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Abstract. Twelve fractions of a molecular weight range of 1.35-670.00 kilodaltons (kD) were isolated from a
biologically standardized partly purified whole mite body extract (Dermatophagoides pteronyssinus) by prepar-
ative size exclusion high-performance liquid chromatography. The allergenic activity and the antigen and al-
lergen patterns of the isolated fractions were investigated by RAST, RAST inhibition and crossed (radio)im-
munoelectrophoresis (CIE/CRIE). By CRIE, each of the fractions showed allergen patterns, mostly of differ-
ent compositions. Each fraction showed allergenic activity of different degrees by RAST inhibition. The high-
est allergenic activity could be measured by RAST inhibition with fractions which contained predominantly
the major allergens Der pI and PY as detected by CRIE. Also proteins of higher molecular weights (> 158 kD)
showed IgE-binding capacities. Nearly all antigens detected by CIE could be identified as allergens using

CRIE.

Introduction

Allergen extracts are used in human medicine for
the diagnosis and therapy of immunoglobulin-E-me-
diated allergic diseases. They are prepared as aqueous
solutions from materials of biological origin, e.g. ani-
mal epithelia, pollens or house dust mites. They con-
tain all water-soluble components of these raw mate-
rials. Most of the allergenic components are proteins
and glycoproteins with different isoelectric points
and molecular weights. By crossed radioimmunoelec-
trophoresis [1] and immunoblot [2-4], it can be deter-
mined which of the proteins of an allergen extract are
allergens. By using the sera of almost 15-20 allergic
patients they can be classified as major, intermediate
and minor allergens [5, 6].

Most of the major allergens of allergen extracts are
found in a molecular weight range of approximately
10-60 kilodaltons (kD) [7], but in some cases allergens
of higher molecular weights could be identified,
mostly of intermediate and minor character. In or-
chard grass pollen extracts, Ford et al. [8] detected
allergens with molecular weights of >669.00 kD.
Allergenic components of the cockroach could be
identified in a range of molecular weights of

26.00-120.00 kD [9]. Stewart et al [10] found an al-
lergen of a molecular weight of 244.00 kD in a Derma-
tophagoides pteronyssinus extract (Dpt4). Recently
Baldo et al. [11] identified allergens of whole mite
body extracts (D. pteronyssinus)in a molecular weight
range > 110.00 kD by protein blotting.

In the position paper on immunotherapy [12], it
was recommended that allergen extracts should con-
tain all allergens, which are of relevance for the pa-
tients. We investigated the antigen and the allergen
patterns and the total allergenic activity of several
fractions of a mite, D. pteronyssinus, extract isolated
by size exclusion high-performance liquid chroma-
tography (SE-HPLC). Special consideration was at-
tached to the question whether proteins of high mo-
lecular weights display IgE-binding capacities.

Material and Methods

Twelve fractions of a biologically standardized partly purified
whole mrite body allergen extract (D. pteronyssinus)[13, 14] were is-
olated by preparative SE-HPLC and were stored lyophilized. Each
fraction was investigated separately by radioallergosorbent tests
(RAST). RAST inhibition and crossed (radio)immunoelectropho-
resis (CIE/CRIE).
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Preparative SE-HPLC

Preparative SE-HPLC was done as described previously [15].
During each run, 30 mg of protein [16] were injected, and 11 runs
were performed. Prior to the investigation, the system was cali-
brated with a test kit containing a mixture of proteins ranging from
1.35kD t0 670.00 kD (Bio Rad Labs, Munich, FRG).

CIE/CRIE

The antigen/allergen patterns of the isolated fractions were de-
termined by CIE/CRIE [1, 17] using a rabbit anti-D. pteronyssinus
antiserum (ALK, Copenhagen, Denmark). From each fraction,
10 ug protein were applied onto the gel (60 pl of antiserum in 1 ml
agarose). For CRIE, a serum pool (n = 21; RAST class 4 using
D. pteronyssinus allergen disks) of mite-allergic patients (1:24 di-
luted) was used. The allergen patterns were made visible by autora-
diography (3 kBq/ml of '*I-antihuman IgE (Pharmacia, Freiburg,
FRQG)) on Kodak X-Omat AR films. The time of autoradiograpy
was 3, 7 and 14 days at -20°C. For the identification of the antigen
pattern, the CRIE plates were stained with Coomassie brilliant
blue R 250 (Merck, Darmstadt, FRG) after autoradiography.

RAST

To investigate whether all isolated fractions yield a positive
RAST, the sera of 8 mite-allergic patients (positive skin test with a
D. pteronyssinus prick test solution; Allergopharma, Reinbek,
FRG) with a positive clinical history and a pool serum of nonaller-
gic patients (n = 43) were measured by RAST using allergen disks
[18] prepared with the isolated fractions of the extract. For compar-
ison, allergen disks prepared with the unfractionated extract were
included into the investigation.

RAST Inhibition

For the determination of the allergenic activity by RAST inhibi-
tion [19] 5 ml of each fraction were lyophilized and then dissolved
in 2.5 ml doubly distilled water. Different dilutions (1s3 steps) of
each allergen extract were incubated in test tubes (12 X 55 mm) with
a serum pool prepared with sera of mite allergic patients (RAST
class 3-4) undergoing biological standardization (n = 21; 1:10 di-
luted). The mixtures were incubated overnight at room temperature
with mite allergen disks, which were prepared with the nonfraction-
ated biologically standardized mite (D. pteronyssinus) allergen ex-
tract. Subsequently, after washing steps, rabbit '**I-antihuman IgE
(Fe-specific; Pharmacia) was added as tracer for IgE. After a sec-

ond overnight incubation, the allergen disks were washed carefully
and counted in a gamma counter for bound radioactivity. The non-
fractionated extract was calculated as reference. For the calculation
of the biological units (BU) of the samples, the known BU of the
reference were multiplied with the relative potency measured with
the samples, which is the quotient of the 50% inhibition value of
reference and sample. The statistical calculation of RAST inhibi-
tion was done as described by Anderson and Baer [20].

Results

SE-HPLC

Figure 1 shows the SE-HPLC traces of 4 runs out
of 11, performed with the D. pteronyssinus extract on
2 days. All traces looked very similar, with almost
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Fig. 1. SE-HPLC traces of 4 runs (numbered 1-4 on the left) of a
D. pteronyssinus extract performed on 2 days (1, 2 on the right).
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Fig. 2. Fractions isolated by SE-HPLC. ]
The arrows indicate the retention times of the
calibration substances: T = thyroglobulin
(bovine; 670 kD); G = y-globulin (bovine;
158 kD); O = ovalbumin (chicken; 44 kD); M ™7
= myoglobin (horse; 17 kD); V = vitamin B,, 0 min ’ ' ’ l l [ ﬁlo min
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Fig. 3. CIE of the nonfractionated mite D. pteronyssinus extract (nf)and of fractions 1-12.

identical peak patterns, indicating a very good re-
producibility of the employed method for SE-HPLC.

The fractions which were isolated by preparative
SE-HPLC are indicated in figure 2. After isolation
these fractions were lyophilized, and after reconstitu-
tion they were investigated by RAST, RAST inhibi-
tion and CIE/CRIE.

CIE/CRIE

The nonfractionated extract showed the most com-
plex antigen/allergen patterns in CIE/CRIE. Most of
the isolated fractions showed different precipitation
lines in CIE (fig. 3).

Also by CRIE, most of the fractions showed differ-
ences in their allergen patterns, i.e. different quanti-
ties, different peak heights and radiostaining intensi-
ties of allergen bands (fig. 4). For example, fractions
10 and 11 consisted predominantly of the major al-
lergen Der pI [21] and the cathodic migrating allergen
PY [14].

RAST

RAST measurements of the sera of 8 mite-allergic
patients done with the allergen disks prepared with
fractions 1-12 and with the nonfractionated extract
yielded binding rates between 5.1 and 24.8% (mean
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Fig. 4. CRIE of the nonfractionated mite D. pteronyssinus extract (nf) and of fractions 1-12. Time of autoradiography: 14 days.
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Fig. 5. RAST class measurements and percentage of bindings (mean values) of
8 sera of patients allergic to the mite D. pteronyssinus using allergen disks pre-
pared with fractions 1-12 and with the nonfractionated extract (nf).
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Table 1. RAST inhibition performed with fractions 1-12 and
with the nonfractionated extract

Extracts Protein Allergen Specific activity
ug/ml BU/ml BU/ug protein
Nonfractionated
fractions 609 120,000 197
1 798 4,200 5.3
2 1,594 5,760 3.6
3 9717 1,032 121
4 7,982 36,000 4.5
5 911 7,200 7.9
6 1,198 11,400 9.5
7 T2 13,440 18.9
8 860 22,800 26.5
9 1,570 50,400 32.1
10 5,413 1,628,400 300.8
11 279 18,000 64.5
12 115 18,000 156.5

The nonfractionated extract was calculated as reference; BU =
Biological units.

values). Allergen disks prepared with fraction 3
showed the lowest percentage of binding (5.1%). The
highest binding rates, namely 23.2-24.8 %, were mea-
sured with the allergen disks prepared with fractions
10-12. These binding rates were comparable to the
one measured with the allergen disks prepared with
the nonfractionated extract (23.8%) (fig. 5). With all
allergen disks, RAST class 0 (0.44-0.83% binding)
was measured with the nonallergic pool serum.

RAST Inhibition

The results of all RAST inhibition assays are sum-
marized in table 1. According to the specific activity
(BU/pg protein), the fractions could roughly be sepa-
rated into two groups. Fractions 7-12 showed high
specific activities of 18.9-300.8 BU/ug protein, where-
as fractions 1-6 showed a lower specific activity,
namely of 1.1-9.5 BU/ug protein. The specific activ-
ity of fraction 10 was even 1.52 times higher than the
one of the nonfractionated extract. The specific activ-
ity of fraction 3 was 179 times lower than the activity
of the nonfractionated extract.

Discussion

Although allergen extracts show a heterogeneous
composition of proteins and glycoproteins, in most
cases the major allergens were identified in a molecu-
lar weight range of 10.00-60.00 kD [7]. Also in our in-
vestigations of a biologically standardized partly pu-
rified whole mite body extract (D. pteronyssinus) with
several methods, the highest specific activity could be
measured in a molecular weight range of approxi-
mately 2.00-18.00 kD. In this region we predomi-
nantly found the two major allergens Der pI [21] and
PY [14]. In addition, our investigation showed also al-
lergenic activity for fractions of higher molecular
weights (> 158.00 kD). However, the specific activi-
ties of these fractions were lower than the ones of the
fractions below 44.00 kD. By CRIE it could be shown
that high molecular weight fractions contained aller-
gens which were not present in the low/middle molec-
ular weight fractions. This shows that also proteins
of higher molecular weight have IgE-binding ca-
pacities. These IgE bindings were confirmed by
RAST measurements of mite-allergic patients us-.
ing allergen disks prepared from the isolated frac-
tions.

Our findings are in agreement with published data
from other authors, who also found allergens in re-
gions of higher molecular weights [8-11]. In these
cases the allergens were mostly of intermediate or mi-
nor character. According to a position paper on im-
munotherapy [12], an allergen extract should contain
all allergens relevant for the patients, i.e. also interme-
diate and minor allergens.

The classification in major, intermediate and mi-
nor allergens is a statistical term. Therefore it is im-
portant to have a large amount of individual sera of
allergic patients. The amount and quality of sera used
for the classification has a great influence on the ori-
gin of the allergens.

Furthermore our results show that the method em-
ployed must be given when discussing molecular
weight determination of allergens. In our investiga-
tion using the native D. pteronyssinus extract, the rela-
tive molercular weight of the major allergen Der pl
could be roughly determined between 2.00 and
18.00 kD by SE-HPLC, whereas the literature de-
scribes a range of 10.00-30.00 kD [21] for the same
allergen determined, however, by other methods.

In conclusion we could show that all isolated frac-
tions including the fractions of higher molecular
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weights from a biologically standardized partly puri-
fied whole mite body D. pteronyssinus allergen extract
showed IgE-binding capacities and allergenic activi-
ties of different degrees.

Acknowledgements

We thank Mrs. A. Zieren and Mrs. M. Bormann for technical

assistance. We are grateful to Mrs. L. Bozzardi for secretarial help.

References

Weeke B, Lowenstein H: Allergens identified in crossed radio-
immunoelectrophoresis. In: A manual of quantitative electro-
phoresis. Scand J Immunol 1973;2(suppl 1):149-153.

Burnette WN: ‘Western blotting™: electrophoretic transfer of
proteins from sodium dodecyl sulfate-polyacrylamid gels to un-
modified nitrocellulose and radiographic detection with anti-
body and radioiodated protein A. Anal Biochem 1981;112:
195-203.

Peltre G, Lapeyre B, David B: An immunoprint technique to
detect antibodies to allergen extracts in human sera. Proc Annu
Meet of the European Academy of Allergology and Clinical
Immunology, Clermont-Ferrand, 1981, pp 92-97.

Tovey ER, Baldo BA: Comparison by electroblotting of IgE-
binding components in extracts of house dust mite bodies and
spent mite culture. J Allergy Clin Immunol 1987;79:93-102.
Lowenstein H: Timothy pollen allergens. Allergy 1980;35:
188-191.

Wahl R, Maasch HJ: Immunological cross-reactions between a
cat hair and skin scraping extract and a cat serum and investiga-
tion of common allergenic molecules of Cat 1 with cat serum.
NER Allergy Proc 1987;8:237-243.

Dreborg S, Einarsson R, Longbottom JL: The chemistry and
standardization of allergens; in von Weir DM I(ed): Handbook
of Experimental Immunology. Oxford, Blackwell Scientific
Publications, 1986, chapter 10.

Ford SA, Tovey ER, Baldo BA: Identification of orchard grass
(Dactylis glomerata) pollen allergens following electrophoretic
transfer to nitrocellulose. Int Arch Allergy Appl Immunol
1985;78:15-21.

Wu DH, Lan JL: Cockroach hypersensitivity: isolation and par-
tial characterization of major allergens. J Allergy Clin Immunol
1988;82:727-735.

Stewart GA, Butcher A, Turner KJ: Characterization of a very
high density lipoprotein allergen Dpt 4, from house dust mite
Dermatophagoides pteronysssinus. Int Arch Allergy Appl Im-
munol 1983;71:340.

11 Baldo BA, Ford SA, Tovey ER: Toward a definition of the

12

13

14

15

16

17

18

19

20

2

—

‘complete’ spectrum and rank order of importance of the aller-
gens from the house dust mite: Dermatophagoides pteronyssinus.
Pergamon Press, Adv Biosci 1989;74:13-31.

Malling HJ: Immunotherapy, position paper. Allergy 1988;
43(suppl 6):13-16.

Maasch HJ, Wahl R, Fuchs T: Application of the first interna-
tional standard of Dermatophagoides pteronyssinus (house dust
mite) in the evaluation of allergen extracts produced from two
different source materials. Int Arch Allergy Appl Immunol
1987;84:363-372.

Wahl R, Maasch HJ, Geissler W, et al: Investigations of pa-
tients allergic to the house dust mite Dermatophagoides ptero-
nyssinus by crossed radioimmunoelectrophoresis using purified
mite bodies and whole mite culture extracts. Int Arch Allergy
Appl Immunol 1988;87:109-112.

Wahl R, Maasch HJ: HPLC, a useful tool in allergen extract re-
search and control. Int Analyst 1987;7:22-25.

Wahl R, Geissler W, Maasch HJ: Comparison of classical
Lowry, modified Lowry and a dye-binding assay for the estima-
tion of protein in allergen extracts and influence of different
parameters on the modified Lowry assay. Biol Chem Hoppe-
Seyler 1985;366:979-984.

Lewenstein H: Quantitative immunoelectrophoretic methods as
a tool for the analysis and isolation of allergens; in Kallos P,
Waksman BH, Weck AL de (eds): Prog Allergy. Basel, Karger,
1978, vol 25, pp 1-62.

Maasch HJ, Wihl JA, Schultze-Werninghaus G, et al: A manu-
facturer’s criteria for in house reference preparations for RAST
inhibition. Ann Allergy 1987;59:29-33.

Wahl R, Maasch HJ, Geissler W: Comparison of three varia-
tions of the radioallergosorbent test-inhibition assay for mea-
suring allergenic activity of grass pollen extracts. Anal Biochem
1983;134:189-194.

Anderson MC, Baer H: RAST Inhibition Procedure. Bethesda,
Allergenic Products Branch, Bureau of Biologics, Food and
Drug Administration, 1981.

Chapman MD, Tovey ER, Wilkins SR, et al: The allergens re-
sponsible for house dust mite allergy. Proc XIth Int Congr of
Allergology and Clinical Immunology. London, Macmillan,
1983, pp 531-536.

Received: March 20, 1989

Correspondence to: Dr. R. Wahl

Department of Research and Development of
Allergen Preparations

Allergopharma Joachim Ganzer KG
Hermann-Korner-Strasse 52

D-2057 Reinbek b. Hamburg (FRG)




