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   Abstract  TOP 

Indoor allergens comprise a group of allergenic proteins that are commonly derived from 
house dust mite and cat and dog dander. In addition to the two major dog allergens 
(molecular weights: 19 and 23 kd), dog albumin represents an important allergen for up to 
35% of patients who are allergic to dogs. In IgE immunoblot inhibition studies and 
histamine release tests it has been demonstrated that patients who react to dog albumin 
exhibit IgE reactivity with purified albumins from cat, mouse, chicken, and rat. The 
proportion of dog-specific IgE directed against dog albumin was determined for patients 
allergic to dog albumin, and it ranges from 70% to 90%. By IgE immunoscreening of a 
lambda gt11 expression library from a dog salivary gland, we identified a number of 
reactive complementary DNA clones. All patients with IgE reactivity against natural dog 
albumin displayed IgE reactivity to the -galactosidase fusion protein encoded by clone 
54c, which was therefore assumed to contain major IgE epitopes of dog albumin. The 
deduced amino acid sequence of clone 54c was compared with the Swiss-Prot library, and 
significant sequence homologies were found with albumins from different species (human: 
82.6%, pig: 81.8%, cattle: 77.3%, sheep: 78.8%, mouse: 75.8%, and rat: 76.2%). Several 



other IgE-positive clones hybridized with oligonucleotides that were prepared according to 
this sequence. Partial complementary DNA coding for dog albumin fragments may be 
considered a useful tool for further characterization of major IgE epitopes of dog albumin. 
(J ALLERGY CLIN IMMUNOL 1994;93:614-27.)  

cDNA Complementary DNA 
SDS-PAGE Sodium dodecylsulfate-polyacrylamide gel electrophoresis 
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Type I allergy to indoor allergens 1 is caused by proteins derived from mites, molds, and 
animals 2 such as cats and dogs. Dog allergens have been detected in protein extracts 
prepared from dander, hair, and saliva by immunochemical techniques, 3-7 and a panel of 
relevant allergens has already been described. 8-10 Most patients who are allergic to dogs 
display IgE reactivity to two major allergens with molecular weights ranging from 19 kd to 
23 kd. 7, 11-14 Although both allergens show molecular weights similar to that of the major 
cat allergen Fel d I,15, 16 no clear immunologic relationship has yet been described, which 
provides an explanation for the clinical observation that cat and dog allergy, as well as 
allergies to other animal dander and hair components, are frequently associated. 17-19 In a 
previous study we tested different dog tissues for the presence of IgE-binding proteins. 7 
Most allergens are detectable in dog hair and dander extracts, whereas protein extracts 
prepared from dog liver, serum, salivary glands, and keratinocytes contain less IgE-binding 
components. However, all extracts tested contain an IgE-binding protein with a molecular 
weight of 69 kd, representing a target for IgE antibodies in 35% of patients allergic to dogs. 
Previous studies 7, 20 and IgE inhibition studies suggest that this protein is dog albumin. 7  
 
In this study we demonstrated that up to 90% of dog-specific IgE is directed against dog 
albumin in sensitized patients. In IgE inhibition experiments and histamine release tests 
performed with purified albumins from dog, rat, mouse, and chicken we identified albumins 
as cross-reactive indoor allergens.  
 
Complementary DNA (cDNA) coding for dog albumin fragments was isolated from a dog 
salivary gland expression cDNA library with IgE from patients with dog allergy.  
 
Different cDNAs coded for different portions of dog albumin, as determined by 
oligonucleotide hybridization and DNA sequencing. Recombinant dog albumin fragments 
were expressed as IgE-binding proteins in Escherichia coli.  
 

   METHODS 



Characterization of allergic patients' sera 
 
Sera from 110 patients were selected for this study according to case history, positive skin 
prick test results and positive RAST results, as described by Jarolim et al. 21 All patients 
showed reactivity to other allergens (e.g., tree pollen, grass pollen, mite, cat and horse 
dander, guinea pig epithelia). Sera from 22 healthy persons with a negative case history of 
any type I allergy and negative skin prick test and RAST results to dog allergens were 
pooled (normal human serum pool) and used as a negative control.  

Protein extracts 
 
Powdered dog hair and danDer from five different breeds (Alsatian, Boxer, Collie, 
Dachshund, and Poodle) were obtained from Allergon, AB (Engelholm, Sweden) and 
extracted according to the method of Ipsen and Loewenstein 22 with the following 
modifications: 10% wt/vol powdered dog hair and dander were extracted in 10 mmol 
potassium hydrogen phosphate, 20 mg/L polyvinylpolypyrollidone, 2 mmol ethylene 
diaminetetraacetic acid, 10 mmol sodium diethylonthiocarbonate, and 3 mmol sodium 
azide (pH 7) under continuous shaking for 20 hours at 4° C. Particles were removed by 
centrifugation (40.000 g for 1 hour at 4° C). The supernatant was dialyzed against 10 
mmol potassium hydrogen phosphate (pH 7), lyophilized, and stored at –20° C. Before 
use, extracts were dissolved in distilled water and diluted 3:1 in a fourfold concentrated 
sample buffer. 23 The protein concentration of all extracts had been determined by the 
Peterson modification 24 of the Lowry method.  

Sodium dodecylsulfate–polyacrylamide gel electrophoresis 
 
Samples were diluted in a fourfold Laemmli sample buffer and heated at 95° C for 10 
minutes. Extracts were applied in a concentration of 200 to 300 µg/cm gel. Sodium 
dodecylsulfate–polyacrylamide gel electrophoresis (SDS-PAGE) was performed on a 
vertical slab gel apparatus (Hoefer, San Francisco, Calif.). Twelve percent homogenous 
gels with 5% stacking gels were used. Electrophoresis was done according to the method 
of Laemmli. 23 Molecular weights were estimated with the use of prestained protein 
standards (14.3 to 200 kd) (Amersham, Buckinghamshire, U.K.).  

IgE immunoblots and IgE inhibitions 
 
Proteins separated by SDS-PAGE were transferred to nitrocellulose as described by 
Towbin et al. 25 Nitrocellulose sheets were cut into 0.5 cm strips and incubated for 30 
minutes at room temperature in buffer A containing: 50 mmol/L sodium phosphate (pH 
7.5), 0.5% Tween 20, 0.5% bovine serum albumin, and 0.05% sodium azide. Strips were 
then incubated overnight at 4° C with patients' sera, diluted 1:10 in buffer A. Strips were 
washed three times for 20 minutes in buffer A. Bound IgE was detected by iodine 125–
labeled rabbit anti-human IgE (Pharmacia, Uppsala, Sweden) diluted 1:10 in buffer A and 
incubated overnight at 4° C. Strips were washed three times for 20 minutes. Control strips 
were processed with either a normal human serum pool or buffer, respectively. 
Autoradiography was performed at –70° C for 48 to 72 hours, with Lanex R FAST 
intensifying screens (Kodak, Heidelberg, Germany) and Kodak ORTHO G x-ray films 
(Kodak, Heidelberg, Germany).  
 
IgE inhibition studies with immunoblotted dog allergens were performed as described by 
Valenta et al. 26 Briefly, patients' sera were diluted 1:10 and preincubated with either 10 



µg/ml of purified dog albumin (Biogenesis, Bournemouth, U.K.) or 10 µg/ml timothy grass 
pollen proteins overnight at 4° C. Immunoblots were then performed as described above. 
IgE inhibition studies with native, nondenatured dog allergens were carried out to 
determine the proportion of dog hair/dander–specific IgE directed against dog albumin. 
Serial serum dilutions of seven representative patients were tested with 3 µg dot-blotted 
dog hair/dander extract and 3 µg dot-blotted dog albumin to determine dilutions in which 
allergens were in excess of IgE antibodies. One milliliter of each serum diluted 1:40 or 
1:80 in buffer A, respectively, was preincubated with 6 µg dog hair/dander extract, 6 µg 
dog albumin, or 6 µg of timothy grass pollen proteins. Preabsorbed sera were then 
incubated with 3 µg dot-blotted dog hair/dander extract, and bound IgE was detected with 
125I-labeled rabbit anti-human IgE (Pharmacia), as described for the immunoblots. Dot 
blots were then autoradiographed and subjected to densitometry (ELSCRIPT 400 AT/SM, 
Hirschmann, Unterhaching, Germany). All determinations were done in duplicate, and the 
albumin-induced inhibition of IgE binding to dog/hair dander extracts is shown in 
percentages that reflect mean values ( Table I).  

 
TABLE I. Percentage of dog allergen–specific IgE directed against dog albumin in different 

patients  

 IgE reactivity with Percent inhibition induced with

Patient No. 19 kd 23 kd 69 kd Dog albumin Hair/dander extract Timothy extract 
1 +/ – – + 100 100 0 
2 +/ – – + 100 100 0 
3 – – + 97 100 0 
4 – + + 91 100 0 
5 + – + 90 100 0 
6 + + + 74 100 0 
7 + + – 0 100 0 

 

IgE screening of a dog salivary gland cDNA library 
 
A lambda gt11 cDNA library prepared from dog salivary glands was purchased from 
Clontech (Palo Alto, Calif.), E. coli Y1090 were infected with 200,000 phages and plated 
on Lurea broth medium plates containing 100 µg/ml Ampicillin. Each plate, containing 
approximately 20,000 phages, was incubated at 43° C until plaques were visible. The 
expression of the galactosidase fusion proteins was induced by overlay with 
nitrocellulose filters (Schleicher, Schuell, Dassel, Germany), which had been soaked in 10 
mmol/L isopropyl- -D-thiogalactoside at 37° C. IgE-binding proteins were detected as 
described for IgE immunoblots.  

Isolation of phage DNA, subcloning, and DNA sequencing 
 
Recombinant lambda gt11 phages containing cDNAs coding for IgE-binding proteins were 
recloned, and phage DNA was prepared. 27 Fragments of the restriction endonucleases, 
KpnI and Sac I, containing the cDNA inserts together with two flanking portions of lambda 
gt11 DNA, were ligated into the plasmid pUC 18, and transformed into E. coli XL 1 blue. 



Recombinant E. coli were identified by restriction analysis of the plasmids. With the use of 
lambda gt11 forward- and reversed-sequencing primers, approximately 250 bases of the 
DNA sequences of clones 25-I and 48cII were determined by the chain termination method 
with sulfur 35–labeled deoxycytidine triphosphate. 28 In the case of clone 54 c, the 
complete cDNA sequence of the insert was determined with the use of additional internal 
sequencing primers (Biomedica, Vienna, Austria). The cDNA sequences were then 
compared with the European Molecular Biology Laboratory databases in order to identify 
homologous sequences.  

Expression of dog albumin fragments as recombinant fusion proteins 
 
Lysogenic E. coli Y 1089 infected with the recombinant phage were grown at 32° C to an 
optical density of 600 of 0.5. The temperature of the cultures was rapidly increased to 42° 
C, and E. coli were grown at 42° C for 20 minutes. Expression of recombinant allergen– -
galactosidase fusion proteins was then induced by addition of isopropyl- -D-
thiogalactoside to a final concentration of 10 mmol/L and further growth at 37° C for 1 
hour.  
 
E. coli cells were harvested by centrifugation and washed two times with 0.9% sodium 
chloride. Pellets were stored at –20° C and boiled in sample buffer before SDS-PAGE.  

Testing of recombinant dog albumin fragments with serum IgE from patients 
allergic to dogs 
 
Proteins from E. coli Y1089 infected with recombinant phage or nonrecombinant lambda 
gt11 phage were separated by 7.5% SDS-PAGE 23 and blotted onto nitrocellulose. 25 
Nitrocellulose strips were incubated with patients' sera diluted 1:10 in buffer A overnight. 
Bound IgE was detected with a 125I-labeled rabbit anti-human IgE (Pharmacia), as 
described above.  

Synthetic oligonucleotides complementary to different portions of the dog albumin 
cDNA 
 
The cDNA sequence of clone 54c coding for a dog albumin fragment was aligned with the 
cDNA sequence of human serum albumin. Three oligonucleotides designated A, B, and C 
were synthesized complementary to the dog and human serum albumin messenger RNA. 
Oligonucleotide A covers the 5´ end of dog albumin, which aligns with nucleotides 1243 to 
1266 of the cDNA coding for human serum albumin. 29 Oligonucleotide B aligns with 
nucleotides 1372 to 1401 of human serum albumin, and oligonucleotide C corresponds to 
nucleotides 1481 to 1504 of human serum albumin. The positions of the oligonucleotides 
derived from clone 54c are underlined in Fig. 1. Figs. 2A, 2B, and 2C show a 
comparison of albumin amino acid sequences from human beings, pigs, cattle, sheep, 
mice, and rats.  

FIG. 1. Complementary DNA and deduced amino acid sequence of 
clone 54c. 



FIG. 2A. Alignment of the deduced amino acid sequence of clone 54c with albumin sequences. 
The deduced amino acid sequence of clone 54c coding for a dog albumin fragment is compared 
with albumin sequences; human (82.6%), pig (81.8%), cattle (77.3%), sheep (78.8%), mouse 
(75.8%), and rat (76.2%). Vertical bars represent identical amino acids. 



FIG. 2B. See legend to FIG. 2A. 



FIG. 2C. See legend to FIG. 2A. 



Testing of recombinant phage with serum IgE from a patient allergic to dog albumin 
 
Confluent lawns of E. coli Y1090 were infected in a dot procedure with a recombinant 
phage expressing IgE-binding proteins, the major birch pollen allergen Bet v I, 30 and 
nonrecombinant lambda gt11 phages. Plates were incubated at 43° C until lysed spots 
were visible. Expression of -galactosidase fusion proteins was induced with nitrocellulose 
filters soaked in 10 mmol/L isopropyl- -D-thiogalactoside, as described above. Serum IgE 
from a patient with IgE reactivity to dog albumin was used to detect recombinant phage 
containing albumin-encoding cDNAs as described for IgE immunoblots.  

Hybridization of recombinant dog allergens with synthetic oligonucleotides 
 
Confluent lawns of E. coli Y1090 were infected in a dot procedure with a recombinant 
phage and a control phage. Phages were incubated overnight at 43° C. Nitrocellulose 
filters containing plaque lifts were prehybridized as described by Sambrook et al. 27 One 
set of filters containing an identical set of plaque lifts was hybridized with phosphorous 32–
labeled oligonucleotides A, B, and C. The oligonucleotides had been 5´ labeled with 32P- -
adenosine triphosphate (NEN, Stevenage, U.K.) and polynucleotide kinase (Boehringer 
Mannheim, Germany).  
 
Labeled oligonucleotides were separated from unincorporated nucleotides with nick 
columns (Pharmacia). Hybridization was carried out as described by Sambrook et al., 27 
and blots were autoradiographed with Kodak X-OMAT films and intensifying screens at –
70° C.  

Histamine release from patients' basophils with purified albumins 
 
Blood basophils from patients allergic to dog albumin and healthy individuals were 
prepared from heparinized blood after informed consent was obtained from the patients. A 
dextran sedimentation procedure was used for isolation of granulocytes. 31 Granulocytes 
were incubated with various concentrations of purified albumins from dog, rat, mouse, and 



chicken or anti-IgE monoclonal antibody E-124-2-8 as positive control. Histamine release 
was measured by radioimmunoassay in the cell-free supernatants (Immunotech, Marseille, 
France).  
 

   RESULTS 

Determination of the percentage of patients allergic to dog albumin 

FIG. 3A. IgE reactivity of selected patients allergic to albumin with 
dog hair/dander extract. IgE Immunoblot with dog hair/danDer 
proteins that were blotted to nitro cellulose. Six patients with IgE 
reactivity to dog albumin had been selected and were compared 
with a human serum pool prepared from nonallergic patients (N). P 
represents the buffer control. 

FIG. 3B. IgE reactivity of patients allergic to dogs with different albumins. The same group of 
individuals (patient 1 to 6) as in Fig. 3A was tested for IgE reactivity to nitrocellulose-blotted 
purified albumins from dog, cat, mouse, and rat. NP represents a serum pool from nonallergic 
patients and P represents the buffer control. IgE binding to the various albumins is differently 
pronounced. 



 
One hundred ten allergic patients to dogs were tested for reactivity with dog hair/dander 
extracts by IgE immunoblotting (data not shown). Ninety-six percent of the patients reacted 
to the major dog allergens Can f I 7, 13 at a molecular weight of 23 kd and/or Can f II 7, 14 at 
a molecular weight of 19 kd. Most of the patients showed IgE reactivity to both allergens, 
and only a few patients showed IgE binding to either one or the other of these allergens. 
Dog albumin at 69 kd bound serum IgE in 35% of the tested patients and may therefore be 
considered to be an intermediate allergen.  

Percentage of IgE directed against dog albumin 
 
Table I shows the reduction of IgE binding to dog hair/dander extracts obtained by 

preincubation of sera with dog albumin or dog hair/dander extract in a panel of 
representative individuals. Patients with strong IgE reactivity to dog albumin on 
immunoblots exhibit inhibition of IgE binding ranging from 70% to 100%. In patients 
without IgE reactivity to immunoblotted dog albumin, no reduction is observed after 
preincubation with dog albumin. Preincubation with dog hair/dander extract leads to 100% 
inhibition, whereas timothy grass pollen extract does not affect IgE binding to dog 
allergens. Nonallergic individuals have no IgE antibodies directed against dot-blotted dog 
allergens.  

Cross-reactivity of patients' serum IgE with different albumins 
 
To corroborate earlier observations that albumin may represent a cross-reactive allergen 
in hair and dander of different animals, 7, 17-19 purified albumins from dog, cat, mouse, and 
rat were tested with serum IgE from patients allergic to dog albumin. Six patients with IgE 
reactivity at 69 kd on nitrocellulose-blotted dog hair/dander extracts ( Fig. 3A) were tested 
with the purified albumins ( Fig. 3B). A serum pool prepared from nonallergic individuals 
was included as a negative control. Fig. 3B shows that with the exception of patients 3 
and 6, who did not react to rat albumin, all patients cross-reacted with the different 
albumins. The intensity of IgE reactivity with the various albumins varied considerably, 
suggesting that some of the IgE epitopes of dog, cat, mouse, and rat albumin may be 
different. To further test for common IgE epitopes of dog, cat, mouse, and rat albumin, IgE 
immunoblot-inhibition experiments were done. Serum from a patient allergic to dog 
albumin was diluted 1:10 in buffer A and preincubated either with dog albumin ( Fig. 4, 



lanes 1, 3, 5, and 7) or with timothy grass (Phleum pratense) pollen extract (lanes 2, 4, 6, 
and 8) before incubation with nitrocellulose-blotted dog (lanes 1 and 2), mouse (lanes 3 
and 4), rat (lanes 5 and 6), and cat (lanes 7 and 8) albumins. Fig. 4 shows that 
preincubation with dog albumin diminishes or at least substantially reduces the IgE binding 
to other mammalian albumins when compared with preincubation with timothy grass pollen 
extract.  

FIG. 4. Inhibition of IgE binding to different albumins with 
dog albumin. Purified albumins from dog, mouse, rat, and 
cat were transferred to nitrocellulose. Strips were 
incubated with serum from a patient allergic to dog 
albumin. In lanes 1, 3, 5, and 7 the serum was 
preincubated with purified dog albumin and in lanes 2, 4, 
6, and 8 the serum was preincubated with timothy grass 
pollen extracts. IgE binding to dog albumin and the other 
mammalian albumins was significantly reduced on 
preincubation with dog albumin. 

Histamine release from patients' basophils with different albumins 
 
Fig. 5 shows the dose dependency of the histamine release obtained from blood 

basophils from a patient allergic to dog albumin ( Fig. 5, A) and a nonallergic individual (



Fig. 5, B). Both individuals showed specific and dose-dependent histamine release on 
stimulation with monoclonal anti-IgE antibody E-124-2-8, whereas only in the case of a 
patient allergic to dog albumin was a significant and dose-dependent histamine release 
observed with dog, rat, mouse, and chicken albumin. The histamine release was most 
pronounced with dog albumin and less pronounced with rat, mouse, and chicken albumin. 
IgE antibodies directed against dog albumin not only cross-reacted with albumins from 
other species but also elicited histamine release from patients' basophils.  

FIG. 5. Dose dependency of the histamine release from basophils of a patient 
allergic to albumin (A) and a control subject without albumin-specific IgE (B). 
Granulocytes of the donors (A, B) were incubated with various concentrations of 
albumin from dog, rat, mouse, chicken, buffer, or monoclonal anti-IgE antibody. 
Histamine release in the cell-free supernatants was determined by 
radioimmunoassay. Percentage of total histamine is displayed and reflects 
means of triplicate determinations. The standard deviation is displayed for each 
value with the exception of the anti-IgE control, where the maximum release is 
indicated with an asterisk. 



Isolation and characterization of cDNAs coding for dog albumin fragments from a 
dog salivary gland cDNA library with allergic patients' IgE 
 
From a dog salivary gland expression cDNA library, several IgE-binding clones were 
isolated with serum IgE prepared from a pool of patients allergic to dogs. Recombinant 
phage was isolated, and the cDNAs were subcloned into plasmid pUC 18. The cDNA 
insert of clone 54c was determined with lambda gtll forward-sequencing primers, lambda 
gt11 reversed-sequencing primers, and additional internal oligonucleotide primers. The 
cDNA sequence and deduced amino acid sequence of clone 54cI is displayed in Fig. 1. 
The deduced amino acid sequence was compared with the Swiss Prot database, and an 
overall sequence identity in the range of 80% with albumins from human beings, pig, 
cattle, sheep, mouse, and rat was found, indicating that this clone codes for dog albumin. 
Because the library was constructed by random priming, no poly A+ tail was found. The 
clone expresses an internal dog albumin fragment of 265 amino acids. Loss of DNA as a 
result of internal restriction sites in the insert can be excluded because the sequenced 
insert was obtained by a KpnI/SacI digest and contains lambda gt11 flanking portions.  
 
The recombinant phage obtained by IgE screening were then probed with serum IgE from 
a patient allergic to dog albumin with additional specificity for the major birch pollen 
allergen, Bet v I, 30 in a plaque assay ( Fig. 6, A and B). Nonrecombinant lambda gt11 
phage was included as a negative control, and a phage containing the cDNA coding for 
the major birch pollen allergen, Bet v I, was used as a positive control. With the exception 
of three clones 3-I, 41-I, and the nonrecombinant phage (nKo), 24 clones and the Bet v I–
specific clone bound serum IgE from this patient. Clones 3-I and 41-I may therefore code 
for different dog allergens or may contain albumin epitopes that are not targets for the 
patients' IgE. To further characterize the isolated clones, synthetic oligonucleotides ( Fig. 
7), specific for different portions of dog albumin, were used for plaque hybridization. Fig. 
8, A and B shows the results of the plaque hybridization procedure. Most of the clones 
hybridized with all three oligonucleotides, the nonrecombinant lambda gt11 phages (nKo) 
were negative with all three oligonucleotides, and the positive control clone 54c (pKo) 
hybridized with all three oligonucleotides. Clones 41-I and 25cIII hybridized exclusively 
with oligonucleotide C and therefore expressed a C-terminal portion of dog albumin, 
whereas clone 25-I hybridized only with oligonucleotides A and B and therefore contained 
an N-terminal portion of dog albumin.  

FIG. 6. Testing of recombinant phage with serum IgE from a patient allergic 
to dog albumin. A, Nitrocellulose filters I and II containing plaque lifts of 
phage, which had been induced to produce recombinant proteins, were 
tested with serum IgE from a dog albumin–allergic patient who also displays 
IgE reactivity to the major birch pollen allergen, Bet v I. B, Recombinant 
phages, which had been isolated from a dog salivary gland cDNA library in 
filters I and II, are designated with various numbers: nKo represents 
nonrecombinant lambda gt11 phage and Bet v I represents the phage 
expressing the major birch pollen allergen Bet v I as a positive control. 



FIG. 7. Sequences of oligonucleotides complementary to different portions of the dog albumin 
cDNA. 

FIG. 8. Hybridization of albumin-specific oligonucleotides with cDNA clones coding for dog 
allergens. A, Plaque lifts of phages, which had been isolated with serum IgE from patients allergic 
to dogs, nonrecombinant lambda gt11 phage (nKo), and phages that contain cDNA from clone 
54c coding for dog albumin (pKo) were hybridized with synthetic oligonucleotides complementary 
to different portions of the albumin cDNA (A). B, Localization of the clones on the nitrocellulose 
filters. 



Comparison of patients' IgE binding to natural dog albumin and to dog albumin 
fragments expressed in E. coli 
 
Fig. 9 compares the IgE binding to natural dog albumin and recombinant dog albumin 

fragments. Sera from 11 patients allergic to dogs, two patients allergic to pollen without 
dog allergy (patients 3 and 13), a nonallergic individual (N), and the buffer (P) without 



addition of serum were tested for IgE binding to dog hair/dander extract ( Fig. 9, A), to the 
dog albumin fragment of clone 54 c expressed as -galactosidase fusion protein in E. coli 
( Fig. 9, B), and to proteins from E. coli infected with a nonrecombinant lambda gt11 phage 
( Fig. 9, C). All patients (7, 8, 10, 11, and 12) with IgE reactivity against native dog albumin 
at 69 kd ( Fig. 9, A) exhibited binding of their IgE to the recombinant dog albumin fragment 
expressed as a 150 kd -galactosidase fusion protein ( Fig. 9, B) but did not exhibit 
reactivity to E. coli proteins in this molecular weight range ( Fig. 9, C). Patients 4 and 6 
showed reactivity to proteins from E. coli but not to the recombinant dog albumin fragment.  

FIG. 9. Comparison of the IgE binding to natural dog hair/danDer proteins and to recombinant 
albumin fragments. All patients with IgE binding to dog albumin in natural dog hair/dander extracts 
(A) show comparable reactivity with a recombinant dog albumin fragment expressed in E. coli as 

-galactosidase fusion protein (B) at around 150 kd. No IgE binding is observed with protein 
extracts prepared from lysogenic E. coli Y1089 infected with nonrecombinant lambda gt11 phage 
in the 150 kd region-negative control (C). 

 
 

   DISCUSSION 

 
Type I allergies to mammalian proteins, in particular to dog and cat allergens, are 
frequently related. 17-19 Although the major dog allergens Can f I 7, 13 and Can f II 7, 14 and 



the major cat allergen Fel d I 15, 16 show similar molecular weights, these allergens are 
neither immunologically nor structurally related. However, albumin was identified as a 
relevant IgE-binding structure in dog and cat hair/dander extracts. 7, 12, 20 About 35% of 
patients allergic to dogs display IgE reactivity to dog albumin, and in individual patients a 
considerable proportion (70% to 100%) of dog-specific IgE is directed against dog 
albumin. According to case histories, all patients with reactivity to dog albumin show 
clinical symptoms on contact with cat and/or other animal hair or dander. To determine 
whether there is a molecular basis for this clinical observation, IgE immunoblot-inhibition 
experiments were performed, demonstrating that IgE antibodies directed against dog 
albumin cross-react with albumins from cat, mouse, and rat. In parallel, histamine release 
was inducible from basophils derived from patients allergic to dog albumin on incubation 
with albumins from rat, mouse, and chicken, indicating that albumins from different species 
represent functional cross-reactive allergens. To further characterize dog albumin, 
recombinant techniques were applied. With serum IgE from patients allergic to dog 
albumin, a number of cDNAs coding for dog albumin were isolated from a lambda gt11 
expression library prepared from dog salivary glands. The cDNA sequence of clone 54c 
was determined and significant sequence identities, with about 80% homology, were found 
with albumins from human beings, pig, cattle, sheep, mouse, and rat. The cDNA of clone 
54c codes for an internal fragment of dog albumin, which contains major IgE epitopes of 
dog albumin ( Fig. 9). To further characterize IgE-positive clones and to obtain information 
about the distribution of IgE epitopes, oligonucleotides were synthesized complementary 
to different regions of the dog albumin cDNA sequence of clone 54c and used for plaque 
hybridization. Several clones coding for dog albumin fragments were incomplete either at 
the 5´ end or at the 3´ end. This indicates that a number of epitopes derived from dog 
albumin may be involved in IgE binding. As demonstrated in Fig. 9, all tested patients with 
IgE reactivity against natural dog albumin displayed IgE binding to a recombinant dog 
albumin epitope, which was expressed as a -galactosidase fusion protein. Partial epitope 
clones, used as a starting material for further detailed analysis of dog albumin IgE 
epitopes, may help to develop IgE-binding peptides, which do not lead to release of 
mediators from mast cells and basophils.  
 

   REFERENCES  
1.  Chapman MD. Purification of allergens. Curr Opin Immunol 1989;1:647-53.  
 
2.  Loewenstein H. Allergene von Katze, Hund, Rind und Pferd. Allergologie 
1981;4:265-9. 
 
3.  Blands J, Loewenstein H, Weeke B. Characterization of extracts of dog hair and 
dandruff from six different dog breeds by quantitative immunoelectrophoresis: 
identification of allergens by crossed immunelectrophoresis (CRIE). Acta Allergol 
1977;32:147-69.  
 
4.  Brandt R, Yman L. Dog dander allergens: specificity studies based on the 
radioallergosorbent technique. Int Arch Allergy Appl Immunol 1980;61:361-70.  
 
5.  Yman L, Brandt R, Ponterius G. Serum albumin an important allergen in dog 
epithelia extracts. Int Arch Allergy Appl Immunol 1973;44:358-68.  
 
6.  Hoffman DR. Dog and cat allergens: urinary proteins or danDer proteins? Ann 
Allergy 1980;45:205-6.  



 
7.  Spitzauer S, Schweiger C, Anrather J, et al. Characterization of dog allergens by 
means of immunoblotting. Int Arch Allergy Immunol 1993;100:60-7.  
 
8.  Ohman JL, Block KJ, Kendall S, et al. Allergens of mammalian origin. IV. 
Evidence for common allergens in cat and dog serum. J ALLERGY CLIN IMMUNOL 
1976;57:560-8.  
 
9.  Larsen JN, Ford A, Gjesing B, et al. The collaborative study of the international 
standard of a dog, Canis domesticus, hair/dander extract. J ALLERGY CLIN IMMUNOL 
1988;82:318-30.  
 
10.  Lindgren S, Belin L, Dreborg S, et al. Breed-specific dog-dandruff allergens. J 
ALLERGY CLIN IMMUNOL 1988;82:196-204.  
 
11.  Ford AW, Alterman L, Kemeny DM. The allergens of dog. I. Identification using 
crossed radio-immunoelectrophoresis. Clin Exp Allergy 1989;19:183-90.  
 
12.  Ford AW, Kemeny DM. The allergens of dog. II. Identification and partial 
purification of a major dander allergen. Clin Exp Allergy 1992;22:793-803.  
 
13.  Schou C, Svendsen UG, Loewenstein H. Purification and characterization of 
the major dog allergen. Can f I. Clin Exp Allergy 1991;21:321-8.  
 
14.  De Groot H, Goei K, van Swieten P, Aalberse R. Affinity purification of a major 
and a minor allergen from dog extract: serologic activity of affinity-purified Can f I 
and of Can f I-depleted extract. J ALLERGY CLIN IMMUNOL 1991;87:1056-65.  
 
15.  Boutin Y, Hébert H, Vrancken ER, et al. Allergenicity and cross-reactivity of cat 
and dog allergenic extracts. Clin Allergy 1988;18:287-93.  
 
16.  Morgenstern JP, Griffith IJ, Brauer AW, et al. Amino acid sequence of Fel d I, 
the major allergen of the domestic cat: protein sequence analysis and cDNA 
cloning. Proc Natl Acad Sci U S A, 1991;88:9690-4. 
 
17.  Wüthrich B, Arrendal H. RAST in the diagnosis of hypersensitivity to dog and 
cat allergens. Clin Allergy 1979;9:191-200.  
 
18.  Viander M, Valovirta E, Vanto T, et al. Cross-reactivity of cat and dog allergen 
extracts. RAST inhibition studies with special reference to allergenic activity in 
saliva and urine. Int Arch Allergy Appl Immunol 1983;71:252-60.  
 
19.  Wuthrich B, Guerin B, Hewitt B. Cross-allergenicity between extracts of hair 
from different dog breeds and cat fur. Clin Allergy 1985;15:87-93.  
 
20.  Yman L, Brandt R, Ponterius G. Serum albumin, an important allergen in dog 
epithelia extracts. Int Arch Allergy Appl Immunol 1973;44:358-68.  
 
21.  Jarolim E, Rumpold H, Endler AT, et al. IgE and IgG antibodies of patients with 
allergy to birch pollen as tools to define the allergen profile of Betula verrucosa. 
Allergy 1989;44:385-95.  



 
22.  Ipsen H, Loewenstein H. Isolation and immunochemical characterization of the 
major allergen of birch pollen (Betula verrucosa). J ALLERGY CLIN IMMUNOL 1983;72:50-
9. 
 
23.  Laemmli UK. Cleavage of structural proteins during the assembly of the head of 
the bacteriophage T4. Nature 1970;227:680-5.  
 
24.  Peterson GL. Determination of total protein. Methods Enzymol 1983;91:95-119.  
 
25.  Towbin H, Staehlin T, Gordon J. Electrophoretic transfers of proteins from 
polyacrylamide gels to nitrocellulose sheets: procedure and some applications. Proc 
Nat Acad Sci 1979;76:4350-4.  
 
26.  Valenta R, Duchene M, Ebner C, et al. Profilins constitute a novel family of 
functional plant pan-allergens. J Exp Med 1992;175:377-85.  
 
27.  Sambrook J, Fritsch EF, Maniatis T. Molecular cloning, a laboratory manual. 
Cold Spring Harbor, New York: Cold Spring Harbor Laboratory Press, 1989. 
 
28.  Sanger F, Nicklen S, Coulson AR. DNA sequencing with chain-terminating 
inhibitors. Proc Natl Acad Sci U S A 1977;74:5463-7.  
 
29.  Lawn RM, Adelman J, Bock SC, et al. The sequence of human serum albumin 
cDNA and its expression in E. coli. Nucleic Acids Res 1981;9:6103-14.  
 
30.  Breiteneder H, Pettenburger K, Bito A, et al. The gene coding for the major 
birch pollen antigen, Bet v I, is highly homologous to a pea disease-resistance 
response gene. EMBO J 1989;8:1935-8.  
 
31.  Valent P, Besemer J, Muhm M, Majdic O, Lechner K, Bettelheim P. Interleukin 
3 activates human blood basophils via high-affinity binding sites. Proc Natl Acad Sci 
U S A 1989;86:5542-6.  
 

 
 
 
   Publishing and Reprint Information 

• From aInstitute of Medical and Chemical Laboratory Diagnostics; bDepartment of Hematology and 
Hemostaseology; cInstitute of General and Experimental Pathology, AKH, University of Vienna, 
Austria.  

• Supported by grants S06703 and S06712-Med of the “Fonds zur Förderung der wissenschaftlichen 
Forschung and grant 3/8603 of the “Fonds zur Förderung der gewerblichen Wirtschaft,” Vienna, 
Austria.  

• Received for publication Feb. 19, 1993.  
• Revised July 9, 1993.  
• Accepted for publication July 20, 1993. 
• Reprint requests: Rudolf Valenta, MD, Institute of General and Experimental Pathology, AKH, 

University of Vienna, Währingergürtel 18-20, A-1090 Vienna, Austria. 
• Copyright © 1994 by Mosby–Year Book, Inc.  
• 1/1/50233 



   Articles with References to this Article 
 
This article is referenced by these articles: 
 
Allergic Rhinitis and Its Impact on Asthma 
Journal of Allergy and Clinical Immunology 
November 2001, part 2 • Volume 108 • Number 5 
Jean Bousquet, MD, PhD, Paul van Cauwenberge, MD, PhD, Nikolai Khaltaev, MDIn collaboration with the 
World Health Organization  
 
Autoallergy: A pathogenetic factor in atopic dermatitis? 
Journal of Allergy and Clinical Immunology 
March 2000 • Volume 105 • Number 3 
Rudolf Valenta, MDa, Susanne Seiberler, PhDa, Susanne Natter, PhDa, Vera Mahler, MDa, Roschanak 
Mossabeb, MDa, Johannes Ring, MD, PhDb, Georg Stingl, MDc  
 
Escherichia coli expression and purification of recombinant dog albumin, a cross-reactive animal 
allergen 
Journal of Allergy and Clinical Immunology 
February 2000, part 1 • Volume 105 • Number 2 
Budhi Pandjaitan, PhDa, Ines Swoboda, PhDa, Franziska Brandejsky-Pichler, VMDb, Helmut Rumpold, MDa, 
Rudolf Valenta, MDc, Susanne Spitzauer, MDa  
 
Laboratory animal allergy 
Journal of Allergy and Clinical Immunology 
July 1998 • Volume 102 • Number 1 
Robert K. Bush, MDa,b, Robert A. Wood, MDc, Peyton A. Eggleston, MDc  
Madison, Wis., and Baltimore, Md.  
 
Major cat and dog allergens share IgE epitopes 
Journal of Allergy and Clinical Immunology 
January 1997 • Volume 99 • Number 1 
Susanne Spitzauer, MDa, Budhi Pandjaitan, MSca, Sonja Mühla, Christof Ebner, MDb, Dietrich Kraft, MDb, 
Rudolf Valenta, MDb, Helmut Rumpold, MDa  
Vienna, Austria 


