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c¢DNA clones encoding a major house dust mite aller-
gen, Der f 1, were isolated from a Dermatophagoides
Sfarinae cDNA library by plaque immunoscreening using
rabbit anti-Der f 1 serum. The sequences cover the com-
plete open reading frame encoding the prepro-form.
The sequence is different from previously reported
c¢DNA of Derf1 in six bases and the encoded amino
acid sequence is different in two residues. Pro-forms of
Der f 1 and its mutant, in which the N-glycosylation
motif was disrupted, expressed in Pichia pastoris were
converted to the mature forms by an in vitro activation
process and they showed significant IgE-binding. The
biologically active rDer f 1 molecules would be useful
for diagnostic testing and allergen-specific immunother-
apy. In contrast, Derf1 directly expressed in Es-
cherichia coli without the prosequence had very low IgE
binding. The hypoallergenic Der f 1 polypeptide could
be useful for safer and more effective immunotherapy.

Key words: house dust mite; Der f 1; cDNA; isoform;
recombinant allergen

House dust mites of Dermatophagoides species
(D. farinae and D. pteronyssinus) are the most im-
portant causative factor associated with various aller-
gic diseases among all the indoor allergens."? The
major house dust mite allergens are classified into
group 1 (Der f 1 and Der p 1) or group 2 (Der f 2 and
Der p 2).% IgE-binding activity for both group 1 and
2 allergens is detected in the majority of sera from
patients allergic to house dust mites. Group 1 aller-
gens, Derfl and Derp 1, which belong to the
papain-like cysteine protease family, are mainly

found in mite feces,>* and are the most important al-
lergens clinically and in standardization of mite ex-
tract. The ¢cDNA fragments for mite group 1 aller-
gens encode the prepro-sequence at the N-terminal of
the mature sequence.”® Although cDNA fragments
for five isoforms of Der p 1 have been cloned,” only
one ¢cDNA® and one partial amino acid sequence of
an isoform encoded by a genomic DNA® have been
reported for Der f 1. Here, we describe cloning of a
c¢cDNA encoding the complete prepro-form of an
isoform of Der f 1. Furthermore, we demonstrate
that both IgE-reactive rDer f 1 and its hypoallergenic
form are able to be prepared.

Materials and Methods

Cloning of cDNA coding for Der f 1. The D. fari-
nae lambda gt1l cDNA library was constructed as
described in our previous reports.!®!" Rabbit anti-
Der f 1 serum, which was kindly provided by Torii
Pharmaceutical Co. Ltd., was used for plaque im-
munoscreening by the use of the Super Screen Im-
munoscreening System (Amersham International).

Preparation of rDer f 1 expressed in P. pastoris.
The methods were described previously.'? The vector
for expression in the methylotrophic yeast P. pastoris
encoding the pro-Der f 1 fused to a P. pastoris PHOI1
signal sequence was constructed by insertion of the
polymerase chain reaction (PCR)-amplified ¢cDNA
fragment of into pHIL-S1 (Invitrogen, San Diego,
CA). The vector encoding for a mutant pro-Der f 1,
the consensus sequence of which for the N-glycosyla-
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tion site is disrupted (N53Q), fused to a PHOI1 signal
sequence, was constructed by site-directed mutagene-
sis. The vectors linearized by digestion with Bg/I1
were introduced into P. pastoris GS115 cells by elec-
troporation. Expression was induced by addition of
methanol. The supernatant was harvested by cen-
trifugation and dialyzed against 100 mm acetate
buffer (pH 4.0) at 4°C for 48 h. After this activation
process, the recombinant wild-type Der f 1 was dia-
lyzed against phosphate-buffered saline (PBS), while
the mutant N53Q was dialyzed against 20 mM Tris-Cl
(pH 8.0), purified by anion exchange column
chromatography using diethylaminoethyl (DEAE)
Sepharose or quaternary ammonium (Q) Sepharose
(Pharmacia, Uppsala, Sweden), and then dialyzed
against PBS.

Preparation of rDer f 1 expressed in E. coli. The
mature form of Der f 1 with an additional methio-
nine at the N-terminus was overexpressed as inclu-
sion bodies in E. coli BL21 (DE3). Inclusion bodies
were recovered, solubilized, and dialyzed as
described!? with a modification of the addition of
1% DTT to the buffer for solubilization.

Radioallergosorbent test-enzyme immunoassay
(RAST-EIA). The method was as described previous-
ly.'? Briefly, serum of each allergic patient was incu-
bated with paper discs coupled with each of the puri-
fied natural and recombinant Der f 1. Then, the IgE
that bound to the disc was detected with f-galac-
tosidase-conjugated anti-human IgE antibodies by
measuring the absorbance at 420 nm.

Results

Cloning of cDNA encoding for Der f 1

The ¢DNA fragments encoding for Der f 1 were
cloned by plaque immunoscreening. Eight possible
candidates were found among approximately 30,000
clones. Four long cDNA clones out of the eight were
sequenced (1,081 bp, 1,056 bp, 987 bp, and 981 bp).
The sequences of the two longest cDNA clones co-
vered the complete open reading frame (ORF) encod-
ing the prepro-form of Der f 1 (Fig. 1). The other
two clones encoded a partial signal peptide, the com-
plete prosequence, and the complete mature se-
quence. The overlapping sequences of the four posi-
tive clones were identical. The nucleotide sequence of
the ORF was identical with that previously reported
by Dilworth et al.? except for six bases (codons for
amino acid residues, 41, 103, 145, 151, 184, and 198)
(Figs. 1 and 2A). The cDNA encoded the amino acid
sequence containing a putative signal sequence from
—98 to — 81, a putative prosequence from — 80 to
—1, and a mature sequence from 1 to 223 that was
identical with that reported by Dilworth ef al. except
for two residues (103 and 184 in the mature sequence)

(Fig. 2A). A sequence comparison among the
prepro-forms of three house dust mite group 1 aller-
gens, Der f 1 from D. farinae in this study (Der f 1 A
in Fig. 2B), that reported by Dilworth ef al. (Der f 1
B in Fig. 2B),? Der p 1 from D. pteronyssinus,” and
Eur m 1 from Euroglyphus maynei,® was also made
(Fig. 2B). The nucleotide and deduced amino acid se-
quences for cDNA for prepro-form of Der f 1 cloned
in this study have been submitted to the DDBI,
EMBL, and GenBank nucleotide sequence databases
with the accession number AB034946.

IgE-binding of rDer f1

Pro-forms of rDer f 1, the wild-type and N53Q,
were secreted into the medium of P. pastoris. The
wild-type Der f 1 has an N-glycosylation motif con-
served among mite group 1 allergens (Fig. 2B). In
N53Q, the N-glycosylation motif is disrupted by site-
directed mutagenesis. The prosequence was removed
by the in vitro activation (Fig. 3). By N-terminal pep-
tide sequencing, the N-terminal additional methio-
nine of rDer f1 directly expressed as the mature
polypeptide in E. coli was confirmed to be removed.
IgE-binding capacities of the three rDer f 1 molecules
and natural Der f 1 were compared by RAST-EIA
(Fig. 4). The mature wild-type Der f 1 and N53Q,
which were expressed as the pro-forms in P. pastoris
and then converted to the mature forms, had IgE-
binding equivalent to natural Der f 1. On the other
hand, the IgE-binding capacity of the polypeptide of
the mature wild-type Der f 1 directly expressed in E.
coli had low IgE-binding.

Discussion

Allelic polymorphism is a common feature of
house dust mite allergens.”®!%!1!9 The cloned cDNA
in this study encoded a complete prepro-form,
(—98)—223, of an isoform of Der f 1 differing in two
amino acid residues from the sequence reported by
Dilworth et al. (Figs. 1 and 2).9 The two changes
were within the amino acid sequence of the mature
form. Interestingly, the two amino acid residues were
identical with those encoded by a partial genomic se-
quence reported by Kent ef al. although the predicted
amino acid sequence is a partial sequence,
(-1)-211.2 .

It was demonstrated that IgE-reactive rDer f 1 was
able to be prepared from its precursor encoded by the
c¢DNA cloned in this study (Figs. 3 and 4). N-glycosy-
lation did not affect IgE-binding of rDer f 1, which
was expressed as the pro-form in P. pastoris and then
converted to the mature form. Therefore, the failure
of rDer f 1 directly expressed in E. coli to bind IgE
might result from the absence of the prosequence in
the refolding process or because the conditions for
refolding were not optimized. Recently, we reported
maturation of IgE-binding and protease activity of
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Nucleotide and deduced amino acid sequences of the cDNA for the isoform of Der f 1 cloned in this study. Positive amino acid
residue numbers correspond to the sequence of the natural mature Der f | beginning with threonine. Negative sequence numbers refer to
the signal sequence and the prosequence of Der f 1. The underlined sequence is the predicted cleavage site for the signal sequence ( — 81
and -80). The nucleotide and amino acid residues that are indicated above and below the sequences respectively are the residues of an
isoform reported by Dilworth et al.® different from those in this study. The boxed sequence is a consensus motif for N-glycosylation.
Three asterisks indicate a stop codon.

rDer f 1, which was expressed as the pro-form in E.
coli and then converted to the mature form!® as well
as that expressed in P. pastoris.'? The prosequence

might be essential for refolding of Der f1 in these
systems. Collins ef al. reported that none of the pin-
coupled Derp 1 or Der f 1 decapeptides was found



566 T. YASUHARA et al.

A

41 103 145/151 184 198

pre _pro T W ¥y
DA\

-98 -81/-80 -1/ A ‘ 223
103 184

V : Codon different from an isoform reported by Dilworth et al.

A : Amino acid residue different from an isoform reported by Dilworth et al.

-98 -90 -80 -70 -60 -50 -40
Der £ 1 A MKFVLAIASLLVLSTVYARPASIKTFEEFKKAFNKNYATVEEEEVARKNFLESLKYVEAN
Der £ 1 B ... .iinieninnnnn et et e e e antanr et ettt
Der p 1 h R A A .. Seininn. Yooono. S...F.D..A........ V...QS
Eur m 1 B - D - I S.
* * hkhkhkhkhkhdk *k hhhkhkhk *hrhhkkk krkhkkkkx *xkk Kk *k khkhkhkkkkk %%k *
-30 -20 -10 1 10 20
Der £ 1 A KGAINHLSDLSLDEFKNRYLMSAEAFEQLKTQFDLNAETSACRINSVNVPSELDLRSLRT
0L <
Der p 1 & Fo....... H........... N..S..G-.A.A.I...QM.
Eur m 1 ... e, QF. . N.N.......couue.o. Y..S SL...........
EE RS SRR S S LRSS *k * RiKx dkhkkkhrhkhkxkkk ki k& * k dedkdk % %k
30 40 50 60 70 80
Der £ 1 A  VIPIRMQGGCGSCWAFSGVAATESAYLAYRNTSLDLSEQELVDCASQHGCHGDTIPRGIE
Der £ 1 B ittt ittt i A AN
Der p 1 e i e @ e et e it e e
Bur m 1 e S 10 Nevervrvnonns
hkdkhkhhkhhhkhhhdhhhkhkhh Idhhkdhkhkdkhkhkhk hhhkk Fhhkhdhkdtkkhtx Khkkdhkkhkhihhkd
90 100 110 120 130 140
Der £ 1 A YIQONGVVEERSYPYVAREQQCRRPNSQHYGISNYCQIYPPDVKQIREALTQTHTAIAVI
Der £ 1 B ..., Rt ittt eiee s tansoeanassesnsoeenannnnens
Der p 1 .H Q.SY.R...... S ARF...... ... N.NK..... A S.o.n.
Bur m 1 ........ Q.HY........ S.H A.R..LK..... S SNK..Q........ v
hkk Fhkkk K * kkkkikkt *k hhkk X * kkkkdk k% *dk dk dkk k Ak
150 160 170 180 190 200
Der £ 1 A IGIKDLRAFQHYDGRTIIQHDNGYQPNYHAVNIVGYGSTQGVDYWIVRNSWDTTWGDSGY
Der £ 1B et ittt et i i et e e e 5
Der p 1 ..DLLRe.ool 2 SNA. ..ttt N N..
Eurm 1  ...... N..R....... D S Neteerereroioonannans N.
kdkkhkhkhk hk *hkhkhkkkk * KXhhkkkrtkhkkkhkrhkhkihx xk *hkkkxkkkkkkx Kkkk k%
210 220
Der £ 1 A GYFQAGNNLMMIEQYPYVVIM
Der £ 1 B ... iiiiiiirinninnnnnns
Der p 1 A.NID..... Ecvon.. L
Eur m 1 ANI............ ML
kK K dhkkhkk  kokkkk
Identical to Der £ 1 A. ~-: Gap. *: Conserved among the four sequences.

Underlined: Predicted cleavage site for the signal sequence.
[]: N-glycosylation motif

Fig. 2. Amino Acid Sequence Analysis of the Isoform of Der f 1.

(A) Schematic representation of differences in nucleotide and deduced amino acid residues between the cDNA sequences of the ORF
of the isoform of Der f 1 cloned in this study and that reported by Dilworth et /.9 (B) Sequence comparison among the prepro-forms of
three mite group 1 allergens, Der f 1 from D. farinae in this study (Der f 1A), and that reported by Dilworth et al. (Der f 1B),” Der p 1
from D. pteronyssinus,” and Eurm 1 from E. maynei.’
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Fig. 4. IgE-Binding of Recombinant Der f 1 Expressed in P.

pastoris or E. coli.

(A) IgE-binding of natural Der f 1 (Natural), the wild-type
Der f 1 with a glycochain, which were expressed as the pro-
forms in P. pastoris and then converted to the mature forms
(WT (P. pastoris)), and that directly expressed in E. coli (WT
(E. coli)). (B) IgE-binding of natural Der f1 (Natural), the
NS53Q without a glycochain, which were expressed as the pro-
forms in P. pastoris and then converted to the mature forms
(NS3Q (P. pastoris)), and the wild-type Der f 1 directly ex-
pressed in E. coli (WT (E. coli)).

% : N-glycosylation motif
O : Disrupted N-glycosylation motif
’ : Glycochain

Schematic Representation of Three Recombinant Types of Der f 1.

by the continuous epitope mapping procedure to
bind significantly to specific IgE in sera of hypersensi-
tive patients.'” We considered that the inactive Der f
1 polypeptide directly expressed in E. coli in this
study was unfolded and that majority of IgE epitopes
of Der f 1 were dependent on the conformation of
the allergen molecule rather than the primary se-
quence. Concerning another group 1 allergen, Der p
1, from D. pteronyssinus, although Chua et al.
reported that recombinant Der p 1 (rDer p 1), which
was expressed in S. cerevisiae and affinity-purified by
a monoclonal antibody, showed higher frequency
binding of IgE than did that expressed in E. coli, the
rDer p 1 had additional 28 residues at the N-terminus
of the mature sequence.'”®

Biologically active recombinant allergens such as
the activated rDer f 1 molecules would be useful for
diagnostic testing and allergen-specific immunother-
apy.” However, a major problem with allergen-
specific immunotherapy is the risk of an anaphylactic
reaction. Therefore, modified allergens with reduced
IgE-binding capacities have been developed.??"
Ideally, the modified allergens do not crosslink the
complex of allergen specific IgE and high affinity IgE
receptor (FceRI) on the surface of mast cells and
basophiis, nor induce the release of mediators from
the cells. The Der f 1 polypeptide directly expressed
in E. coli in this study has reduced IgE-binding
capacity, would not cause anaphylaxis even at high
doses, and therefore could be useful for safer and
more effective immunotherapy.

The cDNA cloned in this study has been used for
development of systems for expression of biological-
ly active recombinant Derf1 in insect cells,'®?®
Aspergillus oryzae,™ P. pastoris,'”® and E. coli,'®
The biologically active rDer f 1 molecules would be
useful for diagnostic testing and allergen-specific im-
munotherapy. On the other hand, the hypoallergenic
Der f 1 polypeptide directly expressed in E. coli in
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this study could be useful for safer and more effective
immunotherapy.
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