Lol p Xl, a new major grass pollen allergen, is
a member of a family of soybean trypsin
inhibitor-related proteins
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Background: Monoclonal antibodies were obtained against an unknown allergen from
Lolium perenne grass pollen. The allergen had an apparent molecular mass of 18 kd on
sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Earlier immunoblotting studies had
shown that carbohydrate-specific IgG antibodies recognize an antigen of similar size.
Objective: We sought to characterize the allergen biochemically and immunologically.
Methods: The amino acid sequence of the allergen was determined by automated Edman
degradation, and its monosaccharide composition was determined by gas chromatographic
analysis. A panel of 270 grass pollen—positive sera was assessed in a RAST with the purified
allergen. Protease digestion (proteinase K) and chemical deglycosylation (trifluoromethane
sulfonic acid) were used to distinguish between carbohydrate and peptide epitopes for IgE
antibodies.

Results: The allergen was shown to be a glycoprotein with a molecular mass of 16 kd, of
which 8% is carbohydrate. Its amino acid sequence shares 32% homology with soybean
trypsin inhibitor (Kunitz) but lacks its active site. No homology was found with known grass
polien allergens, hence it was designated Lol p XI. A high degree of homology (44%) was
found with a tree pollen allergen, Ole e I, the major allergen of olive pollen. More than 65%
of grass pollen—positive sera had IgE against Lol p XL IgE reactivity was demonstrated both

with the carbohydrate moiety and the peptide backbone.

Conclusions: Lol p XI is a new major grass pollen allergen carrying an IgE-binding
carbohydrate determinant. Lol p XI is structurally related to the major allergen from olive
pollen. (J] ALLERGY CLIN IMMUNOL 1995;95:970-8.)
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Grass pollen is a major cause of seasonal aller-
gies. During the past decades several allergens-
from grass pollen were identified and character-
ized, mainly from Lolium perenne (Lol p): Lol p
L3 Lol p I and 113> Lol p IV,® Lol p V7
(sometimes referred to as Lol p IX,? cytochrome ¢
(Lol p X),° and more recently profilin.'®!* Lol p 1
and Lol p V were shown to be the major allergens
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FIG. 1. Two-dimensional analysis of Lo/ p Xl (silver stained). Left, Two-dimensionai separation
of 10 ng of Lol p XI; right, two-dimensional separation of 36 ug of total Lo/ p extract. Lanes at far
left and far right contain molecular weight markers (14.4, 20.1, 30.0, 43.0, 67.0, and 94.0 kd}.

against which 75% to 95% of all patients with grass
pollen allergy have IgE antibodies.

Some patients with grass pollen allergy were
shown to have IgE antibodies directed to carbohy-
drate determinants, resulting in extensive cross-
reactivity of IgE toward pollen, vegetable foods,
animal foods of invertebrate origin, and insect
venoms.'% 13 On phospholipase A,, a major aller-
gen from bee venom, an IgE-binding N-linked
carbohydrate structure was demonstrated.' !> For
grass pollen individual allergens with IgE-binding
sugar groups have not been reported so far. In a
previous investigation rabbit IgG directed to car-
bohydrate determinants was shown to bind prefer-
entially to a band with an apparent molecular mass
of 18 kd on grass pollen immunoblot.’®> We re-
cently produced monoclonal antibodies (mAbs)
directed to an allergen of similar size.!® The aim of
this study was (1) to determine the importance of
this allergen and its relation to known grass pollen
allergens and (2) to investigate whether this aller-
gen is a glycoprotein with an IgE-binding carbohy-
drate group.

METHODS
Grass pollen extract

Grass pollen (Lol p) was purchased from Diephuis
Laboratories, Groningen, The Netherlands. Pollen ex-
tract was made as described elsewhere.” For application
in a RAST 5 mg of lyophilized extract was coupled to
1 gm of cyanogen bromide—activated Sepharose medium
(Pharmacia, Uppsala, Sweden).

Purification of Lol p XI

Sepharose-coupled mAb 2H4 (10 mg/gm) was used
for affinity purification of Lol p XI. Lyophilized Lol p
pollen extract (370 mg) was dissolved in phosphate-

buffered saline solution (PBS) (10 mg/ml) and incubated
end over end at room temperature for 4 hours with 5 gm
of 2H4-Sepharose. After washing, bound allergen was
eluted with 0.1 mol/L glycine HCI (pH 2.5), followed by
immediate neutralization with 1 mol/L tris(hydroxy-
methyl) aminomethane. The eluate was dialyzed for 24
hours against demineralized water, followed by concen-
tration by ultrafiltration with an YM10 filter (Amicon
Corp., Danvers, Mass.). The concentrate was gel fil-
trated on a Sephacryl HR §-100 column (60 X 1.4 cm)
equilibrated in demineralized water. The peak fractions
containing Lol p XI were pooled and freeze dried. In this
way 330 pg was purified as measured in a Pierce protein
determination.

Protein determination

Protein was measured with Pierce BCA protein assay
reagent (Pierce, Rockford, Ill.) according to the manu-
facturer’s instructions. Bovine serum albumin (BSA} was
used as a protein standard.

Proteinase K digestion

Lol p pollen extract (5 mg in 1 ml PBS) was digested
with 20 pg of proteinase K (from Tritirachium album;
Boehringer Mannheim, Mannheim, Germany) at 50° C
for 8 hours. Proteinase K was subsequently inactivated
for 5 minutes at 100° C. For application in a RAST an
equal amount of digested pollen extract was coupled as
in the case of undigested extract (5 mg/gm).

Treatment with trifluoromethanesulfonic
acid

Deglycosylation with trifluoromethanesulfonic acid
(TFMS) was essentially performed as described by Edge
et al.! TEMS (Merck, Darmstadt, Germany) and anisole
(Aldrich Chemical Corp., Milwaukee, Wis.) were mixed
in a 2:1 ratio. To 1 ml of this reaction mixture 5 mg of
lyophilized pollen extract was added. Deglycosylation
was performed for 10 minutes under nitrogen. Protein
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FIG. 2. A and B. Amino acid sequence analysis of Lo/ p Xi. A, Complete amino acid sequence of
Lof p Xl {shaded area} contains 134 amino acids. Position 24 is N-linked glycosylation site,
position 103 (X) represents atypical residue. Amino acid at this position is not a hydroxyproline,
phosphoserine, phosphotyrosine, or a carbohydrate-modified asparagine. Under the complete
sequence all separate peptides obtained with four different enzymes are shown. Some peptides
were longer than could be sequenced (indicated by +). Some residues could not be identified in
some peptides (indicated by U). Peptide starting with amino acid 61 obtained after chymotrypsin
digestion continues in second half of figure farrows). B, Complete sequence of Lo/ p XI was
aligned for maximum homology with Ofe e1.2*In the latter one insertion (—} was made to obtain
maximum homology. Boxes were drawn around identical and similar residues. The following
groups of amino acids were regarded similar: (VL) (T,S), (D,E), (KR), {N,Q), and (F)Y).
Conserved positions of six cysteines are in shaded regions.
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FIG. 2. C, Alignment for maximum homology of Lo/ p X| and amino acids 30 to 162 of maize
polien protein Zmc132° and 22 to 154 of tomato pollen protein LAT52.%6 One insertion (—) was
made in sequences of Zmc13 and LAT52. D, Figure shows 108-amino-acid overlap of Lo/ p
X1 (1 to 108) with SBTI {72 to 181). For maximum homology, insertions were made in both
sequences. Active site of SBTI is not included in overlap (63 and 64) and is not present in Lo/
p Xl. (Seguence was submitted to Protein Identification Rescurce, National Biomedical
Research Foundation, Georgetown University Medical Center, 3900 Reservoir Rd., N.W.,

Washington, DC 20007; accession No. A54002.)

was allowed to precipitate at —30°C for 1 hour in a
50-fold excess of diethyl ether plus 10% r-hexane (vol/
vol). After centrifugation the precipitate was subjected
to this procedure once more. The precipitated protein
was dissolved in 1 m] PBS.

Two-dimensional electrophoresis

Two-dimensional electrophoresis was performed as
described earlier.'® For the first dimension IPG Dry
Strips (pH 3 to 10.5; Pharmacia-LKB) were used; for the
second dimension ExcelGel SDS 8% to 18% gels (Phar-
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TABLE |. Monosaccharide composition

Molar monosaccharide/sialic

Monosaccharide acid ratio

GlcNACc* 4
Mannose
Fucose
Xylose
Galactose
Arabinose
Sialic acid
Glucose

B2 WO W

*GalNAc was not detected.

macia-LKB) were used. Gels were subsequently silver
stained according to Blum et al.*?

Amino acid sequence determination

Amino acid sequencing was performed by automated
Edman degradation on a Milligen-Biosearch model 6625
Prosequencer (Millipore Corp., Marlborough, Mass.).
Purified Lol p XI was reduced with dithiothreitol in 6
mol/L. guanidine HCl and carboxymethylated with io-
doacetic acid. Digests were prepared with sequence
grade staphylococcal strain V8 protease, trypsin, endo-
proteinase Arg C, and chymotrypsin (Sigma Chemical

Co., St. Louis, Mo.) and individual peptides isolated by

reversed-phase chromatography on a Vydac 218TP54
column (The Separations Group, Hesperia, Calif.) with
a gradient of acetonitrile in water with 0.1% trifluoro-
acetic acid.2®%?! Sequences were determined with
amounts exceeding 100 pmol per peptide, which is
comfortably greater than the detection limit of the
analytical system. The complete structure was estab-
lished by alignment of the sets of overlapping peptides
from the digestions of whole molecule and the larger
fragments.

Monosaccharide determination

For sugar analysis Lol p XI was subjected to meth-
anolysis in 1 mol/L HCI in methanol for 14 hours at
80° C in sealed tubes under nitrogen. The sugar compo-
sition was determined after derivatization to methylsili-
cone ethers by means of gas chromatography on a
Hewlett-Packard model 5993 apparatus equipped with a
crosslinked methylsilicone capillary column as described
by Savage et al.?2

Monoclonal antibody

Monolconal antibody 2H4 directed to Lol p XI was
obtained after immunization of Balb/c mice with par-
tially purified Lol p II, which proved to be contaminated
with Lol p XL Production of hybridomas was per-
formed according to standard procedures.” The mAb
was of the IgG1 subclass and was purified from culture
supernatants with protein A-Sepharose (Pharmacia)
according to the manufacturer’s instructions.
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In a similar way mAb Dp6 was obtained after immu-
nization of Balb/c mice with Dermatophagoides pteronys-
sinus (house dust mite) extract. In this case ascites rather
than culture supernatant was used. The mAb was of the
IgG1 subclass. This mAb was directed to a carbohydrate
determinant as was judged by its broad spectrum of cross
reactivity with pollen and vegetable foods and by the
sensitivity of this binding to periodate oxidation.

Sera

All sera (n = 270) used in this study were sera
submitted for routine diagnostic allergy testing. They
were selected on the ground of a positive RAST result
for grass pollen; 43 demonstrated weak binding to grass
pollen—-Sepharose (RAST class 1+/2+; 2% to 10%
anti-IgE binding), and 227 had strong binding (RAST
class 3+/4+/5+; >10% binding).

RAST and RAST inhibition

RAST was performed as described earlier.'? Briefly,
Sepharose-coupled Lol p XI (0.25 mg/test) or Sepha-
rose-coupled Lol p extract, untreated or proteinase
K-treated (0.5 mg/test), was incubated overnight with
50 ul of serum (undiluted) in a final volume of 300 wl
of PBS with 0.3% BSA and 0.1% polysorbate 20
(PBS-AT). After washing, bound antibodies were
detected with iodine 125-labeled polyclonal sheep
anti-human IgE. Results were expressed as the per-
centage of binding of total counts added. A result of
less than 2% was regarded as negative. In case of
RAST inhibition, serum was preincubated for 2 hours
with 50 pl of inhibitor (treated or untreated Lol p
extract). Results were expressed as the percentage of
the uninhibited value (50 pl of PBS-AT instead of
inhibitor added). In RAST inhibition mAbs 2H4 and
Dp6 were used in a 1:10,000 dilution. Bound antibod-
ies were detected with '**I-labeled monoclonal rat
anti-mouse k light chain.

RESULTS
Purification of Lo/ p XI

By means of affinity purification with Sepha-
rose-coupled mAb 2H4, followed by gel filtration
on a Sephacryl HR S-100 column, an allergen
was isolated from Lol p grass pollen extract. It
had an apparent molecular mass of 18 kd on
SDS-PAGE (not shown). On a two-dimensional
gel several isoforms were detected, with an
isoelectric point ranging from 5.0 to 6.0 (Fig. 1).
The apparent molecular mass on this gel was
higher (between 20 and 24 kd), which might be
due to the iodoacetamide treatment.

Amino acid sequence analysis

The complete amino acid sequence was found
to be: a 134-amino-acid protein with a calcu-
lated molecular mass of 14,875 d (Fig. 2, 4). The
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FIG. 3. Proteinase K and TFMS treatment. A, Influence of proteinase K treatment on binding of
mAbs 2H4 (antipeptide) and Dp6 (anticarbohydrate) to Lo/ p Xl. Results are expressed as
percentage of uninhibited value. B, Influence of TFMS treatment on binding of mAbs 2H4 and
Dp6 to Lof p Xi. € and D, influence of proteinase K (C} and of TFMS {D) treatment on binding of
IgE from serum with predominantly anticarbohydrate IgE activity (pf138) and from serum with

predominantly antipeptide activity (pf126).

sequence contained one putative N-glycosylation
site at position 24. No significant sequence ho-
mology was found with known grass pollen aller-
gens; hence, the allergen was designated Lol p
XI. Homology (44.0%) was found with the major
allergen of olive pollen, Ole e I (Fig. 2, B).%* An
even higher degree of homology was found with
a maize pollen protein, Zmc13,” and with a
tomato pollen protein, LAT52:%° 55.2% and
53.0%, respectively (Fig. 2, C). The position of
six cysteines is conserved in these four proteins.
All four demonstrated resemblance to soybean
trypsin inhibitor (SBTI).?”28 Lol p XI showed
32.4% homology with SBTI in a 108-amino-acid
overlap (Fig. 2, D). None of the four proteins
contained the active site of SBTI, located at
position 63/64. In agreement with this, no inhib-

itory activity of Lo/ p XI toward trypsin could be
demonstrated (data not shown).

Monosaccharide composition

By gas chromatographic analysis it was shown
that the allergen contained 8% carbohydrate, re-
sulting in a molecular mass of Lol p XI of approx-
imately 16 kd. The following monosaccharides
were detected: N-acetyl glucosamine, mannose,
fucose, xylose, galactose, sialic acid, arabinose, and
glucose (Table I).

igE reactivity

In a RAST with Sepharose-coupled Lol p X1 179
of 270 (>65%) grass pollen—positive scra demon-
strated greater than 2% binding. When the sera
were divided into RAST classes 1+/2+ and 34/
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4+/5+, the proportions of positive sera were 11 of
43 (>25%) and 168 of 227 (74%), respectively.
The mean (*SE) percentage binding of the 179
positive sera was 12.7% = 0.9%, with 36 sera
showing binding of greater than 20%.

Grass pollen extract (Lol p) was protease
digested (with proteinase K) to destroy its pep-
tide epitopes or chemically deglycosylated to
remove its carbohydrate epitopes. The efficiency
of these treatments was monitored in a RAST
inhibition with Sepharose-coupled Lol p XI, and
with mAb Dp6 (anticarbohydrate) or mAb 2H4
(antipeptide). After proteinase K digestion less
than 0.1% of the 2HA4-binding capacity re-
mained, leaving more than 95% of the binding of
Dp6 intact (Fig. 3, A). The TFMS treatment
resulted in a loss of more than 99.9% of the
Dp6-binding capacity, whereas the binding of
2H4 was retained for 95% (Fig. 3, B). Sepharose-
coupled proteinase K-digested pollen extract
was used in a RAST to test sera for anticarbo-
hydrate IgE. In a panel of 165 sera with IgE
against Lol p XI, 64 (>35%) demonstrated
anticarbohydrate IgE (Fig. 4). Approximately
25% of the carbohydrate-reactive sera showed a
comparable percentage binding to Lol p XI and
the proteinase K—treated pollen extract, suggest-
ing predominance of anticarbohydrate reactivity
in their anti-Lol p XI IgE response. The exis-
tence of sera with either predominantly anticar-
bohydrate IgE or antipeptide IgE was confirmed
in Lol p XI-RAST inhibition assays with protein-

J ALLERGY CLIN IMMUNOL
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ase K~treated and TFMS-treated pollen extract
as inhibitor (Fig. 3, C and D).

DISCUSSION

A new major allergen from Lol p grass pollen
was isolated and characterized. No sequence
homology with known grass pollen allergens was
found. Therefore we designated it Lol p XI. The
allergen probably has its homologues in pollen of
other grass species, because the mAb 2H4 bound
to several other grass pollen extracts, including
Dactylis glomerata, Festuca rubra, and Phleum
pratense (not shown). The existence of a similar
protein in other grass pollen (to which mAb 2H4
did not bind) was confirmed by the homology of
Lol p XI with a protein from maize pollen,
Zmc13.%> Homology was further found with pro-
teins from non-grass pollen origin, LAT52 from
tomato pollen,?6 and Ole e 1, the major allergen
from olive pollen.?* After profilin,'® !' this is the
second allergen shown to be present in both
grass and tree pollen.

Lol p X1, together with Zmc13, LAT52, and Ole
e I, belongs to a group of proteins that share
homology with Kunitz SBTI, but they all lack the
active site (Arg®*-11e%*) of the inhibitor.2”-28 It has
been suggested that such “inactive” members of
this inhibitor family might have a role as storage
proteins.?

In more than 65% of the grass pollen—positive
sera tested, IgE antibodies against Lol p XI were
detected. How is it possible that such an impor-
tant allergen escaped attention so far? A possi-
ble explanation is the poor recognition of the
allergen on immunoblot. The conformation of
the allergen is probably changed drastically un-
der reducing conditions during SDS-PAGE,
which is not unexpected, with three potential
disulfide bridges (six cysteines) present. Sera
with IgE predominantly directed either to the
peptide structure of Lol p XI, or to mAb 2H4
failed to detect the allergen on immunoblot,
whereas sera with antibodies directed to the
carbohydrate moiety clearly bound to an 18 kd
band (not shown), indicating that this epitope is
not affected by the reducing conditions used in
SDS-PAGE.

Lol p X1 was shown to be a glycoprotein with
one N-linked glycosylation site. Monosaccharide
analysis revealed the presence of sugar residues,
also found in N-linked polysaccharides of the
complex mannose type on glycoproteins from
plants and invertebrate animals, such as ascor-
bate oxidase (from zucchini) and bee venom
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phospholipase A,.'>3% Binding of IgE to Lol p
XI was inhibited by more than 90% by both
phospholipase A, and ascorbate oxidase, sug-
gesting that the N-glycan on Lol p XI might
indeed be related to the carbohydrate structures
on these glycoproteins (not shown).

The N-glycan structure discussed previously
does not account for all monosaccharides found
for Lol p XI. Besides glucose, arabinose and
extra xylose were demonstrated. Glucose is usu-
ally present only at intermediate stages in the
glycosylation process. The glucose therefore
probably is an artifact introduced by the dextran-
based gel-filtration medium (Sephacryl) used in
the purification of Lol p XI. The remaining
xyloses and arabinoses could be part of an
arabinoxylan attached to a serine residue, as was
suggested for Lol p TV.3

The identification of Lol p XI as a major grass
pollen allergen is of importance for improvement of
the standardization of grass pollen extracts used in
diagnostics and immunotherapy. In addition, the
presence on Lol p XI of an IgE-binding carbohydrate
group offers the possibility to study the role of
anticarbohydrate IgE in allergy.

REFERENCES

1. Johnson P, Marsh DG. The isolation and characterization
of allergens from the pollen of ryegrass (Lolium perenne).
Eur Polymer J 1965;1:63-77.

2. Perez M, Ishioka GY, Walker LE, Chesnut RW. cDNA
cloning and immunological characterization of the ryegrass
allergen Lol p 1. J Biol Chem 1990;265:16210-5.

3. Ansari AA, Kihara TK, Marsh DG. Immunochemical stud-
ies of Lolium perenne (ryegrass) pollen allergens, Lolp I, 11,
and IIL. J Immunol 1987;139:4034-41.

4. Ansari AA, Shenbagamurthi P, Marsh DG. Complete amino
acid sequence of a Lolium perenne (perennial ryegrass) pollen
allergen, Lol p II. J Biol Chem 1989;264:11181-5.

5. Ansari AA, Shenbagamurthi P, Marsh DG. Complete
primary structure of a Lolium perenne (perennial ryegrass)
pollen allergen, Lol p III: comparison with known Lol p T
and II sequences. Biochemistry 1989;28:8665-70.

6. Ekramoddoullah AKM, Kisil FT, Sehon AH. Immuno-
chemical characterization of a high molecular weight basic
allergen (HMBA) of ryegrass (Lolium perenne) pollen. Mol
Immunol 1983;20:465-73.

7. Van Ree R, Clemens JGJ, Aalbers M, Stapel SO, Aalberse
RC. Characterization with monoclonal and polyclonal anti-
bodies of a new major allergen from grass pollen in the group
I'molecular weight range. J ALLERGY CLIN IMMUNOL 1989;83:
144-51.

8. Singh MB, Hough T, Theerakulpisut P, et al. Isolation of
c¢DNA encoding a newly identified major allergenic protein
of ryegrass pollen: intracellular targeting to the amyloplast.
Proc Natl Acad Sci U § A 1991;88:1384-8.

9. Ansari AA, Killoran EA, Marsh DG. An investigation of
human immune response to perennial ryegrass (Lolium

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

van Ree st al. 877

perenne) pollen cytochrome ¢ (Lol p X). J ALLERGY CLIN
IMMUNOL 1987;80:229-35.

Valenta R, Duchéne M, Ebner C, et al. Profilins constitute
a novel family of functional plant pan-allergens. J Exp Med
1992;175:377-85.

Van Ree R, Voitenko V, Van Leeuwen WA, Aalberse RC.
Profilin is a cross-reactive allergen in pollen and vegetable
foods. Int Arch Allergy Immunol 1992;98:97-104.
Aalberse RC, Koshte V, Clemens JGJ. Immunoglobulin E
antibodies that crossreact with vegetable foods, pollen and
Hymenoptera venom. J ALLERGY Crin IMmUNOL 1981;68:
356-64.

Aalberse RC, Kant P, Koshte V. Unexpected cross-
reactions of human IgE antibodies. In: Recent develop-
ments in RAST and other solid-phase immunoassay
systems. Amsterdam, The Netherlands: Excerpta Med-
ica, 1983:17.

. Weber A, Schroder H, Thalberg K, Mirz L. Specific

interaction of IgE antibodies with a carbohydrate epitope
of honey bee venom phospholipase A,. Allergy 1987;42:
464-70.

Tretter V, Altmann F, Kubelka V, Mirz L, Becker WM.
Fucose al,3-linked to the core region of glycoprotein
N-glycans creates an important epitope for IgE from hon-
eybee venom allergic individuals. Int Arch Allergy Immu-
nol 1993;102:259-66.

Van Ree R, Grande M, Aalberse RC. Monocional
antibodies directed to an allergen possibly identical to
grass pollen group II [Abstract]. J AtLERGY CLIN IMMU-~
NOL 1991;87:188.

Edge ASB, Faltynek CR, Hof L, Reichert LE, Weber P.
Deglycosylation of glycoproteins by tri-fluoro methanesui-
fonic acid. Anal Biochem 1981;118:131-7.

Brodard V, David B, Gérg A, Peltre G. Two-dimensional
gel electrophoretic analysis with immobilized pH gradients
of Dactylis glomerata pollen allergens. Int Arch Allergy
Immunol 1993;102:72-80.

Blum H, Beier H, Gross HJ. Improved silverstaining of
plant proteins, RNA and DNA in polyacrylamide gels.
Electrophoresis 1987;8:93-9.

Hoffman DR. Allergens in Hymenoptera venom XXIV: the
amino acid sequences of imported fire ant venom allergens
Sol i 11, Sol i 111, and Sol i TV. J ALLERGY CLIN IMMUNOL
1993;91:71-8.

Hoffman DR. Allergens in Hymenoptera venom XXV: the
amino acid sequences of antigen 5 molecules. The struc-
tural basis of antigenic cross-reactivity. J ALLERGY CLIN
ImMUNOL 1993;92:707-16.

Savage AV, Koppen PL, Schiphorst WECM, et al. Porcine
submaxillary mucin contains a2-»3- and a2—6-linked N-
acetyl- and N-glycolyl-neuraminic acid. Fur J Biochem
1986;160:123-9.

Kohler G, Milstein C. Continuocus culture of fused cells
secreting antibody of predefined specificity. Nature 1975;
256:495-7.

Villalba M, Batanero E, Lipez-Otin C, et al. The amino
acid sequence of Ole e I, the major allergen from olive tree
(Olea europaea) pollen. Eur J Biochem 1993;216:863-9.
Hanson DD, Hamilton DA, Travis JL, Bashe DM, Mas-
carenhas JP. Characterization of a pollen-specific cDNA clone
from Zea rnays and its expression. Plant Cell 1989;1:173-9.
Twell D, Wing R, Yamaguchi J, McCormick S. Isolation
and expression of an anther-specific gene from tomato. Mol
Gen Genet 1989;217:240-5.



978 van Ree et al.

27.

28.

Kim S-H, Hara S, Hase S, et al. Comparative study on
amino acid sequences of Kunitz-type soybean trypsin inhib-
itors, Ti%, Ti®, and Ti°. J Biochem 1985;98:435-48.
McCormick S, Twell D, Vancanneyt G, Yamaguchi J.
Molecular analysis of gene regulation and function during
male gametophyte development. In: Jenkins GI, Schuch W,
eds. Molecular biology of plant development. Symposia of
the Society for Experimental Biology, No. 45. New York:
Academic Press, 1991:229-44.

29.

30.

31

J ALLERGY CLIN IMMUNOL
MAY 1985

Richardson M. The proteinase inhibitors of plants and
microorganisms. Phytochemistry 1977;16:159-69.
D’Andrea G, Bouwstra JB, Kamerling JP, Vliegenthart
JFG. Primary structure of the xylose-containing N-linked
carbohydrate moiety from ascorbic acid oxidase of Cu-
curbita pepo medullosa. Glycoconj J 1988;5:151-7.
Howlett BJ, Clarke AE. Isolation and partial characteriza-
tion of two antigenic glycoproteins from ryegrass (Lolium
perenne) pollen. Biochem J 1981;197:695-706.



