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Hyposensitization, in which causative antigens of allergic diseases are injected, is the sole means
of a radical cure for allergic diseases. Since the therapeutic allergens currently used are naturally
extracted, producing preparations with a stable titer from such extracts is extremely difficult.
There are several reports on the expression of recombinant mite allergens in Escherichia coli
using inducers. The use of an inducer for industrial production will lead to high costs and, for
therapeutic use, it must be removed in the purification process. C8/119S is a mutant of Der f 2,
a major house dust mite allergen. The C8/119S gene was integrated downstream of the trp pro-
moter to produce the expression plasmid (pWU11-C8/119S). Then, this expression plasmid was
used to transform E. coli strain HB101 (pWU11-C8/119S/HB101). A recombinant E. coli pWU11-
C8/119S/HB101 did not express C8/119S in a low-temperature culture (32°C), but C8/119S was in-
duced to a high level of expression in a high-temperature culture (37°C). pWU11-C8/119S/HB101
proliferated when expression was induced by high temperature and an approximately 3-fold greater
proliferation was obtained compared with the use of an inducer in a large-scale culture. The
C8/119S protein was expressed as inclusion bodies and obtained by refolding and chromatography
purifications. The immunological properties of C8/119S were assessed by western blotting. West-
ern blotting demonstrated that purified C8/119S reacted with a monoclonal anti-Der f 2 antibody
(18GS8). pWUI11-C8/119S/HB101 can be used as an easy, low cost expression system on a large
scale. It is also advantageous for industrial production in that the addition of an inducer is not re-
quired to achieve expression of the mite allergen.
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The house dust mite Dermatophagoides farinae is a major
causative factor of various allergic diseases, such as allergic
asthma, allergic rhinitis, allergic dermatitis, and allergic con-
Junctivitis (1). To treat allergic diseases, anti-allergic or anti-
histaminic agents are generally used. This therapy, however,
since it is symptomatic, is unable to radically cure allergic
diseases. Hyposensitization, in which causative antigens of
allergic diseases are injected, is believed to be the sole means
of radical cure for allergic diseases. Hyposensitization is per-
formed by injecting a small amount of causative allergens
into a patient suffering from allergic disease to eliminate al-
lergic reactions within the patient. The efficacy of this ther-
apy using mite allergens is greater than 70% (2-6), but it in-
volves the risk of inducing anaphylactic shock, a serious ad-
verse reaction.

The therapeutic allergens currently used for this purpose
are naturally extracted. Allergen preparations for use in the
treatment of mite allergic diseases have been prepared from
extracts of house dust mites. Extracts of house dust mites,
however, contain not only major allergens but also very many
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contaminants. Production of preparations with a stable titer
from such extracts would thus be extremely difficult and
there is always a risk of anaphylactic shock. Such prepara-
tions are also problematic in that their level of production is
limited since their starting material is derived from a natural
source.

In recent years, with the progress in the study of mite al-
lergens, several major mite allergens (Der f 1, Der f 2, Der
p 1, Der p 2, etc.) have already been identified (7—10) and
the modification of major mite allergens aimed at the reduc-
ing anaphylactic shock has been performed (11-16).

C8/119S (14) is a mutant of Der f 2, a major house dust
mite allergen. C8/119S is intended to reduce binding to IgE
in atopic patients. It is expected that C8/119S has low risk
of anaphylactic shock. A method for production of C8/119S
has been reported, wherein Escherichia coli is transformed
with an expression vector containing a mutant of Der f 2 in
which two cysteine residues (Cys8, Cys119) in natural Der f2
are replaced by serine residues, and the resulting transfor-
mants are cultured so that C8/1198 is produced from the cul-
ture. However, even in that method, isopropyl-1-thio-B-D-ga-
lactoside (IPTG) is used as an inducer for the expression of
C8/1198, and approaches using an inducer are not prefera-
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ble for the industrial production of recombinant proteins.
Most inducers have biological activities, and may thus affect
allergic patients. It is also difficult to aseptically add an in-
ducer to a culture in a balanced fashion with proliferation
of cells. In addition, use of an expensive inducer will lead
to high production costs. It is thus desirable to develop a
method for producing recombinant allergens that is safe, sim-
ple and inexpensive. We constructed a suitable expression
system for C8/119S in E. coli and performed large-scale
culture in a 300-/ fermentor by the fed-batch technique.

This study describes the results obtained with the con-
struction of an expression system and the large-scale culture
of C8/119S in E. coli. The properties of the purified recom-
binant allergen are also reported.

MATERIALS AND METHODS

C8/119S gene  The C8/119S is a mutant of the major house
dust mite allergen Der f 2. In the 130 amino acids constituting
C8/119S, Cys 8 and Cys 119 have each been replaced by Ser in
order to disrupt the IgE epitope of Der f 2 (Fig. 1). The C8/119S
gene was supplied by Asahi Breweries (Tokyo) (14).

Construction of the expression plasmid  The expression plas-
mid pFLU11-C8/119S was constructed as described below. The
C8/119S gene was integrated downstream of the trc promoter in
the pKK233-2 plasmid (GE Healthcare Bio-Science, Piscataway,
NJ, USA). The replication origin was excised from the pKK233-2
plasmid and replaced with the replication origin of the pUC18 plas-
mid (Takara Bio, Kyoto) (Fig. 2A).

The expression plasmid pWU11-C8/119S was constructed as
described below. The human growth hormone gene in the pGH-L9
plasmid (17) was removed and the C8/119S gene was alternatively
integrated downstream of the trp promoter. The replication origin
was excised from pGH-L9 and replaced with the replication origin
of the pUC18 plasmid (Fig. 2B).

Transformants  Transformants were prepared from the expres-
sion plasmids pFLU11-C8/119S and pWU11-C8/119S and trans-
formed into E. coli strains IM109, HB101, LE392, and TB1. The 8
transformants obtained were named as follows: pFLU11-C8/119S/
JM109, pFLUI11-C8/119S/HB-101, pFLUI1-C8/119S/LE392,

FIG. 1. Structural model of mite allergen mutant (C8/119S). C8/119S
is a mutant of house dust mite major allergen Der f 2. Two amino acid
residues of C8/119S, Cys8 and Cys119, have been replaced by Ser to
disrupt the IgE epitope of Der f2. C8/119S is comprised of 130 amino
acids, and its deduced molecular weight is 15 kDa.
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FIG. 2. Construction of expression plasmid pFLU11-C8/119S (A)
and pWU11-C8/119S (B) to produce mutant major house dust mite
allergen.

pFLU11-C8/119S/TB1, pWU11-C8/119S/JIM109, pWU11-C8/119S/
HB101, pWU11-C8/119S/LE392 and pWU11-C8/119S/TB1.

Screening of the expression systems  Each transformant was
inoculated into L-shaped test tubes containing 10 ml of LB me-
dium, and cultured at 32°C for 2-3 h. The amount of recombinant
E. coli was evaluated based on the turbidity determined by optical
density at 600 nm. When the turbidity of recombinant E. coli ex-
ceeded 0.4, indoleacetic acid (IAA) (Sigma-Aldrich, St. Louis,
MO, USA) was added at a final concentration of 50 pg/ml to the
trp promoter expression system. For the trc promoter expression
system, on the other hand, 1 mM isopropyl-1-thio-p-D-galactoside
(IPTG) (Wako Pure Chemical Industries, Osaka) was added. Then
culture was performed for an additional 6 h to induce expression,
and the culture medium was centrifuged at 3000 rpm for 10 min to
collect E. coli cells. After the cells were suspended in saline at a
turbidity of 20, an aliquot (1 ml) of the resulting suspension was
sonicated and centrifuged at 14,000 rpm for 30 min to recover the
inclusion bodies. The inclusion bodies were suspended in 1 ml of
saline and subjected to SDS—PAGE to verify expression of C8/119S.

The C8/119S expression in cultures performed at 37°C was
checked in similar fashion. In the case of culture at 37°C, neither
IAA nor IPTG was added.

Large-scale fermentation = The Recombinant £. coli was in-
oculated into 250/ of the production medium supplemented with
2% glucose in a 300-/ fermentor. After the initial glucose was con-
sumed, a 60% glucose solution and a nutrients solution were added
to coincide with cell proliferation. During the growth period, the
pH value was maintained at 7.0 by using a 25% ammonia solution,
and the dissolved oxygen level was controlled from 20% to 40% of
the air saturation value by controlling the agitation speed and aera-
tion. The induction of C8/119S expression was performed after
turbidity reached 10 or more. The culture was continued for 12 h
after the induction of expression.

Purification of C8/119S  The E. coli cells were collected
from the culture medium and then lysed by addition of lysozyme.
The resulting mixture was fed into a French press to crush the
cells. In order to collect the inclusion bodies, the resulting solution
was centrifuged and inclusion bodies were recovered as the precipi-
tate. The inclusion bodies were then dissolved in a buffer contain-
ing urea, and refolding was performed to obtain the desired target
structure. The refolding solution was purified by anion-exchange
chromatography, hydrophobic chromatography, and then, further
anion-exchange chromatography, yielding purified C8/119S.

SDS-PAGE analysis  Samples were reduced by treatment
with 2-mercaptoethanol and an aliquot of the sample, equivalent to
2 ng of mutant major house dust mite allergen, was subjected to
SDS—PAGE (Funakoshi, Tokyo). After electrophoresis, the gel was
silver-stained.

Western blotting  Samples were diluted with water for injec-
tion to an appropriate concentration and added to SDS—PAGE gel
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(Funakoshi), and electrophoresis was performed under both non-
reducing and reducing (with 2-mercaptoethanol) conditions. The gel
was immersed in a transfer electrophoresis buffer (10 mM CAPS
containing 10% methanol) for 5 min, and proteins were transferred
to a polyvinylidene fluoride (PVDF; Millipore, Billerica, MA, USA)
membrane using a transfer/Western electrophoresis transcription
apparatus. The transferred PVDF membrane was soaked in 10 mM
Tris buffer containing 2% bovine serum albumin, 0.1% Tween 20,
and 0.5 M sodium chloride at 37°C for 2 h for blocking. Subse-
quently, 5 pg/ml of monoclonal anti-Der f 2 antibody (18G8) (18,
19) was added and reacted for 2 h at 37°C. After washing 5 times
in 10 mM Tris buffer containing 0.1% Tween 20 and 0.5 M sodium
chloride (TNT buffer), the PVDF membrane was immersed in
HRP-labeled anti-mouse IgG antibody (Chemicon, Temecula, CA,
USA) solution, and reacted for 2 h at 37°C. After washing 5 times
in the TNT buffer, the C8/119S protein was detected by the addi-
tion of 0.05% 3,3-diaminobenzidine (DAB; Wako Pure Chemical
Industries) solution.

Gel filtration chromatography analysis  Purified C8/119S
was analyzed by high performance liquid chromatography (HPLC)
with a gel filtration column (G3000SW,, ; Tosoh, Tokyo). Analyti-
cal conditions were as follows: mobile phase was 60% acetonitrile
containing 0.1% TFA, flow rate was 1 ml/min, analysis time was
20 min, sample concentration was approximately 500 pg/ml, and the
sample volume was 100 pl.

Peptide mapping  Samples were diluted with a Tris—HCI
buffer (pH 8.5) to obtain a concentration of 150 pg/ml and then
treated with lysyl-endopeptidase (Wako Pure Chemical Industries).
The resulting digested solution was directly used for analysis under
non-reduced conditions. For analysis under reduced conditions, the
solution was treated with the addition of dithiothreitol (DTT)
(Wako Pure Chemical Industries). Digested peptides were analyzed
by HPLC with a reverse-phase column (Vydac protein & peptide
C18; Grace-Vydac, Columbia, MO, USA).

RESULTS AND DISCUSSION

Construction of recombinant E. coli In order to se-
lect a suitable expression system for production on an in-
dustrial scale, two expression plasmids were constructed
(Fig. 2A, B). Using these expression plasmids, four E. coli
strains were transformed into eight types of production
strains. Then the production strains were cultured at 32°C
and 37°C to detect those exhibiting efficient thermal induc-
tion. At a temperature of 32°C, all of these strains expressed
C8/119S at very low levels (Fig. 3A). During culture at 37°C,
however, C8/119S was strongly expressed by strains JM109,
HB101, and TB1 which were all transformed with the
pWUILI1-C8/119S expression vector, in which the gene en-
coding C8/119S was located downstream of the trp pro-
moter (Fig. 3B).

It is known that genes were expressed even when they
were not induced in some expression system (20). But the
LE392 strain has a Trp R genotype and expresses the trp
repressor, so the expression of C8/119S in the transformed
LE392 was suppressed by the trp repressor. The other three
strains JM109, HB101, and TB1 do not have the Trp R%
genotype and could not express the trp repressor. Therefore,
the strains JM109, HB101, and TB1 could express C8/119S
without a chemical inducer, since these strains did not sup-
press expression of C8/119S at the high temperature where
the biosynthesis activity level was high.

Large-scale aerobic culture ~ We selected the pWU11-
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FIG. 3. (A) SDS-polyacrylamide gel electrophoresis of sonicated
recombinant E. coli cells cultured at 32°C in the absence of inducers.
Lane 1, pFLU11-C8/119S/JIM109; lane 2, pFLU11-C8/119S/HB101;
lane 3, pFLU11-C8/119S/LE392; lane 4, pFLU11-C8/119S/TB1; lane 5,
pWU11-C8/119S/IM109; lane 6, pWU11-C8/119S/HB101; lane 7,
pWUI11-C8/119S/LE392; lane 8, pWU11-C8/119S/TB1. (B) SDS—poly-
acrylamide gel electrophoresis of sonicated recombinant E. coli cells
cultured at 37°C in the absence of inducers. Lane 1, pFLU11-C8/119S/
IM109; lane 2, pFLU11-C8/119S/HB101; lane 3, pFLU11-C8/119S/
LE392; lane 4, pFLU11-C8/119S/TB1; lane 5, pWU11-C8/119S/IM109;
lane 6, pWU11-C8/119S/HB101; lane 7, pWU11-C8/119S/LE392; lane 8,
pWUI11-C8/119S/TBI.

C8/119S/HB101 production strain, which is a combination
of the trp promoter and HB101, and cultured it in a 300-/
fermentor. Culture was stopped 12 h after the thermal in-
duction of expression. At that time, turbidity exceeded 100
(Fig. 4A). Expression of C8/119S reached a level that could
definitely be identified by electrophoresis at 3 h after in-
crease in culture temperature. In addition, the amount of
C8/119S expressed per E. coli cell was found to increase
during the culture period (Fig. 4B). On the other hand, when
expression was induced by the addition of IAA, final tur-
bidity was approximately 30, and expression of C8/119S
was identified by electrophoresis at 5 h after IAA induction
(Fig. 4C).

Purification and characterization of C8/119S
C8/119S accumulated in E. coli cells as inclusion bodies. E.
coli were collected from the culture medium after repeated
dilution and concentration using a micro filter (MF) (Asahi
Kasei, Tokyo), after which the cells were lysed to recover
the inclusion bodies. The amount of inclusion bodies recov-
ered was 5—10 g/l in terms of wet weight.

These inclusion bodies were denatured with 8 M urea and
dissolved, after which refolding was performed following re-
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FIG. 4. (A) Proliferation curve of cells cultured in a 300-/ scale
fermentor. Closed circles show the proliferation curve of recombinant
E. coli (pWUI11-C8/119S/HB101) cultured at 37°C in the absence of
an inducer (IAA). Open circles show the same recombinant cultured
at 32°C with inducer. Closed and open triangles show the respective
starting points of induction. (B) SDS—polyacrylamide gel electrophore-
sis of sonicate of recombinant E. coli cells cultured in a 300-/ scale fer-
mentor, a sample of which was tested with the passage of time. Lane 1,
Before shifting to 37°C; lane 2, 1 h after temperature shift; lane 3, 3 h
after temperature shift; lane 4, 5 h after temperature shift; lane 5, 7h
after temperature shift; lane 6, 9 h after temperature shift; lane 7, 12 h
after temperature shift. (C) SDS—polyacrylamide gel electrophoresis of
sonicate of recombinant E. coli cells cultured in a 300-/ scale fermen-
tor, a sample of which was tested with the passage of time. Lane 1, Be-
fore IAA induction; lane 2, 1 h after IAA induction; lane 3, 3 h after
IAA induction; lane 4, 5 h after IAA induction; lane 5, 7.5 h after JAA
induction.
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FIG. 5. SDS—polyacrylamide gel electrophoresis. Lane 1, Non-re-
ductive treatment of a purified mutant major house dust mite allergen;
lane 2, reductive treatment of a purified mutant major house dust mite
allergen. The gel was silver-stained.
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FIG. 6. Western blot analysis using anti-Der f 2 monoclonal anti-
body. Lane 1, Non-reductive treatment of a purified mutant major
house dust mite allergen; lane 2, reductive treatment of a purified mu-
tant major house dust mite allergen.

moval of the denaturing agent. After refolding, C8/119S was
purified by anion-exchange chromatography, hydrophobic
chromatography, and further anion-exchange chromatogra-
phy. Purified C8/119S was displayed as a single band with a
molecular weight of about 15 kDa in the SDS—PAGE analy-
sis (Fig. 5). Reactivity of the purified C8/119S to the mono-
clonal anti-Der f 2 antibody 18G8 was demonstrated by
Western blotting (Fig. 6). It was shown that 18G8 binds to
C8/119S. The results of gel filtration chromatography anal-
ysis are shown in Fig. 7. The purity of the C8/119S mono-
mer was over 99%.

The Der f 2 molecule has three disulfide bonds (21),
while C8/119S is a mutant that lacks the Cys8-Cys119 dis-
ulfide bond. Therefore, the C8/119S molecule has two dis-
ulfide bonds (Fig. 1). In order to confirm that C8/119S had
the intended disulfide bond structure, a peptide map analy-
sis was conducted. A comparison of peptide map patterns
under reduced and non-reduced conditions demonstrated two
peaks of disulfide bond-related peptide fragments, peaks A
and B (Fig. 8). These peaks were fractionated and identified
by amino acid sequencing. The sequences of peaks A and B
are shown in Fig. 9. We confirmed that C8/119S had the in-
tended disulfide bond structure.

Conclusion  In general, it is necessary to add inducers
to express a target protein in E. coli. Such inducers have
biological activity. For pharmaceutical production, it is pref-
erable from the standpoint of safety that additives be com-
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FIG. 7. Chromatographic pattern obtained by gel filtration HPLC
analysis of a purified mutant major house dust mite allergen.

Non-reduced

Reduced

.AL.___.__M.—‘——J

FIG. 8. Peptide mapping analysis. Samples derived from non-re-
duced treatment and reduced treatment were analyzed. Peak A was de-
rived from a Cys21-Cys27 disulfide bond-related peptide fragment
and peak B was derived from a Cys73—Cys78 disulfide bond-related
peptide fragment.

16 21 27 33
VMVDGCHGSDPCIIHR GK
Peak A
56 73 77
ASLDGLEIDVPGIDTNACHFMK
Peak B
CPLVK
78 82

FIG. 9. Amino acid sequences of peaks A and B. The solid lines
show the disulfide bonds.

pletely removed during the purification process. In addition,
such inducers might force production costs higher because
they are expensive. In the present E. coli transformant cre-
ated with an expression plasmid, the mutant gene for major
house dust mite allergen was positioned downstream of the
trp promoter (pWU11-C8/119S/HB101), and expression
could be induced by increasing culture temperature. Fur-
thermore, since E. coli is not affected by inhibition of pro-
liferation due to the inducer, production efficiency is very
high. The combination of pWU11-C8/119S/HB101 and high-
temperature culture is economically promising for expres-
sion of the target house dust mite allergen. This method also
contributes to production of safer pharmaceuticals, since
there is no risk of contamination by inducers.
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It was confirmed by peptide mapping analysis that puri-
fied C8/119S has two disulfide bonds. C8/119S was recon-
structed correctly in the refolding process. It also appeared
in SDS—PAGE and gel filtration chromatography analysis
that C8/119S is highly purified.

In conclusion, a large-scale production method for
C8/119S, an immunotherapeutic agent for house dust mite
allergy, was established. C8/119S will be applied to diagno-
sis or treatment of house dust mite allergy in the near future.
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