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Introduction

DerfII is a major allergenic protein of the mite Derma-
tophagoides farinae,which causes allergic diseases such as
asthma, perennial rhinitis, and eczema [l-3] . Der /II is

Abstract
Amino acid sequencing of the major mite allergen Der fII purified from mite
body extract revealed that it is a mixfure of at least two variants. Substitutions
were found only at positions in which amino acid variations were predicted from
the nucleotide sequences of three cloned cDNAs. When cDNAs corresponding
to the three variants were expressed in Escherichia coli, Der/II proteins were
produced as inclusion bodies. Denaturation and renaturation with urea converted
recombinant Der fII into a protein with three intramolecular disulfide bonds
(Cys8-Cysl19, Cys2l-Cys27, and Cys73-Cys78), which were identical to those
previously identified in native DerfII. All the variants, including native DerflI,
were equally recognized by human IgE antibodies from 14 different sera of mite-
allergic patients. These results suggested that recombinant Derfllproteins as-
sumed a conformation identical to that of the native DerflI and that all the Der
fllvariants acted as allergens. This result also suggested that IgE antibody binds
to the region where there were no amino acid variations. The binding ability of
the monoclonal antibody (mAb) l8G8 for the variant clones l, 2, and ll Der fII
was almost the same. However, mAb 15E11 bound to clone I DerfII more effi-
ciently than to clones 2 and 11, whereas mAb l3A4 recognized clone 2 Derfll as
the most preferable antigen. This suggested that these antibodies recognized the
region of amino acid variations. The stability of Derfllvanants was analyzedby
measuring their IgE antibody binding activify after heating, freezing, or acid
treatment, and was analyzedby resistance to trypsin digestion. These analyses
revealed that clone 2 DerfIIwas the most stable among the DerfII variants.

composed of 129 amino acid residues that have no sequence
homblogy with other proteins except for Der p II, which is
also an allergic protein produced in a similar mite, Dermq-
tophagoides pteronyssinus 14-61. The physiological func-
tion of the group II allergen (Derfll and Der p II) in the
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mites is still unknown. However, skin tests and radioallergo-
sorbent test (RAST) analyses revealed that a specific inter-
action between Derflr and human IgE was involved in the
allergic diseases U -131.

As reported previously, three cDNA variants of Derfrl
were highly homologous [4]. compared with clone l of Der
/II, clone 2 possesses a single amino acid exchange and
clone ll has four amino acid substitutions. clarification of
the difference in the structure and antigenicity of these Der
flrvanants should provide useful information for the ther-
apy of allergic diseases mediated by this protein. we exam-
ined the interaction of these Der flr vaùants with human
IgE antibody and mouse monoclonal IgG antibodies. This
paper describes the binding of human IgE and mouse mono-
clonal IgG to the DerJTI variants.

Materials and Methods

Purification ofDerf llfrom Mite Body Extract
Native Der fil was purified from freeze-dried mite body extract,

which was supplied by Torii & co., Ltd., Tokyo, Japan. Four milli-
grams of Derfil was purified from 5 g of mite body eìtract by means
of DEAE-sephacel, s-Sepharos., und Sephadex ó-75 .hro-atogra-
phy as described previously [14].

Expressíon and Purification of RecombinantDer f II
E. coli BL2l [15] ceils harboring a pGEMEXI (promega co.,

wisc., usA) derivative containing each ofthe cDNAs fortlree Der/\l
variants under the control of the T7 promoter (manuscript in prepara-
tion), were cultured in 5 ml of LB medium (10 g Bacto_tryptone, 5 g
Bacto-yeast extract, 5 g Nacl per l liter, pH T.5fcontaining 50 pglml
ampicillin at 30'c. The same medium, 170 ml, was inocùated with
1.7 ml of this preculture in a 500 ml shaking flask. After 2.5 h, isopro_
pyl-B-D+hiogalactopyranoside (IprG) was added to a finar concen-
tration of l mM to induce the T7 promoter. After an additional 4 h in_
cubation, the cells were harvested by centrifugation, resuspended in
6 ml of TE buffer (t00mM Tiis-HCl, r0mM enta,.pu 7.5) and dis-
rupted by sonication. Since Derflrproteins *... p.óduced as inclu-
sion bodies in this expression system, insoluble Dirfllwas collected
by centrifugation at7,000 g for 15 min, and solubilized with 50 ml of
! lr 

urea containing_ 20 mM Tris-HCl (pH g.5), and diaryzed against
20 mMTis-HCl (pH 8.5) for 12 h to obtain the forrectly réfolded mor-
ecule [6]. The dialysate containing refolded Der/7rwas applied onto
a DEAE-Toyopearl column (3.5x9.g cm, Tosoh Co., fofyo, Japan)
equilibrated with 20 mM Tiis-HCl (pH g.5) and eluted *ítn zo ̂ u
Tris-HCl (pH 8.5) including 50 mM Nacl. The eluate gave a single
band on sodium dodecyl sulfate-polyacrylamide gel elJctrophoreiis
(sDS-PAGE).

Peptide Mapping ofDer f II

calif., usA) equilibrated with solvent A (0.1% trifluoroacetic acid
(TFA)/distilled water). The gradient profile was from 0%o solvent B
(0.1%TFN70% acetonitrile) at 0 min to 65o/oat 45 min and to 1001l.o at
55 min in linear segments and was kept 100% for 5 min. The eluate
from this column was monitored by absorbance at2r5nm. Each pep-
tide fragment was sequenced with 473A protein sequencing ,yrto'
(Applied Biosystems).

Binding of Human IgE Antibodies to Der f/1
Fifty microliters of the Der flrsolution containing 0. I ng-l stg Der

/II protein (0.1 M borate buffer, pH s.0) was soakeA'on a paper disc
(6.0 mm in diameter) activated with BrcN and stored in a test tube
(Shionogi & Co.,_Ltd., Osaka, Japan) overnight at room temperature.
The antigen-coupled paper disc was washed once with 0.5 ml of 0.1 M
NaHCo3 and blocked with 0.25 ml of 0.1M monoerhanoramine,
pH 9.0, for 3 h at room temperature. After a 3-hour incubation, the
blocking buffer was aspirated, then the disk was washed once with
0.5 ml of 0.1M NaHCo3 and three times with 0.5 ml of 0.1 M acetate
buffer, pH4.0- Radioallergosorbent test-enzyme immunoassay
(RASTEIA) was then carried out using a RAST-EIA kit (Kabi phai-
macia Diagnostics, uppsara, Sweden) according to the supplier's in-
structions. In brief, human serum containing anti-Derfll IgE was ap-
plied onto the disc. The amount of the IgE antibody bóundio Derfîr,
which was fixed on the paper was measured with B-D-galactosidase-
labeled anti-human IgE rabbit IgG using o-nitropheny[p-D-galacto-
pyranoside as a substrate.

Bindingof MousemAbs toDerf II
various concentrati ons of DerfII in 100 pl of pBS buffer (140 rnM

NaCl, 2.7 mM KCl, 1.5 mM KÍI2pOa, and g.lmM Na2HpOa, pHl.a)
were applied to each well of the enzyme-linked immunosorbent assav
(ELISA) plate, Immulon 2 (Dynatech Laboratories, Inc., Va., USAi
and incubated for more than 2h atroom temperature. After removing
the Der flI solution, the welr was washed with pBS 3 times and
blocked with PBS including l% (wlv) bovine serum albumin (BSA)
for I h at room temperature. After removing the blocking buffer and
washing the wells with pBS including 0.05ó/o (w/v) rweJn 20 (pBS-
Tween), 100 pl of mouse mAb was applied to the wells at a concentra-
tion of l0 pglml for 15Eil, 5 pglml for 13A4, and,2.5 Ttgrmrfor lgGg
and incubated for 2h or more at room temperature [17]. one hundred
microliters of l0 pglml biotinylated anti-mouse Igc goat IgG antibody
(vector Laboratories, Inc., calif., usA) in pBS òontuining 0.02% (wl
v) NaN3 and I mg/ml BSA was then added and incubatedlor 2 h. The
wells were washed with pBs-Tween as described above and incubated
with 100 pl of alkaline phosphatase-labeled avidin (Vector Laborato_
ries) containing 100 units of alkaline phosphatase activity in 90 ml
PBS/ìrIaN3-BSA as above for 30 min at room temperature. The en-
zyme-labeled avidin was removed and the wells were washed with
PBS-Tween three times. one hundred microliters of 0.5 mglml p-ni-
trophenylphosphate disodium in diethanolamine/HCr (pu 9.g) was
added as the substrate and incubated at room temperature. Ten minutes
later, the reaction was stopped by adding 100 pl àrs a,r NaoH and the
absorbance of the solution in each well was measured at 405 nm.

Purified native or each recombinant D-ey'II was digested with ly - ConÍormational Stobility ofDeî f IIsylendopeptidase (wako Pure chemical rnàusries, Lid., o.uti ri- H"o-rou i y ,uu, -"*uód 
". 

the rcmaining binding ability topan) as described previously [14]' The mixture ofpeptid€ fragments human-tgt antitoay uslng tt e RAaT-E1A aler rreating 2s0 pl ofDeruas separated bv high-performance liouid chromarography útt.':q Íri 1ióottg/^r or z-o.,rz"rri, nCi plilJ 
", 

zotc for 30min. Theusing a c8 colunn (RP-300 l00x2.t mm, Appti"a nioryrt".r, Io". 
'"rr"iì 

orru"r"-tr,"*ing on the srabiliry was exammed as follo.ws. Five
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Clone I
Clone 2
Clone 1l

Fig.1. The amino acid sequences oî Der

/II deduced from three cDNA clones [4].

hundred microliters of DerfII (40 pglml of PBS buffer) was frozen at
-20"C for I h then thawed at 37"C. This cycle was repeated three
times, then the IgE antibòdy binding ability was analyzed using the
RAST-EIA. Stability under acidic conditions was examined by dialyz-
ing Der fll against 0.3 M acetate buffer pH 5.0, overnight at 4'C. The
stability of Derfll was evaluated as described above.

Resistance to Digestion with Trypsin
To examine the protease sensitivities, DerfIl variants (0.2 mg/ml

of 14mM Tiis-HCl and 50 mM NaCl, pH 8.5) were incubated with
0.1 pg of trypsin at37'C and the reaction was stopped by rapid freezing
3, 6, or t h later. The amountof Derfll protein present in l0 pl of each
reaction was analyzed by SDS-PAGE.

Results

Heterogeneity o./Der f II Purifiedfrom D. farinae
We used three independenÍ Der fII cDNA clones, each

of which encodes Der fII protein with 4 amino acid ex-
changes [a] (fig.1). To examine the variations in Der fII
proteins purified from mite bodies, we purified DerflI(na-
tive DerJTI) from the house-dust mite, D. farinae, and ex-
amined the heterogeneity of native Der fII. As shown in
figure 2, lysylendopeptidase-generated peptide fragments
of native Der/7[were mapped and their amino acids were
sequenced. These analyses revealed variations in peak 8 and
between peaks 6 and7. Peptide fraction 8 containing amino
acid residues from Ala56 to Lys82 possessed both Met and
Val residues at position 76 at a ratio of 413. As shown in
figure 2, peaks 6 and 7 contained the same disulfide-bridged
peptides, one from AspT to Lysl4 andthe other from Leull0
to Lysl26, which are connected by the disulfide bond be-
tween CysS and Cysll9. Peak 6 had Val and Ala residues at
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Fig.2. Peptide map of native Derfll digested by lysylendopepti-
dase. The fragment number is the same as that of the corresponding
peak shown in the chromatogram.
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positions lll and 125, respectively, whereas Ile and Gly
were detected at the corresponding positions of peak 7. The
ratio of Ile/Val at position il l was aboutT lg,and ihat of Gly/
Ala at 125 was almost l/1. peak 2 containing the peptide
from Gly83 to Lys89 generated by lysylendopèptidarr, por-
sessed only an Ile residue at position gg. peptide mapping
and amino acid sequencing of a peptide fragment generated
by v8 protease, however, revealed an Ala as well as an Ile
residue at position 88 (data not shown). These results
showed that at least fwo variants were produced in D. fari-
nae.

Disulfide Bonds in Recombinant Der f II
The three cDNA clones were expressed in E. coli under

the control of the T7 promoter and their products were puri-
fied as described in Materials and Methods. we examined
disulfide bond formation of recombinant Der fil proteins
prior to their characterization,because the affinity of native
Derfll to human IgE antibody is remarkabry decreased by
reduction and alkylation [18]. we have described three dis-
ulfide bonds, Cys8-Cysll9, Cys2l-Cys27, and Cys73_
cys78, in D er frrproteins purifi ed from mite bodies I I 4] . To
confirm the formation of the correct disulfide bridges in the
recombinant DerfII proteins, we constructed peptide maps
and sequenced the recombinaht Der flr proieins from
clones 1,2 and ll (fig. 3). The HPLC elurion profile of each
recombinant DerfII digested with lysylendopeptidase was
principally the same as that of the native protein. Therefore.
we assigned the peptide fragments of the recombinants.
when the native Derfrrproteins were digested with lysyl-
endopeptidase, a peak eluted at24min containing fwo pep-
tides connected by a disulfide bond between cysg and
cysll9, and the peak at 27 min corresponded to two pep-
tides connected by a disulfide bridge befween cys73 and
cys78 [a]. Amino acid sequencing of the peptide frag-
ments of the corresponding fractions of these recombinant
Derflr proteins proved the formation of the two disulfide-
bonds of cys8-cysllg and cys73-cys7g. other two cys-
teine residues, both cys2l and, cys27, are located in the
same peptide fragment from vall6 and to Lys33 generated
by the peptidase. The formation of the disulfide bond be-
tween cys2l and cys27 was judged by considering the re-
tention time of the fragment on HpLC. This peptide eluted
atlT min when the disulfide bond was formed, and while it
was eluted at 16.5 min under reducing conditions when the
two cysteine residues were in a free thiol state. The corre-
sponding peptide fragments of the recombinant were eluted
exactly at the same time as that in the disulfide state. These
results indicated that all the three disulfide bridges were
formed in the recombin ant DerfII proteins.

0 1 0 2 0 3 0 { o
Retention tiure (min)

Fig. 3. chromatogram of recombinant Der filfragments generar-
ed by lysylendopeptidase digestion. a crone L b cloné 2. c clone ll.

Binding Activity of Anti-Der f II Human IgE to Native
and RecombinantDer f II
Analysis using serum from patient with asthma and der-

matitis, which contained anti-Derfll IgE antibody at a high
titer, revealed that the antibody recognized three recombi-
nant Der/II proteins with almost equal efficiency (fig.4).
Similar results were noted with native Der/II protein,
which is a mixture of more than two variants. Furthernore,
when 13 other sera were used, there were no differences
among the DerfII proteins tested.

Binding Activity of Anti-Der f II mAb to Three Der f II
Variants
we examined the effect of the amino acid variation on

DerfII recognition by the mAbs, lsEll, 13A4, and lgGg
[7]. Figure 5 shows dose response profiles of Derfrl pro-
teins against peroxidase activity which is proportional to the
amount of mAb bound to Derfrl protein. The mAb l5Ell
had the highest specificity for clonel. The mAb l5Ell also
bound the other two Derfrl clones, clone 2 andclone I l, but
with lower efficiency; the specificity for crone 2 washigher
than that for clone ll. There were no such large differences
between the three recombinant Der frl proteins when the
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Fig.4. Binding activity of anti-Der/Il human IgE to native and
three types of recombinant Der fII. O: Native Der fll; O: clone l;
A:  c lone2:  n :  c lone 11.

other two mAb were used. However, antibody l3A4 might
have higher specificity for clone 2 DerfII.

Conformational Stability ofDer f II Variants
Human IgE antibody binding activity to the three Derfll

variants was measured after heating, freezing, or acid treat-
ment. As shown in figure 6, these Derfll variants retained
the IgE binding ability after these procedures. Among the
DerfII variants, clone 2 DerflI was the most stable. We
next examined the trypsin-sensitivity of Der fll variants.
Clone 2 was again the most stable (fig.7).After 9 h, most of
clone 2 Derfllremained without any degradation, although
half of clone ll DerfI\ for example, was lost. By quantiti-
zation of the Derfll protein in SDS-pAGE in figure7 by
densitometry, remaining amounts of Der fll proteins after
t h trypsin digestion were 71, 82, and 3lo/o for clone l,
clone 2, andclone I l, respectively.

Discussion

DerfII has been purified from house-dust mite, D. fari-
nee, as one of major mite allergen U-3]. When the purified
native Derfll was analyzedby SDS-PAGE, it migrated as a
single band of molecular weight 14,000 (data not shown).
However, it was separated into two bands by isoelectric fo-
cusing, and two close peaks were eluted by HpLC (data not
shown). These results suggested that at least two types of
DerJTr are produced in house-dust mite. on the otherhand,
we have found three cDNA clones encoding Der fll pro-
teins which have amino acid exchanges at maxim ally 4 re-

Fig.5. Binding activity of anti-DerflI mouse mAbs to three var-
iants ofrecombinantDerfll.a Binding activity of mAb l5E1l to each
recombinant Derfll. O : Clone l; A : clone 2;l: clone I l. b Binding
activity of mAb l3A4 to clonel (O), clone 2 (L), and clonell (l). c
Binding activity of mAb l8G8 to clone I (O), clone 2 (L),clone ll ([)
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Fig. 6. Remaining binding activity of anti-Der/Il human IgE to
native and recombinant DerfII after heating, freeiing,or acid treat-
ment. *:Native Der frl without any treatment as a control. O: na-
t ive; o:clonel; A:clone2; n:clonel l  under each condit ion.
a Heat. b Freezing. c Acid treatment.

sidues out of 129 each [4] (flrg. l). To clarify the heterogenei-
ty, all the lysylendopeptidase- and vg protease-generated
peptides ofnative Derfrrpurified from D.farinaewere col-
lected with HPLC and sequenced by protein sequencer.
This analysis showed at least two variants in which amino
acid variations were found at positions 76, gg, ll I and r25.
According to amino acid sequence s of Der /II deduced
from cDNA clones (fig. l), clone l has val, Ile, Ile, and Gly
at76,88, ll l, andl25, respectively, and clone 2has Met at
residue 76, the sole difference befween clone I and 2.
clonell has Met, Ala, val, and Ala, at each position. The
polymorphism identified in this study coincided well with,
the amino acid variations among the three cDNA clones.

Der frl purified from the dust mite was heterologous.
Therefore, the effects of each variation upon, for example,
IgE antibody binding leading to allergy, or the structural sta-
bility may be difficult to analyzewith nativ e Derffi.on the
other hand, since we have three independent cDNA clones
for DerfII, the effect of the variation of Derfll was exam-
ined with recombinant Der fII protein produced by an E.
coli expression system. All variants of recombinant Derfrr
were confirmed to form three disulfide bonds, which was
suggested to be important for correct folding and binding to
IgE antibody. we also found that each recombin ant Derflr
variant had a cD spectrum profile identical to that of native
Derfrr (data not shown). consequently, we concluded that
recombinant DerfII took the same three-dimensional struc-
ture as native Der frr. Then, human IgE binding to three
variations ofrecombinant and native Derfrrwere examined
using RAST-EIA and no differences were found in binding
ability between IgE and each antigenic protein. Further-
more, when the allergenicity of recombinant and native Der
/II was analyzed by the prick test, all the Der fII proteins
induced an allergic response to the same extent (data not
shown). From these results, we speculate that the human IgE
antibodies mainly bound to Der frl region(s) where there
were no variation in the amino acid sequence. At present, it
is also possible that even though the IgE bound directly or
close to the region showing variations, such variations
might have no effect on the IgE binding. To clariff rhe ef-
fects of amino acid sequence on IgE binding ability further,
site-directed mutagenesis and deletion analy ses of Der frr
protein are now in progress.

Dose response curves in figure 5a suggested that the
monoclonal antibody l5Ell distinguished the difference in
amino acid sequence befween the three recombin ant Derfrr
proteins. using monoclonal antibody l5Ell as the solid-
phase antibody and alkaline phosphatase labeled mAb 13A4
as the secondary (detection is better) antibody [19], the
binding of recombinant Derflr from clones 2 and ll was
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Fig.7. Trypsin-sensitivity of three Der fll variants. Lane M: molecular weight marker;
lanes l, 2 and3, clones 1,2 and 11, respectively, before trypsin digesion; lanes 4, 5 and 6, clones l,
2 and ll, respectively, after digestion for 3 h; lanes 7, 8 and 9, clones l, 2 and ll, respectively,
after digestion for 6 h; lanesl0, l1 and 12, clones 1,2 and ll, respectively, after digestion for t h.
Relative amounts of remainingDerfllcalculatedby densitometry were 100, 100, 100,99,102,
55,82,91,36,71,82,and31oÀ forlanesl,2,3,4,5,6, '7,8,9,10, l l  and 12, respectively.

reduced to ll2 and l/5 of the activity of clone l. Since no
such great difference ih the recognition by 13A4 between
these three Der fll clones was observed (fig. 5b), we con-
cluded that the difference in amino acid sequence between
the Der fll clones affected the recognition of Der fll pro-
tein by 15Ell. Amino acid sequencing of Der fII revealed
that Val residue at position 76 of clone I was exchanged for
Met in clone 2. Since clone I had higher binding efficiency
to mAb lsEll, the Val residue might play an important role
for recognition by the antibody. In addition, mAb l5El l rec-
ognizes only Der fII but not Der p II in which the 7 6th ami-
no acid is Met. These results suggested that the mAb recog-
nizes DerfII at the region around theTíthposition. Consis-
tent with this, Western blotting of several Der fII proteins
with various deletions verified that the epitop e of DerfII for
mAb l5Ell was between the 67th and 90th residues (data
not shown). On the other hand, there was a small but obvi-
ous difference in the binding to mAb l5Ell between
clones 2 and ll. The amino acid sequences of both DerfII
variants differed at the 88th residue (Ile in clone ll and Ala
in clone 2) between 67th and 90th residues. This suggests
that mAb l5Ell recognized the central portion of Derfllín
amino acid sequence, which contained the 76th and 88th
amino acid residues. Determination of the three-dimension-
al structure of DerfII is apparently required to further clar-
iff the mechanism of the mAb recognition, the allergic
function of DerflI, and the therapy of the allergic diseases
mediated by this protein.

The native Derfll fraction contains at least two variants
and fwo close peaks eluted at36.5 and37.0 min from HPLC
(unpublished data). When native DerfII was digested with

lysylendopeptidase and analyzedby HPLC, the decreasing
rate of the non-digested form which eluted at36.5 min was
significantly larger than that of non-digested Derfllwhich
eluted at37.0 min. Consistent with this, stable recombinant
Der flI, clone I and clone 2, eluted at 37.0 min, while sus-
ceptible clone lI Der fII eluted at 36.5 min. This observa-
tion emphasized that native DerfII is a mixture of at least
two variants with a higher and a lower stability, and that
clone I and/or clone 2 are the components with the higher
stability and clonell is the component showing the lower
stability. This study also revealedthat only a few amino acid
exchanges, 4 amino acids out of 129 among the three Derfll
clones, alters the stability. Determination of the three-di-
mensional structure is obviously required to further charac-
tenze their stabiliW.

Ni shiyama/YuukiAJsui/Iwamoto/Okumura.i
Okudaira

68 Amino Acid Variations in Der f\l



References

I Platts-Mills TAE, Chapman MD: Dust mites:
Immunology, allergic diseases and environ-
mental control. J Allergy Clin Immunol 1987;
80:755-175.

2 Platts-Mills TAE, de Weck AL: Dust mite aller-
gens and asthma - A world-wide problem. J Al-
lergy Clin Immunol 1989 :83 :4 | G4Zl.

3 Platts-Mills TAE: Dust mite allergens and asth-
ma: Report of a second international workshop.
J Allergy Clin Immunol 1992;89:1046-1060.

4 Yuuki I Okumura I Ando T, yamakawa H. Su-
ko M, Haida M, Okudaira H: Cloning and ex-
pression of cDNA coding for the major house
dust mite allergen Der fIl in Escherichia coli.
Agric Biol Chem l99l ;55: 1233-l 238.

5 Trudinger M, Chua KY Thomas WR: cDNA
encoding the major mite allergen Der fll. Clin
Exp Allergy 199 | :2t :33-37.

6 Chua Kl Doyle CR, Simpson RJ, Tirmer KJ,
Stewart GA, Thomas WR: Isolation of cDNA
coding for the major mite allergen Der pllby
IgE plaque immunoassay. Int Arch Allergy
Appl  Immunol  1990;91: l  l8-123.

7 Heyman PW, Chapman MD, Aalberse RC, Fox
JW, Platts-Mills TAE: Antigenic and srructural
analysis of group II allergens (Derfll and Der
p II) from house dust mite (Dermatophagoides
spp.). J Allergy Clin Immunol 1989;83:1055-
106'1.

8 Yasueda H, Mita H, yui I Shida T: Compara-
tive analysis of physicochemical and immuno-
chemical properties of the two major allergens
from Dermatophagoides pteronyssinus and the
corresponding allergens from Dermatopha-
goides farinae. Int Arch Allergy Appl Immunol
1989;88:402407.

9 Lind P: Purification and partial characterization
of two major allergens from the house dust
mite, Dermatophagoides pteronyssinus. J Al-
lergy Clin Immunol 1985:7 6:7 53-7 61.

l0 Holck A, Pale S, Sletten K: purification and
characterization of a major allergen from the
house dust mite Dermatophagoidesfarinae. Al-
lergy 1986;41:408417.

I I Yasueda H, Mita H, yui I Shida T Isolation
and characterization of two allergens from Der-
matophagoides farinae.Int Arch Allergy Appl
Immunol 1986;8 I :214123.

12 Haida M, Okudaira H, Ogita I Ito K, Miyamoto
I Nakajima I Hongo O: Allergens of the house
dust mite Dermatophagoides farinae - Immu-
nochemical studies of four allergic fractions. J
Allergy Clin Immunol I 985 ;75 :68 G-692.

13 Yamashita N, Haida M, Suko M, Okudaira H,
Miyata T: Allergens of house dust mite Derma-
tophagoides farinae. 2. Immunochemical char-
acterization of four allergenic molecules. J Al-
Iergy Clin Immunol 1989;88: tj3-175.

14 Nishiyama C, Yuuki T, Takai I Okumura I
Okudaira H: Determination of three disulfide
bonds in a major house dust mite allergen, Der
/II. Int Arch Allergy Immunol 1993;l0l:159-
t66.

l5 Studier FW, Moffatt BA: Use of bacteriophage
T7 polymerase to direct selective high-level ex-
pression of cloned genes. J Mol Biol 1986; 189:
l  l 3 -130 .

16 Iwamoto N, Nishiyama C, Yasuhara T, Saito A,
Yuuki T, Okumura Y Okudaira H: Direct ex-
pression of Derfll, one of the major house dust
mite allergens, in Escherichia coli (in prepara-.
tion).

17 Akagawa M, Mori I Ando I Okudaira H:
Preparation of specific monoclonal antibodies
against Der fll, one of the major allergens of
Dermaîophagoides farinae. Jpn J Allergol
l99l;40:1239-1242.

l8 Lombardeo M, Heyman PW, Platts-Mills TAE,
Fox JW, Chapman MD: Conformational stabil-
ity of B cell epitopes on group I and group II
Dermatophagoides spp allergens: Effect of
thermal and chemical denaturation on the bind-
ing of murine IgG and human IgE antibodies. J
Immunol 1990;144:1 353-l 360.

l9 Akagawa M, Mori I Ando I Okudaira H: Spe-
cific measurement of a major mite allergen. Der
fIl,by an enzyme-linked immunosorbent assay
system using monoclonal anti-Der/Il antibod-
ies. Biosci Biotech Biochem 1992;56:1725-
t727.

69


