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We have characterized bovine allergens by constructing and analyzing a complementary DNA 
library from bovine skin. Clones producing proteins that reacted with IgE antibodies from 
persons with allergy were purified and sequenced. One set of the allergen-coding clones 
showed an almost complete homology with the bovine oligomycin sensitivity-conferring 
protein of the mitochondrial adenosine triphosphate synthase complex. The IgE antibodies 
adsorbed with the recombinant allergen reacted with an 11 kd protein in the cow dander 
extract. Binding of the IgE from patients allergic to the recombinant allergen expressed in 
Eseherichia coli confirmed the allergen-coding ability of the complementary DNA sequence. 
The prevalence of the IgE-positive sera among patients with cow allergy and control subjects 
suggests that the recombinant allergen represents one of the minor allergens in cow dander. 
This is the first time a mammalian allergen has been identified as a protein with a known 
function. (J ALLERGY CLIN IMMUNOL 1995;95:1255-60.) 
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Cow dander and hair are important sources of 
allergens in dairy farms? Sensitization to these 
allergens leads to both respiratory and cutaneous 
manifestations in persons with atopic disease. Sera 
of patients with cow allergy react with a number of 
proteins found in the bovine skin. Western blot 
analyses have revealed that the main IgE response 
is directed against 20 and 22 kd proteins, the major 
allergens of cow dander?,  2 A smaller proportion 
of the patients also reacts to the 24 and 16 kd 
proteins. Although amino acid composition, iso- 
electric point, values and some biochemical prop- 
erties of the major bovine allergens have been well 
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Abbreviations used 
ATP: 

cDNA: 
OSCP: 

TBS: 
TRIS: 

Adenosine triphosphate 
Complementary DNA 
Oligomycin sensitivity-conferring pro- 
tein 
TRIS buffered saline solution 
Tris(hydroxymethyl) aminomethane 

characterized by biochemical methods 2 and by use 
of an afffinity-purified protein, 3 the basic molecular 
structure of these proteins still remains unknown. 
The amino acid sequences of many allergens 
have been deduced from the nucleic acid sequence 
by the complementary DNA (cDNA) cloning 
method. However, the basic molecular structure of 
most mammalian allergens has not yet been de- 
fined. 4 An exception is the major allergen of the 
domestic cat, Fel d I, which has been examined in 
detail at the genome level by cDNA cloning and 
polymerase chain reaction amplification? 

The aim of this study was the molecular charac- 
terization of the bovine allergens by construction 
of a cDNA library from bovine skin. cDNA clones 
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producing recombinant proteins reacting with hu- 
man IgE antibodies were isolated and sequenced. 
One set of clones representing a minor bovine 
allergen was found to be homologous with the 
oligomycin sensitivity-conferring protein (OSCP), 
a subunit of the mitochondrial adenosine triphos- 
phatase complex. 

METHODS 
Isolation of messenger RNA and cDNA 
cloning 

Cow epithelium was homogenized mechanically in gua- 
nidinium thiocyanate buffer and used for total RNA ex- 
traction by cesium chloride centrifugation. 6 Poly(A)RNA 
was purified from the total RNA with oligo-dT cellulose 
(Promega, Madison, Wis.) and used for cDNA synthesis. 
cDNA was cloned into the Uni ZAP XR vector (ZAP- 
cDNA synthesis kit; Stratagene, La Jolla, Calif.). 

Screening of the cDNA library 
The cDNA library was immunoscreened with sera of 

patients with cow allergy. Phage plaques, 1.4 × 105 
plaque forming units per 500 cm 2 plate, were lifted onto 
the isopropylthio-13-D-galactoside-treated nitrocellulose 
filters. Filters were washed, blocked by 0.1% casein in 
tris (hydroxymethyl)aminomethane (TRIS)-buffered sa- 
line solution (TBS), consisting of 20 mmol/L TRIS HC1, 
and 150 mmol/L NaC1 (pH 7.5) for 1 hour and left to 
incubate with diluted (1:5) patient serum for 6 hours. 
Iodine 125-labeled, diluted (1:10) anti-human IgE 
(Phadebas RAST, Kabi Pharmacia Diagnostics, Upp- 
sala, Sweden) was used as the secondary antibody for 
overnight blotting. Filter washings and serum and con- 
jugate dilutions were made in TBS with 0.05% polysor- 
bate 20. After autoradiography, positive plaques were 
picked and purified with repeated phage dilutions and 
immunoblottings. 

Affinity purification of IgE 
Serum was adsorbed to the recombinant protein as 

described by Donovan and Baldo. 7 Phage plaques were 
plated at a high density on a plate 100 mm in diameter. 
Synthesis of the fusion protein was induced by an 
isopropylthio-[3-D-galactoside-treated nitrocellulose fil- 
ter. The filter was lifted and washed briefly with TBS 
with 0.05% polysorbate 20. Proteins were fixed onto the 
filter by 0.5% glutaraldehyde in phosphate-buffered sa- 
line solution and blotted with a serum of a patient with 
cow allergy, diluted 1:4 in TBS with 0.1% casein. Anti- 
bodies were eluted with 0.1 mol/L glycine HC1 (pH 3.0), 
neutralized by 1 mol/L TRIS (pH 9.5), concentrated by 
centrifugation through a Centricon (Amicon Inc., Bev- 
erly, Mass.) column and used for Western blotting. 

Western blotting 
Bovine dander extract was prepared from commercial 

raw material (Allergon AB), s separated by sodium do- 

decyl sulfate-polyacrylamide gel electrophoresis in a 
12.5% gel and transferred to a nitrocellulose mem- 
brane. 1 IgE immunoblotting was carried out under con- 
ditions described earlier. 

Sequencing of the cDNA clones 
Inserts containing Bluescript SK(-) phagemids were 

excised from the bacteriophage Uni-ZAP XR X and 
transformed to Escherichia coli, XL1-Blue cells (Strat- 
agene). DNA for sequencing was purified by Wizard 
Minipreps DNA Purification System (Promega). Nucle- 
otide sequencing was done with the automatic DNA 
sequenator A.L.F. with an Auto Read kit (Pharmacia 
Biotech, Uppsala, Sweden)? 

RESULTS 

We constructed a cDNA library from cow epi- 
thelium in an expression phage vector and 
screened it by immunoblotting with sera from 
patients with cow allergy. Plaques producing re- 
combinant allergens as shown by binding of human 
IgE antibodies were selected and purified. Insert- 
containing phagemids were excised from the bac- 
teriophage and sequenced. The sequencing re- 
vealed several cDNAs of different sizes, and it was 
apparent that some of the sequenced clones rep- 
resented incomplete cDNAs (data not shown). 

One phage clone, AS1, was selected for further 
studies. The frequency of the phage in the cDNA 
library was only 0.002%. We tested sera of nine 
patients with cow allergy for reactivity to the AS1 
phage clone. The sera had been previously tested 
by Western blot, and they all exhibited IgE reac- 
tivity to various components in cow dander extracts 
(data not shown). Four of the patients had IgE 
antibodies to the recombinant allergen, although 
in the serum of one of them the level was low (Fig. 
1). Five sera were completely negative even after 
30 days' exposure to autoradiography. 

To determine the prevalence of the IgE antibod- 
ies to the AS1 recombinant protein, the reactivity 
of 16 patients with cow allergy and of 10 control 
subjects was tested. The patients were confirmed 
as having cow allergy by clinical criteria and labo- 
ratory tests? Control subjects were patients with- 
out allergy, from the clinic of respiratory diseases. 
Five of 16 patients with cow allergy (31%) had IgE 
antibodies to AS1 protein, all control subjects were 
negative for the protein. This experiment sug- 
gested that AS1 represents a real allergen but not 
one of the major allergens in cow dander. 

To characterize further the component of cow 
dander extract represented by the AS1 clone, we 
affinity purified the IgE fraction of a patient's 
serum reacting with the AS1 gene product. The 
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FIG. 1. IgE antibodies of patients with cow allergy to recombinant bovine 
AS1 allergen. Phages producing AS1 recombinant protein were tranferred 
onto nitrocellulose filters, which were immunoblotted for IgE detection with 
nine sera (Nos. 1 to 9) of patients with cow allergy. 

recombinant AS1 protein was immobilized on a 
nitrocellulose membrane, and it was allowed to 
adsorb IgE antibody from the serum. 7 The anti- 
body was eluted and used in immunoblotting with 
the bovine dander extract. The eluted IgE antibody 
attached to an 11 kd protein (Fig. 2). Western blots 
with the sera from patients with allergy revealed 
that the same sera (Nos. 1, 2, and 9; Fig. 1) that 
reacted strongly with the recombinant protein AS1 
were also IgE reactive with an 11 kd protein in cow 

dander extract. Sera that did not have IgE antibod- 
ies to the recombinant AS1 protein (Nos. 4 to 8) 
did not react with the 11 kd protein either. The 
negative reaction of the serum of one of the 
patients with allergy (No. 3) with the 11 kd protein 
in Western blot assay was probably due to a low 
level of specific IgE antibodies as shown by the 
very weak reaction to the recombinant protein 
expressed in plaques. 

Sequencing of the AS1 clone revealed in the 
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FIG. 2. Characterization of recombinant allergen coded 
by bovine cDNA clone AS1. IgE immunoblot of cow 
dander extract with serum from patient with cow allergy 
that had been affinity purified with recombinant AS1 
phage protein (lane 1) and with same serum untreated as 
control (lane 2). 

vector an insert of 330 nucleotides with an open 
reading frame of 238 nucleotides (Fig. 3). The AS1 
sequence was compared with the sequences in the 
European Molecular Biology Laboratory Data Li- 
brary (GCG program package; Center for Scien- 
tific Computing, Espoo, Finland), and an almost 
complete homology was found with the carboxy- 
terminal end of the bovine OSCP. m To determine 
whether the whole OSCP messenger was present 
in the cDNA library, a probe was prepared from 
the cloning site of AS1 to the EcoRI site in the AS 1 
(nucleotide 468 ~ 736 of AS8; Fig. 3). 

With this probe three longer clones containing 
AS1 sequences were picked from the cDNA li- 
brary. Nucleic acid sequencing revealed that these 
clones were identical, 776 nucleotides long with an 
open reading frame of 705 nucleotides. The se- 
quence of one of the clones, AS8, is shown in Fig. 
3. The carboxy-terminal end was identical with 
AS1, and the homology with OSCP comprised the 
whole mature protein coding sequence of OSCP 
and the 3' part of the putative signal peptide, a° 
At the 5' end of the AS8, 111 nucleotides did not 
show any homology to the OSCP, but this se- 
quence was found in the human and mouse 
genes of 28S ribosomal RNA. The most likely 

explanation is an artefact caused by ribosomal 
RNA contamination of the messenger RNA 
used for cDNA synthesis. 

D I S C U S S I O N  

An almost complete homology between a bovine 
allergen and the OSCP of the bovine mitochon- 
drial adenosine triphosphate (ATP) synthase com- 
plex is demonstrated in this study. OSCP is one of 
the 14 subunits associated with the ATP synthase 
of bovine mitochondria, u This membrane-bound 
multisubunit enzyme catalyzes ATP production 
from adenosine diphosphate and inorganic phos- 
phate by a transmembrane proton gradient. The 
size of the mature OSCP is 190 amino acids (21 
kd), 1° and the bovine cDNA clone AS8 has an 
open reading frame with a theoretical coding ca- 
pacity of 220 amino acids (24 kd). In the Western 
blot, however, IgE antibodies adsorbed with the 
recombinant AS1 protein reacted only with an 11 
kd protein of the cow dander extract. OSCP has 
been described to be sensitive to enzymatic degra- 
dation.X2,13 It is likely that during the preparation 
of the cow dander extract OSCP is degraded and 
only a carboxy-terminal fragment containing intact 
allergenic epitopes is present in the extract. 

No data suggest that subunits of ATP synthase 
or other pump proteins of the cellular membranes 
have allergenic properties. Currently it is not clear 
why an evolutionarily conserved protein with a role 
in the energy metabolism of the mammalian cell 
has allergenic properties. Rat mitochondrial OSCP 
has been shown to have a high degree of homology 
with the bovine OSCP. 14 Subunit d of E. coil ATP 
synthase and chloroplasts also bear partial homol- 
ogy with the bovine OSCP. al Immunologic cross- 
reactivity was demonstrated between bovine, hu- 
man, and rat OSCP subunits. 12 However, no data 
are available of the degree of the nucleic acid 
sequence homology between human and bovine 
OSCP, but we assume that the nonhomologous 
part of the genes codes for the allergenic epitopes 
of the allergens. 

After sequencing several cDNA clones from the 
bovine dander, we found only one set of related 
clones that had a homology with sequences in the 
European Molecular Biology Laboratory Data Li- 
brary gene bank. Only a few of the mammalian 
allergens are well characterized, 4 and none of them 
has nucleotide sequences corresponding to an 
identified functional protein. Cat allergen Fel d I 
chain 1 has sequence similarities with the rabbit 
uteroglobin and with a protein of human Clara 
cells. Is On the other hand, house dust mite aller- 
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1 TGACTGGGGC GGTACACCTG TCAAACNGTA ACGCAGGTGT CCTAAGGCGA 

51 GCTCAGGGAGGACAGAAACC TCCCGTGGAGCAGAAGGGCAAAAGCTCGCT 

28S r R N A ~ O S C P  leader ~--~mature OSCP 
i01 TGATCTTGAT TTTCAGTACA TCTGTGGTCA GGCCATTTGC CAAGCTTGTG 

151 AGGCCACCTG TTCAGATATA TGGCATCGAA GGCCGCTACG CCACAGCTCT 

201 GTATTCCGCT GCATCTAAAC AGAATAAACT GGAGCAAGTA GAGAAGGAGT 

251 TGTTGCGAGT AGGACAATC TTGAAGAAC CCAAAATGGC TGCTTCTCTT 

301 TTGAATCCCT ATGTAA~CG TTCAGTTAAA GTGAAAAGCC TAAGTGACAT 

351 GACGGCAAAG GAGAAGTTCT CTCCTCTCAC GTCCAACCTG ATCAATTTGC 

401 TTGCTGAAAA TGGTCGCTTG ACTAATACCC CTGCGGTGAT TTCCGCATTT 

451 TCTACCATGA TGAGTGTCCA CCGTGGAGAA GTACCATGCA CAGTTACCAC 

A 
501 TGCATCTGCT TTAGATGAAG CCACTCTGAC TGAATTGAAA ACGGTCCTGA 

A G 
551 AGAGCTTCCT AAGTAAAGGC CAGGTTTTGA AGTTAGAAGT TAAGATTGAT 

601 CCGTCGATCA TGGGTGGAAT GATTGTCCGT ATTGGAGAGAAATACGTTGA 

651 TATGTCTGCA AAAACCAAGA TTCAGAAGCT GAGCAGAGCA ATGCGGGAGA 

Eco RI 
701 TTCTGTAAAA GTGTTGATTT TCTAAAAGTG AGAATTCTTAAAGTTGGAGC 

751 AACAATAAAC ACTTCCTGAA CAGGGCAAAAAAAA 

FIG. 3. cDNA sequence of bovine allergen AS8. Region homologous with 
OSCP begins from nucleotide 112 and continues until poly(A) site. Three 
nonidentical nucleotides are indicated. Coding region for mature OSCP is 
from nucleotide 136 until stop codon (***). Predicted polyadenylation signal 
is underlined. Nucleotide 112 --~ 136 is homologous with putative signal 
peptide of OSCP. Sequence nucleotide 1 --~ nucleotide 112 is homologous 
with sequence in gene for human or mouse 28S ribosomal RNA. Shorter 
cDNA clone, AS1, starts at nucleotide 468. EcoRI site in AS1 clone is double 
underlined. 

gens are well characterized. Many of them possess 
proteolytic enzyme activity, which could be in- 
volved in the pathogenesis of allergy. 16-2° The 
major heat-stable shrimp allergen, Sa II, has been 
recently reported to represent tropomyosin, a pro- 
tein of thin muscle filamentsY However, no cross- 
reactivity could be demonstrated with tropomyo- 
sins from other vertebrate species. 

Some plant allergens have homologies with 
known plant proteins. Birch, alder, and hazel pol- 
lens have related major allergens (Bet v I, A ln  g I, 
and Cor a I, respectively) that have a homology 

with a group of plant pathogenesis-related pro- 
teins. 22 Another birch pollen allergen, Bet v II, has 
been shown to be a member of the family of plant 
profilins, provoking IgE reactivity in about 20% of 
patients with allergy. 23 

The low frequency of the cDNA encoding the 
AS8 phage protein allowed us to assume that the 
proportion of the OSCP protein of cow dander 
proteins is also low. Because 31% of patients with 
cow allergy have IgE antibodies to the AS1 recom- 
binant protein, we conclude that OSCP is a real 
but a minor allergen of the bovine dander. Epitope 
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mapping and site-directed mutagenesis will further 
clarify the allergenic character of this protein. 

The technical assistance of Mrs. Riitta Korhonen is 
gratefully acknowledged. 
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