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An immunoreactive clone, which shares no homology with the major allergen s, Der f I and
Der f II, was isolated by screening of a Dermatophogoides farínoe cDNA library with
rabbit antiserum raised against an extract of the house dust mite and sera from patients
with mite allergy. The deduced amino acid sequence of the cDNA of the clone is significantly
homologous, up to 65.,5%o, to the carboxyl-terminal region of the heat shock cognate protein
(hsc) 71 in the heat shock protein (hsp) 70 family. A pool of the recombinant protein'specific
IgE purif ied from mite-allergic sera recognized a 67 kDa protein on a blot of ATP-binding
components partially purified from the mite body extract, while the antibody did not bind
to the major allergens. We conclude that the recombinant protein, one of several important
allergens, hay be a protein in the heat shock protein 70 family from the house dust mite, D.
farinae.
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llite allergens, which appear to be intact or decomposed
components of the mite body and feces, present in house
dust are major triggers of aliergic diseases such as bronchial
asthma, perennial rhinitis, and atopic dermatitis in humans
(1, 2) and consist of a compiex mixture of antigenic
components (3, 4).

These antigenic components may arise by modification of
the antigenic molecuiar species by hydroiytic enzymes
during the breeding of mites and/or additional modifica-
tions occurring during the purification process (5, 6). Thus,
the total number of mite aliergens identified by immuno-
electrophoretic analyses has been reported as 4-26 in
extracts of mite bodies and 5-19 in extracts of mite cuiture
(7, 8). However, only the major allergens of. Der I, II, and
iII groups in the small quantities of extract available have
been extensively studied (9- 12) because of difficulty in
isolating other components by conventional methods. Thus,
inrportant allergens remain to be characterized (4, 5, 7, 8,
13).

'This study was supported in part  by Grants- in-Aid for  Scient i f ic
Research (Nos.  01560097, 03660088, and 05650802) f rom the
llinistry of Education, Science and Culture of Japan. The nucleotide
sequence data reported in this paper will appear in the DDBJ, EMBL,
and GenBank Nucieotide Sequence Databases rvith the accession
n u m D e r  u I  / b  / o .
' To whsm correspondence shou\d be addressed.
Abbreviations: Dfb, mite body extracr ftom Dermatophagoides
farinae; Dff, mite feces extract from D. farinae: GST, giutathione
S-transferase; hsc, heat shock cognate protein; hsp, heat shock
protein;  IPTG, isopropyl-p-o- th io-galactopyranoside;  mag, cDNA
coding for recombinant mite antigen; PBS, phosphate.buffered
sal ine;  SSC, 15 mM sodium ci t rate buf fer ,  pH 7.0,  contain ing 150
mM NaCI;  TBS, Tr is-buf fered sal ine.
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A DNA cloning technique has been recently applied to the
major allergens of the Der I and II groups to determine
their primary-geguences (14- 17), to identify the IgE-bind-
ing regions (,/8, /9), and to supply recombinant allergens
for clinical diàgnosis. Tovey et al. (20) and Aki e, al. {21)
reported the sequences of two cDNA clones coding for - 14
and 39 kDa fragments of one other important allergen.
NIany other important allergens remain to be examined.
We are, therefore, isolating cDNAs encoding new allergens
by monitoring the reactivities of clones to IgE from

ryflg-- 41 eJHLffitffiffi TIG-[mffiìi'iA-s Auence-d educ e d
from a newly isolated clone was found to be highly
homologous with a protein in the heat shock protein (hsp)
70 family. Hsp is known to be a molecular chaperone
expressed in ceils stressed by heat, ionizing radiation,
cytotoxic agents, or microbial infections, and may be
involved in the mechanism of autoimmune diseases (22-
24).

Kumar et al. reported the isolation of cDNA coding for an
IgE-binding protein (65 kDa), which is homoiogous to hsp
90, from Aspergil lus fumígafus cDNA library (.25). i{ere,
we show that one of the allergenic components from the
house dust mite , Dermatophagoides farinae, is related to a
heat shock cognate protein (hsc 71) in the hsp 70 famiiy.

N{ATERIALS AND }ÍETHODS

Llaterials-Nlites were supplied by Fumalii l la (Hiro-
shima) and were used for preparation of mite body extrai 'ts
(Dfb) as described previously (26). Restriction endoii ' .r-
cleases, T4 DNA ligase, and Kienorv fragment were pur-
chased from Takara Shuzo (Kyoto). The major allergens,
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" / I ancl Der / II, were kindly provided bt. Dr. H.
rueda of National Sagamihara Hospital (Kanagarva).
{uman Sera and Antisera-Forty-one mite-ailergic sera
'e collected from l38 patients with bronchial asthma;
criteria of selection were that the cases had positive

r reaction for mite and house dust extracts and had
.:ived no hyposensitization therapy. On dot biot assay,
frequencies of the reactivit ies of IgE in the selected sera
)er f  I  or  Der /  i i  (1 prg) were 5196 (21,,41) or 569ó (2Bi
, respectively. Sera were also used from patiencs
rgic to cedar pollen or Condido, bu[ insensitive to mite
house dust extracts.

. rabbit was immunized with 1 mg of Dfb emulsif ied in
und's complete adjuvant and boosted with the same
nunogen every week. Antiserum was collected 10 rveeks
.r the first immunization.
'onstruction 

and Screening of D. farinae cDl{A Li-
ry-Seventeen micrograms of poly(A)-mRNA rvas iso-
d from an extract prepared by grinding of about 3.8 g of
mites in 5.5 Nf guanidinium isothiocyanate solution

r a Fast Track mRNA isolation kit (invitrogen, San
ro, CA). A cDNA with BcoRI-l{otI adaptors at both
i was synthesized using S ltg of the poly(A)-mRNA
NA synthesis kit from Pharmacia LKB Biotechnology,
rsala, Sweden) and was inserted into EcoRl-disested
i 1 (S'tratagene, La Jolla, CA) vector in accordance ,vith

manufacturer's directions. Recombinant phages
8 r 10' pfu) prepared by use of an in uítro packag"ing*kir
.apack iI PLUS, Stratagene) rvere spread rvith an
.'night culture of Escherichia coil Y10g0 to form abour
r0 recombinant plaques per LB medium plate. The plate
incubated at 42"c for 3 h, then overlaid with a nitrocel-
ie fi l ter (Hybond-C, Amersham International pic.
rrsham, U.K ) impregnated with 10 mNI ipTG and
bated at 37'C for an additional S h. The fi i ter was
ked with 3% skim mi lk in 10 mNI Tr is-HCl,  pH 7.5,
,aining 150 mlvl NaCl, 0.02% Thimerosal, and 0.05%
ren 20 (blocking solution), and then incubated with
rit anti-Dfb serum diluted 300-fold with the biocking
tion. Immunoreactive clones were detected with perox-
e-conjugated goat anti-rabbit IgG (Tago, Burlingame,
, 3,3' -diaminobenzidine tetrahydrochloride, and NiCl,.
iVA Cross-Hybridization-After agarose gel electro_'esis of ,t recombinant Dl.lA digested with l/oúI, cDNA
ments coding for immunoreactive proteins were ex-
:ed from the gel with a Geneclean iI kit (Toyobo.
ia). one microgram of the respective cDNA frarrnents
spotted onto a nyion membrane (Hybond-N, Amer-
r Internationai plc) and the binding of the frarments to
nembrane was completed under uv transil lumination
I min. DNA probes were ìabeied with digoxigenin and
rd to a final concentration of 50 ng,, 'mi in hybiidization
:r (5 x SSC containing 0.j,96 sodium l/_lauroylsarco-
,0.02% SDS, and 19ó blocking reagent supplied with the
Hybridization was performed at 65'C for 12 h and the

rbrane was rvashed trvice with 0.2;< ssc containing
; SDS at 65'C for 15 min. Detection rvas as directed by
manufacturer (DIG DNA labeling and detection kit.
rringer Nlannheim GmbH, Mannheim, Germanv).
rcleotide sequencing-The rvofl-ended cDNAs coding
nite antigens were subcloned into the same site on a
emid pBluescript i i  sK(i ) DNA. Fragme'nts excised
r the subcìoned piasmid by digestioni with various
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restr ict ion endonucieases were l igatecl  iv . i th sui t lb lc '  s i t t ,s
on ) l l3 'der ivecl  vectors,  mplS or mplg.  Singlc-srranciecl
DN.\  ivas prepírred .ccording to the method of  sambrook c/
ul .  (27) and wns used as the sequencing templure.  \u-
c icot ide sequencing by the c l ideoxynucieot ic ie c i ra in termi-
natron method (28) rvas performed using ln AutoRead
Sequencing ki t  and A.L.F.  DNA .uqu.nó..  (pharmacia
LKB Biotechnology).

Expression and Puriltcation of Recontbinant ][ i.te ALler.
gen-The cDN.\ insert digested rvith ^Votl ,,vas end-re_
paired with Klenorv fragmenr in the presence of dcrp and
dGTP and was extracted after separation b1, agarose gel
electrophoresis. The fragment was inserted into rhe -SmaI
si te on plasmid pGEX-2T (Pharmacia LKB Biotechnoloor*)
rvith r'1 DNA ligase and the resultanr plasmid rvas rrans-
formed into -8. coli JNl105. The transformant rvls grorvn at
37 C in 2  ̂  YT medium ( l  l i rer i  conraining srrepiomS.cin
(30 ,ug7 'ml )  and ampic i l l i n  (100pg, , 'm l )  to  1 .0  Jn , , , ,  un i r .
celis were harvested B h after addition of IprG to a final
concentration of 1 mìvl and washed once rvith pBS, pH 7.-1.
Pel leted cel ls were thoroughly sonicared in pBS, pH ; .+,
containing 2 mNi EDTA and 0.196 2-mercaptoethanol. and
centrifuged. The supernatant was applied to 10 ml of J09lo
(v/vl glutathione sepharose -18 suspension (pharmacia
LKB Biotechnology). Recombinant protein fused to gluta-
thione s'transferase (GST) rvas specificairy eruted,,vith the
buffer containing b mM glutathione. Recombinant aller-
genic component (NIag29) was separated from the fusion
protein by digest ion wi th thrombin (1 Trgi  500 sg fusion
pro te in )  in  50  mNI  Tr is -HCl  bu f fe r , ,pH S.O,  conra in ing  150
mll NaCl and 2.5 mNI CaCl, and further purif ied on a
butyl-Toyopear l  column (Tosoh. Tokvo).

Imntunoblotting Analysis-proteins rvere resolved bv
SDS-PAGE according to the discontinuous buffer s5rstem of
Laemmii (29) on a slab gel of 12.5% acrylamide. standard
protein markers used were obtained from pharmacia LKB
Biotechnologtr'. The separated proteins rvere electrotrans-
ferred from the gel to a polyvinylidene difluoride mem-
brane (Immobilon, Mill ipore Corporation. Bedfórd, NIA) at
a constant voltage of 10 V,/cm for 30 min in 25 mNI Tris_
192 mNI glrvcine buffer, pH 8.3, containing 0.I% SDS and
20% methanol. Positions of the standard protein markers
were visualized rvith 0.2s% coomassie Bri[ iant Blue
R-250. The blot rvas rvashed with rris-buffered salire
(TBS),  pH 7.5,  fo l lorved by blocking of  non-speci f ic  b inding
with rBS containing 39ó skim milk, 0.0296 Thimerosal, and
0.05% Trveen 20 (blocking solut ion) for  I  h at  room temper-
ature. The blot rvas then incubated for 2 h in the blockins
solut ion containing human serum diruted renfold.  Speci f ic
binding of IgE rvas detected rvith biotin-conjugared goat
ant i -human IgE (x b00, The Binding Sire,  Bi imingùam
Research Park, Birmingham. Li.K.), follorvecl b1, perox-
idase-conjugated streptavidin (  ;< ó00, Tago).

Identífi'catíon of tlte Ì,latiue Antígen Thot shares Anti-
genic DeterminanLs with the cloned.-protein-A protein blot
of  recombinanr al lergenic componenr r l rag2gì was blocked
rvith TBS, pH 8.0, containing BOt'o skim milk, 0.029,0
Thimerosal, and 0.0s% Trveen 20 (brocking buffer) .nci
coated rv i th pooied mite-al lergrc sera (  . .  10) preabsorbeci
rvilh E. coli l1'sates. one portion of the blot rvas immuno-
stained. From the remaining port ion of  the brot ,  the band
l2-3 cm?) corresponding to about ó0 t ,g of  l lag2g wrìs
excised and rvashed four times rvirh rhe blocking buffer.
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,íew ùIite Allergen Hom.ologous to Human luso 70

.rntibody (equivalent lo 1 ml of a mite allergc serum)

.;pecific for NIag29 was eluted three times rvith I ml of
j00 mM glycine-HCl,  pH 2.5,  and immediately dialyzed
rrgainst TBS-

ATP.binding proteins were partially punfied from Dfb
on an ATP-agarose column (Sigma, A9264, St. Louis, IVII)
by a modification of the method of Nlizzen et al. (J0).
3riefly, 200pI of ATP-agarose (50%, v/v) suspension

'uil ibrated with 20 mNI Tris-acetate buffer, pH 7.4,
.lraining 5 mM MgClz, 1% Triton X-100, and 15 mN{

J-mercaptoethanol (buffer M) was poured into 10 mi of Dfb
t100 mg) in the same buffer and rocked for t h. After
extensive washing with buffer M, the gel was packed in a
column and further washed with buffer M supplemented
rvith 1M NaCl. ATP-binding componenrs were eluted
specifically with 200 pl of buffer M containing 10 mlll ATP,
!f g-salt (Sigma), and one-tenth of the eluate was loaded on
iDS.PAGE.

After immersing a blot of ATP-binding proteins in the

AÀA GAC GAT ATT OM CGT ATC OTC AÀ{ CAC CCÎ CM TCA TAT .{AN CAA OM CAÎ OAC
L v s  A s p  A s p  l l e  G l u  A r g  M e t  v a l  L v s  O l u  A l a  G l u  s e r  T y r  L y s  G I u  c l u  A s p  A s p

. t . l ;

blocking buffer, the blot was overlaid rvith the )rag29-
specific antibody solution. The membrane was rhorouÉntv
washed and incubated successively rvith biotin-coniugateà
goat anti-human IgE (x b00, The Binding Site) and per-
oxidase- labeled streptavidin (x500, Tago)r  fo l lowed by
staining with 3,3'-diaminobenzidine tetrahydrochloridL
and NiCl" .

RESULTS

Cloning ond |r{ucleotide Sequencing of ùIite Anhgen
cDl/As-A D. farinae cDNA library containing 1.38,< 10?
recombinants yielded 273 immunoreactive clones when
screened with rabbit antiserum raised against Dfb. The
mite antigen cDNA fragments residing in these clones were
numbered from mag| to mag273 in the order of their
isolation in primary screening. The fragments excised from
the vector l"gt11 were cross-hybridized to classify them
into at least 9 groups (data not shown). The nucleotide

CM CCT GAC CGT AfT GCA CCC AAA ANT TCA TTO OM CCT
O l n  A r g  A s p  A r g  l l e  A l a  A I a  L y s  A s n  S e r  L e u  C l u  C l y

\CT ÎTC GAT OM OM CCA AÎT AAA TCT AAA GTT
i h r  L e u  A s p  G l u  G l u  A l a  l l e  L y s  S e r  L y s  V a l

COT MA OM MO CM
A r g  L y s  C I U  L e u  C l u

n n T  ^ n r  î î î  î t r  ^ ^ 6
uv I UUlt UUU UU I UIJU

G t y  A l a  C l y  A l a  G l y

d*ftA

Lys

A l a

U l t r
L e u

l U l  U r i A

S e r  0 l u

\JtJ I tJtJ I

G l y  C l y

TCT CCC
S e r  G l y

TAT CCT TTC CAC ATG AM
Tyr  A la  Phe  O ln  } l e t  Lys

CAA CAT COT AAN ANA ATC
O l u  A s p  A r g  L y s  L y s  I  i e

COT ATO CCA CCT CGA TTT
Gly  l | e t  P ro  G ly  G ly  Phe

a n n  n n î  n n î  ^ ( r
UvU uU I \J\J I TJrt I U\J I tJU I

A I a  O l y  O l y  A s p  O t y  C t y

OAA CAT CAA
u l u  l i l s  u l n

n ^  r  n ^ î  n ^ î
uarn uL I uu I

0 l n  A l a  C l y

cAc
i ù y

ÎTT
Phe

CAA
u  t n

\J|'r I

0 t y

.{îT
I l e

AAA CÎT OAT OAA GTO CÎC AAA TGC ÎTO CAC CCT MT OCT TiA CCA CAA AAA CAT GM
L y s  V a l  A s p  O l u  V a l  L e u  L y s  T r p  L e u  A s p  A l a  A s n  A l a  L e u  A l a  C l u  L y s  A s p  G l u

ACT CAT OOT TCT CCT CGT CCÎ OCA
T h r  A s p  O l y  S e r  O l y  C l v  O l y  A l a

ACT GTA TGC MT CCC ATC AÎI ACT MA
S e r  V a l  C y s  A s n  P r o  l l e  I l e  T h r  L y s

Pro

L y s

TTA TAT

TTî AAN

Phe Pro

CCU ACC
r r o  l n r

CAA CAA CTA CAT TAA TÎTCATAÎOGTACTCATCTITN'TCTCTTCCCCCCCOACCTTCCTTOCAACCATT
O l u  G l u  V a l  A s p  + * t

TMTTATCCOMAACAAAAÎTCCTCTCTGTCTGTCTCÎTTTGAT\AAAAAATTCAAÀÎÎTAATTCÎICATTCTCCATAT

ATATOATMTTCCTTTTTMATTCTCTCTÎTCTMTATCACTATCACATCATA,\ÎTIANTTAAÎTCTCMTCTCCTCG

TCGTCOOTTATAOTCA AOCATTMA,d,ìAC.{,{AA.{AAÀ,1TÎTCTCATTTTTAÎTCAATTTAÎTTCATTGTAT.\AÎTTAT

r  { Î Î î ^ r  r Î î r . ^ f f i ^ r  r f r n
n i r  I  t u , , i l t t  l A i l \ r ' t  I  l u r t A l  l u

512

0 J t

7 3 0

752

1  i  r  l i  2 5

I4ag29 KDDIERMVKEAESYKEEDDKQRDRIAAKNSLEGYAFQMK.ATLDEEAIKSK
:  : : : : : :  : : :  : :  : :  : : : :  : : : : :  : : :  : : : :  :  :

Hsc71 KEDIERMVQEAEKYK.AEDEKQRDKVSSKNSLESYAFNMKATVEDEKLQGK
5 1 2 5 3 5

5 1  5  r  t  ì  1 o g
MAg29 VSEEDRKKILDKVDEVLKWLDANALAEKDEFEHORKELES{TcTvpT ITKL+

: :  : : : : :  :  : : :  :  : : :  : : : : :  : : : :  : : : : : : : : : :
HScT 1  I  NDEDKQKI  LDKCNE I  I  NWLDKNOTAEKEEFEHQQKELEKVCNPI  I  TKLY

Mag2e "boÀ..o.^6àl;àà.!..ro.roèL'Cè.io.cDccKSiprrRE';t

H s c 7 1  Q S A G G M - P G G M P G G F P G G - - G A P P S G G A S *  - S G P T I E E V D

6 1 2  i r t  \ l i l ì l i l  r l  I  l , o , r s  i i ì i l l ; l
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F ig .  1 .  Nuc leo t ide  sequence  o f  mag29  and
amino acid homologies between Ì fag29 and
human Hsc 71.  (A) The nucleot ide sequence of
the mag29 gene in the 5 '*3 '  or ientat ion is  indicat-
ed.  The nucleot ide numbers are represented on the
right. The deduced amino acid sequence is shown
by three letters. The terminal codon (TAA) is
marked with astensks and the sequence confirmed
with a protein sequencer (Xfodel  471A, Appl ied
Biosystem Japan, Tokyo) is  indicated by the
under l ine.  (B) Al ignment of  the deduced amino
acid sequence of  mag29 (upper)  and the part ia l
amino acid sequence of  human Hsc 71 ( lower)  is
shown by one let ter  codes.  Colons indicate the
matched residues and gaps indicated by dashes
were introduced to obtain the best  a l icnment.
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lquences of representative fragments in each $oup were
etermined and the corresponding amino acid sequences
'r:re deduced.
Unexpectedly, mag29 (Fig. 1A) was significantly homol-

gous to the primary amino acid sequence at the carboxyl-
:rminal region of hsc 71 in the hsp 70 family. This
lquence is highly conserved in bacteria, insects, plants,
nd mammals. lvlag29, consisting of Zb2 base pairs, codes
;r 145 amino acids, with rhe first amino acid residue
rrresponding to the 512th residue on the human hsc T1
rquence (Fig. 18). The highest homology score (65.ó%)
'as obtained in the composite alignment of amino acid
rquences between NIag29 and human heat shock cognare
:otein of 71 kDa (31). A strikingiy high homology i.o..
as aiso observed to hsp 70 of Drosopltila melanogaster
12) (64.80/0), but homology scores to ùIycobacterium
'prae (33) (20.7%) and E. coli (34) (L-o.t%) were relative-
Iow (data not shown).
Expression of mag29-Expression plasmid carrying

'ag29 was constructed on a plasmid pGEX-2T and trans-

; t
I

(k 0)

9 1 >
6 7 >

4 3 >

3 0 >

2 0 >

11 . {  >
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formed into l .  col íJNÍ l05.  IPTG-lnduced cei ls in I  l i ters of
cul ture y ie lded about 25 mg of  pur i f ied GST-fused mag2g
product (GST-iv-lag29) after aflìnity purif ication on a gìuta.
th ione Sepharose column (Fig.  2,  lane 3).  Af ter  d igest ion of
the fusion protein with thrombin, NIag29 was further
purif ied by successive column chromatography on gluta-
thione Sepharose and on butyl-Toyopearl. The sequence of
the fìrst sevenÈeen amino acids at the amino terminus of the
purif ied ùlag29 was idenrical to that deduced from the
cDNA clone indicated by the underline in Fig. iA.

The mobii ity of the GST.ùlag29 product on SDS.pAGE
(Fig. 2, iane 3) corresponds to a molecular size of .13 kDa.
On this basis, the molecular size of NIag29 was calcuiated to
be 17 kDa, but the mobil i iy of the purif ied Nlag2g, which
migrated as a s ingie band on the same gel  (Fig.2,  lane -1),
corresponds with a size of 20 kDa. On the other hand. the

q. l .  Pur i f icat ion of  the recombinant mi te a l lergen.  proteins
natured in the presence of 2-mercaptoethanol ,u"." .Joo.oted on a
: .59/o polyacry lamide gel  and v isuai ized by sta in ing rv i t i r  coomassie' i l l iant  Blue R-250. lv lo lecular  s izes in k i lodal tons are represented
the lef t .  Lane 1,  molecular  weight  markers;  lane 2,  toralcel l  l l .sare
)r l )  of  E.  col i  JNf105 t ransformant carry ing mag29- inserted
;EX-2T; lane 3,  GST-l ! lag29 (3 pe) pur i f iec i  on a glutarhione
pharose column; lane 4,  pur i f ied ìVfag29 (3 pg).

A
( k 0 )
9 1 -
6 7 '

{ 3 -

3 0 -

2 0 -

t l J  -

c
1 2 3 4 5 6 7 8 9 1 0

| ! 
2o-

t 1J  _

-- g.t r

Fig.  4.  Ident i f icat ion of  the nat ive ant igen bound to ù lag2g-
speci f ic  IgE. Molecular  s ize in k i lodal tons is  represented on the lef t .
( . \ )  Proteins denatured in the absence of  2-mercapt ,oethanor rvere
separated on a 12.59ó poiyacry iamide gel  and v isuai ized by sta in ing
with Coomassie Br i l l iant  Biue R-250. (B) Prorein b lor  rvas coated wi th
Nlag29-speci f ic  ant ibody prepared f rom mite-al lergic sera as d.e.
scr ibed in the text ,  and speci f ic  IgE-binding rvas detected as in Fig.  3.
In each panel ,  proteins were loaded as fo l lows;  lane l ,  ATp-binct ing
fract ion f rom 10 mg of  Dfb;  lane 2,  the recombinant NIag29 (2 pg;
lane  3 ,  na t i ve  Der  f  I  (2  p .e ) ;  l ane . { ,  na t i ve  Der  f  I I  (2  pS) .

B
(10)
9 1 -
ù i -

1 3 -

3 0 -

Fig.  3.  IgE immunoblot t ing.  ) [o iecular
s izes in k i lodal tons are represented on the
le f t .  D fb  (20  t tg , l ane ,  pane l  A )  dena tu red  in
the absence of  2-mercaptoethanoi  and the
pur i f i ed  I Iag29  ( l  pg , lane ,  pane ls  B  and  C)
dena tu red  in  the  p resence  o f  2 -mercap toe th -
anol rvere separated on L2.59,o polSrucryi
amide gels and t ransferred to the mem.
branes.  Speci f rc IgE-bindings on blots were
detected wirh b iot in-conjugated goat  anr i -
human IgE and subsequent ly peroxidase-
conjugated streplavid in.  Human sera were
used as fo l lorvs:  lanes 1--1,  sera f rom indiv id-
ual  pat ients a l lergic to mites;  lanes 5 and 6,
pooled sera f rom ten mite-al lergc pat ients
rvho are ei ther sensi t ive ( lane 5)  or  insensr-
t ive to Der f  I  or  Der /  I I  ( lane 6) ;  lanes 7 and
3, sera f rom pat ienrs speci f ical ly  a i lergrc to
cedar poi len and Candida wirh h igh IgE
c o n c e n l r Ì r i o n  ( 1 , ó 0 0  a n d  1 , 6 0 0  I U , ' m l ) ,
p re t rea ted  rv i th  D tb  l I 0  po , '  100  / l  o f  d i l u t cd

B
t 2 3

(h  0 )
9 4 >
5 7 >

4 3 >

3 0 >

2 0 >

l 1 l  >

oect iveiy;  lane 9,  sera f rom non-atopic donor;  lane
um) before ihe incubat ion of  ; r  b lot .

n

10, no serLlm. In panei  C.  human senì  were
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molecular rveight deduced from the cDNA sequence was

estinrated to be 15,59't. The reason for this discrepancy is

not known.
Immunoblotting of the Purified u-[a929-The. specific

IsE-binding capacity of the purif ied NIag29 rvas compared
on i--rnoblotting analyses with that of Dtb (Fig. 3).

Four sera were selected, on the basis of their IgE-
rctivity to the purif ied GST-ilIag29, from .11 patients
-'rgic to mite and house dust (9.8% frequency, data not

.,norvn). Lanes 1-.1 in Fig. 38 show positive reactions of
purified NIag29 to IgE in the four individuai allergic sera,
but a wide variation of IgE-binding to Dfb rvas observed
rvi th the four sera ( lanes 1-4,  Fig.3A).  Sera f rom 10
mite-allergrc patients were combined to give one pool that
strongly reacted rvith the major allergens, Der f I and Der

/ II ( lane 5, Fig. 3A) and a second pool that was unreactive
rvith them (lane 6, Fig. 3A). The reactivity of the second
-ool rvith purif ied N'[ag29, however, was slightly greater
.rne 6, Fig. 38) than that of the firsf pooi (lane 5, Fig. 38).

i 'his indicates that IgE epitopes in the purif ied NIag29
molecuì.e are not related to those in the major allergens. On
the other hand, common immunoreactive bands over the
range of 60-80 kDa were detected in each lane and the
binding activity of specific IgE to the purif ied ùlag29 was
completely inhibited in the presence of Dfb (Fig. 3C).
Specificity of the igE immunoreactive bands rvas confirmed
by the negative results in 2 sera from asthmatic patients
:esponding specifically to cedar pollen and Candido (lanes 7
,nd 8, Fig. 3, A and B) and further in 21 sera from atopic
patients insensitive to mite and house dust in addition to 2
sera from healthy donors (data not shown).

Identification of the l{atiue ùIite Component Correspond-
íng to the Recombinant Protein-Recombinant lvlag2g-
specific IgE in pooled sera of mite-allergic patients, who are
sensitive to the major allergens, was eiuted from a biot of
the GST-N{ ag29. The IgE antibody reacted specifically rvith
a 67 kDa protein on a blot of partially purif ied ATP-binding
components in Dfb (lane l, Fig. 48), but not with Der f I or
Der f II (Line 3 or 4). These results suggest that the 67 kDa
protein having ATP-binding activity is the hsp 70 molecule
of the house dust mite and shares IgE-binding determinants
rvith the cloned protein.

DISCUSSiON

Essential biological roles in the l ife of the host have been
ascribed to some natural protein ailergens on the basis of
their  b iochemicai  propert ies or pr imary sequences (16, 35*
37). That these proteins ahvays behave as allergens,
however, is not yet established. Nlany-lrnm-unodominant
antigens. from .8." wide -variety..-of .bacteria,- fungi,- and
parasites have been identif ied on the basis of sequence
homology. as hsps (3S).- îhe pleiotropic role of  hsps in
important processes within the ceil has drawrr a great deal
of attention, because of the universality of the heat shock
response, the high degree of conservation of the hsps, and
their potential immunogenicity.

The amino acid sequence deduced from the cDNA
encoding NIag29 shorvs significant homologies rvith amino
acid sequences of several lpc 71 in the hsb ?0 family. Hsp
70 proieins have been ifrili- to ì=lotiffi-ffinervty
synthesized, unfolded, aberrantiy folded, or aberrantly
glycosyiated proteins, to play a roie in antigen presentation,

V o l .  1 1 5 .  N o .  3 .  1 9 9 . 1

i , ì : )

and to bind ro ATP with high af f in iLy (22 -2J).  Recombinanr
Ùlag29-specific igE antibody from mite-ailergic pacients
bound to a 67 kDa protein possessing a high affinity for
ATP. The binding frequency of IgE (9.89ó) in mite-allergrc
sera (.11 cases) to a blot of lvlag29 rvas significantly higher
than that (0%) in other ai lergic (non-mite-al lergic)  sera (26
cases), including sera from 3 healthy indivrduals. Thus, we
propose that NIag29 may be a protein in the hsp 70 family
from the house dust mite, D. farinae, and that the protein
may be an important agent in mite allergies.

A question arises concerning the origin of the immunogen
for rabbit or sensitized antigen for human, because of the
high homoiogy of hsp 70 among species. Rabbit ì l iag29-
specific IgG rvas confirmed to be an antibody raised against
mite body extract, because no positive band rvas detected
on a blot of mite-free medium extract rvhen stained rvith
lvlag29-specific antibody. The possibil i ty that hsp 70 in
microorganisms attached to the mite body might be an
immunogen can be excluded on the basis of the high
homology of DNA and the deduced amino acid sequences of
mag29 with those of mammalian hrp 70 rather than
microbial hsp 70. These possibil i t ies may apply to the
human case. The possibil i ty that rabbit ùlag29-specific
antibody might be an autoantibody to hsp 70 induced by the
stimulus of antigen injection can also be ruled out since we
observed no reactivity of severai anti-sea squirt antigens
and anti-mite other allergens sera to lvlag29.

The ailergenic nature of hsp has been the subject of many
reports. Giudice et al. (39) reported that IgG specific to
mycobacterial hsp molecule (65 kDa) could be induced in
human or mouse by vaccination rvith the trivalent vaccine
against tetanus, diphtheria, and pertussis. Burnie and
Nlatthews (.10) demonstrated IgG, Ig\[, and tSE antibod.ies
against Aspergillra hrÈÈ30 protein in patients w!_t-h allergic
bronóhópulmonary àspergil losis. In a review, Yoshikai f 7/)
concluded that antibodies to hsp 60 and 70 families were
induced in patients rvith autoimrnune diseases and that the
carboxyl-terminal regions of hsp 60 and 70 were required
for recognition of the antibodies. Ours is the first report to
shorv that IgE specific to hsp 70 is elicited in patients
allergic to mites.

The epitope binding to mite-specific igE antibod,v in
human serum resides in the translated product of. mag29
which encodes the carboxyl- ierminal region of hsp 70 or hsc
71 corresponding to about one-fifth of the entire sequence
of the pollpeptide cnailllhe IlE in fhe clinically asiessód
mite-ailergic sera bound at a rather lorv frequency (9.89ó) to
the purif ied NIag29. Horvever, the true frequency needs to
be determined after purif ication of the complete native or
recombinant hsp 70 molecule from D. farinae, because
other epitopes binding to IgE may be contained in the
extrapolated region of the mag29 gene. This is currently
under investigation.

AIso, only rveah or no binding of the specific IgE rvas
detected on a biot of mag29 product fused to B-galacto-
sidase produced in E. coli (data not shorvn). This phenome-
non and the low frequency of IgE-binding to NIag29 indicate
that primary screening of the cDNA library uti i izing human
serum may not be suitable for detection of all ciones coding
for a relativeìy' minor ailergen.

The character izat ion of  other recombinant al lerqen
cDNAs represented in the l ibrary and the identif ication of
their native proteins should provide insight into the anti-

\
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genic make-up of Dermatophagoides farinae. Information
on nucleotide sequences of the genes involved wil l  be useful
in the mapping of the al lergenic epitopes responsibie for
mite al lergy.

We are very grateful to Prof. Eric E. Smith of the Departmenr of
ìvlolecular Bioiogy and Biochemistry, University of lliami School of
Nledicine for his revising English.
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