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Sequence polymorphisms of the Der p 3 house dust
mite allergen
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Summary

Background The trypsin-like protein Der p 3 is a major allergen @érmatophagoides
pteronyssinusLike other vertebrate and invertebrate trypsin-like molecules, isoelectric-
focusing studies with the natural Der p 3 protein have indicated that several isoforms exist.
Objective To determine the extent of the sequence variation of the Der p 3 allergen and
distinguish at the molecular level, whether the sequence isoforms represent allelic variants
or multiple genes of the allergen.

Methods Five cDNA clones of Der p 3 have been isolated frothgt10D. pteronyssinus
library, using a radiolabelled polymerase chain reaction (PCR) Der p 3 P3WS1 probe and
sequenced. Southern blot and inverse PCR analysis of Eco R1 digested genomic DNA was
performed.

Results Southern blot analysis of Eco R1 digested genomic DNA showed that the DNA
encoding Der p 3 was located on a single 3.5kb fragment and inverse polymerase chain
reaction analysis (PCR) of this DNA showed that there was only a single Der p 3 gene on
this 3.5kb fragment. The nucleotide sequence of one of the clones was identical to the
original Der p 3 P3WS1 clone and two clones differed only in théiuBtranslated
sequences. The other two contained nucleotide changes which lead to several substitutions
at the amino acid level, both conservative and non conservative. Clone 3 had 98.7% identity
with Der p 3 P3WS1. One clone for which the full sequence was not available (clone 4) had
only 84.4% identity with the original clone and is therefore consistent with an isoallergen.
Conclusions These data along with our previous genomic sequence shows that for the
most part, the Der p 3 allergen has only minor sequence variations (variants) although the
isoallergen indicated by clone 4 needs further investigation. It is now evident that Der p 3 is
encoded by a single gene and that most cDNA clones constructed from commercial mites
show only minor sequence variation similar to that observed for the group 1 and group 2
house dust mite allergens.
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with each clone being unique [1]. The significance of these
polymorphisms in terms of antibody and T-cell recognition
Sequence polymorphisms have been identified for a numbéras not yet been determined but it may have some implica-
of common allergens including the major group 1 and 2tions if peptides were to be used to modify T-cell function.
allergens from the house dust mite. Five cDNA clones ofin this respect, even single conservative changes inside and
Der p 1 for example, contained one to three polymorphismsutside of the T-cell epitopes can have profound effects on
the immune response [2—4]. Similar sequence polymorph-
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compared with two Der f 2 sequences published by YuukiCsCl pad [11]. The DNA at the top of the pad was collected
et al.[5]. Five of the six sequences differed from each other.and extracted with phenol.
Each sequence differed by only two or three amino acid
residues, but two of the polymorphic sites had non-
conservative substitutions. Yuukt al. [6] isolated another
three unique Der f 2 cDNA clones. Each clone had betweeGenomicD. pteronyssinu®NA was digested with Eco R1
one and four differences when compared with the pFL1Toyobo) and then separated by agarose gel electrophoresis
sequence [5]. Protein sequencing revealed that the proterior to transfer onto nylon membrane by a method adapted
variants could be detected in mite extracts [7]. from Southern [12] using Hybond -N nylon membrane
Depending on the location of these sequence polymorphiAmersham) under alkaline conditions. The hybridizations
isms recognition of IgE and/or 1IgG may be affected.were performed as outlined below for the isolation of the
Nishiyamaet al. demonstrated that all three polymorphic Der p 3 cDNA isoforms from tha gt10 cDNA library, with
Der f 2 variants were equally recognized by IgE from athe exception that the air dried nylon membranes did not
panel of sera from 14 house dust mite allergic patientsrequire baking at 8.
There was, however, a difference observed in the binding
ability of some of the monoclonal antibodies between theP
three variants, possibly because monoclonal antibodies are
more discriminatory. In contrast, Breitenedet al. [8] All the PCR reactions performed included a negative con-
showed that there was a marked difference in the abilitytrol. The thermal cycling was conducted in a PTC-100
of variants of Cor a 1, the major allergen of hazel pollen, toprogrammable thermal cycler (Bresatec, Australia). The
bind IgE from a panel of allergic sera. Each of the variants40 cycle programme was as follows: (5 min at@42 min
had identities of 96—99% with each other and yet there werat 60C, 2 min at 72C [Elongation step]) 1X; (1 min at 9€,
very significant differences observed in their IgE binding2 min at 60C, 2 min at 72C) 38X; (1 min at 94C, 2 min at
patterns. 60°C, 10 min at 72C) 1X.
Isoelectric focusing studies [9] have suggested the exist-
ence of as many as eight isoforms of Der p 3 with pls .
ranging from 3.7 to 8.6. A genomic DNA sequence encod-PCR withpfu polymerase
ing a sequence differing by four amino acids from theThe PCR was performed according to the manufacturer’s
previously published sequence has also been describedstructions (Stratagene La Jolla, CA, USA) with the addition
[10]. We now report the sequence of five Der p 3 cDNA of 20 pmoles of primers, 25M dNTPs and up to 250 ng of
clones and an analysis of genomic DNA by Southern blotarget DNA.
and inverse PCR. The data shows that Der p 3 is encoded by
one gene angl apart from one interesting sequence requmrfgreparatmn of radiolabelled DNA probes by random
futher investigation, there are only a few variant amino
acids residues. priming

Southern blot of genomic DNA

CR conditions and thermal cycling parameters

PCR amplified DNA probes were labelled using a Giga
prime random prime kit (Bresatec Ltd, Adelaide, Australia)
using a-?P dATP and the reaction stopped by heating at
65°C for 10 min. The labelled probes were then purified
using a Sephadex G50 column.

Materials and methods

Dermatophagoidesiite cultures

Whole mite bodies were purchased from the CSL Ltd,
Parkville, Australia and the spent mite medium was a gift

Isolation of Der p 3 cDNA clones from thegt10 cDNA
from the same source.

library

Screening of the library [13] was performed with a random
prime a->°P labelled PCR probe. The library was plated at
Oligonucleotides were synthesized using an Applied Bio-an 25000 pfu per 150 mm petri dish and the phage lifted
system PCR mate. onto nitrocellulose filters (Schleicher & Schuell, Dassel,
Germany) which were denatured and baked [12] for 1 h. The
filters were prehybridized for 2h in hybridization buffer
(50% (v/iv) Formamide, 25% (v/v) SSC (R0, 1% (v/v)
Live mites were homogenized in 6 M guanidine hydro- Denhardts solution (109), 0.01% (w/v) Poly C, 0.01% (w/v)
chloride and the soluble extract centrifuged over a 4.8 MPoly U and 0.01% (w/v) denatured herring sperm DNA).

Oligonucleotide

Extraction of genomic DNA frorbermatophagoidesites
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Hybridizations were performed in hybridization buffer at@2 —
with 1¢° cpm/mL labelled probe overnight. Filters were rinsed kb

in 2 x SSC for 5-30 min at room temperature (RT) and then ( p)
washed at RT at high stringency in each of the following

buffers progressively at 15min intervals:x2SSC, 0.1% 11.5

L

sodium dodecyl sulfate (SDS);®x SSC, 0.1% SDS; and
0.1 x SSC, 0.1% SDS. Afinal 10 min wash was performed in
0.1 x SSC, 1% SDS buffer at 5G. The filters were air dried 5.08
and exposed to autoradiographic film (Fuji RX-100, Tokyo, 4.85 g
Japan) in a Kodak X-Omatic cassette. 4.57

2.84 -

2.56/2.45™

Isolation of DNA from\ gt10 Der p 3 clones

Phage DNA was prepared using a polyethylene glycol
precipitation procedure [14].

Subcloning and DNA sequencing

A gt10 phage DNA was digested with Eco R1 (Toyobo) and
the released fragment (20—-40 ng) ligated to Eco R1 digested
M13mp19 or mp18 [12]. Purified’fu PCR products (40—
60 ng) were ligated to Sma 1 digested M13mp19 or mp18
[15]. Ligations were performed with T4 ligase (Promega
Biotec, Madison, USA). The recombinant DNA was trans-
formed usingk. coli TG-1 and sequencing performed using ———
the dideoxynucleotide chain termination method [16] andrigure 1. Southern blot analysis of Eco R1 digested
Sequenase (US Biochemicals). The oligonucleotide primergteronyssinusgenomic DNA. Eco R1 digested genomic DNA
used for sequencing included the universal primers, andias separated on a 1% agarose gel and the DNA transferred to a
those listed in Table 1. The primers were used to sequenagylon membrane for hybridisation with the Der p 3 P3WS1 cDNA
the M13 clones in both directions. probe. The hybridising band is53kb in size. The sizes of thePst

1 digested molecular weight markers are indicated in kb.

Table 1. PCR and sequencing oligonucleotides

Location Source#
1. CAGGGAATTCATACACGTGTTGG 787-808 N
2. TCTGAATTCGACATTCACCAGC 195-174 N
3. TCAGAAAAAGCTTTGGCTGGTGAATCACCATATCAAAT 162-196 P
4.* GCGGATCCATTGTTGGTGGTGAAAAAGC 144-169 N
5. AAAGCTGTTGGATTACCA 456-473 N
6. GAATCAACACCACCATTAGCAACATCACCACCGCAAATCAT 688-648 P
7. TACATCCGATCCTTTTGC 491-474 N
8.* AATCACTGTGAACGTTTTGA 850-830 N

* Oligonucleotides used to isolate and sequence the cDNA and genomic DNA for the Der p 3 clones. Oligonucleotides 4* and 8* were used
to PCR amplify the genomic DNA. The nucleotide sequence underlined in Oligonucleotide 4* represents a Bam H1 restriction site and the
double underlined residues in oligonucleotides 1 and 2 represent an Eco R1 restriction site. Oligonucleotides 1 and 2 were used for inverse
PCR. The sequence information, (#) both, nucleotide (N) and protein (P), used to generate these oligonucleotides has been described [13].
All oligonucleotides are types-53 with the location of the residues within the original Der p 3 P3WS1 [13] sequence indicated.
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(a)

" = — — - Flanking sequences — — =]
— 5 - =
o Derp3P3WSIgene Self ligation amplification > EcoRl <

115

5.08

4.85

4.57

2.84 2.56/2.45

2.14/1.99
1.7 Figure 2. Inverse PCR analysis of the Der p

3 genomic DNA. (a) Diagrammatic
representation of the inverse PCR
procedure. The oligonucleotide primers
both have an Eco R1 site near tHae&mini
(*). (b) A 12 L aliquot of the PCR product
was analysed by electrophoresis on a 1%
agarose gel. A Pst 1 digested molecular
marker was also run on the gel. The size of
the fragments in the molecular marker is

(b) indicated in kb.

DNA and protein sequence analysis Results

Sequence analysis was performed using the Mac Vecto‘Qr’OUthern Blot analysis of genomic DNA

software, version 3.5 (IBI, New Haven, USA). The pl valuesThe sequence encoding the mature protein Der p 3 P3WS1
for the deduced amino acid sequences were calculated usigbne was amplified by PCR using oligonucleotides 4 and 8
the Mac Vector software, version 3.5 (IBI, New Haven, (Table 1). The single 800bp band was gel purified and
USA). Computation for sequence homology with otherlabelled witha-P*? dATP. Eco R1 digesteB. pteronyssinus
proteins was performed at the NCBI using the BLAST genomic DNA was transferred to a nylon membrane by
network service. The version of BLAST used, was BLAST Southern blot transfer and then hybridised with the radio-
1.3.10MP (15 December 1994). labelled Der p 3 P3WS1 probe. The DNA probe bound a

EcoR1 Eco R1

Der p 3 P3WSI1 - 1059 bp

EcoR1 Eco R1
j——— Derp3clone1-1059bp  Figyre 3. Diagrammatic alignment of the

EcoRI Eco R1 Der p 3 cDNA clones. The Eco R1 digested

| F———— Derp3clone2-957b0 KA fragments of the polymorphic clones

E“i”“ ! E‘T‘ Derp3clone3-1656bp  WETe aligned_ to the original Der p 3 P3WS_1
PR clone. The size of each of the fragments is
— Der p 3 clone 4 - 273 bp also shown in bp. The boxed areas show the
EcoR1 EcoR1 position of the sequence encoding the Der p

[:}—.I Der p 3 clone 5 - 550 bp 3 polypeptide
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-29 1 20
P3WS1 KMITYNILIVLLLAINTLANPILPASPNATIVGGEKALAGECPYQISLQOSSSHFCGGTILDEYWILTAA
clone 2 S SN R 50N S
clone3 ::c:scssrsrrzrrsrrrsrr sttt
clone6g SRS A AR SRS R N L -
Derf3 HEE A VAT G0 0 I R A Y I I I B
Bovine ::2:YTCG:NTV:::V::N:GY:::::SLINSQ:VVS::
* % * *  kkkk * dkkkokok ok * %k kK
* % * * k ok * kkkkkk * ok ok ok ok
40 60 80 100
P3WS1 HCVAGQTASKLSIRYNSLKHSLGGE-KISVAKIFAHEKYDSYQIDNDIALIKLKSPMKLNQKNAKAVGL
clone2 :::::z:rzicirzrzirzrrrrrii—siriritsiritiiiiiiiiiiiiiiiiiiiiiiiiiaiioiis
clone3 :::::::iriiizririiririiri—sririirititzsoscisisicicicizazaziDeiioiiAs
clone 4 HHE S R A A R R ) G I I I S D A IS DS I I BRI S
ClODCGg:::::::::::::::::::::::::—:::::::::::::::::::::::::::::::::D::::::A::
Derf3 :::N::S:K:::::::I:::AS: :Q::E:YQ::N: ::::y::M:::i::T:D:T:::_P_:_E:
Bovine ::YKSGIQVR:GE--D: INVVENQF tAS:SIV:PS:N:NTLN:::M::::::AAS::SRV:SIS::
* * khkkkk K, * * *
* k Khk Kk *
120 140 160
P3WS1 PAKGSDVKVGDQVRVSGWGYLEE-G-SYSLPSELRRVDIAVVSRKECNELYSKANAEVTDNMICGGDVA
clone2 :::::srzrcirzriiriririi—z-—sirirititiisiiiiiiiiiiiiiiiiiioiiiiiiiiacics
clone3 ::::srictAsririrrrrrrrri—r—zriiririiirisiiiiiiiiiiiisiiciiiiiiiiiiics
clone4:::::::::::::::::::::::—:—::::H:—::DTT—:;S—::L:S
clone 5 TrrrrIor-orTrIrIiIIiiIiiiiiriiiiiiiioiiiiiiiioniooe
clone6g::::::zzsrzrsrrsrszri—s—sssrsssseziDirsiErszarazazossrstaratatss
Derf3 :EQ::::::::K_];::::::::Q:—'—::::::::Q::::D::::EQ:DQ:::::G:_D§§:::::::::
Bovine :T--:CASA:T:CLI::::NTKSS:T::--:DV: KCLKAPIL:DSS:KSA:P--GQI-:S::F:A:Y-L
* * kkkk ok * x * * * * %k ok Kk
* ok kok K * * * * * ok
180 200 220
P3WS1 NGGKDSCQGDSGGPVVDV-KNNQVVGIVSWGYGCARKGY PGVY TRVGNF IDWIESKRSQ -
clonez::::::::::::::::::—:::::::::::::::::::::::::::::::::::::::::
clone3 ::::srcsrrirrirrriorrrrrziriirsiritrititiitiiiitiatatrat:
910 L B R R I R R S R R
clone6g::::::::::::::::::—:::::::::::::::::::::::::::::::::::::::::
Derf3 HE - R R Y U G R I Y e R S A
Bovine Ez::::::::::::::CSG:L-:—-::::::S: Q:NK:::::K:C:YVS::--:QTIASNe~
dk kkkk Kk Kk k  kkkkk *kk Kk * %
*k kkkok *  kkkokk *kk Kk * %

Figure 4. Amino acid sequence alignment of De 3 P3WS1 with the Der p 3 cDNA clones, Der 5§ [10], Der f 3 [10], and bovine

trypsin [24]. The sequences numbering above the sequences is based on the P3WS1 sequence. Identical residues are illustrated by (:)
conservative amino acid substitutions by an underlined single letter code for amino acid residues and non-conservative changes by the
single letter code. The following groupings were used to determine similarity: A, G, S, T, P, C (unpaired); E, D; N, Q; H, K, R; I, L, M, V; F,

Y, W; Cs_s. Spaces have been inserted for maximal protein sequence alignment. The (*) residues below the bovine sequence represent the
residues in bovine trypsin which are inaccessible to solvents. A double (*) represents those Der p 3 P3WS1 residues predicted to be
inaccessible to solvents by comparison with the bovine trypsin sequence (2@)) reresents a stop codon.
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(a)
clone 3 CATTAATTTTTCAGTTCAAAAAAAAAAGAAAAATAAAATTTAAAATTTTTAAAATTTGCAAAATCAAA 68

clone 3 ATCAAAATCAATAAAAATTAATAAAAAAAATTATTAATGAAAAAAAATATTATTATCAGCCAACTTTT 136
clone 3 CTGGTGATGGTGATGATGATAAATTGACCATCCATCCATCCATTCACCGTCCCCCCACACTGATTGTC 204
clone 3 CATCGATTTATTTGGATGGTCTAGCTGTTGTTGTTGTTGAATTTGCTGCAGCATCAACTTTTTTATGA 272
clone 3 TGTGGTGGTTTAGTTTTACTTTTCTTTTCCCAAACTTGGTTTACTTGTAACACTACGTTTGTTTACAT 340
clone 3 TTTTACCATTGTTATTACTATTGTTGCTTGGTGCTGGTCTTGGAGATCTTGTTGTTGTTGTTGTTGCA 408
clone 3 TTAACTACAACAGCAGTTGAATCATTAACATTGTTTAATAAAACAAGTGTTACGATAAACAATAAGGT 476
clone 3 TGTAATGAATCGAATTGAAAACATTTTTGAAATCTTCTTTATTCTTCAGTCGAACAATATTTTTTTCG 544
clone 3 GTTTAAAAGTTGTTGAAAGTTGTTGTTTGATTTCTGATTTTGAATAATAATATTTATTTGAAAACATT 612
P3WS1 B L

clone 1 B A

clone 3 GAAAAACATCAAAACAAC--TGTGTACAACCACAAAAGATGATCATCTATAATATTTTAATTGTTTTA 680

P3WS1 ......... TG..G....TG. v .. €2
clonel ......... TG..G....TG. v i v e een... e €2
U d
clone 3 TTATTGGCCATTAATACATTGGCTAATCCAATTCTACCAGCATCACCAAATGCAACT 737
P W ST . L
cone 1 ..o
(b)
clone 3 TTGATAAAAAAATTTTCTACATATAAAAATTGGCAAATGATGCCATTATATGTTATCATTATGTTTC 67
P3WS1 .......... L
clonel .......... L
clone2 ........... ... ... .... Glo e it e e e e e e e e e e e e e e e e e e e e e e e
clone5 .......... L N

P3W ST e Coute e et e AT.....
cone 1 ... e e Coae et e e e e AT.....
clone2 ........ .. .. ... )
ClONE 5 .. e e e e Coot e AT.....

P3WS1 ............ T P A e e e T......
clonel ............ e A e e e e e T......
clone2 ....T.............. e e e e e e, it
clone5 ............ e © P A e e e T..AAAA
clone 3 AACAAAAAAAAAAAAAAAC 220
P3WS1 .........

clonel .........

clone2 ..G..............
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single DNA fragment of 3.5kb in Eco R1 digested sequence. Nucleotide sequences downstream were available
D. pteronyssinugenomic DNA (Fig. 1). for clones 1, 2, 3 and 5. In the 210 Bts available for
comparison, clones 1 and P3SW1 differed from clone 5 by 5
nt and from clone 2 and 3 by 17 and 11 nts respectively.
Inverse PCR of the Der p 3 gene Some _of the differences of clones 2 and 3 were the same,
they differed from each other, by 10 nts.
Inverse PCR was used to amplify theghd 5 sequences
flanking the Der p 3 gene. Two oligonucleotide primers, #1
and #2 (Table 1) were designed from the Der p 3 cDNA
sequence to amplify these regions of the Der p 3 Eco R
genomic fragment as a single molecule. Eco R1 digedBted Molecular polymorphisms occur from: posttranslational
pteronyssinu®NA was self-ligated at low concentrations modifications such as glycosylation, gene families encoding
designed to produce circularised DNA and then amplifiedrelated polypeptides and allelic variation. Der p 3 does not
by PCR as outlined in Fig. 2. The PCR product was acontain potential N-glycosylation sites but this does not
doublet band of approximately 2.8-2.9kb in size (Fig. 2). exclude other postranslational modifications. The Southern
blot analysis used here shows that all of the DNA hybridiz-
ing with a Der p 3 probe was contained within a 3.5 kb Eco
R1 fragment. The 1656 bp cDNA for clone 3 leaves little
space for more than one Der p 3 gene on this 3.5 kb fragment
A further five cDNA clones were obtained by screening thegiven that the gene would also contain an intron of approxi-
cDNA library with the DNA from the Der p 3 clone P3WS1 mately 87 bp. The result of the inverse PCR, which analysed
(Fig. 3). Clone 1 was identical to P3WS1 and since thethe size of the regions flanking the coding sequence of
library had been amplified, it could be the same clone. Clon®er p 3 on the Eco R1 fragment, was consistent with these
2 had an identical nt sequence for the coding region andssertions. The major products, a doublet of 2.8/2.9kb in
clone 3 which was characterised by an extendashfrans-  combination with the 786 bp coding region and 87 bp intron
lated region had 6/786 nt differences in the coding regionwould be approximately equivalent to predicted size of the
Two partial clones were obtained one of which, clone 5, wagco R1 fragment. The presence of two genes in either
identical to PBWSL1 in the coding region and the other, clonegelative orientation would give a more complex pattern
4, had 41/271 nt changes, in the coding region available fowith smaller bands predominating. The doublet suggests
comparison. The nt differences in clones 3 and 4 also alterethat the more sensitive PCR technique, demonstrates a
some of the translated amino acid sequence residues (Fig. 4inor allele which is not detectable by Southerns.
Clone 3 had three changes, all non-conservative, at positions The sequence of the coding region of the five newly
98, 105 and 116. Two of these changes were the same a&scribed cDNA clones, as well as P3SW1 and the genomic
residues in the previously described genomic DNA clone 6 @NA clone, 6 g, show that with the exception of clone 4, the
which had four residues different to P3WSL1. Clone 4 waser p 3 polypeptide and nt sequence is largely conserved.
quite different from all the other clones with identity in 76/ All of these Der p 3 cDNA clones have complete identity
90 available residues (84.4%). The changes at residues 8&jth the 18 residue N-terminal sequence published by
98, 136, 141, 143, 147, 151 and 153 were non-conservativBtewartet al. [9] but differ at two out of the 30 residues
and the changes at 72, 80, 93 and 146 were conservativein the N-terminal sequence published by Snethal. [13].
Nucleotide sequences upstream of the coding region wer€lones P3SW1, 1, 2 and 5 had identical amino acid
available for clone 1 (55 nts) and clone 3 (648 nts) (Fig. 5a)sequences. Clone 3 and the genomic clone 6 g differed by
The sequence of clone 1 (identical to P3SW1) differed fromthree and four of the 232 amino acid residues, two of the
the corresponding sequence of clone 3 by 9/55 nts. Theubstitutions for each of these clones being identical. This
nucleotides sequences for both the signal peptide andegree of polymorphism is similar to that described for the
activation peptides for clone 3 was identical to the P3WSIgroup 1 and 2 allergens where the different cDNA clone

iscussion

Sequence analysis of Der p 3 cDNA clones

Figure 5. Nucleotide sequence alignments of the non-coding regions of the Der p 3 molecules. Identical residues are indicated by (.) and
spaces have been inserted for maximal protein sequence alignments. (a) Alignment efitiiartslated nucleotide sequences. The ATG
encodes the-1 residue of the signal peptide. The arrdyy Lighlights the cleavage site of the signal peptide with the residues which encode

the activation (or pro) peptide being underlined. The cleavage site between the activation peptide, and the mature protein sequence, is
indicated by the arrow/|{. (b) Alignment of the 3untranslated nucleotide sequences.

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 571-579
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differ by between one and three residues. The substitutionsould be expected to markedly affect T-cell epitopes and
are typically between one of two residues at a definechence immune responsiveness of people with different
position, for example positions 98 can be D or N and 105MHC haplotypes.
can be A or V, and the substitution is usually to a residue Considerable variation in the primary amino acid
found in Der f 3. The sequence variations between thesequence of trypsin can be tolerated without severely
clones is less than 3% so they would therefore be classifiedffecting the tertiary structure [20]. The bovine trypsin
as variants by the IUIS allergen nomenclature guideline$21] residues determined to be inaccessible to solvent,
[17]. It is proposed that P3SW1 (and clones 1, 2 and 5 with.e. those residues buried within the molecule, have a high
the same amino acid sequence) is Der p 30101, clone 3 witllegree of identity with the corresponding residues found in
98.7% identity is Der p 3 0102 and the genomic clone 6 gthe Der p 3 P3WS1 sequence (Fig. 3). This would suggest
with 98.3% identity is Der p 3 0103. that the two molecules, which have 46% identity, have a
Data from isoelectricfocusing analysis have shown thawery similar structural core. Perhaps significantly, all of the
Der p 3 has at least eight isomers with widely varying plDer p 3 sequence polymorphisms lie outside of these core
values. The calculated pls of Der p 3 0101, 0102, and 0108esidues. The tertiary structures of the Der p 3 molecules
here are, 8.5, 8.1 and 6.1 respectively. It is therefore possibleould be expected to be very similar to bovine trypsin given
to have large changes in pl with only minor sequencethat very few insertions or deletions are required for max-
variation. imal protein sequence alignment. The residues involved in
With the exception of both clones 1 and P3SW1 whichboth the catalytic activity and substrate binding, and the
are identical, the Eco R1 fragment of the other cDNA clonegresidues surrounding these areas are very conserved. These
differed in length due to different’5and 3 truncations. regions form the hydrophobic core of tiiebarrels or the
From examining the sequence it appears that this is mostlipops that comprise the active site and binding pockets
due to incomplete cDNA synthesis. Thé tBuncation of  of the enzyme [22]. Secondary structure designations by
clone 4, however, is possibly due to a sequence polymorphMatthewset al. [23] for bovine trypsin identified a trypsin
ism where a single base change from the P3SW1 sequend®emain connection between residues 98 and 115. Despite
could have created an Eco R1 site. only a very limited degree of identity between the Der p 3
The 3 and 5 untranslated regions of the cDNA clones and bovine trypsin molecules within this region, the domain
show more sequence variation than the coding regionconnection is of interest because two of the Der p 3
Heterogeneity in nucleotide sequence and length is expectgablymorphic sites fall within this region. The first is residue
from the lack of selection pressure [18]. It has also beer®8 at the N-termini of the connection, with a non-conserva-
documented that substitutions in the non-coding regions ofive substitution of an asparagine residue (Der p 3, P3WSL1,
eukaryotic DNA can have be as high as 1% [19]. Thebovine trypsin) to an aspartic acid residue (Der p, 3.3, 3.4,
polymorphisms in these regions are shown here becaus26g and Der f 3). The second, a non-conservative substi-
they may in the future be useful markers for genetictution, is at residue 105 in the centre of the domain
variation in mites and they also give a comparison of theconnection with a change from a valine residue (Der p 3,
conservation of the coding region. It is noteworthy thatP3WS1, Der f 3) to an alanine residue (Der p 3.3, 3.6 Q).
clone 2 which had the most Bolymorphism with respect to The data presented here, show that Der p 3 is encoded by
P3SW1, had an identical coding sequence at both the nt aralsingle gene and that most cDNA clones constructed from
amino acid level. In contrast, Che al. found that for the commercial mites show only minor sequence variation
five cDNA clone of Der p 1 examined, all of them had similar to the group 1 and group 2 mite allergens. The
identical 3 untranslated regions despite having some aminwariants, Der p 3.0101, 0102 and 0103, show about 98%
acid sequence difference [1]. sequence identity with P3WS1 but give a wide range of
Clone 4 which contained 288 nts encoding 90 amino acidgalculated pls which are consistent with the published
is clearly different to the other cDNA and genomic clones.values obtained by chromatofocussing studies [9]. It
This degree of identity (84%) with P3WSL1 if extended overshould be noted that these three variants may account for
the whole molecule would classify clone 4 as an isoallergenihree of the eight isoforms detected with affinity purified
(Der p 3, 0201), although a full clone would be required for natural Der p 3 [9], with only a few amino acid differences
this designation. Given that the Southern data obtained bpetween the three sequences. On this basis, it is quite
hybridization with P3SW1 DNA shows only a single Der p feasible therefore that other allelic variants exist with
3 gene it must be considered as an unusual allele. Also onlgninor sequence variations that could also account for the
3/16 of the substitutions were to the residues found in Der femaining five isoforms. One cDNA clone out of the 6
3 which itself shows a similar degree of identity (81%) to cDNA and one genomic clones did, however, show con-
P3WS1. Given the large sequence variation observediderably less sequence identity (84%), but as this clone was
further study of this allergen would be important since itonly a partial sequence it should be investigated further. The
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