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Direct Expression of Dert2,a Maior
House Dust Mite Allergen, in
Escherichia coli

Abstract
Der f 2 protein in a highly antigenic form was directly expressed in bacteria.
Plasmid pFLUll derived from pl{K233-2 was designed to express methionyl-
Der f 2 under the control of the trc promoter and it has the replication origin of
pUCllS instead of its original to increase the copy number. This expression plas-
mid directed the synthesis of recombinant Der f 2 (rDer f 2) protein in an insolu-
ble form of inclusion bodies in Escherichia coli cells The high copy number
plasmidpFLUll conferredthe efficientprolluction ofthe Derf 2protein inE. co-
/i, when compared to a nonchanged origin material. rDer f2 inclusion bodies
were easily solubilized in urea and renatured by dialysis to assume the active
form. The rDer f 2 protein was purified by means of anion exchange and gel
filtration chromatography. This expression system yielded about 10 mg of puri-
fied rDer f 2 protein from the lL culture. Purified rDer f 2 protein reacted with
IgE from patient sera almost identically to the native Der f 2 in the RAST enzyme
immunoassay and skin prick test.
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Introduction

The house dust mite [] is one of the major causes of
atopic diseases such as bronchial asthma and atopic dermat-
itis [2-4]. The specific binding of Der f 2 [5-10] to IgE anti-
bodies leads to atopic diseases. However, no information on
the structure responsible for the allergic response is avail-
able. To clarifu the structure-allergenicity relationship of
Der f 2 protein, a system needs to be established with which
the allergen can be prepared. Although the Der f 2 protein
can be prepared from mite bodies [5, 7],itis still difficult to
obtain a large amount of the allergen. To overcome this, we
cloned the cDNA for Der f 2, which is one of the major al-
lergens produced by the house dust mite Dermatophogoides
farinae (Der f) 12-61in Escherichia coli.We then establish-
ed an expression system, in which the Der f 2 protein was
produced as a fused protein with the N-terminal portion of

B-galactosidase of E. coli. The fused protein reacted with
rabbit anti-Der f 2 antisera [0]. To analyze the antigenicity
ofDer f 2indetail, however, nonfused Derf 2protein is nec-
essary. We thus constructed the plasmid that produced
methionyl-Der f 2inE. coli.

This paper describes the direct expression of the Der f 2
protein in E. coli and the ability of the recombinantDer f 2
(rDer f 2)to bind human IgE antibodies.

Materials and Methods

Strains and Plasmid
The E. coli strains used were: DHI (F-, recAl, supE44, gerA96,

thi-I, hsdRlJ relAl, L-), HBl0l (F-, hsdS20, recAl3, ara-14, proA2,
lacYl, galK2, psl20, xyl-5, mtl-1, supE44,l-, mcrA*, mcrB-), JMl05
[thi, rpsl, endA, sbcBl5, hsdR4, A(lac-proAB), (F', proAB, laclQ,
lacZA, M15, traD36)], JMl09 [recAl, endAl, thi, hsdRlT, supE44,
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relAl, ),P-, A(lac-proAB), (F', proAB, laclQZA Ml5, traD36)],
and MVll84 [D(srl-recA) 306::Tnl0D (lac-pro)alaP-, thi-,  rpsl-,
O SOdlacZA Ml5 (F', proAB,laclQ,lacZA, Ml5, traD36)].

The plasmid pKK233-2 [l], which has a single Ncol restriction
site (CCATGG) containing an AIG codon for translational initiation,
preceded by a possible SD sequence for ribosome binding with a
7-bp space, the trc promoter and the rmB transcriptional terminator
upstream and downstream, respectively, were purchased from Phar-
macia LKB Biotechnology (Uppsala, Sweden). The plasmid pUCl18

[2] was from Tàkara Shuza (Kyoto, Japan).

Chemicals
All enzymes were purchased from Thkara Shuzo. Sodium dode-

cylsulfate (SDS)-polyacrylamide gels were obtained from the TEF
Corporation.

Antis era and Antibodies
Seven human sera with a radioallergosorbent score (RAST

SCORE) of over 3 were obtained from mite-allergic patients. The sera
were used for RAST enzyme immuno assay (EIA) [3, 14] and skin
prick test [5], and pooled for Western blotting [16].

C ons truc ti on of Expre s s ion P las mid
The expression plasmid pFLUll was constructed as follows. Plas-

mid pFLl I [0] was cleaved with Kpnl to isolate a DNA fragment of a
0.5 kbp containing Der f 2 cDNA. The resulting 0.5-kb Kpnlfragment
recovered by agarose gel electrophoresis was digested with Sau3Al,
blunt-ended using the Klenow fragment, then digested with Ncol. The
Sau3Al (filled)-Ncol fragment of 63 bp was prepared by polyacryl-
amide electrophoresis. The 0.5-kb Kpnl fragment prepared in the same
manner was digested with Hinfl, blunted with the Klenow fragment,
then digested with NcoI. The Ncol-Hinfl $úled) fragment of 390bp
which was recovered by agarose gel electrophoresis was ligated with
the above 63-bp DNA fragment. The resultant plasmid named pFLKI I
was further digested wrth Pvul plus Pvzll and the larger portion of
3,376 bp was ligated with the Pvtù-Pvull fragment of 1,438 bp of
pUCll8 containing the replication origin. The resulting designated
plasmid pFLUI I has the replication origin of pUCl18 instead of that of
pKl(233-2, which may efficiently express Der f2 protein due to its
high copy number in E. coli cells. The nucleotide sequences of the
portion encoding Der f 2 cDNA in this plasmid were verified by dide-
oxynucleotide termination [7] with a DNA sequencer (Model370A,
Perkin-Elmea USA) according to the manufacturer's instructions.

Purification of Recombinant Derf 2
E. coli JMl09 harboring pFlll was grown ovemight in LB broth

(10 g bactotrypton, 5 g bactoyeast extract, 5 g NaCl/I, pH7.$ supple-
mented with 50trrg/ml ampicillin at 30"C. One milliliter of the culture
was transferred into 100 ml of the same fresh LB medium and incubat-
ed under the same conditions. When the turbidity of the culture medi-
um at 600 nm reached 0.5, isopropyl-B-D-thio-galactopyranoside was
added to a final concentration of 0.1 mM and incubated for another 6 h.
The cells harvested by centrifugation were washed with 100 mMTris-
HCI buffer (pH 8.0) containing l0 mMEDTA and phenylmethylsulfo-
nyldifluoride (PMSF), and resuspended in 2 ml of the same buffer.
DNasel and sodium deoxycholate were added to a final concentration
of 0.16 mg/ml and 20 mM, respectively; the mixture was incubated at
4"C for 15 min. The mixture was then subjected to freeze-thaw treat-
ment, followed by sonication (30 s, 25 times) with an Olympus Bio-
ruptor HP-200 (200 W 200kHz), and then the precipitates containing

inclusion bodies were collected by centrifugation at 7,000 g for l5 min
at 4"C. The inclusion bodies were solubilized with 100 mM Tris-HCl
buffer (pH 8.0) containing 0.1mM PMSF and 8 M urea at lO'C over-
night, then dialyzed against 20 mM Tris-HCl (pH 8.5) for refolding.
The dialysate was centrifuged at 70,000 g for 30 min at 4'C to remove
insoluble materials.

The supernatant was applied onto an anion exchange column on an
FPLC system (Hiload 26110 Q-Sepharose, Pharmacia LKB Biotech-
nology) equilibrated with 20mM Tiis-HCl (pH 8.5) containing 0.01%
NaN3. Conectly refolded rDer f 2 was eluted with 20 mM Tris-HCl
(pH 8.5) containing 80 mM NaCl. The eluate was concentrated to
0.25 ml using a Centricon-10 (Amicon, Verly, USA), then applied to a
gel filtration column (HR 10/30 Superdex 75, Pharmacia LKB Bio-
technology) on an FPLC system, equilibrated with phosphate-buf-
fered saline (pH 7.a) containing 0.01% NaN3. A major peak was col-
lected. The rDer f 2 protein migrated as a homogeneous protein on
SDS-polyacryamide gel electrophoresis (SDS-PAGE) U8l. The N-ter-
minal amino acids were determined with a gas phase protein sequen-
cer (Model 473A, Perkin-Elmer, USA).

Immunoblotting
Der f 2 samples were resolved by SDS-PAGE [7] and transferred

to a polyvinylidene difluoride membrane (lmmobilon, Millipore,
USA) for Western blotting [7] against antisera from mite-allergic pa-
tients as described above.

RAST.EIA t

Direct RAST-EIA was performed using CNBr-activated filter pa-
per disks (3 mm) and the Pharmacia RASTEIA kit (Kabi Pharmacia
Diagnostics, Uppsala, Sweden). The antigens were diluted with 0.1 M
borate to 0.02 0.7,7.0,70, or 700 nglml for rDer f 2, and 0.15, 1.5, 15,
150, or 1,500 nglml for nDer f 2. The disks were soaked in these solu-
tions overnight at room temperature. The antigen-coupled disk was
washed with 0.5 ml of 0.1 MNaHCO3, ond blocked with 0.2 ml of 0.1
M monoethanolamine (pH 9.0) for 3 h at room temperature. The disk
was then washed once with 0.5 ml of 0.1 MNaHCO3 and 3 times with
0.5 ml oî 0.1 M acetate buffer (pH a.0). Serum (50 pl) containing 15-
340 RPU/ml anti-Der f IgE antibodies from 7 patients was added to the
disks and incubated for 4 h at 37'C. The amount of IgE antibodies
binding to the allergen was determined with a RASTEIA kit according
to the manufacturer's instructions. Standard curves for the interaction
between native Der f 2 (nDer f2) and IgE antibodies were obtained as
described [3].

Results

Production and Purification of rDerp
To produce a methionyl-Der f 2 protein, we constructed

the pFLUll (fig.1). This plasmid harbored Der f 2 cDNA
controlled by the trc promoter and a pUCllS replication ori-
gin. Agarose gel electrophoresis after alkaline plasmid ex-
traction [19] revealed that the copy number of this plasmid
in one E. coli (JMl05) cell was higher than that of pFLKll
having pI(K233-2 replication origin fdata not shown]. We
also examined rDer f 2 production in various E. coli strains
(DHl, HBlOl, JM105, JMl0q and MV1184). Since the
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Fig. î. Construction of pFLUll to produce Der f 2 protein. Der f 2
cDNA encodes 129 residues of mature Der f 2 with a hydrophobic
leader sequence, which was removed by cloning as described in Mate-
rials and Methods. This product started with an Asp residue at nucleo-
tide 40. Sites for Kpnl, Ncol at the 5'end and KpnI at the 3'end were
derived from linkers [see l0]. An ATG condon was located within a
unique Ncol site (CCATGG) at the 5'end. Ptrc: trc promoter, identi-
cal to tac 12 promoter Il] with the exception of a l-bp change; 5S = 5S
ribosomal RNA gene; TlT2 : transcription terminator; Apr: ampicil-
lin resistance gene.

Fig.2. Elution profile of rDer f2 from
Q-Sepharose. Peak I contained rDer f 2.

JM109 transformant produced the most rDer f 2,we selected
this strain as the host [data not shown].

The rDer f 2 produced in JMl09 was an insoluble materi-
al probably forming inclusion bodies. To obtain the correct-
ly refolded molecule, denaturation and renaturation were
required. Like the Der f 2 proteins fused with B-galactosi-
dase, a large portion of insoluble rDer f 2 protein was re-
folded by exposure to 8 M urea and the successive dialysis
to remove the denaturant. After refolding, rDer f 2 was puri-
fied by anion exchange chromatography (frg.2) followed
by gel filtration chromatography (fig. 3).As shown in table
l, about 10 mg of rDer f 2 protein were purified from I liter
ofculturewithayield of 35%. ThepurifiedrDer f 2migrat-
ed as a single band with a molecular weight 14 kDa on SDS-
PAGE (fig. 4B), which coincided well with the molecular
mass deduced from the nucleotide sequence. And this mate-

rial also had the same degree of reactivity to nDer f 2 on
Western blotting using IgE from patient sera (fig.4A). We
determinated the N-terminal sequence of 25 amino acid re-
sidues and found that it was identical to that deduced from
the nucleotide sequence of Der f2 cDNA, except that a
methionine residue remained uncleaved at the N-terminus

1201.

IgE-Binding Ability of rDerf 2
The IgE-binding ability of rDer f 2 was analyzed by di-

rect RAST-EIA (fig. 5). When lgE-binding ability of rDer
f 2 was compared with that of nDer f 2,there were no differ-
ences throughout the range of Der f 2 concentrations stud-
ied. Figure 6 shows the RASTEIA with 50 nglml of rDer f 2
and nDer f 2 againstT patientsera. The IgE-binding abilities
of rDer f 2 andnDer f 2 were similer against all patient sera.

IwamotoA.{ishiyama/Yasuhara/Saito/Yuuki/
Okumura/Okudaira
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Fig.3. Elution profile of rDer f 2 from Superdex 75.Peak
purified rDer f 2.

Table î. Summary of rDer f 2 purifications

Fig.4. SDS-PAGE of rDer f 2 and nDer f 2. Immunoblotting with
IgE in patient sera (A) and Coomassie brilliant blue staining (B) of the
purified fractions. Lanes I and 3 represent nDer f 2,lanes 2 and 4 rDer
f 2 and lane 5 molecular weisht marker.

í 0 "  r o ' r  1 0 o  l o t  l o 2  l o 3  t o 4  t o s

Concentration of Der f 2(ng/ml)

Fig. 5. A comparison of the allergenicity of rDer f 2 with nDer f 2.
The allergenicity of both was measured with RAST-EIA using 4-fold
dilutions of serum from an atopic patient (anti-Der f IgE, 340 PRU/ml,
one of the patients shown in fig. 6) and coupled disks with various
antigen concentrations (nDer f 2, 0.07, 0.7, 7, 70, 700 ng/ml. rDer f 2,
0.15, 1.5, 15, 150, 1,500 ng/ml).

0 -
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Purification step Total proteinr
mg

rDer f 2

mg2 purity3

Yielda
%

Whole cel l
Sonication
x 12,000g
x70,000 g

Q-Sepharose
Superdex 75

3s6
3 1 1
5 1
40
l 2
1 l

3 1  8 . 7
21 8.9
20 39
1 8  4 5
1 1  9 5
I  l  - 1 0 0

100
87
65
5 8
3 5
3 5

' Estimated by the Lowry method with BSA as a standard.
2 Calculated by the densitometry of Coomassie brilliant blue stain-
ing of separated Der f 2 protein on SDS-PAGE.
3 Der f 2(mg)ltotal protein (mg) x 100.
* Recovery from total production of Der f 2 protein.
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l t t
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O rDerf  2

O nDer f2
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Fig.6. Comparative reactivity of IgE in

serum of allergenic patients with rDer f 2 and
nDer f 2 by RASTEIA. Results are shown at a
Der f 2 concentration of 50 ng/ml.

We examined the allergenic activity ofnDer f 2 andrDer f 2
by skin prick test. Both antigens caused positive reactions in
the 7 patients at concentrations of less than 3 p,glml,but not
in the healthy volunteers even at concentrations of l0 pglml.
These results indicated that rDer f2 has a conformation
identical to that of nDer f 2.

Discussion

A high level (10 mg of lL culture) ofnonfused-type rDer
f 2 protein was produced using an expression system with a
trc promoter. We found that nDer f2 has three disulfide
bonds at Cys8-Cysll9, Cys2l-Cys27 andCysT3-Cys78, and
when nDer f2 is reduced, it loses the ability to bind IgE
antibodies, and becomes unstable [13]. These observations

suggest that the disulfide bonds stabilize the structure ofthe
Der f 2 molecule, which is responsible for the allergenicity
of this protein. The melhionyl-rDer f 2prepared here had an
antigenicity that was almost identical to that of nDer f 2,
suggesting that the rDer f 2 possessed the same conforma-
tion as the nDer f 2 protein.

The efficient product system for rDer f 2 described here
may be useful not only to elucidate the structure-antigenic-
ity relationship of Der f 2,but also for the practical use of
this reeombinant protein as a therapeutic reagenr for dis-
eases mediated by Der f 2,becatse hyposensitization with
the mite allergens is effective against these diseases.

Determination of epitopes of Der f 2 for IgE as well as its
three-dimensional structure is now in progress. This could
elucidate the mechanism of atopic diseases viaDer f 2.
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