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Background: Animal hair-dander represents an important
source of indoor allergens. Diagnosis and therapy of animal
allergy would benefit from the availability of defined recombi-
nant allergens. They may be preferred to animal-derived pro-
teins, particularly for in vivo application in patients.
Objective: The purpose of this study wasto express and purify
recombinant dog albumin, an important cross-reactive animal
allergen.

Methods: Complementary (c)DNA sequences coding for dog
albumin were obtained by reverse transcription and subse-
quent PCR amplification from dog liver RNA. Dog
albumin—-encoding cDNA sequences were inserted into phage
Agtll, and IgE-reactive phage clones were isolated by
immunoscreening with serum IgE from a patient with dog
allergy. Dog albumin was expressed as | gE-reactive recombi-
nant protein in Escherichia coli and purified by inclusion body
preparation, resolubilization, and diethylaminoethyl cellulose
chromatography. Cross-reactivity of dog albumin with cat and
human albumin was examined by immunoblot, as well as
ELISA inhibition experiments.

Results: A cDNA sequence coding for complete dog albumin
was obtained by reverse transcription and subsequent PCR
amplification from dog liver. The cDNA and deduced amino
acid sequence of dog albumin was highly homologous to the
sequences of albumins from animals to human subjects, thus
explaining the extensive cross-reactivities among albumins.
Recombinant dog albumin was expressed in E coli and puri-
fied. It reacted with serum IgE from patients allergic to dog
albumin and a monoclonal anti-human albumin antibody.
Immunologic competition experiments performed with serum
IgE from patients allergic to dog albumin and a mouse mono-
clonal antihuman albumin antibody indicated the presence of
similar epitopes on dog, cat, and human albumin.

Conclusion: Recombinant dog albumin may be used for diag-
nostic purposes to identify patients who are cross-sensitized to
many animal species and perhaps for specific immunother apy
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of sensitized individuals. (J Allergy Clin Immunol
2000;105:279-85.)
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Contact with animal hair or dander alergens frequent-
ly leads to perennial type | allergies.l Up to 30% of
atopic individuals experience type | allergic symptoms
on exposure to cat allergen, dog alergen, or both,2 and it
has been reported that cat and dog alergy are often asso-
ciated.34 The major allergens from cat and dog (Fel d 1,
Can d 1, and Can d 2) have been characterized exten-
sively by protein and immunochemical techniques and
have been expressed as recombinant allergens.56

Immunologic studies of cross-reactive allergensin cat
and dog hair or dander identified serum albumins as fre-
quently detected cross-reactive allergens.”8 Albumins
represent the major component (approximately 40
mg/mL) in the circulatory system of animals and human
subjects. They represent nonglycosylated proteins of
approximately 65 to 69 kd, the sequence and 3-dimen-
siona structure of which are highly conserved through-
out evolution.® Structural analysis of albumin demon-
strated that this protein has a high a-helical content and
an unusually large number of disulfide bonds, with the lat-
ter being a feature that is thought to contribute to the sta-
bility of plasma proteins in the circulation.10-12 The fact
that a major component of serum can act asan dlergeniis
unusual for at least 2 reasons. Firdt, it is surprising that a
serum protein has the potential to sensitize atopic individ-
uals and to act primarily as a respiratory allergen. Second,
it is remarkable that albumins from animals (dog, cat,
horse, pig, and cattle) that are very similar in sequence,
structure, and function to human serum albumin can be
recognized by the immune system as alergens instead of
tolerance being induced.

Nevertheless, albumin was recognized as a potent
antigen more than 60 years ago,3 and cross-reactivity of
IgE antibodies from patients allergic to albumins with
albumins from cat, horse, pig, and dog has been report-
€d.14-16 We previoudly identified dog albumin, Can d 3,
as a cross-reactive alergen for up to 35% of patients
allergic to dogs.1” The importance of dog albumin as
allergen was supported by several findings. It was
demonstrated that dog albumin contained many of the
IgE epitopes present on albumins from other animals and
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thus represents a cross-reactive alergen. Moreover, dog
albumin bound up to 90% of dog-specific IgE antibodies
and induced specific and dose-dependent histamine
release from basophils of sensitized patients.1?

By using dog liver RNA as a source, dog abumin—
encoding complementary (C)DNA sequences were ob-
tained by reverse transcription and subsequent PCR ampli-
fication. cDNA sequences coding for dog albumin were
inserted into phage Agtll. IgE-reactive phage clones were
selected with serum IgE from patients allergic to dogs. The
primary sequence of acomplete, IgE-reactive dog albumin
cDNA clone was analyzed and aligned with sequences
from cat and human serum a bumin. To achieve expression
of the recombinant alergen, the dog albumin cDNA
seguence was inserted into plasmid pET-17b and trans-
formed into Escherichia coli. Recombinant dog albumin
was purified and tested for its ability to bind IgE antibodies
from patients alergic to dogs and a monoclona antihuman
serum a bumin antibody. Sequence features of dog albumin
arerelated to immunologic cross-reactivities, and the appli-
cation of recombinant dog albumin for basic alergy
research, diagnosis, and treatment are discussed.

METHODS
Bacterial strains, plasmids, antibodies, and
sera

Competent cells from E coli BL21(DE3) and plasmid pET-17b
were purchased from Novagen (Novagen, Madison, Wis). A mouse
monoclonal antihuman serum abumin antibody (1gG;; mouse
ascites fluid clone HSA-11) was purchased from Sigma (Sigma, St
Louis, Mo). The mouse monoclonal anti-Bet v 1 antibody (19G;) Bip
118 was used for control purposes. Sera were obtained from patients
allergic to dogs that contained IgE antibodies directed against natur-
al dog abumin. Serum from a nonatopic individual was used for
control purposes. All patients were characterized by case history,
skin prick testing, and determination of specific IgE antibodies by
CAP-RAST measurements (Pharmacia, Uppsala, Sweden).

Isolation of a cDNA sequence coding for dog
albumin

RNA was isolated from dog liver as described.1® Two-micro-
gram aliquots of dog liver RNA were reverse transcribed by using a
cDNA synthesis kit (Amersham, Buckinghamshire, UK) with 0.5
ug of an oligo-dT primer containing an EcoRI restriction sitein its
5" end. PCR was carried out with a PCR-Core kit (Perkin Elmer
Applied Biosystems, Foster City, Calif) by using reverse-tran-
scribed cDNA as a template and the following 5 -albumin encoding
oligonuclectide primer (MWG, Ebersherg, Germany): 5-G AGA
GAG AGA GAATTC GAT ACATACAAGAGT GAAATT GCT
CA-3" containing an internal EcoRI restriction site (underlined).

Amplified dog albumin-encoding cDNA was digested with
EcoRl, ligated into Agt11 EcoRI-cut arms (Pharmacia Biotech), and
packaged in vitro by using an in vitro packaging kit (Pharmacia
Biotech). Recombinant IgE-binding phage clones were detected
with serum IgE as described.1”

Amplification of phage DNA, subcloning into
plasmid pET-17b, and DNA sequencing

Dog abumin—encoding cDNA was amplified from IgE-reactive
phage clones by using a PCR-Core kit (Perkin EImer Applied
Biosystems) and the following synthetic oligonucleotide primers
(MWG-Biotech, Ebersberg, Germany): 5-G GAA TTC CAT ATG
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GAT ACA TACAAGAGT GAGATT GCT-3" (5" end of dog albu-
min) and 5-CCG GAATTC TCATCA GACTAA GGCAGCTTG
AGC AGC-3" (3" end of dog albumin). The primers contained an
EcoRI site (underlined) and an Ndel site (italics), respectively, to
alow in-frame insertion of the dog albumin—encoding cDNA into
plasmid pET-17b. PCR products were digested with Ndel and
EcoRl, gel purified, and subcloned into the Ndel/EcoRI restriction
sites of pET-17b.20

The DNA sequence of these constructs was determined by
sequencing?! with aT7 polymerase sequencing kit (Pharmacia, Upp-
sala, Sweden), 35S-deoxycytidine 5 -triphosphate (NEN, Stevenage,
UK) and sequence-specific oligonucleotide primers (MWG-Biotech).

E coli expression and purification of
recombinant dog albumin

To achieve expression of recombinant dog albumin plasmid
PET-17b containing the dog albumin, cDNA was transformed into
E coli BL21(DE3). Transformed E coli cells were grown in LB
medium containing 100 mg/L ampicillin at 37°C to an OD (600 nm)
of 0.4. Protein expression was induced by addition of isopropyl-3-
D-thiogalactosidase to a final concentration of 0.5 mmol/L, and
cells were grown for 4 hours. E coli cells were harvested by cen-
trifugation at 4500 rpm (Hettich Rotanta TRC) at 4°C for 10 min-
utes. Total E coli extracts for SDS-PAGE were obtained by resus-
pending cells in sample buffer22 and boiling for 5 minutes.

Recombinant dog abumin accumulated in the insoluble inclu-
sion body fraction of the bacteria and was purified by inclusion
body preparation, solubilization, and diethylaminoethyl cellulose
chromatography, as described.23 In brief, cells were lysed in 25
mmol/L imidazole (pH 7.4) and 0.1% vol/vol Triton X-100 con-
taining lysozyme (50 pg/g cells). The homogenate was treated with
deoxyribonuclease | (100 pg/g cells) for 2 hours at room tempera-
ture. After centrifugation (14,0009 for 30 minutes at 4°C) the pellet
was resuspended in buffer P (20 mmol/L TRIS [pH 8.0], 200
mmol/L NaCl, 1% desoxycholate, and 1 mmol/L (-mercap-
toethanol). The homogenate was centrifuged again, and the inclu-
sion body pellet was washed 4 times with 4-fold diluted buffer P
and finaly with 10 mmol/L TRIS (pH 8.0) and 3% vol/vol iso-
propanoal. Inclusion bodies were then solubilized with 8 mol/L urea,
10 mmol/L TRIS (pH 8.0), 1 mmol/L EDTA, and 5 mmol/L B-mer-
captoethanol and dialyzed against 5 mmol/L TRIS (pH 7.4). The
dialysate was centrifuged (14,0009 for 30 minutes at 4°C), and the
supernatant was fractionated by diethylaminoethyl cellulose chro-
matography. Fractions containing pure recombinant dog albumin
were pooled and stored at —20°C until use.

SDS-PAGE and immunoblot analysis of
expressed recombinant dog albumin

The protein contents of extracts were compared by using SDS-
PAGEZ2 and Coomassie brilliant blue (Coomassie Brilliant Blue R-
250; Bio Rad Laboratories, Richmond, Calif) staining.24 Molecular
weights were determined by using prestained protein standards
(Amersham). Aliquots containing approximately 80 pg/cm total E coli
BL21(DE3) protein extract, 0.5 pg/cm purified recombinant dog
abumin, or 5 pg/cm natural dog, cat, or human albumin (Sigma) were
loaded onto 12% SDS-PAGE and blotted onto nitrocellulose mem-
branes (Nitrocell, Pharmacia Biotech), as previously described.25
Immunoblot and immunoblot inhibition experiments with mouse
mADbs and patient sera were performed as previoudy described.17.18

ELISA and quantitative inhibition

experiments

Ninety-six-well ELISA plates (Nunc Maxisorb, Roskilde, Den-
mark) were coated with natural dog albumin dissolved in PBS (4
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Nde I
cat ATG GAT ACA TAC AAG AGT GAG ATT GCT CAT CGG TAC AAT GAT TTG GGA GAA GAA CAT TTC AGA GGC CTG GTG CTG GTT 75
asp thr tyr lys ser glu ile ala his arg tyr asn asp leu gly glu glu his phe arg gly leu val leu val 25
GCC TTT TCT CAG TAT CTC CAG CAG TGT CCA TTT GAG GAT CAT GTG AAR CTA GCC AAG GAA GTG ACT GAG TTT GCA AAA GCC TGT GCT GCT GAR GAG TCA GGG GCC 180
ala phe ser gin tyr leu gln gln cys pro phe glu asp his val lys leu ala lys glu val thr glu phe ala lys ala cys ala ala glu glu ser gly ala 60
AAC TGT GAC AARA TCC CTT CAC ACC CTG TTC GGG GAC AAG CTG TGC ACG GTG GCC TCC CTC CGG GAC AAG TAC GGG GAC ATG GCC GAC TGC TGC GAG AAG CAG GAG 285
asn cys asp lys ser leu his thr leu phe gly asp lys leu cys thr val ala ser leu arg asp lys tyr gly asp met ala asp cys cys glu lys gln glu 95
CCC GAC AGG AAC GAG TGC TTC CTG GCG CAC AAG GAC GAC AAC CCG GGC TTC CCC CCG CTG GTG GCC CCC GAG CCC GAC CGG CTG TGC GCC GCC TTC CAG GAC AAC 390
pro asp arg asn glu cys phe leu ala his lys asp asp asn pro gly phe pro pro leu val ala pro glu pro asp arg leu cys ala ala phe gln asp asn 130
GAG CAG CTG TTC CTG GGG AAG TAC CTG TAC GAA ATT GCC AGA AGA CAT CCG TAC TTC TAC GCC CCA GAA CTC CTG TAC TAT GCT CAA CAG TAT AAA GGA GTC TTT 435
glu gln leu phe leu gly lys tyr leu tyr glu ile ala arg arg his pro tyr phe tyr ala pro glu leu leu tyr tyr ala gln gin tyr lys gly val phe 165
GCG GAG TGC TGC CAG GCC GCA GAC ARG GCC GCC TGC CTG GGC CCC AAG ACT GAG GCT TTG AGG GAA AAA GTA CTG CTT TCA TCT GCC AAG GAG AGA TTC ARG TGT 600
ala glu cys cys gln ala ala asp lys ala ala cys leu gly pro lys thr glu ala leu arg glu lys val leu leu ser ser ala lys glu arg phe lys cys 200
GCC AGC CTC CAA ARA TTC GGA GAT AGA GCC TTT AAA GCC TGG TCA GTA GCT CGC CTG AGC CAG CGA TTT CCC AAA GCT GAC TTT GCA GAG ATC TCC AAG GTG GTG 7085
ala ser leu gln lys phe gly asp arg ala phe lys ala trp ser val ala arg leu ser gln arg phe pro lys ala asp phe ala glu ile ser lys val val 235
ACA GAT CTT ACC AAA GTC CAC AAG GAA TGC TGC CAT GGT GAC CTG CTG GAG TGT GCA GAT GAC AGG GCG GAT CTT GCC AAG TAT ATG TGT GAA AAT CARA GAT TCA 810
thr asp leu thr lys val his lys glu cys cys his gly asp leu leu glu cys ala asp asp arg ala asp leu ala lys tyr met cys glu asn gln asp ser 270
ATC TCC ACT AAA CTG AAG GAA TGC TGT GAT ARG CCT GTG TTG GAR AAA TCC CAG TGT CTT GCT GAG GTG GAA AGA GAT GAG TTA CCT GGT GAC CTG CCC TCA TTA 915
ile ser thr lys leu lys glu cys cys asp lys pro val leu glu lys ser gln cys leu ala glu val glu arg asp glu leu pro gly asp leu pro ser leu 305
GCT GCT GAT TTT. GTT GAR GAT AAG GAG GTT TGC AAA AAC TAT CAG GAG GCA AAG GAT GCG TTC CTG GGC ACG TTT TTG TAT GAAR TAC TCA AGA AGG CAT CCA GAG 1020
ala ala asp phe val glu asp lys glu val cys lys asn tyr gln glu ala lys asp ala phe leu gly thr phe leu tyr glu tyr ser arg arg his pro glu 340
TAC TCT GTC TCA TTG CTT TTG AGA CTC GCC AAG GAA TAT GAA GCT ACA CTA GAG AAA TGC TGT GCC ACC GAT GAT CCT CCT ACA TGC TAT GCC AARA GTG CTT GAT 1125
tyr ser val ser leu leu leu arg leu ala lys glu tyr glu ala thr leu glu lys cys cys ala thr asp asp pro pro thr cys tyr ala lys val leu asp 375
GAA TTT AAA CCT CTT GTG GAT GAG CCT CAG AAT TTA GTC AAA ACA AAC TGT GAA CTT TTT GAA AAA CTT GGA GAG TAT GGC TTC CAA AAT GCG CTC TTA GIT CGT 1230
glu phe lys pro leu val asp glu pre gin asn leu val lys thr asn cys glu leu phe glu lys leu gly glu tyr gly phe gln asn ala leu leu val arg 410
TAC ACC ARG AAA GCA CCC CAA GTG TCA ACT CCA ACT CTC GTG GAG GTC TCA AGA AAA CTA GGA AAA GTG GGC ACC ARA TGT TGT AAG ARA CCT GAA TCA GAG AGA 1335
tyr thr lys lys ala pro gln val ser thr pro thr leu val glu val ser arg lys leu gly lys val gly thr lys cys cys lys lys pro glu ser glu arg 445
ATG TCC TGT GCT GAT GAC TTT CTG TCC GTG GTC CTG AAC CGG TTG TGT GTG TTG CAC GAG ARG ACC CCA GTG AGC GAG AGA GTT ACC AAR TGC TGC TCA GAG TCC 1440
met ser cys ala asp asp phe leu ser val val leu asn arg leu cys val leu his glu lys thr pro val ser glu arg val thr lys cys cys ser glu ser 480
TTG GTG ARC AGA CGA CCA TGC TTT TCT GGT CTG GAA GTC GAT GAG ACC TAT GTT CCC AAA GAG TTT AAT GCT GAA ACA TTC ACT TTC CAT GCA GAT TTA TGC ACA 1545
leu val asn arg arg pro cys phe ser gly leu glu val asp glu thr tyr val pro lys glu phe asn ala glu thr phe thr phe his ala asp leu cys thr 515
CTT CCT GAG GCT GAG AAA CRA GTC AAG AAA CAR ACT GCA CTT GTT GAA CTG CTG AAA CAC AAG CCC AAG GCA ACA GAT GAA CAAR CTG AAA ACT GTT ATG GGA GAT 1650
leu pro glu ala glu lys gln val 1ys lys gln thr ala leu val glu leu leu lys his lys pro lys ala thr asp glu gln leu lys thr val met gly asp 550
TTT GGA GCC TTT GTA GAG AAG TGC TGC GCA GCT GAA AAT AAA GAG GGC TGC TTT TCT GAA GAG GGT CCA BAA CTC GTT GCT GCT GCT CAA GCT GCC TTA GTC TGA 1755
phe gly ala phe val glu 1ys cys cys ala ala glu asn lys glu gly cys phe ser glu glu gly pro lys leu val ala ala ala gln ala ala leu val * 584
Eco RI
tga gaa ttc

FIG 1. cDNA and deduced amino acid sequence of recombinant dog albumin. The complete cDNA sequence
and deduced amino acid sequence of dog albumin are displayed. The start codon ATG (bold) and the stop
codon TGA (bold) as well as the Ndel (italics) and EcoRI (italics) restriction sites are indicated. The 3 amino
acid signature motifs of the albumin superfamily are underlined. The cDNA and deduced amino acid
sequence of dog albumin were deposited in the EMBL nucleotide sequence data base under the accession

number Y17737.

pg/mL) and blocked with PBS containing 0.05% vol/vol Tween 20
and 0.5% wt/vol gelatine. Patient sera (diluted 1:10) or the a-human
serum albumin mAb (diluted 1:50,000) were preincubated with 10
g of cat albumin, human albumin, and human transferrin (control).
Preadsorbed sera/antibodies were exposed to ELISA plate-bound
dog albumin, and bound human IgE or mouse antibodies were
detected as described.”.18

RESULTS

Isolation of a complete dog albumin-
encoding cDNA: Sequence analysis and
comparison with other albumin sequences

Complete cDNA sequences coding for dog serum
albumin were obtained by reverse transcription and
subsequent PCR amplification from dog liver RNA.
DNA sequence analysis of one IgE-reactive dog albu-
min—expressing clone shows that the coding region con-
sists of an open-reading frame of 1752 bp, which codes
for a polypeptide of 584 amino acids (Fig 1). A molecu-
lar weight of 65.5 kd and an isoelectric point of 5.2 were
calculated on the basis of the deduced amino acid
sequence of dog albumin. Sequence analysis of the
deduced dog abumin amino acid sequence and compar-
ison with other sequences of the albumin superfamily26

shows that the dog albumin sequence closely resembles
common sequence features of albumins. Dog albumin
has a low content of tryptophan (ie, one residue) but is
rich in leucines and cysteines. The 35 cysteines that are
responsible for the formation of 17 disulfide bridges
are located in positions that are highly conserved among
albumins (Fig 2).% The alignment of the dog albumin
amino acid sequence with the sequences from cat!4 and
human serum albumins?? revealed a high degree of
sequence identity (86% and 79%, respectively). The 3
signature motifs of the serum albumin family26.28.29 gre
highly conserved in the dog albumin sequence (Fig 1,
underlined sequences). The prediction of the secondary
structure elements of dog albumin on the basis of its
deduced amino acid sequence indicates that the protein
consists mainly of a-helix elements, which is in good
agreement with results obtained from the spectroscopical
and x-ray analyses of albumins from other species.® Of
note, sites with predicted high antigenic index (N- as
well as C-terminus and several portions within the dog
albumin sequence) appeared to be less conserved among
dog, cat, and human albumin. Several amino acids in
the N- and C-terminal portions of dog albumin were dif-
ferent from those in the cat and human a bumin sequence
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dog 1 DTYKSEIAHRYNDLGEEHFRGLVLVAFSQYLOQCPFEDHVKLAKEVTEFAKACAAEESGA 60
cat EAHQ F VN G-V-DQ-A-
human DAHK~-V~~=FK~———- N-KA-—-I--A VN T-V-D--AE
dog 61 NCDKSLHTLFGDKLCTVASLRDKYGDMADCCEKQEPDRNECFLAHKDDNPGFPPLVAPEP 120
cat --E----E-L E-- K--E Q -==GQ--T—-A
human ~-T=--ET--E A G--~———Q NL-R--R~-V
dog 121 DRLCAAFQDNEQLFLGKYLYEIARRHPYFYAPELLYYAQQYKGVFAECCQAADKAACLGP 180
cat -AM-T--HE---R -- EE T~~—E~———— e -
human ~VM-T-—He =BT~ =K== = — = e mm—m FF-KR-—AA-T———————————— L-
dog 181 KTEALREKVLLSSAKERFKCASLQKFGDRAFKAWSVARLSQREFPKADFAEISKVVTDLTK 240
cat -VD-—————-, A-——mm S R E X: E L A-
human -LDE--DEGKA Q-L E A B Voe L e e
dog 241 VHKECCHGDLLECADDRADLAKYMCENQDSISTKLKECCDKPVLEKSQCLAEVERDELPG 300
cat [ e I G H-18 A
human ~-~T I-——=———=§=wmmw=rEe=L~=e-H-I~-——~N--M-3A
dog 301 DLPSLAADFVEDKEVCKNYQEAKDAFLGTFLYEYSRRHPEYSVSLLLRLAKEYEATLEKC 360
cat ~==P~~V Ve -

human =~ -—————————-- S$-D----- A-—==V———M-———— Am—=—D-==V——— PP —
dog 361 CATDDPPTCYAKVLDEFKPLVDEPQNLVKTNCELFEKLGEYGFQNALLVRYTKKAPQVST 420
cat = —m———— A=——He P = E--H-- v

human —-AA--HE--——- ) R E-—-—- I-Qm—m BQ——— K om e S
dog 421 PTLVEVSRKLGKVGTKCCKKPESERMSCADDFLSVVINRLCVLHEKTPVSERVTKCCSES 480
cat = —meeeeee S §~-~TH--A--L-—--E~Y T--
human = ——~emees S e §----H--AK~-P--E-Y Q D-———-- T--
dog 481 LVNRRPCFSGLEVDETYVPKEFNAETFTFHADLCTLPEAEKQVKKQTALVELLKHKPKAT 540
cat A-Q B I ettt I-——§-——m e
human - A - I-—=8-K~R-I-—=—mmem= Ve
dog 541 DEQLKTVMGDFGAFVEKCCAAENKEGCFSEEGPKLVAARQAALV. 584

cat E- S--D D~~A~-A A.

human K----A--D--A-~=====K~DD~—T—-A--~K~~-==8~—--GL

FIG 2. Similarity of the dog albumin amino acid sequence with the cat and human albumin sequences. The
deduced amino acid sequence of dog albumin is displayed in the top line. Identical amino acids in the cat and
human sequences are printed as dashes, points indicate lacking amino acids. The 3 amino acid signature

motifs of the albumin superfamily are underlined.

(Fig 2). In this context it has been reported that amino
acid exchanges caused by mutations appeared to have
little effect on the solubility of albumin and its function
as serum protein.®

Expression, purification, and antibody
reactivity of recombinant dog albumin

Expression of the dog abumin—encoding cDNA in
bacteriayielded low levels of recombinant protein (<5%)
in total bacterial extracts (Fig 3, lanes 2). The recombi-
nant protein was found primarily in the insoluble inclu-
sion body fraction (Fig 3, lanes 3) and could be solubi-
lized in urea. Recombinant dog albumin remained
soluble after dialysis to 50 mmol/L TRIS (pH 7.4; Fig 3,

lanes 4) and could be purified by diethylaminoethyl cel-
lulose chromatography (Fig 3, lanes 5). Serum IgE from
a patient alergic to dogs reacted with a 65-kd band in
total bacterial extracts containing recombinant dog albu-
min (Fig 3, IgE lane 2) but not with extracts from nonre-
combinant bacteria (Fig 3, IgE lane 1). IgE antibodies
reacted with recombinant dog albumin in the inclusion
body fraction (Fig 3, IgE lane 3), the dialysate (Fig 3,
IgE lane 4) and with the purified recombinant protein
(Fig 3, IgE lane 5). The low-molecul ar-weight IgE-reac-
tive bands in protein extracts from recombinant bacteria
most likely represent degradation products of recombi-
nant dog abumin. A monoclonal anti-human serum albu-
min antibody, but not an isotype-matched control anti-
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FIG 3. Purification and IgE-binding capacity of recombinant dog albumin. Coomassie-stained gel (Coomassie
blue) and IgE immunoblot (IgE) containing total protein extract from E coli transformed with empty plasmid
pPET-17b (lanes 1), total protein extract from E coli expressing recombinant dog albumin (lanes 2), inclusion
body fraction (lanes 3), soluble dialysate before application to diethylaminoethyl column (lanes 4), and puri-
fied recombinant dog albumin (lanes 5) are shown. Lane M contains a molecular weight marker. Molecular
weights are indicated at the left margin.
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FIG 4. Antibody-binding capacity of natural alboumins and recombinant dog albumin. Nitrocellulose-blotted
natural albumins from human subjects (lanes 1), cats (lanes 2), and dogs (lanes 3), as well as recombinant
dog albumin (lanes 4), were exposed to a mouse monoclonal antihuman albumin antibody (a-HSA), serum
IgE from a patient allergic to dogs (IgE), and, for control purposes, to an isotype-matched mAb (Bip 1), as well
as to serum from a nonatopic individual (NHS). Molecular weights are indicated at the left margin.

body, reacted with human, cat, natural, and recombinant Immunoblot and ELISA inhibition

dog albumin (Fig 4, a-HSA and Bip 1). Human serum  experiments indicate common epitopes

IgE cross-reacted with cat and natural and recombinant  on dog, cat, and human albumin

dog albumin, but not with human albumin, presumably

because of the high concentrations of human albumin Preincubation of sera from 5 patients allergic to ani-
present in human serum (Fig 4, IgE). Serum from a  mals containing IgE antialbumin antibodies with cat
nonatopic person did not react with any of the purified albumin (Fig 5, lanes 3), but not with transferrin (Fig 5,
proteins (Fig 4, NHS). lanes 1), led to a varying inhibition of IgE binding to
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FIG 5. Immunoblot inhibition experiments: dog, cat, and human albumin share epitopes. Nitrocellulose-blot-
ted dog albumin was exposed to sera from patients allergic to animals (A-E) containing dog albumin-specif-
ic IgE antibodies and to a monoclonal anti-human albumin antibody (a-HSA). Sera and the mAb were prein-
cubated with human serum transferrin (lanes 1), dog albumin (lanes 2), cat albumin (lanes 3), and human
albumin (lane 4). Molecular weights are indicated at the left margin.

nitrocellul ose-blotted dog albumin (Fig 5, A-E). Preincu-
bation of sera with dog albumin (Fig 5, A-E lanes 2)
completely inhibited IgE binding to blotted dog abumin.
Preincubation of a monoclonal anti-human albumin anti-
body with cat, dog, or human albumin, but not with
transferrin, abolished its reactivity to blotted dog albu-
min (Fig 5, a-HSA). Preincubation of serafrom 10 albu-
min-reactive patients with cat albumin led to a substan-
tial inhibition of IgE binding to dog abumin, ranging
from 16% to 72% (mean percentage of inhibition, 52%)
in 9 of 10 individuals. Preincubation of the mouse mon-
oclonal anti-human albumin antibody with cat and
human albumin strongly reduced mouse 1gG binding to
dog abumin (cat albumin, 80%; human albumin, 87%).

DISCUSSION

We have isolated a cDNA coding for complete dog
albumin, an important cross-reactive animal allergen.
Dog albumin reacts with serum IgE from approximately
30% of patients alergic to animals and therefore repre-
sents an intermediate allergen.” On the basis of the fact
that recombinant dog albumin represents the third cloned
dog allergen, we propose to designate it Can d 3.

The dog albumin amino acid sequence was deduced
from the cDNA sequence and showed a sequence identi-
ty of 86% to cat abumin and 79% to human albumin. The
high degree of sequence homologies among albumins
thus explains the extensive cross-reactivity of patient IgE
antibodies with albumins from many species.”-30

A protocol for the purification of recombinant dog
albumin was established, which is based on the prepara-
tion of inclusion bodies, solubilization, and diethyl-
aminoethyl chromatography. Purified recombinant dog
albumin exhibited a comparable capacity to bind serum
IgE antibodies as natural dog albumin and shared epi-
topes with cat and human albumin. We suggest the use of
recombinant dog albumin for various purposes. First,

recombinant dog albumin may be used for basic
immunologic research to investigate the interaction of T
cells, antibodies, and effector as well as inducer cells
with this allergen. On the basis of the complete amino
acid sequence of dog albumin, overlapping peptides can
be synthesized to determine T-cell epitopes. In parallel it
will be possible to determine the major IgE epitopes of
dog abumin by gene fragmentation and expression tech-
niques. Second, purified recombinant dog albumin can
be used for in vitro, as well as in vivo, diagnosis of a
group of individuals alergic to animalswho are at risk to
exhibit allergic reactions to albumins from various ani-
mals. Although the in vitro diagnosis might be also
achieved by using dog albumin from natural sources, we
believe that in vivo testing of patients should be done
preferentially with a defined recombinant protein prepa-
ration that is unlikely to contain infectious contamina-
tions. Third, recombinant dog albumin or hypoallergenic
versions of this molecule may be used for specific
immunotherapy. Strategies for the generation of hypoal-
lergenic dog albumin derivatives may originate from
detailed epitope-mapping studies3! supplemented by
structural considerations based on the recently obtained
3-dimensional structure of human serum albumin.12 The
high degree of sequence and possibly structural similari-
ty of dog and human albumin is of note for severa rea-
sons. It has been demonstrated that patients with severe
atopy display IgE reactivity not only to exogenous but
also to endogenous proteins (autoallergens).32-34 Al-
though we have so far not found IgE antibodies that
cross-reacted between dog and human albumin, it is pos-
sible that cross-reactive T-cell clones can be found that
may be involved in the maintenance of chronic inflam-
matory processes in patients allergic to abumin. In light
of our finding that a mouse monoclonal antihuman albu-
min antibody cross-reacted with dog albumin, it will be
aso interesting to find out whether the lack of detectable
IgE cross-reactivity is due to absorption of autoreactive
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IgE antialbumin antibodies by the huge excess of human
albumin in serum. It is equally possible that dog albu-
min—specific IgE antibodies react primarily with contin-
uous epitopes that are different between dog and human
abumin and therefore fail to cross-react with human
serum abumin. There is indeed evidence that IgE anti-
bodies of patients alergic to albumin bind to continuous
epitopes3>:36 and react preferentially with denatured
albumin,15,37-39

In conclusion, we believe that the availability of the
dog abumin sequence and recombinant dog a bumin will
contribute to the analysis of interactions of the humoral
and cellular immune responses with this allergen.
Recombinant dog albumin and genetically engineered
hypoallergenic variants thereof may be useful tools for
alergy diagnosis and immunotherapy, respectively.
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