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Summary

A cDNA clone  coding for Der f I, a major allergen from the house dust mite
Dermatophagoides farinae has been isolated and sequenced. It codes for a putative 18-
residue signal peptide, an 80-residue proenzyme region, and a 223-residue mature
protein with a derived molecular weight of 25191. The deduced amino-acid sequence
shows significant homology to other cysteine proteases in the proregion as well as in the
mature protein. Sequence alignment of the mature Der /1 protein with the homologous
allergen Der p I from the related mite D. preronyssinus revealed a high degree of
homology (81%) between the two proteins, as predicted by previous sequencing at the
protein level. In particular, the residues comprising the active site of these enzymes and
the cysteine residues were conserved. A potential N-glycosylation site was present at an
equivalent position in both mite allergens. It is anticipated that the availability of
recombinant Der f1 will facilitate epitope mapping studies and studies of T-cell function
in mite allergy by providing high levels of pure allergen.
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Introduction

The association between allergy to mites of the genus
Dermatophagoides and allergic diseases such as asthma,
rhinitis and atopic dermatitis has been recognized for
over two decades [1,2]. Two allergens from the predomi-
nant mite species, D. pteronyssinus and D. farinae, have
been found to be particularly important [3-6]. One of
these major mite allergens, designated Der p I, a 25-kD
protein excreted in mite faeces [7] has over 50% of the IgE
response directed against it in up to 60% of allergic sera
[8-10]. Equivalent responses occur for the homologous
allergen, Der f'1 from D. farinae, which shows extensive
crossreactivity in binding IgE and IgG. Studies on
purified Der p I and Der f1 have demonstrated that these
allergens possess both crossreacting and species-specific
epitopes [11].

Recently, the molecular cloning of mite allergens was
initiated to aid in their definition and characterization
and provide reagents for clinical use and epitope analysis.
This approach resulted in the isolation of a cDNA clone
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coding for Der p I which contained a 0-8-kb cDNA insert
[12]. Sequence analysis revealed that the 222 amino-acid
residue mature recombinant Der p 1 protein showed
significant homology with a group of cysteine proteases
including actinidin, papain, cathepsin H and cathepsin B.
Based on comparison with these other cysteine proteases,
it appears that Der p I has a preproenzyme sequence
which includes and extends beyond the 23 amino-acid
residues of the truncated proenzyme sequence of the
current cDNA clone [13,14].

When expressed in E. coli as a recombinant protein,
Der p 1 has been found to have lower reactivity to IgE
compared with that of the native protein [15]. This is
probably an indication that the protein is not folding into
its correct conformation. It is known that proenzyme
regions are involved in protein folding, as demonstrated
in a recent study which showed that the prosequence of
the enzyme subtilisin can guide the folding of subtilisin to
an active conformation when added to inactive mature
subtilisin expressed in E. coli [16). It is probable that the
synthesis of active Der p I also requires the proregion for
correct folding of the mature protein.

We now report the isolation and characterization of a
c¢DNA clone coding for the allergen Der f'1. This Der f'1
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c¢DNA clone contains a 1:1-kb cDNA insert encoding a
typical signal peptide, a proenzyme region and the mature
Der f'1 protein. It is anticipated that the expression of the
prepro-Der /| protein in E. coli will produce a recom-
binant protein of greater solubility, stability and anti-
genicity than recombinant Der p 1. If successful, the
availability of high yields of soluble Der f'I allergen and
antigenic derivatives will facilitate the development of
reagents for mapping B- and T-cell epitopes and per-
forming other serological and cellular studies.

Materials and methods
Dermatophagoides farinae culture

Mites were purchased from Commonwealth Serum
Laboratories, Parkville, Australia.

Construction of the D. farinae cDNA lambda gtll library

Polyadenylated mRNA (10 ug) was isolated from 5 g live
D. farinae as described for D. pteronyssinus [17] and 2 ug
used to synthesize cDNA by the RNase H method [18]
using a kit (Amersham International, Aylesbury, U.K.).
After the addition of EcoRI linkers (New England
Biolabs, Beverly, U.S.A.) the ¢cDNA was ligated to
alkaline-phosphatase treated lambda gtll arms (Promega
Biotec, Madison, U.S.A.). The ligated DNA was pack-
aged and plated in E. ¢oli Y 1090 (r —) to produce a library
of 2 x 10* recombinants.

Isolation of Der { I ¢cDNA clones from the D. farinae cDN A
lambda gtil library

Screening of the library was performed by hybridization
with two probes comprising the two Der p I cDNA Bam
HI fragments (1-348 and 349-857 generated by BamH]
digestion of a derivative of the Der p I cDNA which has
had two BamHI restriction sites inserted between amino
acid residues — 1 and I and between residues 116 and 117
by site-directed mutagenesis [12, Trudinger er a/, unpub-
lished]. The probes were radiolabelled with ¥P by nick
translation. Phages were plated at 20000 p.f.u. per 150
mm Petri dish and plaques were lifted onto nitrocellulose
(Schleicher and Schull, Dassel, Germany) and denatured
and baked [i18]. Prehybridizations were performed for
2 hr at 42°C in 50% formamide/S x SSCE (with 0-01 m
EDTA)/1 x Denhardt’s/poly C (0-1 mg/ml)/poly U(0-1
mg/ml) with hybridization overnight at 42°C at 10°
c.p.m./m! and washed at high stringency.

Isolation of DNA from gtll {1 ¢cDNA clones

Phage DNA from gtll f | clones was prepared by a rapid
isolation procedure [12] and subcloned [19].

DNA sequencing and analysis

To obtain clones for DNA sequence analysis, the gtll f |
phage DNA was digested with EcoR1 restriction enzyme
(Pharmacia, Uppsala, Sweden) and ligated to EcoRI-
digested M 13-derived sequencing vectorsmpl8and mp19
[20]. Transformation was carried out using E. cofli TG-1
and sequencing was performed by the dideoxynucleotide
chain termination method [21] using the sequenase ver-
sion 2:0 DNA sequencing kit (U.S.B., Cleveland, U.S.A.).

Sequence analysis was performed using the Mac VECTOR
Software (IBI, New Haven, U.S.A.). Hydrophobicity
plots were computed with the software according to the
Hopp Woods [22] algorithm using a six-residue window.

Polymerase chain reaction (PCR)

PCR was performed by the Taq DNA polymerase
method [23] using the TagPagq kit (Biotech International,
Bentley, U.S.A.) and the conditions recommended by the
supplier, with 10 ng of target DNA and 10 pmol of
lambda gtll primers (New England BioLabs, Beverly,
U.S.A).

RESULTS
Isolation of Der f I cDNA clones

Two clones containing the major mite allergen Der f'1
were isolated from the D. farinae cDNA lambda gtll
library by their ability to hybridize with both of the Der p 1
cDNA probes (nucleotides 1-348 and 349-857). This
approach was adopted because amino-acid sequencing
had shown high homology (80%) between these two
allergens[15]. Digestion of the lambda gt 11 f | clone DNA
with EcoRI restriction enzyme to release the ¢cDNA
insert, produced three Der f I cDNA EcoRI fragments;
one approximately 800 bases long and a doublet approxi-
mately 150 bases long. The Der f 1 cDNA insert was also
amplified from the phage DNA by the PCR resulting in
a PCR product of approximately 1.1-kb. Each Der f'1
cDNA fragment was cloned separately into the M13-

EcoRI EcoRl  EcoRI Hpal

Haelll Banl HindIII Haelll
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—+
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™

Fig. 1. Restriction map of the cDNA insert of clone gt11 {1 and
the strategy of DNA sequencing. Arrows indicate directions in
which sequences were read.
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-98
GAATTCCGTTTTCTTCCATCAAAATTAAAAATTCATCAAAA ATG AAA TTC GTT TTG GCC ATT 62
Met Lys Phe Val Leu Ala Ile
-90 -80
GCC TCT TTG TTG GTA TTG AGC ACT GIT TAT GCT'CGT CCA GCT TCA ATC AAA ACT 116
Ala Ser Leu Leu Val Leu Ser Thr Val Tyr Ala Arg Pro Ala Ser Ile Lys Thr
=10 -60
TTT GAA GAA TTC AAA ARA GCC-TTC AAC AAA AAC TAT GCC ACC GTT GAA GAG GAA 170
Phe Glu Glu Phe Lys Lys Ala Phe Asn Lys Asn Tyr Ala Thr val Glu Glu Glu
=50 -40
GAA GTT GCC CGT ARA AAC TTT TTG GAA TCA TTG AAA TAT GTT GAA GCT AAC AAA 224
Glu Val Ala Arg Lys Asn Phe Leu Glu Ser Leu Lys Tyr Val Glu Ala Asn Lys
-30 -20
GGT GCC ATC AAC CAT TTG TCC GAT TTG TCA TTG GAT GAA TTC AAA AAC CGT TAT 278
Gly Ala Ile Asn His Leu Ser Asp Leu Ser Leu Asp Glu Phe Lys Asn Arg Tyr
-10
TTG ATG AGT GCT GAA GCT TTT GAA CAA CTC AAA ACT CAA TTC GAT TTG AAT GCC 332
Leu Met Ser Ala Glu Ala Phe Glu Gln Leu Lys Thr Gln Phe Asp Leu Asn Ala
-1 1 10
GRATACA AGC GCT TGC CGT ATC AAT TCG GTT AAC GTT CCA TCG GAA TTG GAT TTA 386
Glu Thr Ser Ala Cys Arg Ile Asn Ser val Asn Val Pro Ser Glu Leu Asp Leu
20 30
CGA TCA CTG CGA ACT GTC ACT CCA ATC CGT ATG CAA GGA GGC TGT GGT TCA TGT 440
Fig. 2. Nucleotide and predicted amino- Arg Ser Leu Arg Thr val Thr Pro Ile Arg Met Gln Gly Gly Cys Gly Ser Cys
el 40 50
acid sequence of cDNA gtl1 f I TGG GCT TTC TCT GGT GIT GCC GCA ACT GAA TCA GCT TAT TTG GCC TAC CGT AAC 494
Numbers to the right are nucleotide Trp Ala Phe Ser Gly Val Ala Ala Thr Glu Ser Ala Tyr Leu Ala Tyr Arg Asn
ositions whereas numbers above the 60 70
p . . e ACG TCT TTG GAT CTT TCT GAA CAG GAA CTC GTC GAT TGC GCA TCT CAA CAC GGA 548
sequence are amino-acid positions. Thr Ser Leu Asp Leu Ser Glu Gln Glu Leu Val Asp Cys Ala Ser Gln His Gly
e . . - y
Positive amino-acid residue numbers 80 . 602
j TGT CAC GGC GAT ACA ATA CCA AGA GGC ATC GAA TAC ATC CAA CAA AAT GGT GTC
correspond to the sequence .OF Fhe . Cys His Gly Asp Thr Ile Pro Arg Gly Ile Glu Tyr Ile Gln Gln Asn Gly val
mature excreted Der f'1 beginning with 90 100
threonine. Negative sequence number GTT GAA GAA AGA AGC TAT CCA TAC GTT GCA CGA GAA CAA CGA TGC CGA CGA CCA 656
.eg Seq ¢ numbers Val Glu Glu Arg Ser Tyr Pro Tyr Val Ala Arg Glu Gln Arg Cys Arg Arg Pro
refer to the signal peptide and the 110 120
proenzyme residues of Der [ 1. The AAT TCG gzle CAT TAC Gi;T ATC TCA AAC TAC (’I:‘GC gxle A:IL‘T TAT CCA CCA GAT GTg 710
o S Asn His T A Ile T Pro Asp Va
arrows indicate the beginning of the Ser Gln His 13313 Gly Ile Ser Asn Tyr Cys Gln Ile Tyr 1;28 To Asp
proenzyme sequence and the mature ARA CAA ATC CGT GAA GCT TTG ACT CAA ACA CAC ACA GCT ATT GCC GTC ATT ATT 764
Derfl, respcctively. The underlined Lys Gln Ile Arg Glu Ala ?;161 Thr Gln Thr His Thr Ala Ile Ala Vval iég Ile
residues —81 to —78 make up the GGC ATC ARA GAT TTG AGA GCT TTC CAA CAT TAT GAT GGA CGA ACA ATC ATT CAA 818
proposed cleavage site for the Gly Ile Lys Asp Leu Arg Ala Phe g;_l]g His Tyr Asp Gly Arg Thr Ile Ile Gln
proenzyme formation (see text) while CAT GAC AAT GGT TAT CAA CCA AAC TAT CAT GCC GTC AAC ATT GTC GGT TAC GGA 872
the underlined residues 53-55 represent His Asp Asn Gly Tyr Gln Pro Asn Tyr His Ala Vval Asn Ile val Gly Tyr Gly
., . . 180 190
a potential N-glycosylation site. The AGT ACA CAR GGC GAC GAT TAT TGG ATC GTA CGA AAC AGT TGG GAT ACT ACC TGG 926
termination TGA codon and the Ser Thr Gln Gly Asp Asp Tyr Trp Ile Val Arg Asn Ser Trp Asp Thr Thr Trp
adjacent polyadenylation signal are also 200 210
] . poly . Y R g GGA GAT AGC GGA TAC GGA TAT TTC CAA GCC GGA AAC AAC CTC ATG ATG ATC GAA 980
underlined. Amino-acid residues 1-28 Gly Asp Ser Gly Tyr Gly Tyr Phe Gln Ala Gly Asn Asn Leu Met Met Ile Glu
correspond to a known tryptic peptide 220 223 -
determined b tional CAAR TAT CCA TAT GTT GTA ATC ATG IGAACATTTGAAATTGAATATATTTATTTGTTTTCAARAT 1044
sequence determined by conventiona Gln Tyr Pro Tyr Val val Ile Met

amino-acid sequencing analysis.

derived sequencing vectors mp 18 and mp 19 and
sequenced. The PCR fragment was also sequenced and
used to determine the order of the EcoRI fragments.

DNA sequence analysis

The nucleotide sequence of the Der f 1 cDNA was
determined using the sequencing strategy shown in Fig. |.
The complete sequence was shown to be 1084 bases long
and included a 335-base long 5" proximal end sequence, a
coding region for the entire native Der f 1 protein of 223
amino acids with a derived molecular weight of 25191
and an 80-base long 3’ noncoding region (Fig. 2). The

BABRARCAACTACTCTTGCGAGTATTTTTTACTCGGAATTC 1084

asSignment of the threonine residue at position | as the
NH;-terminal amino acid of Der f'1 was based on data
obtained by NHa-terminal amino-acid sequencing of the
native protein and the predicted amino-acid sequence of
recombinant Der p I [12). The predicted amino-acid
sequence of the Der f1 cDNA in the NH,-terminal region
matched completely with that determined at the protein
level (Fig. 2). The complete mature protein is coded by a
single open reading frame terminating at the TGA stop
codon at nucleotide position 1007-1009. The first ATG
codon at nucleotide position 42-44 is presumed to be
the translation initiation site because the subsequent
sequence codes for a typical signal peptide sequence. In
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10 20 30 40 50 60 Fig. 3. Composite alignment of the
Der p 1 TNACSING *NAPAEIDLRQMRTVTPIRMQGGCGSCWAFSGVAATESAYLAHRNQSLDLAEQE amino-acid sequences of the mature
per f 1 iS5 e R..SV.V.5.0.euShuuuunnaneaereeronannaasasennns ¥Y..T....S... !
a s Der p 1[12] and Der f 1 proteins. The
20 80 50 100 110 120 numbering above the sequence refers to
per p 1 LVDCASQHGCHGDTI PRGIEYIQHNGVVQESY YRYVAREQSCRRPNAQRFGISNYCQIYPPN Der p 1. * Denotes the gap that was
Der £ 1 it i Q....E.RS.P...... R.vewen S.HY...veevoenn D introduced for maximal alignment. The
symbol « is used to indicate that the
130 140 150 160 170 180 o : )
Der p l**  ANKIREALAQTHSAIAVIIGIKDLDAFRHYDGRTIIQRDNGYQPNYHAVNIVGYSNAQGVDY amino agld. reSId'ue of Der f1 at that
Der f 1 VKQ..... b PP R ReuQuvunnnnenn Heveeronnoonnonns GST..D.. position is identical to the
“ corresponding amino acid residue of
190 200 210 220 Der p 1. The arrows indicate those
Der p 1 WIVRNSWDTNWGDNGYGY FAANIDLMMIEEYPYVVIL ; : Ve g
Der £1  ......... TevuSeunnn Q.GNN..... Quennnn M residues making up th.e actlv.e site of
PUVN Der p 1. ** Der p | amino-acid sequence
from residues 134-143 as predicted by
nucleotide sequence, revised June 1990
[unpublished data).
Cathepsin H MWTALPLLCAGAWLLSAGATA ELTY-NA-TEKFH~---FTSWMKQHQKTY-SS-
Cathepsin L MTPLLLLAVLCLGTALA TPKFDQ-TF-NAQWH--—~-~ QWKSTHRRLY-GT-

Papain MAMIPSISKLLFVAICLFVYMGLSFG—~—mwmm e DFSIVGYSQNDLTS-TE-RLIQL---FESWMLKHNKIYKNI-
Aleurain MAHARVLLLALAVLATAAVAYASSSSFADSNPIRPVTDRAASTLESAVLGALGRTRHALRFARFAVRYGKSYESA-
Cp1 MKVILLFVLAVFTVF —— e VSSRGIPPEEQ-SQ-FLEFQ-~-DKFNKKYSHEEY-LE~
Cp2 MRLLVFLILLIFVNFSFA NVRPNGRRFS-ES-QYRTA---FTEWTLKFNRQY-~SS~
Cathepsin B MWWSLIPLSCLLALTSA HDK~~-PS~
CTLA-29< MVSICEQKLQHFSAVFLLILCLGMMSA APPPDPSLDNEWKEWKTKFAKAYNLN-
CTLA-2B MVSICEQKLQHFSAVFLLTLCLGMMSA APSPDPSLDNEWKEWKTTFAKAYSLD-
MCP NLLLLAVLCLGTALA TPKFDQTFSAEWHQWKSTHRRLY~GT-
Der £ 1 MKFVLATASLLVLSTVYA RPASIKTFEEFKKAFNKNYATVE

*k *

*

Cathepsin H
Cathepsin L

REYSHRLQVFANNWRKIQAHN~-QRN—-HTFKMG--LNQFSDMSFAEIKIKYL~WSE-PQNCS~~AT-KS--NYL--RGTGP
NEEEWRRAVWEKNMRMIQIHNGEYSNGKHGFIHE-~MNAFGDMTNEEFRQIVN~GYR-HQKHK~-KG~-RL~-FQE--PLMLQ

Papain DEKIYRFEIFKDNLKYIDETN-—KKN--NSYWLG~-LNVFADMSNDEFKEKYT-GSI~AGNYT--TTELSYEEVL-NDGDVN
Aleurain AEVRRRFRIFSESLEEVRSTN--RKG--LPYRLG--INRFSDMSWEEFQATRL-GA-—AQTCS~-ATLAG~~NHL~-MRDAAA
Cpr1 RFEIFKSNLGKIEELNLIAIN--HKA~-DT-KFG--VNKFADLSSDEFKNYYLNNKEAIFTDD--LP-VA--DYLDDEFINS
CP2 SEFSNRYSIFKSNMDYVDNWN-SKGD--SQTVLG-~LNNFADITNEEYRKTYL-GTR-VNAHSYNGYDGR-~EVLNVEDLQT
Cathepsin B ———FHPLS~~~DDM~~INYIN--KQN-~TTWQAG--RN-EYNV-DISYLKKPC-GTV-LGGPK~~LP-ER~-VGF--SEDIN
CTLA-20¢ NEERHRRLVWEENKKKIEAHNADYEQGKTSFYMG--LNQFSDLTPEEFKTNCY~GNSLNRGEM
CTLA-2B DEERHRRLMWEENKKKIEAHNADYERGKTSFYMG--LNQFSDLTPEEFRTNCC-GSSMCRGEM
MCP NEEEWRRAIWEKNMRMIQLHNGEYSNGQHGFSME--MNAFGDMTNEEFRQVVN-GYRHQKHKK
Der p I --KNRFL-MS-AEAFEH-L~KTQFRLNAE
Actinidin LRFIDEHNAD-TNR--SYKVG--LNQFADLTGEEFRSTYL-G
Der £ I EEEVARKN-FLESLKYVEA-NKGAINHLSDLSLDEFKNRYL-MS—~AEAFEQ-L-KTQFDLNAE

Kk %k * . * * * * ok k0 k% * %

* * %* * %k *

Fig. 4. Comparison of amino-acid sequence in the pre- and propeptide regions of Der f1 with those of rat cathepsin H, rat cathepsin L,
papain, aleurain, CP1, CP2, rat cathepsin B [13], CTLA-2x, CTLA-2 MCP [33], Der p 1{12] and actinidin [34]. Gaps, denoted by
dashes, were added for maximal alignment. ** Denotes conserved amino-acid residues which are shared by greater than 80% of the
proenzymes. * Residues which are conserved in greater than 55% of the sequences. The symbol » is used to denote semiconserved
equivalent amino acids which are shared by greater than 90% of the proenzyme regions (see text).
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addition, the immediate flanking sequence of this ATG
codon (CAAAAATG) conforms to the Kozak consensus
sequence (CCACCATG) for the eukaryotic translation
initiation sites [24). Der f T has the crucial purine (most
often A) at position —3 (i.e. three nucleotides upstream
from the initiator codon) and has a cytosine in position
— 5, a position of C predominance.

Amino-acid sequence analysis

The amino-acid sequence predicted by nucleotide analy-
sis is shown in Fig. 2. As shown in the composite
alignment of the amino-acid sequence of mature Der p |
and Der f'1 (Fig. 3), high homology (81%) was observed
between the two proteins. In particular, the residues
making up the active site of Der p I, based on those
determined for papain, actinidin, cathepsin H, and
cathepsin B [12], are also conserved in the Der f 1 protein.
The residues are glutamine (residue 29), glycine, serine
and cysteine (residues 33-35), histidine (residue 171) and
asparagine, serine and tryptophan (residues 191-193),
where the numbering refers to Der f 1. All of the seven
cysteine residues present in Der p I are conserved in Der
S I (Fig. 3). The predicted mature Der f I amino-acid
sequence contains a potential N-glycosylation site (Asn—
Thr-Ser) at position 53-55 which is also present as Asn-
GIn-Ser at the equivalent position in Der p I [12].

Analysis of the predicted amino-acid sequence of the
entire Der f 1 cDNA insert has shown that, as for other
cysteine proteases (Fig. 4), the Der f1 protein has pre- and
proform intermediates. As previously mentioned, the
methionine residue at position —98 is presumed to be the
initiation methionine. This assumption is based on the fact
that firstly, the 5’ proximal end sequence from residues
—98 to — 81 is composed predominantly of hydrophobic
amino-acid residues (72%), which is the characteristic
feature of signal peptides [25]. Secondly, the lengths of the
presumptive pre- (18 amino-acid residues) and propep-
tides (80 residues) are similar to those for other cysteine
proteases (Fig. 4). Most cysteine proteases examined have
about 120 preproenzyme residues (of which an average of
19 residues form the signal peptide) with cathepsin B the
smallest with 80 [13]. Der f1 falls within this range with a
total of 98 preproenzyme residues.

By following the method for predicting signal-sequence
cleavage sites outlined previously [25], it is proposed that
cleavage from the pre-Der f 1 sequence for proenzyme
formation occurs at the signal peptidase cleavage site
lying between Ala (—81) and Arg (—80). Thus, the
sequence from residues —98 to —81 codes for the
putative leader peptide while the proenzyme moiety of
Der f'1 begins at residue Arg (—80) and ends at residue
Glu (—1).

DISCUSSION

The isolation and sequencing of a cDNA clone coding for
Der f1reported here is the first sequence determination of
the complete primary translation product of a Group |

house dust mite allergen (the 25 kD allergens Der p 1, Der f

[ and Der m 1, from the mite species D. pteronyssinus,
D. farinae and D. microceras, respectively). The complete
sequence of the Der f'T primary translation product has
been determined and appears to_code for a 321 amino-
acid residue protein containing a putative signal peptide
(18 residues), pro-peptide region (80 residues) and mature
enzyme region (223 residues). This agrees with similar
studies involving the cloning of the cDNA for other
cysteine proteases which have established the sequence of
the N-terminal extension peptides of the mature enzyme,
1.e. a signal peptide and propeptide [13].

A comparison of mature Der f | sequence with that of
mature Der p I by sequence alignment (Fig. 3) showed
that the degree of homology between these two mite
allergens was very high. In particular, the crucial active
site residues were completely conserved and all of the
cysteine residues were homologous in Der f 1. Conserved
cysteine residue pairs (31, 71) and (65, 103), where the
numbering refers to Der p I, are apparently involved in
disulphide bond formation on the basis of the assumed
similarity of the three-dimensional structure of Der p 1
and Der f1 to that of papain and actinidin which also
have an additional disulphide bridge. The fifth and final
cysteine residue for which there is a homologous cysteine
residue in papain and actinidin is the active site cysteine
(residue 35 in Der £ 1). It is likely that the two extra
cysteine residues present in Der p 1 and Der /1 (residues 4
and 117; Der p I numbering) may be involved in forming a
third disulphide bridge.

The potential N-glycosylation site in Der p I is also
present at the equivalent position in Der f 1 with
conservation of the crucial first and last residues of the
tripeptide site (Asn-x-Ser/Thr) [12]. However, the degree
of glycosylation of Der f'1 and Der p 1 has yet to be
determined, although carbohydrates including mannose,
galactose, N-acetylglucosamine and N-acetylgalacto-
samine have been reported in purified preparations of
these mite allergens [9,26].

Given the degree of homology over the first 30 N-
terminal amino-acid residues between mature Der p T and
Der m1(70%)and mature Der f1and Der m 1(97%), with
the Der m 1 residues determined by conventional amino-
acid sequencing [27,28], it is probable that the full mature
Der m 1 sequence will confirm an overall 70-80%
homology between the Group I mite allergens. High
homology between the proenzyme moieties of Der p 1 and
Der f1 (91%) over the residues —23 to —1 and the
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Fig. 5. Hydrophilicity plots of the Der

p1(a) and the Der 1 (b) mature

proteins using the Hopp-Woods

algorithm [22] computed with the Mac

VECTOR sequence analysis software (IBI,
New Haven, U.S.A.) using a six-residue

window. Positive values indicate relative
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structural analysis of Der f'T presented here suggests that
the Group I allergens are likely to have N-terminal
extension peptides of the mature protein of homologous
structure and, at least for the propeptide, composition.

The open reading frame for Der f1 consists of a typical
leader sequence [25] probably encompassing the first 18
residues. However, the following sequence encodes a
proenzyme region with significant sequence homology to
the pro-regions of other cysteine protease {13]. Alignment
of the proenzyme regions of Der fTand a number of other
cysteine proteases (Fig. 4) indicated that these proregions
share a number of very conserved residues as well as some
residues which were present in over half of the sequences.
This homology was increased if conservative amino acids
such as Val, Ile and Leu (small hydrophobic residues) or
Arg and Lys (positively charged residues) were regarded
as identical. The Der f1 proregion possessed six out of the
seven highly conserved amino acids and all the residues at
sites of conservative changes. The homology at less
conserved sites was lower. Homology found in the pro-
peptide, in particular the highly conserved residues, may
be important when considering the function of the
propeptide in the processing of these enzymes because it
indicates that these sequences probably have structural
and functional similarities.

With the availability of the complete amino-acid
sequence of recombinant Der f T and Der p Iit will now be
feasible to attempt to map the epitopes recognized by
both the B- and T-cell compartments of the immune
system.

Highly crossreactive B-cell epitopes on Der f1and Der
p | have been demonstrated using antibodies present in

180 200 220 indicate relative hydrophobicity.

mouse, rabbit and human sera [11,29]. However, species-
specific epitopes have also been defined in these systems,
with murine monoclonal antibodies binding predomi-
nantly to species-specific determinants [30], some 40% of
rabbit anti-Der p I reactivity were accounted for by
epitopes unique to Der p I [29], and some species-specific
binding of antibodies from allergic humans, although the
majority bind to crossreactive epitopes [30]. B-cell (and T-
cell) epitopes specific for either species may provide useful
diagnostic reagents for determining reactivity to the
different mite species while crossreacting epitopes would
be candidates for a common immunotherapeutic agent.
The sequence differences shown here between the Der
p 1 and the Der f'1 proteins are primarily located in the
N- and C-terminal regions as well as in an extended
surface loop (residues 85~136) linking the two domains of
the enzyme that includes helix D (residues 127-136), as
predicted from the secondary and tertiary structures of
papain and actinidin [31]. The surface location of these
residues is supported by the hydrophilicity plots of Derp1
and Der f1 (Fig. 5) which illustrate the predominantly
hydrophilic nature of this region that predicts surface
exposure. This loop region also contains two species-
specific B-cell epitopes recognized by a rabbit anti-Der p |
serum in a recent study by Greene et al. [32]. Two of the
crossreactive epitopes defined in these experiments
(located in regions comprising residues 34-47 and 60-71)
are completely conserved between Der p 1 and Der f'1,
while the majority of residues in a third crossreactive
epitope-containing region (residues 166—194) were con-
served. The structural basis for the species-specific reacti-
vity of the two Der p I-specific antigenic regions may be

9




Analysis of cDNA for Der £ I 31

that they appear to be located on a surface loop and are
thus perhaps less highly conserved than those regions
associated with defined secondary structures or the active
site cleft which characterize the regions containing the
crossreactive epitopes.
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