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Introduction

Previous studies showed that aqueous extract of
the nondefatted birch pollen (Berula verrucosa) could
be eluted by gel permeation chromatography into six
separate peaks designated according to their relative
elution volumes from the column: BV!, BV2 BV3
BY‘, BV5 and BV®. The main allergenic protc;ins of”
this preparation could be detected in two peaks with a
molecular weight range of 40,000 - 29,000 daltons
(BV? and BV, respectively). The quantitatively domi-
nant fraction (BV4) was subjected to isoelectric focus-
ing fractionation resulting in four fractions with the
isoelectric points 5.18, 5.42, 576 and 5.94. One of
these fractions, BV4 pl 5.18, was favored for further

and pooling of the
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allergenic determinants of both materials. The question abou
extract has so far been unsolved as no structural mapping of B

RAST inhibition of 7 out of 10 reaginic
esis of all omitt nine crossed immunoe-
and BV crude showed qualitative identity of the
t one or several major allergen(s) in birch pollen
V43 and pl 5.18 has been readily available.

characterization on the basis of its high percent of
RAST inhibition and relative yield [1]. Preparative iso-
lafnon of this fraction by isoelectric focusing tech-
nique, though yielding a homogeneous protein, has
been cumbersome. ,
T}}e immunochemical reactivity of the different
fr:.icuons of the gel permeation of BV crude was hence
reinvestigated. Results showed that a good deal of the
allergenicity was included in the fractions located in
the valley between peaks BV* and BV (fig. 1). How-
ever, no antigenic precipitates could be observed in
this region as demonstrated by fused rocket immu-
poelectrophoresis of the eluted fractions. This was an
impetus for new trials for rapid and simple alterna-
tives for the isolation of the major allergen of fraction
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BV4. Therefore, the region corresponding to fractions
49-70 (fig. 1), with the relatively low UV absorption,
high scores of reaginic IgE antibody binding and yet
apparently no antigenic precipitation, will be the sub-
ject of the detailed investigation in the present com-
munication.

Material and Methods

‘The Crude Extract of Birch Pollen (B. verrucosa)

Nondefatted pollen grains, containing less than 0.5% foreign
pollen was obtained from Aliergon AB, Engelholm, Sweden. Dry
pollen (10 g) was suspended into 100 ml NaCl-phosphate buffer, 75
mM at ph 7.2, and gently shaken for 3 h at +4°C. The extraction
process was followed by centrifugation in cold for 45 min at 10,000
rpm. The supernatant was filtered to get rid of the rest of the fine
debris and the filtrate was dialyzed against two changes of 12 liters
of distilled water for a period of 48 h. The dialysate was thereafter
lyophilized and the crude BV proteins were stored at —20°C until
used.

Gel Permeation Chromatography

Swelled Ultrogel AcA-54 (LK B, Bromma, Sweden) was packed
into a column (dimensions 100X 1.5 cm) using phosphate-saline
buffer, 75 mM at pH 7.2. The same buffer was used for the column
equilibrium as well as the elution of the BV fractions. In each run,
70 mg BV crude dissolved in 0.5 mi buffer were applied. The re-
solved peaks were pooled, dialyzed against 12 liters of distilled wa-
ter for 24 h, lyophilized and stored at —20°C{1].

Several matrices for gel chromatography were tried for achiev-
ing optimal resolution at the region between BV*and BV (designat-
ed BV*), using guanidin-HCt (500 m M) buffer for disaggregation.
A satisfactory degree of purification was obtained by Bio-Rad P-10
fine column (dimensions 40X 1.5 cm) using the same buffer. Ap-
proximately 30 mg of BV** were applied.

Further purification of Fraction BV*

High performance liquid chromatography (HPLC) was per-
formed using Water Associate equipment with a silica-based *pro-
tein-column’ I-125 supplied by the same manufacturer. The mobile
phase was 0.05 M Na HPO,-NaH,PO, buffer with pH 7. Approxi-
mately 50 pg of fraction BV* were injected. The flow rate was 2
ml-min-' and the Ay, Was registered on a model 440 detector sup-
plied by the manufacturer.

The degree of homogeneity was further examined on analytical
thin layer polyacrylamide gel-ampholyte (TLC-PAG Ampholyte,
LKB, Bromma, Sweden) isoelectric focusing, at a pH range of
3.5-9.5.

High-Volt Electrophoresis
High-volt electrophoresis was performed by the method de-

scribed earlier [5].

Molecular Weight Estimation

The molecular weight data of BV crude fractions in the area of
the peaks of BV* and BV* was estimated by exclusion chromatogra-
phy on an Ultrogel AcA-54 column calibrated with molecular

weight marker globular proteins: BSA (67,000 daltons), ovalbumin
(45,000 daltons), pepsin (34,000 daitons) and lysozyme (14,300 dal-
tons). The estimated molecular weights were confirmed by HPLC
reversed phase column as described above. The marker proteins
used for calibration were: trypsinogen (24,000 daltons), B-facto-
globin (18,400 daltons), lysozyme (14,500 daitons), ribonuclease
(12,000 daltons) and insulin (6,000 daltons), respectively.

Amino Acid Analysis and Absorption Spectra

The proteins were hydrolyzed in 6 M HCI in vacuo for 24 h at
110°C and the amino acid composition was calculated by a compu-
ter integrator connected to a Kontron Liquimat 111 automatic ami-
no acid analyser [5].

The UV absorption spectrum was obtained at the wave length
range of 220-325 nm and proceeded in the visible region untif 580
nm. The proteins were dissolved in 75 mM NaCl/phosphate buffer
at pH 7.2 which was also used in the reference cuvette.

Immunization

Antibodies against BV crude were raised in 4 albino rabbits
weighing approximately 3 kg each. The preparation of the antigens
and the scheme of immunization were as follow: BV crude (2 mg)
was dissolved into 0.5 ml NaCl/phosphate buffer, 75 mM, pH 7.2,
and 0.5 m} Freund's incomplete adjuvant. Suspensions were thor-
oughly emulsified prior to injection. The animals were injected on
days 0, 14, 28 and 42. The injections were given intradermally in the
intrascapular regions; each dose was distributed into nine sites. On
the 10th day after the last injection, the animals were bled and sacri-
ficed under anesthesia [I1}.

Human Sera

Sera were collected from 10 patients ailergic to birch pollen
(positive clinical history and radioallergosorbent test (RAST)
grades 2-4 to birch allergosorbents). None of the selected patients
had been through hyposensitization therapy. Individual or pooled
sera from these patients were collected and stored at ~20°C until
used [1]. A control serum from an individual allergic to timothy but
tolerating birch under the same criteria was used.

Immunoelectrophoretic Techniques

Crossed immunoelectrophoresis (C1E), crossed-line immunoe-
lectrophoresis (CLIE), tandem-crossed immunoelectrophoresis
(tandem-CIE) and fused rocket immunoelectrophoresis were per-
formed as described by Weeke [19], Kroll [13, 14], Svendsen [17],
and Axelsen[3].

In crossed radioimmunoelectrophoresis (CRIE), the CIE plates
were dried at room temperature and no staining was performed.
The glass plates were immersed in the incubation buffer (6.8 ml of
75 mM NaCl/phosphate containing w/v 0.3% sodium azide, 2%
Tween 20 and 0.1% EDTA at pH 7.2) and 0.2 ml of the reaginic ser-
um for a period of 24 h. The gels were washed to remove the non-
bound proteins, four times at 10-min intervals with 10 ml of physio-
logical saline solution. The preparations were further incubated in
0.5 uCi '"®I-anti 1gE (Pharmacia AB, Uppsala, Sweden) dissolved
in 7 ml of the incubation buffer. The preparations were allowed to
stand for 24 h. Thereafter the washings proceeded four times for 10
min in 10-ml physiological saline solution followed by a single
wash with 10 m! distilled water. Autoradiography was performed
using hot air-dried plates placed on an X-ray filmin a light-proof
chamber. Exposures varied from several days to 4 weeks [2, I5].
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Fig. 1. The elution chromat-
ogram of BV crude aqueous ex-
tracts on the Ultrogel AcA-54
column (modified from fig. 2
in ref. 1). Fraction BV* was
pooled according to the anti-
genic profile shown in figure 3.
The other fractions, BV' - Bv®,

were located as underlined.
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CRIE was performed on 10 CIE plates of fraction BV*. Nine indi-
vidual sera from patients allergic to B.verrucosa and a control ser-
um were tested.

Fused rocket radioimmunoelectrophoresis (FRIE) was based
on a combination of the conventional fused rocket immunoelectro-
phoresis [17] and binding of reaginic IgE antibodies which then
could be visualized by autoradiography using '*I-anti IgE. In each
of the sample wells, 10- to 13- ul aliquots of the eluted fractions
were applied. In the antibody gel 750 ul anti BV crude were incor-
porated. Autoradiography was then performed on the fused rocket
plates as initially described in this section, except for using larger
volumes of the incubation buffer and washing solutions.

RASTand RAST Inhibition
In vitro tests of the allergenic reactivity of the different prepara-

tions were essentially performed as described by Yman et al. [21]
and Florvaaget al.[7].

N-Terminal Analysis

End-group analysis was done by the dansyl-Edman method de-
scribed by Gray [9]. The dansyl amino acids were indentified and
quantitated by reversed phase HPLC on a single column. A spec-
trofluoremetric detector, SFM-23 Kontron, was connected to the
HPLC outfit. The degraded DNS-amino acids were investigated at
emission and excitation bands of 533 and 361 nm [6, 20].

T B
0 90 100

| allergenic reactivity as illustrat-

ed by the RAST inhibition
curve,

Carbohydrate Analysis

Samples of 1.5 mg were subjected to methanolysisin | M HClin
CH,OH for 24 h at 80°C, after the addition of 50 yg of mannitol as
internal standard. The methanolysate was treated as described pre-
viously [16] and the resulting methylglycoside was converted to the
corresponding trimethylsilylethers (TMS-derivatives). The mix-
tures were subjected to analysis by gas chromatography and gas
chromatography coupled to mass spectrometry. Qualitative and
quantitative analyses were performed on a Carbo Erba 4200 gas
chromatograph fitted with 25 m SE-30 glass capillary column, us-
ing H, as carrier gas and flame ionization detector (FID). The injec-
tion temperature was 70°C, followed by a rapid increase to 150°C,
then 2" per minute up to 200°C. The identity of the monosaccha-
rides was also confirmed by gas chromatography coupled to mass
spectrometry. The gas chromatograph was coupled with a Micro-
mass 7070 F mass spectrometer with Vg system (2200 data system).

Results

Production of BV Crude

A yield of approximately 1.5% w/w was obtained
in each run of BV crude extraction of the pollen. For

b i
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Fig. 2. CRIE prepara(ic?ns
of nine CIE plates of {raction
BV* with nine birch pollen rea-
ginic sera. The experiment was
performed at different exposure
times; the radiostaining illus-
trated was intensified by longer
exposure of the X-ray plates (4
weeks). The specificity of the
blacking was ascertained by
control serum No. 40773 from a
patient allergic to timothy but
tolerating birch under the same
criteria.

each batch of 10 g dry nondeffated grains a yield of
approximately 150 mg BV crude was usually pro-
duced and stored at —20°C until utilized.

Gel Permeation Chromatography oijraction BV

The elution chromatogram showed in ﬁgm:e 1 d'e»
monstrated that BV crude could be separated into six
well-resolved UV-absorbing peaks. RAST :igta have
shown that the region between BVZ'and BV? 1nc!ud§d
the allergenic proteins with the maximal IgE antibody

Fig. 3. Fused rocket immunoelectropho.resis of the elution ;I:Ir:
matogram of the AcA-54 column, shown in ﬁgu're 1, repre{se 1ie§
fractions No. 29-60. Aliquots of 13 ul qfthe fractions were ap;;mt-
in the respective wells; 750 pl rabbit anti-BV crude were incorp

ed in the antibody gel.
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binding. Fractions in the region of BV of the elution
chromatogram were pooled. The UV absorption spec-
trum of these fractions scanned at 220-325 nm
showed a typical spectral profile of proteins with a
peak at 280 nm. No UV absorption was observed in
the region of expected absorption of the carbohy-
drates.

CIE plates of fraction BV showed a single im-
munoprecipitation line. All the nine CRIE prepara-
tions of the BV* gave a high degree of specific radio-
staining of the films. The blacking of the films was
moderate after | week and became intense with longer
exposures.

The control plate incubated with the serum from a
patient allergic to timothy but tolerating birch gave
no blacking of the film, ascertaining the immunologi-
cal specificity of the radiostain (fig. 2).
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Fig. 4. Rechromatography of BV** on the Ultrogel AcA-54 co-
lumn showing the location of BV* (A). Aliquots of the elution frac-
tions underwent fused rocket immunoelectrophoresis and the anti-
genic pattern was illustrated in B. The plate was further incubated

Fused rocket immunoelectrophoresis of the frac-
tions of BV crude from the AcA-54 column gave prec-
ipitation lines for all the fractions starting with the
BV2 peak and proceeding to the BV3 peak. One pre-
cipitation line, the most dominant in the region of
BV4-BV3, was found to be a common antigen cover-
ing both BV# and BV- (fig. 3).

Rechromatography of fraction BV4 using the
same AcA-54 column gave two distinct peaks. A fused
rocket immunoelectrophoresis of these fractions gave
a single precipitation line located in the region of the
second peak having the same relative elution volume
as the beginning of peak BVS. Autoradiography of
this preparation (FRIE) showed that this line of preci-
pitation specifically bound reaginic IgE antibodies
(fig. 4).

Further Purification of Fraction BV®

Rechromatography of BV# on a Biorad P-10 co-
lumn allowed the isolation of two peaks designated
BV4! and BV42 UV spectral scanning of the void vo-
lume peak showed an identical protein pattern to that
of the initial BY*, Random and weak absorption was
obtained when scanning the second peak.

The CIE Coomassie blue-stained plate of BV#
showed identical single immunoprecipitate to that of
BV#, No lines of precipitation could be seen in CIE
from BV452, Autoradiography of one of the CIE
plates of BV4! (CRIE) gave a single radiostain of the
film of few days’ exposure. The blacking became
deeper on longer exposure times.

%

with a reaginic serum, the IgE-antibodies were visualized by the
autoradiography shown in C. The exposure time of the FRIE plate
was 4 weeks.
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Fig. 5. Further purification of BV* on the polyacrylamifi: aga-
rose column (P-10). The void volume peak reprejsenle(.i BV ..The
location was demonstrated by the RAST inhibition dlagra.m in A
and supported by the fused rocked immunoelectrophoresis anti-
genic pattern shown in B.

Fused rocket immunoelectrophoresis of the frac-
tions eluted from the P-10 column gave one dominant
precipitate corresponding to the first void volume
peak. The same immunoprecipitate showed a remark-
able affinity of binding specific 1gE from birch pol-
len-allergic patients’ serum-pool used in FRIE (fig. 5).

Homogeneity of BV®

The results of HPLC ‘protein column’ used for fur-
ther purification of BV showed that this fraction
could be separated into one main symmetrical peak
and other minor contaminating ones (fig. 6). These
contaminants were not detected on BV43! chromato-
grams.

The results of the N-terminal analysis of fraction

Injection

T
0 3 6 ¢ 17 B ® 2 2%
Time (min)

Fig. 6. The elution chromatogram of BV¥ from a silica-based
‘protein  column’ ‘¥l of HPLC. Solvent = 095,. M
Na,HPO,-NaH,PO, buffer at pH 7.0; flow rate = 2 ml-min™; de-
lec{ion = Asgo ams 0-1 AUFS; sample size = 100 pl.

BV*S subjected to dansyl-Edman degradation prior to
HPLC analyses of the DNS-amino acids, showed two
peaks with retention times corresponding tp
DNS-Cya and DNS Asp. Considering an aPprox1—
mately similar response of the two amino acids, the
concentration was calculated to be almost equ:?L An-
alysis of the BV# showed lower concentration of
DNS-Asp. A similar tendency was also found for the
HPLC-purified BV45. However, some of the later ana-
lyzes showed nearly equal concentrations of both am-
ino acids.

High-volt electrophoresis of BV# show§d one ma-
jor fluorescent band together with some faint ones. In
addition, slight nonmigrating protein could be seen at
the application line. The main band could be el}n.ed
from the paper and the immunological reactivity
could be reproduced. o

TLC PAG-Ampholine plates illustrated a similar
homogeneity: one band for BV# together with some
slight contaminants. )

In conclusion, fraction BV#! and HPLC—punﬁ.ed
BV4S were of higher degree of purity than the initial
BV*.

The Antigenic Identity of Fractions pl 5.18 and

B V45

Tandem-CIE results of fraction pl 5.18 [1} and
BV showed a reaction of complete identity between
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AFig‘ 7..A CIE preparation of BV pl 5.18[1]. B CIE of BV* indi-
cating a similar antigenic homogeneity to fraction pl 5.18. C Tan-
dem-CIE of fractions pl 5.18 and BV* in the first and second wells.
respectively, emphasizing a reaction of complete antigenic identit):
between the two proteins. D Autoradiography of a tandem-CIE
plate of a different run than that shown in C. The figure demon-
strated identical allergenic determinants in both fractions. The
amounts of the proteins applied were 25 ug per sample.

the antigenic lines of these two antigens. CRIE of the
tandem-CIE plate of these antigens illustrated that
both precipitates could interact with specific IgE an-
tibodies at the same grade (fig. 7).

Molecular Weight Estimation, Amino Acid

Analyses and Carbohydrate Composition

Both results of the AcA-54 gel filtration and the
‘protein column’-HPLC gave a value of approximate-
ly 10,000 daltons for the molecular weight of BV4S.
) The tentative molecular weight of 10,000 daltons
including the carbohydrate part of the molecule was
qsed for the calculation of the amino acid composi-
tion depicted in table I.

Table 1. The amino acid composition of fraction BV* isolated
by gel permeation chromatography of BV-crude.

Amino acid

Concentration  R/100 R Nearest
umol/1 integer
Aspartic acid 167.9 8.61 (8-9)
Threonine 78.6 4.01 (4)
Serine 103.0 527 %)
Glutamic acid 250.8 12.86 (13)
Glyci.ne 249.1 12.77 (13)
Alanine 156.6 8.03 (8)
Hal.fcystine 49.2 252 {2-3)
Valine 110.5 5.66 (5-6)
Methionine 28.4 1.45 (1-2)
Isoleucine 91.7 4.70 (5)
Leucir-w 87.2 4.47 (4-5)
Tyrosine 336 1.71 (1-2)
Phenylalanine 44.9 2.29 2)
L).'si'ng 143.8 7.37 (7)
Hls{lane 28.5 1.46 (1-2)
Arginine 341 1.74 (2)
Tryptophan ND - -
Total 84.92 (81-88)

The protein was hydrolysed in 6 MHCI in vacuo at 110°C in
sealcd. glass tubes for 24 h. The composition was calculated on a
tentative molecular weight basis of 10,000 including the carbohy-
drates. ’

ND = Notdone.

Table H. The carbohydrate content of BV** determined by gas
chromatography

Carbohydrate Weight percent Residue per mol
Arabinose 6.0 4.5 (4-5)
Rhamnose 24 L7 (1-2)
Fucose 1.0 0.7 (1)
Xylose 1.2 0.9 (1)
Galactose 7.6 47 (4-5)
Glucose 1.7 I.I H

Total 19.9 13.6 (13-14)

45 H
BV* was shown to be a glycoprotein containing about 20% w/w
carbohydrate. Arabinose and galactose were the dominating mono-
saccharides.

The carbohydrate composition is given in table I1.
It shows that the total carbohydrate concentration of
B\/"‘5 was approximately 20% of the allergen dry
weight. The amount of pentoses and hexoses corre-
sponds to 13-14 residues per mol BV45,
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RASTand RAST Inhibition

The results of RAST inhibition performed on the
clution fractions of BV crude chromatographed on
the AcA-54 column showed values varying from 75 to
95% inhibition (fig. 1). When using the same allergo-
sorbents and inhibiting by elution of BV#S on the P-10
column, a value of 85-95% was shown in the region of
the void volume peak (BV4S'). The percentage of inhi-
bition was strongly reduced in the region of BV42,

RAST inhibition titration curves of fraction BV#
and BV crude at initial equal concentrations showed
qualitatively similar grades of inhibition. They ran
parallel and showed similar maximum inhibition in-
dicating qualitative allergenic identity.

Direct RAST using BV* allergosorbents showed
that 7 out of 10 reaginic sera gave high binding to the
paper discs.

Discussion

Recent studies on the isolation of major allergen
from birch polien using a combination of gel permea-
tion chromatography and isoelectric focusing resuit-
ed in the isolation of an allergenic protein pI 5.18 with
a molecular weight of 29,000 daltons [1]. Correlation
of the Asgo nm of the fractions BV and BV? in this
study with their antigenicity and allergenicity urged
to extend the search for a more adequate isolation of
major allergen(s). Fused rocket immunoelectrophore-
sis of the fractions eluted from the AcA-54 column rec-
ognized more antigenic homogeneity at the tail of
peak BV rather than at the fractions of maximum ab-
sorption. Irrespective of the relatively low Aggo nm of
the fractions located between BV# and BV?, they cer-
tainly gave high bindings of reaginic IgE antibodies.
Nevertheless, control CIE plates of the six pooled BV
fractions, occasionally showed distinct homogeneous
antigenic precipitation in the region of BV®.

In view of these observations, the implication of
isoelectric focusing, with its practical disadvantages,
was disputed. The new rational pooling of fractions
marked BV4 in figure |, hence served to warrant an
optimal selection for an allergen with a satisfactory
grade of purity.

Further purification of fraction BV#® on P-10 co-
lumn gave a main void volume peak BV#! and a re-
tarded diffused peak of contaminants BV4%2. The anti-
genic and allergenic reactivity of BV4’ were demon-
strated to be merely related to the main peak as as-

sessed by CIE and CRIE respectively. No immuno-
logical reactivity was contributed by BV452,

HPLC and high-volt electrophoresis purification
of BV, respectively, gave one main fraction and mi-
nor heterogeneous low molecular weight contami-
nants. The initial fraction BV isolated by gel filtra-
tion and pooled according to the antigenic profile
provided by fused rocket immunoelectrophoresis,
seemed to be of a fair grade of homogeneity.

Fraction BV gave a reaction of complete antige-
nic identity to pI 5.18, in spite of the structural diver-
sity reflected by their amino acid compositions (table
Dl

A detailed study on the carbohydrate part of the
molecule is still lacking. No information has been
available as to the length of the oligosaccharide
chains, the mode of their linkage to the protein core or
influence on the molecular size and conformation.
However, interesting similarities were found in the
carbohydrate composition of this allergen with that of
the carbohydrate present in allergen preparations
from other polien sources, under investigations in our
laboratories[7, 10, 18,8].

BV4S was clearly demonstrated to be a major aller-
gen with a molecular weight differing by ‘at least’ fac-
tor 2 from the values reported for allergens from birch
pollen[1, 4, 12]. It could bind specifically reaginic IgE
antibodies of 7 out of 10 sera selected from birch poll-
en allergic patients, with remarkably high affinity.
Similar evidence was revealed by the autoradiogra-
phy of all the nine CIE plates of BV45 used. The spe-
cificity of the radiostaining was ascertained by a con-
trol serum from a patient allergic to timothy but tole-
rating birch, giving no blacking of the X-ray film.

RAST inhibition titration curves of fractions BV
and BV crude illustrated similar maximum inhibition
and the two curves were parallel, indicating qualita-
tive allergenic identity.

An ultimate evalutation of the presence of one or
several major allergen(s) in BV crude, could not be
settled so far, awaiting future developments on the
structural relationship between the two major aller-
gens isolated in our laboratory.

Acknowledgements

This study is supported by the research fund of the Norwegian
Asthma and Allergy Federation. The skilful technical assistance of
M. Bjorn Netteland and Mr. Steinar Sernes is acknowledged.



78

Vick/Elsayed/Apold/Paulsen

¥}

w

BN

w

=

—

20

©

References

Apold, J.; Florvaag, E.; Elsayed, S.: Comparative studies on
tree-pollen allergens. 1. Isolation and partial characterization of
a major allergen from birch pollen (Betula verrucosa). Int.
Archs Allergy appl. Immun. 64 439-447 (1981).

Aukrust, L.; Apold, J.; Elsayed, S.; Aas, K.: Crossed imunoelec-
trophoretic and crossed radioimmunoelectrophoretic studies
employing a model allergen from codfish. Int. Archs Allergy
appl. Immun. 57: 253-262(1978).

Axelsen, N.H.: Intermediate gel in crossed and in fused rocket
immunoelectrophoresis; in Axelsen, Kroll, Weeke, A manual of
quantitative immunoelectrophoresis. Methods and applica-
tions. Scand. J. Immunol. 2: suppt. 1, pp. 71-77(1973).

Belin, L.: Separation and characterization of birch pollen anti-
gens with special reference to the allergenic components. Int.
Archs Allergy appl. Immun. 42: 329-342(1972).

Elsayed, S.; Bahr-Lindstrom, H. von; Bennich, H.: The primary
structure of fragment TM2 of allergen M from cod. Scand. J.
Immunol. 3: 683-686 (1974).

Elsayed, S.; Ragnarsson, U.; Apold, J.; Florvaag, E.; Vik, H.:
Allergenic synthetic peptide corresponding to the second cal-
cium binding loop of cod allergen M. Scan. J. Immunol. (in
press 1981).

Florvaag, E.; Elsayed, S.; Apold, J.: Comparative studies on
tree-pollen allergens. 11. Isolation of alder ( Alnus incana) pollen
allergens: purification and some characteristics of the major al-
lergen pl 4.78. Int. Archs Allergy appl. Immun. (in press 1981).
Florvaag, E.. Elsayed, S.; Apold, J.; Paulsen, B.S.: (in prepara-
tion).

Gray, W.R.: End group analysis using dansy! chioride; in Hirs,
Timashef(, Methods in enzymology, vol. 25, pp. 121-138
(Academic Press, New York 1970).

Haavik, S.; Paulsen, B.S.; Wold, J.K Grimmer, @.: Arabino-
galactans in a purified allergen extract from pollen of timothy
(Phleum pratens). Phytochemistry (in preparation 1981).
Harboe, N.; Ingild, A.: Immunization, isolation of immunogl-
obulins, estimation of antibody titre. Scand. J. Immunol. 2:
suppl. I, pp. 161-169 (1973).

12 Ipsen, H.H.; Lowenstein, H.: Immunochemical characteriza-
tion of a crude aqueous extract and purified allergens of birch
pollen (Betula verrucosa). Abstract submitted to the 14th Nor-
diska Kongress i Allergologi, Goteborg (1981).

13 Kroll, J.: Crossed-line immunoelectrophoresis. Scand. J. Immu-
nol. 2:suppl. 1, pp. 79-81 (1973).

14 Krell, J.: Tandem-crossed immunoelectrophoresis, Scand. J.
Immunol. 2: suppl. 1, pp. 57-59 (1973).

15 Lewenstein, H.; Aukrust, L.; Gravesen, S.: Cladosporium herb-
arum extract characterized by means of quantitative immunoe-
lectrophoretic methods with special attention to immediate type
allergy. Int. Archs Allergy appl. Immun. 55: 1-12(1977).

16 Reinold, V.N.: Gas liquid chromatographic analysis of constit-
uent carbohydrates in glycoproteins. Meth, Enzym. 25:244-249
(1972).

17 Svendsen, P.J.: Fused rocket immunoelectrophoresis. Scand. J.
Immunol. 2: suppl. I, pp. 69-70(1973).

I8 Vik, H.; Florvaag, E.; Apold, J.; Paulsen, B.S. Elsayed, S.:
Comparative studies on tree-pollen aliergens. 1V. Evaluation of
two commercially available allergen extracts of alder pollen
(Alnus incana) and birch pollen ( Berula verrucosa). (in prepara-
tion 1981).

19 Weeke, B.: Crossed immunoelectrophoresis. Scand. J. Immu-
nol. 2: suppl. I, pp. 47-48 (1973).

20 Wilkinson, J.M.: The separation of dansyl amino acids by re-

versed-phase high performance liquid chromatography. J.

Chromatogr. biomed. Appl. 16: 547-552(1978).

Yman, L.; Ponterius, B.; Brandt, R.: RAST-based allergen assay

methods. Int. WHO-Labs Symp. on Standardization and Con-

trol of Allergens Administrated to Man, Geneva 1974. Dev.

biol. Standard., vol. 29, p. 151 (Karger, Basel 1975).

2

Received: July 10, 1981

Correspondence to: Dr. H. Vik,
Laboratory of Clinical Biochemistry, University of Bergen,
N-5016 Haukeland Sykehus (Norway)



