen in p-formalde-
hyde vapor. Instead, amorphous electron-dense material
fills the spaces between the cell organelles (Figs. 2
through 5).

After incubation of the ultrathin section with mono-
clonal antibody BAB4 (Fig. 2), there are no gold parti-
cles in the pollen wall. However, gold labels are distrib-
uted throughout the cytoplasm and the nucleus.

The wall and peripheral part of the cytoplasm of the
birch pollen grain are shown in Fig. 3 at a higher
magnification. After incubation with monoclonal human
antibody BABI1, gold particles are found to be mostly
associated with the electron-dense matrix between cel-
lular organelles like mitochondria, cisternae of endo-
plasmic reticulum, and vesicles. Fig. 4 shows a highly
magnified detail from the cytoplasm of a birch pollen
grain after incubation with monoclonal antibody BAB2.
Again, gold markers are predominantly localized in the
electron-dense cytoplasmic matrix near vesicles and cis-
ternae. The inset of Fig. 4 shows detail of the rough
endoplasmic reticulum of a birch pollen grain after
anhydrous-liquid fixation in p-formaldehyde/glycerol. It
becomes obvious that in contrast to the vapor technique
this fixation preserves ribosomes that closely line the
cisternae of the reticulum and fill the cytoplasmic matrix.
Otherwise the ultrastructural morphology of the pollen
grain appears much the same as after fixation in p-
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FIG. 4. Detail of pollen grain cytoplasm after probing with human monoclonal antibody BAB2 followed by
goat anti-human IgG/gold. Most gold particles are localized between numerous cisternae and vesicles
(magnification X 54,000; bar: 0.25 pm). Inset, Detail of birch pollen cytoplasm after anhydrous-liquid fixation
in p-formaldehyde/glycerol. Well-preserved ribosomes line endoplasmic membranes (magnification X 56,000;
bar: 0.125). D, dictyosome; ER, endoplasmic reticulum; GP, gold particle; Ri, ribosome.

FIG. 5. Control experiment for BAB2. Section was labeled with
normal human IgG (subclass 4, kappa) followed by goat anti-
human IgG/gold. Detail from cytoplasm shows very few nonspe-
cifically adsorbed gold particles (magnification X 54,000; bar: 0.25
wm). ER, Endoplasmic reticulum; GP, gold particle; L, lipid; M,
mitochondrion.

formaldehyde vapor (not shown). Unfortunately, antige-
nicity is greatly reduced after this fixation; therefore it
cannot be applied for use in the immune localization of
pollen allergens.?”

The result of a control experiment is presented in Fig.
5. After replacing BAB2 with normal human IgG4
isotype, a very low degree of nonspecific adsorption of
colloidal gold particles is seen.

In Fig. 6, the multiple sequence alignment of Bet v 1
and Bet v 1-homologous proteins is shown. Starting with
aa 47, a p-loop-like motif consisting of GXGGXG
followed by a lysine, serine, and/or threonine was iden-
tified. With the exception of a putative PR protein from
potato, the portion containing the p-loop was highly
conserved in all Bet v 1-homologous proteins. The high
degree of conservation of the p-loop-containing motif
was also shown by comparing the Bet v 1-derived
polypeptide ENIEGNGGPGTIKKISFP with the data-
bases. The loop-core motif (GNGGPG) was conserved
in all sequences of Bet v 1 isovariants and in all Bet v
1-homologous allergens submitted to GenBank to date.

DISCUSSION

In this study we wanted to obtain more information
about the ultrastructural localization of the Bet v 1
allergen and its possible biologic functions. Previous Bet
v 1 immunocytochemistry used either mouse monoclonal
antibodies, which recognize only one single epitope on
the Bet v 1 molecule,' or polyclonal human IgE anti-
bodies, which may show specificities for allergenic pro-
teins besides Bet v 1.2! Here we present the labeling
patterns obtained with defined human monoclonal anti-
bodies specific for Bet v 1, which were generated from an
individual allergic to birch pollen. These antibodies are
unrivaled in their ability to exactly trace the allergenic
structures that are recognized by the patient’s immune
system. Although binding to different epitopes of Bet v
1, each antibody used showed a consistent association of
the gold markers with two pollen compartments, cyto-
plasm and nuclei. In the cytoplasm it is the electron-
dense “structureless” matrix that is preferentially la-
beled by gold particles (Figs. 2 through 4). However,
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MPAV_BETVE
MPAG_AINGL
MPA1_CARBE
MPAA_ CORAV
PR1_PHAVU
SAM2_SOYBN
Lirisa
VUPR42
MAL1_MALDO
DRR1_PEA
PRS1_SOLTU
PR11_PETCR
MPAG_APIGR
PR1_ASPOF

MPAV_BETVE
MPAG_AINGL
MPA1_CARBE
MPAA_CORAV
PR1_PHAVU
SAM2_SOYBN
LIR18R
VUPR42
MAL1 MALDO
DRR1_PEA
PRS1_SOLTU
PR11_PETCR
MPAG_APIGR
PR1_ASPOF
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FIG. 6. Multiple sequence alignment of Bet v 12 with Bet v 1 homologous proteins and allergens. Amino-acid
sequence of Bet v 1 was aligned by hand with homologous proteins according to their database entry. Sources
of proteins and sequence identities with Bet v 1 (MPAV_BETVE) are as follows: MPAG_ALNGL: major alder
allergen, Aln g 1 (79.6%); MPA1_CARBE: major hornbeam allergen, Car b 1 (72.8%); MPAA_CORAV: major
hazel allergen, Cor a 1 (71%); PR1_PHAVU: PR protein from Phaseolus vulgaris (43.8%); SAM2_SOYBN: PR
protein from soybean (46.3%); L1R18R: PR protein from Lupinus luteus (45.1%); VUPR42: PR protein from
Vigna unguiculata (43.2%); MAL1_MALDO: major apple allergen, Mal d 1 (563.1%); DRR1_PEA: PR protein from
pea (51.2%); PRS1_SOLTU: PR protein from potato (43.2%); PR11_PETCR: PR protein from parsley (39.5%);
MPAG_APIGR: major celery allergen, Api g 1 (38.9%); PR1_ASPOF: PR protein from asparagus (32.7%).

Identical amino acids are indicated by dashes and blanks represent gaps introduced for maximal fit.

these electron-dense cytoplasmic areas can be character-
ized in more depth by alternative fixation and prepara-
tion procedures. For comparison, in the inset of Fig. 4 a
detail from the cytoplasm of a birch pollen grain is
presented that shows well-preserved ribosomes along
the membranes of cisternae and between vesicles. From
a comparison of the pollen morphologies obtained by
the two different fixation techniques and the labeling
pattern shown in Fig. 4, it can be concluded that birch
pollen allergen Bet v 1 is predominantly associated with
ribosome-rich areas. Even gold particles located in cell
organelles, cisternae, and vesicles (Figs. 3 and 4) may
well label an epitope outside these organelles, as simple
measurements and calculations show when considering a
spatial immunocytochemical resolution of 20 to 30 nm
(distance between epitope and gold particle, “worst case
resolution”??) in our indirect antibody/gold technique.

Colocalization of allergens and ribosomes was also
observed in grass pollen (Phleum pratense® and Lolium
perenne®*).

The second pollen compartment distinctly labeled by

all anti-Bet v 1 antibodies is the pollen nucleus, which
was also reported for grass pollen.?* One explanation for
this finding may be the fact that Bet v 1, which is a low
molecular—weight (17 kd) protein, might passively dif-
fuse through the peripheral channels of the nuclear
pores? into the nucleoplasm.

However, recent observations regarding the biochem-
ical behavior and molecular structure of the Bet v 1
molecule would fit well to the localization pattern ob-
served. Reports showing RNase-like activity of Bet v
1% 19 would be in agreement with ribosomal localization.
In this investigation, sequence analysis of Bet v 1,
homologous allergens, and PR proteins revealed a
highly conserved p-loop-like motif that is typically found
in nucleotide-binding proteins.?®> Among these proteins
are elongation factors,?’ signal recognition particles®
involved in protein biosynthesis, proteins constituting
the nuclear matrix (e.g. CENP-F),?° a terminase from a
bacteriophage,®® ras proteins, and chaperonins.?!

Recently, Gajhede et al.*? investigated the three-
dimensional structure and epitopes of Bet v 1 by x-ray
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crystallography and nuclear magnetic resonance spec-
troscopy. The authors report the presence of a glycine-
rich loop similar to those found in nucleotide-binding
proteins. A possible function of the Bet v 1 protein as a
nucleotide-binding protein would be in accordance with
the immunolocalization of the allergen to ribosome-rich
cell areas and the nucleus, and it may explain why many
atopic individuals are cross-sensitized against these con-
served proteins.

We thank Ms. Ursula Malkus and Ms. Gudrun Kiefermann

for their technical assistance.
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