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Der fI is a major mite allergen. To produce Der fI by
Aspergillus oryzae, we placed a DNA fragment encoding
precursor-type recombinant Der fI E(-1)K (reDer fI E(-1)
K), which had the C-terminal amino acid of the pro-se-
quence (Glu) changed to Lys, downstream of the glaA gene
promoter and introduced it into Aspergillus oryzae. In lig-
uid culture, most of the reDer fI E(-1)K produced by the
transformants was degraded when culture was shaken
vigorously. However, the degradation of reDer fI E(-1)K
was suppressed when it was shaken gently. The processed
reDer fI E(-1)K could be obtained after lysylendopeptidase
and endoglycosidase Hf (Endo Hf) treatment. The yield of
processed reDer fI E(-1)K was 8 mg/1. When the transfor-
mant was grown on a wheat bran culture, the yield of proc-
essed reDer fI E(-1)K reached 48 mg/kg. Because proc-
essed reDer fI E(-1)Ks obtained from both cultures had
almost the same IgE-binding activity and elicited the same
skin reaction as native Der fI, they could be very useful for
diagnostic purposes or immunotherapy.
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In recent years, the number of patients with allergies
such as hay fever, atopic dermatitis, and atopic asthma
has been increasing. It is known that the proteinaceous
allergens of mites in house dust play a key role in aller-
gic disease. Der fI, a glycoprotein® of the house dust
mite Dermatophagoides farinae, is one of the major
mite allergens. It is known that atopic asthma is trig-
gered by sensitization to Der fIY in most cases of
patients with atopic dermatitis. It is thought that Der fI
is a kind of digestive enzyme, because it has protease ac-
tivity? and is found in the feces of mites. A method for
purification of Der fI from mite cultures has already
been established.? The ¢cDNA encoding Der fI was
cloned and from the sequence of Der fI cDNA it is
proposed that Der fI is produced as a prepro-form pro-
tein comprised of a pre-sequence of 18 amino acids, a
pro-sequence of 80 amino acids, and a mature sequence
of 223 amino acids.” Investigation of the connection be-
tween Der fI and the development of allergic symptoms
and attempts to establish desensitization treatment with
purified Der fI have been hampered by the lack of availa-
ble amounts of this protein, because the growth rate of

the mite is very slow.

Extracellular production of reDer fI was first done by
a baculovirus expression system.” In this case, reDer fI
was produced in the culture as a precursor form.
Although the pro-sequence was removed by acid treat-
ment, the N-terminus of acid-treated reDer fI did not
become uniform, and its IgE-binding activity of them
was lower than that of native Der fI at high protein con-
centrations.” We made a DNA fragment that was con-
structed by the pre-sequence and the mature sequence of
Der fI cDNA and tried to produce recombinant protein
with baculovirus expression system. However, recom-
binant protein was not recognized in the supernatant by
Western blot analysis (unpublished data). We made Der
fI E(-1)K DNA, which was constructed by changing the
C-terminal Glu codon of the pro-sequence of Der fI
cDNA into a Lys codon and produced reDer fI E(-1)K
with baculovirus expression system.? Correct processing
of the pro-sequence of reDer fI E(-1)K was achieved af-
ter lysylendopeptidase treatment. Lysylendopeptidase-
treated reDer fI E(-1)K had the same IgE-binding activi-
ty as native Der fI. However, it is possible that new
antigenicity is produced because the sugar-chains of
reDer fI E(-1)K were not completely the same as those of
native Der fI1.® The sugar-chains of reDer fI were not
much trimmed by Endo H or N-glycosidase. For that
reason, the production of reDer fI containing the same
sugar-chains as those of native Der fI, or no sugar-
chain, is important.

Because humans take the allergen directly into their
bodies at desensitization treatment, we must be careful
to reduce the amount of contaminating substances der-
ived from the host, for example, endotoxin in the case
of Escherichia coli. The use of an expression system that
is safe in every respect is most desirable. Aspergillus ory-
zae (A. oryzae) is widely used in food industries, and
has been evaluated as safe. The media for culturing A.
oryzae was inexpensive and special equipment was not
needed, compared with the culture of insect cells. At the
same time, there are many examples of its use in the
production of recombinant proteins where high produc-
tivity has been achieved.”'® We attempted to produce
large amounts of reDer fIE(-1)K by A. oryzae.
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Materials and Methods

Strains, plasmids, and media. Escherichia coli strain
MV 1190 was used as a host strain for the construction
and amplification of plasmids. A nitrate-assimilation-
defective mutant, A. oryzae niaD 300, was used as a
transformation host throughout this study. Plasmid
pUNGI1 contains the A. oryzae niaD gene, the glaA
promoter,'® the amyB terminator, and the amp gene. A.
oryzae niaD 300 and plasmid pUNGI1 were kind gifts
from Professor K. Kitamoto, The University of Tokyo,
Japan. DPY medium consisted of 2% dextrin, 1% poly-
peptone, 0.5% vyeast extract, 0.5% KH,PO,, 0.05%
MgSO,. Minimal medium (pH 5.5) consisted of 0.2%
NaNO;, 01% KgHPO4, 005% MgSO47H20, 005%
KCl, 0.001% FeSO4, 2% glucose.

Plasmid construction. pUC118-Der fI E(-1)K DNAY
was digested with BamHI and the DNA fragment con-
taining Der fI E(-1)K DNA was blunted with a blunting
kit (Takara Shuzo). The linker sequence of pUNGI
placed between the glad promoter and the amyB termi-
nator was digested with Smal. The blunted Der fI E(-1)
K DNA and the Smal-digested pUNG1 were ligated with
a ligation kit (Takara Shuzo). pUNGI1-Der fI E(-1)K in
which Der fI E(-1)K DNA was placed downstream of
the glaA promoter was used for transformation of A4.
oryzae.

Transformation. Transformation of A. oryzae was
done as described by Unkles et al.'® To obtain
homokaryons of A. oryzae transformants, three cycles
of sporulation were done on minimal medium.

Southern blot analysis. Transformants of A. oryzae
were grown at 30°C for 2 days in 10 ml of minimal medi-
um. The mycelia were frozen with liquid nitrogen,
Iyophilized, and crushed finely by the tips of a pincette.
Whole DNA was extracted with 1.5 ml of extraction
buffer (37 mm Tris-HC1 (pH 8.0), 14 mM EDTA, 3%
(w/v) SDS) and purified by phenol extraction, ethanol
precipitation, and RNase A treatment. The purified
whole DNA was digested with Xbal. The digested
DNAs were electrophoresed in 1.0% agarose gel and
transferred to a nylon membrane (Hybond-N; Amer-
sham). Southern blot analysis was done by Amersham’s
instructions. The 1.1-kb BamHI fragment of pUC118-
Der fI E(-1)K was used as a probe for the detection of
Der fI E(-1)K DNA. An improved chemiluminescence
system (Amersham) was used for detection according to
the manufacturer’s instructions.

Production of reDer fI E(-1)K in liquid culture. Ap-
proximately 10° conidia of the transformants were inocu-
lated into 10 ml of DPY media and grown at 30°C for 2
days. Transcription from the glad promoter was in-
duced by dextrin in DPY media.'>

Purification of processed reDer fI E (-1)K from liquid
culture of the transformant. The culture medium was
centrifuged at 1500 X g at 4°C for 10 min. The super-

natant was treated with Endo Hf (Biolabs), which was a
recombinant fusion protein of Endoglycosidase H and
maltose binding protein, at a final concentration of 10
units/ml for 3 h at 37°C. The sample was put directly
on a strong anion-exchange column, QMA (Waters),
equilibrated with 20 mMm phosphate buffer (pH 6.0). Af-
ter addition of lysylendopeptidase at a final concentra-
tion of 10 ug/ml to the flow-through fraction, it was dia-
lyzed against 50 mm Tris-HCI (pH 9.0) overnight at
4°C, and applied directly to a DEAE-Sephacel column
(Pharmacia) equilibrated with 50 mm Tris-HCI (pH 8.0).
The column was washed with the same buffer, and the
adsorbed proteins were eluted by 0-200 mm NaCl con-
centration gradient. The processed reDer fI E(-1)K was
eluted mainly with 50 mm Tris-HCI (pH 8.0) containing
120 mm NaCl. The fractions containing reDer fI were
analyzed by sodium dodecyl sulfate-polyacrylamide-gel
electrophoresis (SDS-PAGE) and by Western blotting.
Highly purified fractions were collected.

Production of reDer fI E (-1)K in wheat bran culture.
Wheat bran medium was prepared by mixing wheat
bran and 0.1 M ammonium sulfate in the ratio of 1:0.8
(w/v), and autoclaved (121°C, 15 min). The medium
was inoculated with the conidia (10° conidia/g) of the
transformant and incubated at 30°C for 2 days.

Purification of processed reDer fI E(-1)K from the
wheat bran culture of the transformant. After the addi-
tion of distilled water (1:1 (v/v)), the culture was incu-
bated for 1h at 4°C. The cultures were filtered with a
glass microfiber filter (Whatman) and a 0.45 um-pore
membrane filter (Advantec) successively. Then 1/30
volume of 1.5 m citric buffer (pH 5.5) was added to the
filtrate, and Endo Hf-treatment was done at a final con-
centration of 10 units/ml for 3 h at 37°C. Ammonium
sulfate was added to obtain a 60% saturated solution
and it was incubated overnight at 4°C. The precipitant
formed was collected by centrifugation at 15000 x g for
10 min at 4°C, dissolved in 20 mm phosphate buffer (pH
6.0), and passed through a DEAE-Sephacel column
equilibrated with the same buffer. After addition of
lysylendopeptidase into the flow-through fraction at a
final concentration of 10 ug/ml, it was dialyzed against
50 mM Tris-HCI (pH 9.0) overnight at 4°C, and put on a
DEAE column equilibrated with 50 mm Tris HCI (pH
8.0). The column was washed with the same buffer, and
the adsorbed proteins were eluted with a NaCl concen-
tration gradient. The fractions containing reDer fI were
analyzed by SDS-PAGE and by Western blotting.
Highly purified fractions were collected.

Trimming of the sugar-chains on reDer fI E (-1)K by
Endo Hf. To trim the sugar-chains under reducing con-
ditions, 1/10 volume of denaturing buffer (5% SDS,
10% 2-mercaptoethanol) was added to the sample, and
it was boiled for 10 min. Endo Hf-treatment was done
at the final concentration of 1 unit/ml for 1 h at 37°C
(Fig. 1, panel B and Fig. 2). To trim the sugar-chains un-
der non-reducing conditions, 1/30 volume of 1.5 M ci-
trate buffer (pH 5.5) was added to the sample, and Endo
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Hf-treatment was done at the final concentration of 10
units/ml for 3 h at 37°C (Fig. 3, panel A and C).

Concentration of proteins by the trichloroacetic acid
(TCA) method. One-tenth volume of 98% TCA was
added to the supernatants and they were placed on ice
for 10 min. Pellets were collected after centrifugation at
15000 X g for 10 min at 4°C and washed with the same
volume of acetone and centrifuged at 15000 % g for 10
min at 4°C. The pellets were dried at room temperature,
and dissolved in the appropriate buffer solution.

Skin-prick test. The skin prick test was done by the
method of Dredog.!” Solutions of native Der fI and
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Fig. 1. Characterization of the Transformants.

A. Whole DNA (2ug) was digested with Xbal and elec-
trophoresed in 1.0% agarose gel. Genomic Southern blot analysis
was done with a probe for Der fI E(-1)K DNA (see Materials and
Methods). Lanes: P, the parental strain; 1, TF-1; 2, TF-2; 3, TF-3;
4, TF-4. B. Proteins in the culture supernatants (200 ul) of these
transformants were concentrated with TCA, treated with Endo Hf
under reducing condition, and analyzed by the Western blotting.
Lanes: 1, TF-1; 2, TF-2; 3, TF-3; 4, TF-4.

processed reDer fI E(-1)Ks from liquid culture and
wheat bran culture (1.0 ug/20 ul) were applied.

Other methods. SDS-PAGE, Western blot analysis,
and assays of IgE-binding activity were done by the
methods described previously.9

Results

Production of reDer fI E(-1)K in liquid culture

We introduced pUNGI1-Der fI E(-1)K into 4. oryzae
and chose four transformants (TF-1, TF-2, TF-3, and
TF-4) randomly. When we did genomic Southern blot
analysis, no signal was seen in the lane containing DNA
of the parental strain (Fig. 1, panel A, lane P) and a sig-
nal of 2.0 kb in each lane of transformant DNA was de-
tected (lane 1-4). The intensities of the signals in these
lanes were almost the same. Western blot analysis of the
culture supernatants of these transformants was done
with rabbit anti-Der fI anti-serum. No signal was seen in
the culture supernatants of the parental strain (data not
shown). Signals were recognized in the supernatants of
all the transformants (Fig. 1, panel B, lane 1-4).
However, there were the major signal of 18 k in each
lane, which is smaller than native Der fI (28 k) and a
minor signals of about 35 k corresponding to the size of
Der fI E(-1)K DNA.. Because it is reported that the addi-
tion of NH,ClI to the media repressed the secretion of
proteases from the host,'® we added NH,Cl to the medi-
um during cultivation. However, the size of the major
signal in the supernatant of cultures of transformants de-
tected by Western blot analysis was 18 k (data not
shown). Because the amounts of reDer fI E(-1)K pro-
duced by these transformants were almost the same
(Fig. 1, panel B, lane 1-4), we chose TF-1 for the produc-
tion of reDer fI E(-1)K.
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Fig. 2. Production of reDer fI E(-1)K by an A. oryzae Transformant
(TF-1) under Various Culture Conditions.

Proteins in the culture supernatant (1 ml) were concentrated with
TCA, and analyzed by the Western blotting. Lanes: 1 and 2, sam-
ples without Endo Hf treatment; 3 and 4, samples treated with Endo
Hf under reducing conditions; 1 and 3, samples from a vigorously
shaken culture; 2 and 4, samples from a gently shaken culture.
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3. Monitoring of reDer fI E(-1)K in Purification Processes.

A. Proteins in the supernatant of gently shaken liquid culture of TF-1 were analyzed by SDS-PAGE. Lanes: 1, Proteins in the supernatant
(200 ul) were concentrated by TCA; 2, Proteins in the supernatant (200 ul) was treated with Endo Hf under non-reducing conditions and con-
centrated by TCA; 3, Proteins in the supernatant (10 ml) was treated with Endo Hf under non-reducing conditions and passed through a
QMA column. The volume of the flow-through fraction became 20 ml and 400 ul of the flow-through fraction was concentrated by TCA.
The upper arrow shows the position of Endo Hf. The middle arrow shows the position of a-amylase. The lower arrow shows the position of
reDer fI E(-1)K. B. 0.5 ug of native Der fI and processed reDer fI E(-1)Ks obtained from cultures of TF-1 were analyzed by SDS-PAGE.
Lanes: 1, native Der fI; 2, processed reDer fI E(-1)K obtained from gently shaken liquid culture; 3, processed reDer fI E(-1)K obtained from
wheat bran culture. C. reDer fI E(-1)K obtained from wheat bran culture of TF-1 was analyzed by the Western blotting. Lanes: 1, wheat
bran culture (5 g) was extracted and the volume of the extract solution became 30 ml. 15 ul of the extract solution was analyzed; 2, the ex-
tract solution of lane 1 (30 ml) was treated with Endo Hf under non-reducing conditions and the volume of Endo Hf-treated solution
became 31 ml. 15.5 ul of the Endo Hf-treated solution was analyzed; 3, Endo Hf-treated solution of lane 2 (31 ml) was treated with lysylen-
dopeptidase and the volume of lysylendopeptidase-treated solution became 40 ml. 20 ul of lysylendopeptidase-treated solution was ana-
lyzed.
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To investigate the optimum conditions for the produc-
tion of reDer fI E(-1)K, we changed the culture condi-
tions. When the culture of TF-1 was shaken vigorously
(120 rpm), the transformants grew fast and became
spherical shapes. When shaken gently (60 rpm), they
grew slower and became threadlike shapes at the bottom
of the test tubes. Their culture supernatants were concen-
trated with TCA and treated with Endo Hf. Although
the total amount of reDer fI E(-1)K secreted in the gent-
ly shaken cultures was less than that in the vigorously
shaken cultures, the signal of the small-size product
(18 k) disappeared (Fig. 2, lane 4). Instead, signals corre-
sponding to molecular weight between 35k and 28k
were recognized. Especially, a signal of 35 k was mainly
seen. The change of the size of the signal detected by
Western blot analysis due to the change of culture condi-
tions was observed in the case of all four transformants
(data not shown). The rate of degradation of reDer fI
E(-1)X in lane 3 of Fig. 2 was different from that of lane
1 of panel B of Fig. 1. Since they were not the same sam-
ples, we thought that the difference of the rate of degra-
dation was derived from culture condition. When sam-
ples without Endo Hf treatment were analyzed (Fig. 2,
lane 1 and 2), a major signal of 37 k was recognized, and
many signals between 37 k and 50 k were seen. Since no
signal was detected in the condensation of the super-
natant of liquid culture of parental strain by Western
blot analysis, reDer fI E(-1)K produced by A. oryzae
might be modified with bigger sugar-chains than those
of native Der fI.

Purification of processed reDer fI E(-1)K from gent-
ly shaken liquid culture of TF-1

Although the degradation of reDer fI E(-1)K was
repressed by gently shaken culture, the presence of a
large amount of o-amylase in the Endo Hf-treated solu-
tion made it difficult to purify reDer fI E(-1)K. When
the Endo Hf-treated solution was passed through the
QMA column, the reDer {fI E(-1)K was not adsorbed to
the column but «-amylase was adsorbed (Fig. 3, panel
A). By treatment with lysylendopeptidase, the pro-se-
quence of reDer flI E(-1)K was processed, and most of
the other proteins were degraded (data not shown). To
avoid the degradation of Endo Hf, Endo Hf treatment
was done before lysylendopeptidase treatment. Since
these treatments raised the proportion of processed
reDer fI E(-1)K in the solution, it was then easily
purified with a single anion-exchange column. The ex-
tent of the purification was greater than 90% as meas-
ured by SDS-PAGE (Fig. 3, panel B, lane 2). The size of
processed reDer fI E(-1)K purified from gently shaken
liquid culture was a little smaller than that of native Der
fI. The overall yield was 0.8 mg from 100 ml of culture
supernatant (8 mg/liter).

Purification of processed reDer fI E (-1)K from wheat
bran culture

To test the production of reDer fI E(-1)K in the wheat
bran culture of TF-1, the extract of the culture was ana-
lyzed by Western blotting. No signals were seen (Fig. 3,
panel C, lane 1) but signals of two products (35 k, 28 k)

were detected after treatment with Endo Hf, (lane 2)
and only one signal was seen after successive treatments
with Endo Hf and lysylendopeptidase (lane 3). These
data suggest that reDer fI E(-1)K produced in the wheat
bran culture is also modified with heterogeneous sugar-
chains and the pro-sequence of reDer fI E(-1)K is proc-
essed by treatments with lysylendopeptidase. Because a
large amount of colored materials, low molecular
weight substances, and proteins made it difficult to puri-
fy reDer fI E(-1)K, we removed them by ammonium sul-
fate precipitation, anion-exchange chromatography,
and lysylendopeptidase treatment. After these treat-
ments, processed reDer fI E(-1)K was purified with a
DEAE-Sephacel column. The purity was greater than
90% as measured by SDS-PAGE (Fig. 3, panel B, lane
3). The processed reDer fI E(-1)K obtained from wheat
bran culture was the same size as processed reDer fI
E(-1K isolated from gently shaken liquid culture and
was a little smaller than native Der fI. The overall yield
was 0.48 mg from 10 g of culture medium (48 mg/kg).

Characterization of processed reDer fI1 E(-1)K I

The N-terminal amino acid sequence of each proc-
essed reDer fI E(-1)K obtained from the supernatant of
gently shaken liquid culture of TF-1 and the extract of
wheat bran culture of TF-1 was the same as that of na-
tive Der fI (Thr-Ser-Ala-Cys-Arg-). The IgE-binding ac-
tivity of each processed reDer fI E(-1)K obtained from
each culture was also the same as that of native Der fI
(Fig. 4). The extent of the wheal and flare reaction on
the skin elicited by processed reDer fI E(-1)K obtained
from each culture was the same as that elicited by native
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Fig. 4. IgE-binding Activity of Native Der fI and Processed reDer fI
E(-1)Ks Obtained from Cultures of TF-1.

The IgE-binding activity of Der fI and processed reDer fI E(-1)Ks
is shown. Native Der fI (®); processed reDer fI E(-1)K from gently
shaken liquid culture (A); processed reDer fI E(-1)K from wheat
bran culture (m). The relative absorbance was calculated with the
value using phosphate-buffered saline (PBS) instead of native Der fI
or processed reDer fI E(-1)Ks taken as zero.
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1 2 3 4

Fig. 5. Flare and Wheal Responses to Native Der I and Processed
reDer fI E(-1)Ks Obtained from Cultures of TF-1 upon Skin-prick
Testing.

Wheal responses and flare responses are shown. 1, PBS; 2, native
Der f1; 3, processed reDer fI E(-1)K from gently shaken liquid cul-
ture; 4, processed reDer fI E(-1)K from wheat bran culture.

Der fI (Fig. 5).

Discussion

When we did genomic Southern blot analysis, a signal
of 2.0 kb was detected in each of all four transformants.
The signal was thought to be derived from the whole
Der fI E(-1)K DNA fragment of pUNGI1-Der {I E(-1)K
because the 2.0 kb-fragment containing all Der fI E(-1)
K DNA sequence was generated when pUNGI1-Der fI
E(-1)K was digested with Xbal. It suggests that intact
Der fI E(-1)K DNA is integrated into the genome in each
of all four transformants. Since the intensities of signals
of all transformants detected by genomic Southern blot
and Western blot were almost the same, the copy num-
bers of Der fI E(-1)K DNA were likely to be the same,
and the copy numbers of Der fI E(-1)K DNA were
thought to be one by the analysis of genomic Southern
blot using niaD gene fragment as a probe. The produc-
tion of reDer fI E(-1)K may be increased if we introduce
more copies of Der fI E(-1)K DNA into the host genome
using the marker genes which usually integrate at high
copy number in parental strain. It seems also important
to produce reDer fI E(-1)K as a fused protein'*'*?? to ob-
tain higher yields.

In liquid culture, low molecular weight products were
detected when cultures of the transformant were shaken
vigorously. Since these products reacted to anti-Der fI
antibody, these products were probably derived from
degradation of reDer fI E(-1)K by the proteases secreted
from the host strain. The use of protease-deficient
strains as hosts'® or a medium in which degradation of
secreted proteins occurs rarely'® might be effective for
the repression of degradation of reDer fI E(-1)K.

The molecular weight of native Der fI was larger than
that of each processed reDer fI E(-1)K obtained from
the supernatant of gently shaken liquid culture of TF-1
and the extract of wheat bran culture of TF-1. We
thought that the difference of molecular weight was der-
ived from the difference of the size in sugar-chains since
native Der fI was not treated with Endo Hf. The sugar-
chains of native Der fI were different from that of reDer

fI E(-1K produced by A. oryzae. But the IgE-binding
activity and the reaction on the skin of processed reDer
fI1 E(-1)Ks produced by A. oryzae were the same as those
of native Der {I. This result suggests that both reactions
are not affected by the difference in sugar-chains of these
products.

Although the vield of reDer f1 E(-DK from gently
shaken culture of TF-1 (8 mg/I) was lower than that
with a baculovirus expression system (25 mg/1),? the
production of reDer f1 E(-1)K with 4. oryzae overwhel-
med that with a baculovirus expression system for the
reasons described below. To cultivate insect cells, we use
special expensive media containing fetal bovine serum.
Since the growth rate of the insect cells is slow, we have
to spend a long time to get a large amount of insect cells
required for mass production. On the other hand, the
amplification of an A. oryzee transformant could be
easily done. The equipments and media for cultivating
A. oryzae at large scale are very inexpensive compared
with those for insect cells.

In this paper we showed the easy way to scaleup for
production of processed reDer fI1 E(-1)K, which was free
from the contamination of toxic substance from the
host, and which had the same IgE-binding activity or
skin reaction as native Der flI. This processed reDer fl
E(-DK will be very useful for many kinds of further ex-
periments, for example, diagnostic applications and im-
munotherapy.

Acknowledgments

We thank Professor Kitamoto K. (The University of
Tokyo) for kindly providing the A. oryzae host-vector
system, Dr. Okumura Y. (Asahi Breweries Ltd., Japan)
for kindly providing human anti-mite IgE serum, and
Dr. Yamakawa, H. (Torii Pharmaceutical Co., Ltd.)
for kindly providing lyophilized mite Dermatoph-
agoides farinae.

References

1) Heymann, P. W., Chapman, M. D., Aalberse, R. C., Fox, J.
W., and Platts-Mills, T. A. E., Antigenic and structural analysis
of group 11 allergens (Der fII and Der pIl) from house dust mites
(Dermatophagoides spp). J. Allergy Clin. Immunol., 83, 1055-
1067 (1989).

2y Ino, Y., Ando, T., Haida, M., Nakamura, K., Iwaki, M.,
Okudaira, H., and Miyamoto, T., Characterization of the pro-
teases in the crude mite extract. Int. Arch. Allergy Appl. Im-
munol., 89, 321-326 (1989).

3) Yasueda, H., Mita, H., Yui, Y., and Sida, T., Isolation and
characterization of two allergens fom Dermatophagoides fari-
nae. Int. Arch. Allergy Appl. Immunol., 81, 214-223 (1986).

4) Dilworth, R. J., Chua, K. Y., and Thomas, W. R., Sequence
analysis of cDNA coding for a major house dust allergen, Der fI.
Clinical and Experimental Allergy, 21, 25-32 (1991).

5) Shoji, H., Hanawa, M., Shibuya, 1., Hirai, M., Yasuhara, T.,
Okumura, Y., and Yamakawa, H., Production of recombinant
mite allergen Der fI in insect cells and characterization of
products. Biosci. Biotechnol. Biochem., 60, 621-625 (1996).

6) Shoji, H., Shibuya, 1., Hirai, M., Horiuchi, H., and Takagi, M.,
Production of recombinant Der fI with the native IgE-binding ac-
tivity using a baculovirus expression system. Biosci. Biotechnol.
Biochem., 61, 1668-1673 (1997).

7) Huge-Jensen, B., Andreasen, F., Christensen, T., Christensen,
M., Thim, L., and Beel, E., Rhizomucor miehei triglyceride li-
pase is processed and secreted from transformed Aspergillus ory-



8)

9)

10)

11)

12)

13)

Production of Recombinant Der fI by Aspergillus oryzae

zae. Lipids, 24, 781-785 (1989).

Ward, P. P., Lo, L. J., Duke, M., May, G. S., Headon, D. R.,
and Conneely, O. M., Production of biologically active recom-
binant human lactoferrin in Aspergillus oryzae. Bio/ Technolo-
gy, 10, 784-789 (1992).

Lee, B. R., Kitamoto, K., Yamada, O., and Kumagai, C., Clon-
ing, characterization and overproduction of nuclease S1 gene
(nucS) from Aspergillus oryzae. Appl. Microbiol. Biotechnol.,
44, 425-431 (1995).

Fujii, T., Yamaoka, H., Gomi, K., Kitamoto, K., and Kumagai,
C., Cloning and nucleotide sequence of the ribonuclease T, gene
(rntA) from Aspergillus oryzae and its expression in Sac-
charomyces cerevisiae and Aspergillus oryzae. Biosci.
Biotechnol. Biochem., 59, 1869-1874 (1995).

Yamaguchi, S., Takeuchi, K., Mase, T., and Matsuura, A.,
Efficient expression of mono- and diacylglycerol lipase gene
from Penicillium camembertii U-150 in Aspergillus oryzae under
the control of own promoter. Biosci. Biotechnol. Biochem., 61,
800--805 (1997).

Tsuchiya, K., Nagashima, T., Yamamoto, Y., Gomi, K.,
Kitamoto, K., Kumagai, C., and Tamura, G., High level secre-
tion of calf chymosin using a glucoamylase-prochymosin fusion
gene in Aspergillus oryzae. Biosci. Biotechnol. Biochem., 58,
895-899 (1994).

Hata, Y., Tsuchiya, K., Kitamoto, K., Gomi, K., Kumagai, C.,
Tamura, G., and Hara, S., Nucleotide sequence and expression
of the glucoamylase-encoding gene (giaA) from Aspergillus ory-
zae. Gene, 108, 145-150 (1991).

14)

15)

16)

17
18)

19)

20)

709

Unkles, S. E., Campbell, E. 1., de Ruiter-Jacobs, Y. M. J. T.,
Broekhuijsen, M., Marco, J. A., Carrez, D., Contreras, R., van
den Hondel, C. A. M. J. J., and Kinghorn, J. R., The develop-
ment of a homologous transformation system for Aspergillus
oryzae based on the nitrate assimilation pathway: a convenient
and general selection system for filamentous fungal transforma-
tion. Mol. Gen. Genet., 218, 99-104 (1989).

Hata, Y., Kitamoto, K., Gomi, K., Kumagai, C., and Tamura,
G., Functional elements of the promoter region of the Aspergil-
lus oryzae glaA gene encoding glucoamylase. Curr. Genet., 22,
85-91 (1992).

Tsuchiya, K., Gomi, K., Kitamoto, K., Kumagai, C., and
Tamura, G., Secretion of calf chymosin from the filamentous
fungus Aspergillus oryzae. Appl. Microbiol. Biotechnol., 40,
327-332 (1993).

S. Dredog, Allergy, 40, 55-59 (1985).

Berka, R. M., Ward, M., Wilson, L. J., Hayenga, K. J.,
Kodama, K. H., Carlomagno, L. P., and Thompson, S. A,
Molecular cloning and deletion of the gene encoding aspergil-
lopepsin A from Aspergillus awamori. Gene, 86, 153-162 (1990).
Jeenes, D. J., Marczinke, B., MacKenzie, D. A., and Archer, D.
B., A truncated glucoamylase gene fusion for heterologous pro-
tein secretion from Aspergillus niger. FEMS Microbiol. Lett.,
107, 267-271 (1993).

Ward, M., Wilson, L. J., Kodama, K. H., Rey, M. W., and
Berka, R. M., Improved production of chymosin in Aspergillus
by expression as a glucoamylase-chymosin fusion. Bio/ Technol-
ogy, 8, 435-440 (1990).





