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Introduction

House dust mites of the Dermatophgoides genus play a
significant role in triggering allergic diseases such as asth-
ma and allergic rhinitis. Group 3 allergens represent one
major component of the Dermatophgoides species believed
to trigger this allergic reaction. The frequency of IgE reac-

Abstract
Group 3 allergens of the genus Dermatophagoides represent one of the major
groups of house dust mite allergens. The cDNA sequence data for Der p 3, in
combination with both N-terminal amino acid sequences and substrate affinity
data, have confirmed that the group 3 allerggns are trypsin-like proteases. Using
the information from the Der p 3 P3WSI cDNA clone, genes encoding both Der
f 3 and Der p 3 have now been amplified by the polymerase chain reaction and
analysed. Two Der f 3 clones and three Der p 3 genomic clones were sequenced.
Each of the clones contained a single small intron and encoded a mature protein
of 233 amino acids. The nucleotide sequence was identical for both Der f 3
clones. There was 8l% identity between the Der f 3 sequence and the original Der
p 3 P3WSI clone. The calculated molecular weight of Der f 3 was 25.27 kDa
compared to 24.98 kDa for Der p 3. All the amino acid residues required for the
catalytic activity and the substrate specificity were conserved between the two
homologues. The coding sequences of two of the three Der p 3 genomic clones
were identical to the original Der p 3 P3WS1 clone with the third having nucleo-
tide changes resulting in four non-conservative amino acid substitutions in the
mature protein. These substitutions resulted in a molecule with a slightly larger
molecular weight and a more acidic pI value than the original Der p 3 clone. This
third Derp 3 genomic clone is, therefore, an isoform ofthe Derp 3 P3WSI clone
and is classified as an isovariant of the allergen. The nucleotide sequence data
presented are the first reported for Der f 3. The Der f 3 gene, like the Der p 3 gene,
encoded a trypsin-like protease, but with a slightly larger molecular weight.

tivity towards the group 3 allergens, Der f 3 and Der p 3, has
been reported to be approximately 7U80% [l-3].

The group 3 allergens were originally defined by Hey-
mann et al. [4] with the isolation of a2gkDaprotein from
the Dermatophagoides farinae mite. Furthermore, Ando et
al. [5] reported the isolation of a trypsin-like protease from
D. farinae that they concluded was the Der f 3 allergen.
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Table 1. PCR and sequencing oligonu-

cleotides used to isolate and sequence the ge-

nomic DNA for both Der f 3 and Der P 3.

Their quantitative IgE-binding assays showed that the fre-
quency of reactivity with Der f 3 was as high as that observ-
ed for Der fl (79%\ and Der f 2 (83%). There was also no

significant difference in the mean IgE-binding levels
amongst these three purified allergens.

The immunological cross-reactivities and structural sim-
ilarities of group I and 2 allergens of Dermatophagoides
pteronyssínus and D. farinae have been well characterised.
For example, Heymann et al. [a] observed that human IgE
from mite-allergic patients demonstrated extensive cross-
reactivity between Der fl and Der p l. Similarly skin tests
and antigen-binding assays by the same group showed a
strong correlation between IgE antibodies and the group II

allergens. This is in keeping with the structural similatity
observed between Der p I and Der fl, and between Der p 2

and Der f 2. Immunological cross-reactivity has also been
observed within the group 3 allergens [1, 4]. It appears,
therefore, that to assess the immunological importance of
this cross-reactivity, the primary structures of both group 3
allergens, Der f 3 and Der p 3 need to be determined.

We have previously reported the isolation of the cDNA
for Der p 3 P3WSI confirming that the group 3 allergens are
trypsin-like proteins [6]. The deduced amino acid sequence
was highly homologous to previously publishedN-terminal
natural protein sequences forboth Der f 3 and Der p 3 14,71.
Genomic DNA sequencing was undertaken (1) to determine
the full sequence of Der f 3 and (2)to determine the genom-
ic organisation for studies on sequence polymorphisms. Us-
ing the cDNA sequence information for Derp 3 P3WSI, we
took two oligonucleotide primers to amplify both genomic
Der f 3 and Derp 3 by the polymerase chain reaction (PCR).

Oligonucleotides Orien-
tation"

Sourceb

I . CAGGAATTCATACACGTGTTGG
2. TCTGAATTCGACATTCACCAGC
3. TCAGAAAAAGCTTTGGCTGGTGAATCACCATA TCAAAT
4. GCGGATCCATTGTTGGTGGTGAAAAAGC
5. AAAGCTGTTGGATTACCA
6. GAATCAACACCACCATTAGCAACATCACCACCGCAAATCAT
7. TACATCCGATCCTTTTGC
8. AATCACTGTGAACGTTTTGA

Oligonucleotides 4 and 8 were used to PCR amplify the genomic DNA. The nucleotide

sequence underlined in oligonucleotide 4 represents a BamHl restriction site. All oligonucleo-

tides are typed 5'-3'.
' F : Forward primers, i. e. 5'-3'; R: reverse primers, i. e' 3'-5'.
b The sequence information, nucleotide (N) and protein (P), used to generate these oligonu-

cleotides has been described previously [6].

Materials and Methods

D ermat ophago id e s Cultur es
Whole mite bodies wefe purchased from CSL, (Australia) and the

spent mite medium was a gift from the same source.

Oligonucleotides
Oligonucleotides were synthesised using an Applied Biosystem

PCR mate (table l).

Extraction of Genomic DNA from Dermatophagoides
Live mites (5 g) were homogenised in a Dounce homogeniser in

30 ml of 6 M guanidine hydrochloride, and the soluble extract was,

centrifuged over a 4.8 M CsCl pad [8]. The DNA at the top of the pad

was collected and extracted with phenol.

PCR Conditions and Thermal Cycling Parameîers
All the PCRs performed included a negative control. The thermal

cycling was conducted in a PTC-I00 programmable thermal cycler

(Bresatec, Australia). The 4O-cycle programme was as follows: I cycle

of 5 min at 94"C,2 min at 60'C, 2 min at 72"C (elongation step); 38

cycles of I min at 94"C, 2 min at 60"C, 2 min at 72"C, and I cycle at

94"C,2mtnat 60"C, l0 min at72"C.

PCRwith Pfu Polymerase
The PCR was performed according to the manufacturer's instruc-

tions with the addition of 20 pmol oligonucleotide primers, 2501t'M

dNTPs and up to 250 ng of target DNA.

Subcloning and DNA Sequencing
Purified Pfu PCR products (40-60 ng) were ligated to Ml3mp 19 or

mp 18 sequencing vectors digested with SzcI [9]. 3 U T4 DNA ligase

(Promega Biotec, USA) were used in each of the ligation reactions

performed according to the manufacturer's specifications. The recom-

binant DNA was transformed using Escherichía coli TG-l, and se-

quencing was performed using the dideoxynucleotide chain termina-

tion method t10l and Sequenase (Amersham International' UK). The
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Table 2. Predicted MW's and pl's of ge-
nomic Der p 3 and Der f 3

p l MW KD

Derp 3 P3WSI
Der p 39.6
Der f 39

24.99
2 5 . t 2
25.27

Sequence analysis was performed using MAC VECTOR software
(lBI, USA). Computation for sequence homology with other proteins
was performed at the NCBI using the BLAST network service. The
version of BLAST used was BLAST l.3. lOMP (December 15, 1994).

Results

lVucleotide sequence
Der p 3 genomic DNA was amplified by PCR using oli-

gonucleotides 4 and 8, which span residues l-20 and769-
789, respectively (table l, fig. 1). The PCR product was a sin-
gle band of approximately 790bp as determined by agarose
gel electrophoresis. Der f 3 genomic DNA was amplified
using the same set of primers, as a single band of approxi-
mately 770bp in size. DNA from the Der p 3 and Der f 3
bands was purified and ligated into Ml3 sequencing vec-
tors. Three Der p 39 Ml3mp19 clones were sequenced.
Clone 3 (Der p 3g.3) and 5 (Der p 3g.5) had 100% identity
with the original Der p 3 P3WSI cDNA nucleotide se-
quence. Clone 6 (Der p 3g.6) differed at 6 positions, as il-
lustrated in figure l. The two Derf 39 M13mp19 clones were
sequenced and shown to have 86% identity at the nucleotide
level with the P3WSI cDNA sequence. The two sequences
were identical in all but two nucleotides. Der f 3g.2 had a
primer-derived sequence, for nucleotide residues l-20,
whereas Der f 3g.l had a two-base substitution at residues
14-15 with AA being substituted for TG.

All 5 genomic clones contained a single intron inserted
between the amino acid residues 132 and 133. The size of the
intron varied between the clones, but all contained the con-
served consensus sequences at the splice junction sites, i.e.
5'GT. . . AG 3'(as underlined in fig.1) Both Der f 39 clones
had identical 60 bp introns whereas Der p 3g.3 had an 85,
Der p 3g.5 an 86 and Der p 39.6 an 87 bp intron.

Protein Sequence Alignments
The deduced amino acid sequence for the Der f3.lg

clone differs from the previously derived N-terminal pro-
tein sequence of the natural Der f 3 protein at one out of
thiny-one residues where there is a conservative Ser to Cys
(unpaired) substitution at residue 12 16l. Residue 25 in the
natural protein sequence was indeterminable, as is often the

A search of the GenBank protein sequence database con-
firmed that the Der f 3g clones were most homologous to the
Der p 3 cDNA P3WSI clone and, like P3WSI, have almost
50% homology with both vertebrate and invertebrate tryp-
sins. Figure 3 displays the alignment of Der f 39 sequences
with Der p 39 sequences and both mosquito and bovine
trypsins.

All seven Cys residues are conserved between Der f 3
and the Der p 3 genomic sequences. The residues involved
in the catalytic activity and in the substrate specificity of
trypsin proteins are clearly conserved in all five protein se-
quences represented in figure 3, as are the sequences on
either side of these residues. The calculated molecular
weights (MWs) and pls of Der f 3.lg and Der p3g.6 were
different from each other and from the original Der p 3
P3WSI clone (table 2).

Discussion

The isolation and sequencing of Der f 3 genomic DNA
represents the first primary-sequence determination for the
group 3 allergens from the D. farinae mite. The deduced
amino acid sequence for Der f 3g was almost identical to the
N-terminal protein sequences determined from the natural
Der f 3. There are, however, minor differences in the N-ter-
minal sequences published by different laboratories. The N-
terminal sequence of the protein isolated from D. farinae
SMM by affinity purification using the Der f 3 5Al2 mono-
clonal antibody column [6] was identical in twenty-nine of
thirty determined residues, the difference being a Cys/Ser
substitution at residue 12. As illustrated in Figure 2, N-ter-
minal protein sequences of Der f 3 isolated by size exclu-
sion chromatography [4] or by substrate affinity chroma-
tography from D. farinae SMM [4, 11] are also identical

8.5
6 . 1  I
5.47

case for Cys residues (fig. 2). The Derf3 genomic sequence
does in fact contain a Cys at residue 25. The Derf3 genomic
DNA sequence also has a high degree of identity with two
cyanogen bromide (CNBr)-generated peptides of the nat-

oligonucleotide pdmels used for sequ€ncing included universalprim- ural Der f3 protein [6]. Both peptides differ at only one
ers and those listed in table l. The primers were used to sequence the amino acid out of eithteen (piptide l) and sixteen (pep_
MIJ clones in both directions tide 2), with the substitutions àccurring at residues 183 and

DNA antJ Protein sesuence Analvsís ll2, respectively.

Sequence of Group 3 Dermatophagoides
Allergens
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Fig.1. Nucleotide sequences
of the Der f 3 and Der p 3 genes.
The sequences for the 2 Der f 39
clones and the 3 Der p 39 clones -

Der p 3g.3, Der p 3g.5 and Der
p 3g.6 - are aligned to show se-
quence identity. The underlined
residues demonstrate the single
intron found in all 5 sequences.
The dots and the bold leffers rep-
resent identical and primer-de-
rived residues respectively (see

text for differences in Der f 39.l).

Do f 39.1 À,îîcTTCCrccICrCAÀ.ÀccA.AA-AGCAGGTGATTGTCCATATCAA-ATÎTCCTTGCA.AÎCAAGCAGCCAT69
Daf .3g .2  . . .À t .
D e r p 3 g . 3  . . . 4 . À . . . . . . T T . . . T . . .  . . A .  . . . . . G  A .  - A -  - . T .  . T .  - .

D o p 3 g . 5  . . . À t .  T T . . . T . . . . . 4 . . .  . . . G . - . . . 4 . - A - -  - T . - T . . '

D e r p 3 g . 6  . . . 1 t . . . . . . T T . . . T . .  .  . . 4  . G . .  . .  - . e .  - A -  .  - T .  - T -  .  '

Der f 3g.1 TTTTGTGGTGGTAGTATCCTGGATGA.ATÀ,mEGATCSTCACCGCTGCACATIGTGTCÀÀ'TGCGIÀACIf,Ef,EI 141

Da f 3g.2
D e r p 3 g . 3  . . . c . . . T . . T  . . . . T . . 4 . . 4 .  .  - . Î G c c  . .  - .  - . G

D e r p 3 g . 5  . . . c . . . T . . T .  . . . T . . e , . . 4 .  - . . T G c c  - . . . .  - G

D e r p 3 g . 6  . . . c . . . T . . T  . . . . T . . A . . 4 .  . . . T G c c  - .  - . .  ' G

Derf 3g.l tt-r.rc-----.I 'AÀAfi'f i 'rclcrlca--rl '?uu\rca'flFcîcc-----------------cA--CAAAAAAAC 213

Der f 3g.2
Derp3g .3 . . c . . . î IGAC .GAAT.A .CA.AA. . .TA .AT . .T . r r IT -GTIGTA.AT:m l r rm.  .  - f i c . . . . r r l |

Derp3g .5 . .e . . . t ' r cAc  .GA.AT.A .CA.A .A . .  -TAAT. .T .T rg r IGTIGTAAgry rnT . . -T I€ . . . . .TT
Derp39 .6 . . c . . . I : IGAC .cA .AT .A .cA .AA. . .?AAT. .T . î r rmGî IcTA.Ar r rmI IGT.Ar tG . . .  -  -TT

Der f 3g.l CATAcACAATcAccAIUUU\,I{I\CTTTA.ATTCGTTACAATACTCTTAA.ACATGCATtTGGTGGTGAAÀ.AGATT 285

Det f 39.2
D e r p 3 g . 3 T .  . . 4 . . . . . . c T
D e r p 3 g . 5 T .  . . 4 . - . . . . c T .

Der f 3g.l cAAcTGcc@AA.ATTTATcA-ACAccÀq.AATTAîcATAccATGAcTATccATA.ATGATGTTGCATIGATAAAA 357

Der f 3g.2
D e r p 3 g . 3 T c r . . T . . T A . . . . . . T . c c . . . T . . . . . A .  . . T T A T c A . A . . T . .  .  - A ' -  -  -  - . T -  - G

Derp  3g .5Tc r .  -T .  .TA .  .  .  .  .  .T .cc .  .  .T .  -  .  .  . 4 .  -  . î 1 rATCAA.  . î .  -  -  -A -  .  .  .  .T -  -G

D e r p 3 g . 6 T c r . . T . . T A . . . . . . T . G c . . . T . . . . . A .  . . . T A T c A . A . . T . .  ' ' A - -  - - . T - . G

Der f 3g.1 crcAA.AÀ,CA,CCA.ATGACAmCGATCA.A-ACAA.ATGCTA.A.AC9CGTÀ,CCATTGCCACCACAAGGATCAGÀ'TGTA 429

Der î3g.2
D e r p  3 g . 3 .  . T .  .  . T .  .  .  . T .  .  .  . A .  .  . 4 . A .  .  .  . c . 4 .  .  .  .  .  . c .  .  . c . T .  . T G G .  .  . 4 .  -  . G .  - A -  - G -  -  -  -  .  -

D e r p  3 g . 5 .  . T .  .  . T .  .  .  . T .  .  -  . 4 .  .  . A A .  .  .  . c . 4 .  .  .  .  .  . c .  .  . c . T .  . T G G .  .  . 4 .  .  . G .  - A -  . G .  -  .  .  .  -

D e l p 3 g . 6 . . T . . . T . . . . c . . . . . u . . . 4 . . . . . c . 4 . . . . .  - c . . . c . T . c r € c . . . A . . . G .  - ^ A -  . G -  - . . . .

Der f 3g.1 AAAGTTGGTGATAAA.ATTGTGTTTCTGGTTGGGGTTATCTTAGGAAGGAAGTTATTCAT:|ACCATCGcaÀ 501

Der f 3g.2
D e r p 3 g . 3  . . c . - c  . c . 4 .  . - T ' - -

D e r p 3 g . 5  . . c . . c  . c . 4 .  . . T - . -

D e r p 3 g . 6  . . c - . c  . c . 4 .  -  - T -  -  -

Der f 3g.l TTACAACGTGTIGATATIG.ATGî'IGTATCACGTGA.ACAAIGTGACCA.ATîATATTCAAA.AGCAC'GCGCCGAT 573

Der f 39.2

Der f 3g.l cTTAGTGAA.AA,T.A:IGAT'I:IGCGGCGGTGATGTCGCTA.ATGCÎGGTGTIGAT1TATGTAAC'GTGATTCTGGC 645

br f 39.2
D e r p 3 g . 3 . . . . c . . . T .  T . . T .  . . T . . . u . . . . . .  - . . A i \ , i \ . . . . . T  . .  -  -  -  - . 7

D e r p 3 g . 5 . . . . c . . . T .  T . . T .  . . T . . A .  . . . A . e . l . . . . . T  . . .  . . . . 7

D e r p 3 g . 6 . . . . c . . . T .  . . . . . T . . T . . .  T . . 4 .  - . . A . n . u . . . . . T .  -  - . . .  - T

Der f 3g.l GGACCAGTTGTiGATATTCCCACTAAACAA.ATICTT€GTATICTTICATGGGGTTATGGT"ICICCACGTAAA 717

Duf.3g.2
D e r p  3 g . 3 .  .  .  .  . c .  .  .  . c .  .  A A A . A .  . . T .  .  . c .  .  .
D e r p  3 g . 5 .  .  .  .  . c  .  .  .  . c .  . A l \ l { . 4 .  .  . T . .  . c .  .  .
D e r p 3 9 . 6 . . . . . c  . . . . c . . 4 . 4 . 4 . 4 , . . . T . . . c . . .

Der f 3g.1 GGTTATCcAGGTGTCTATACACGTGTI\3GTA.ATTTIGTCGATTGGATIGA.AÎCAÀ.È.ICoÎTCACAGIaÀ 786

Dert3g.2

D e r p 3 g . 5  . . . . T  . 4 . . .
D e r p 3 g . 6  . . . . T  . 4 . . . .

Der f 3g.l îîc
D a f 3 g . Z . . .
D e r p 3 g . 3 . . .
D e r p 3 g . 5 . . .
D e r p 3 9 . 6 . . .

789

",\:.,+'t!7,&_
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Fig.2. Homology of deduced and natural Der f 3 amino acid se-
quences. The N-terminal genomic Der f 39 sequence was aligned with
the N-terminalprotein sequence data from different laboratories. The
genomic sequence was also aligned with the sequence of two peptides
generated by cyanogen bromide (CNBr) digestion of natural Der f 3
[6]. The dots represent identical residues, g:Protein sequence de-
duced from the genomic nucleotide sequence, p: Protein sequence
from the natural protein.

Sequence of Group 3 Dermatophagoides
Allergens

N-terminal sequences

I  l r
Derf3.l(g) rwcvKÀ"K A GDcpyersi,esssHrcc c srLD
D e r f 3  ( p l ) t 6 l  . .  .  ( .  )  . . s .  . x .  ( .  )  . . .  .
D e r f 3  ( p i ) t + l  . . . . . . . L  . . x . . E . . .
D e r f 3  ( p ' X l U  . . . . . . . 0  . . x
D e r f 3  ( p o x s l  . . . . . . . 0  . . x

CNBr-generated peptides

1 6 9 t 8 6
Der f3 (peptide l)[6J Mr (c ) GGDVANC,GVDS ( E ) ecD
D e r f 3  ( g )  . . .  c

96 l l3

Derf3  (pept ide l ) [6 ]  (M)TLDerr {A(K)pvp l , (p) - - ( r )  (S)
Der f3 (g) -- c

I  { t  r *

DCT Rg. 1 IVGGVXÀ,KJ\GDC PYQ I SLQS S S - HFCGGS I LDEYW I IJTAA,HCVN - G - QSAKKL S I RYNTI' 57
D e r B g . 2  :  : : : B ! :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  - :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  - :  - :  :  :  :  :  :  :  :  :  :  :  :  :
D e r p 3 g . 5 : : : : E : : L :  : p :  :  :  :  :  :  :  :  :  :  :  - :  :  :  :  : f  :  :  :  :  :  :  :  :  :  :  :  :  :  : A - :  - : f  : S :  :  :  :  :  :  : g :
D e r p 3 g . 6 : : : : B : : L : : E : : : : : : : : : : : - : : : : : î : : : : : : 2 . i z z : : : A - : - : ! : S : : : : : : : S :
M o s q u i t o : : : : F E f D V g : 4 , : : : [ : : : Y N K R : N : : : : y : S S K : y : : : : : : T A - : - A : ! S S : T V : L G : S
B o v i r e  :  :  :  : Y T C G : N T V :  :  : y :  : N : G y - :  :  :  :  :  : L L N S Q : W S :  :  :  : y K S :  I : V R - - : e e D -  :  I N

DCT Rg.1 KHA,SGGEK- IQVAE- IYQHENYDSMTIDNDVA,LMKLKTPMTLDQÎNAKPVPLPPQGSDVK I15
DerBg.2 : :  :  :  :  :  :  :  - :  :  :  :  :  -  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :
D e r p 3 g . 5 : : S L : : : : - : S : : K - : [ . A : : K : : : y e : : : : I : : I : : : S : : K : N : K : : : [ : e : : A K : : : : :
D e r p 3 g . ó : : g L : : : : - : S : : K - : [ A : : K : : : y e : : : : f : : I : : : g : : K : : : K : : : A A e : : f , K : : : : :
M o s q u i O ! , : : : : : T V - [ R : : R - ] f V : : p K : : : S g : : F : y g : l a E : E D E l a : F S D A V - Q : : e : : K : D E T : :
B o v i r e  W E - : N Q Q F : S A S K S : V - : p S : N : N : f 1 t r l : : f ' t , 1 : I : : : E A A S : N S R V : - S J S . : : - - I . : C A S

DCT Ag.1 VGDKIRVSGVIGYLQEGSYSLPSELQRVDIDWSREQCDQLYSKA,GA,DVSENMICGGDVAN 175
DfÍf3.g.Z: :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :
D e r p 3 g . 5 : : : e l f  : : : : : : : : E : : : : : : : : : : R : : :  : A : : : : K E ; N E :  : : : : N : E : T D : : : : : :  : : : :
D e r É g . 6 :  :  : Q y :  :  :  :  :  :  :  : E :  :  :  :  :  :  :  :  :  : R :  :  :  :  :  :  :  :  :  : E : N E :  :  :  :  : N : E : [ D :  :  :  :  :  :  :  :  :  :
M o s q u i o D : T M T T : : : : : N T : S A . A E : N A V - : R À , A , N v p T : N Q K E : N K A : : D F : G - : E D R : L : A : y e e -
Bovine A : TQCLI: : : : NTKSSGT : Y : DV : KCLKAPII, : DSS : KSA :P- _ : QIT : -N : F : A: YLE -

o * a o * o

Der Rg.l GGVDSCQGDSGGPWDIA,TK*QTVGIVSWGYGCARKGYPGVYTRVGNFVDWIESKRSOT n3
Daf3,g .Z :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  : - :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  !  :  :
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Fig. 3. Comparative analysis of the deduced amino acid sequences fortrypsin and trypsin-like proteins from various
species. The amino acid sequence for Der f 39 is aligned with the Der p 39 sequences, the Anopheles gambiae trypsin
gene [16] and bovine trypsin [7]. Those residues that are identical to the Der f3g. I sequence are indicated by: a
conservative substitution is represented by the single-letter amino acid code underlined, and the non-conservative sub-
stitutions are not underlined. The similarity of the amino acids was determined using the following groupings: A, G, S, T,
P, C (unpaired); E, D; N, Q; H, K, R; I, L, M, V; F, Y W, and Cs-s. The conserved cysteine (C) residues are indicated by
(*), the residues involved in the catalytic triad of the mature protein by (O), and those involved in the substrate specifici-
fy by ("). The bold letters represent primer-derived sequences (see text for differences in Der f 3g.l).
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when compared over the twenty-residue N-terminal Der
f 3.1g protein sequence. Both trypsin-like protease sequenc-
es have a non-conservative change at residue 8 from a posi-
tively charged Lys (Der f 3g) to a polar uncharged Glu (tryp-

sin-like protease) The only other non-conservative differ-
ence between all the protein sequences is a change from a
polar uncharged Glu at residue 15 in Der f 39.1 to a negativ-
ely charged Glu in Der f 3 (p'z;1+1. These changes may be a
consequence of the different sources of D. farinae SMM
used and may represent different allelic isoforms of the Der
f 3 allergen. As will be discussed below, the Der f 3 se-
quence presented here has the structural characteristics of a
trypsin-like protein.

The open reading frame (ORF) for both the Der p 3 and
Der f 3 genes includes a single, small intron which inter-
rupts the coding sequence between nucleotide residues 132-
133. The small size of the introns correlates well with the
size of those found in the group I allergens of the house dust
mite [12]. Like the introns in the group I genes, they do con-
tain the expected consensus sequences at the 5'and 3'intron
splice sitese. The minor differences in both the sequences
and the sizes of the introns observed among the three Der
p 3 genomic clones is possibly due to the existence of an
allelic variation expected between individual mites.

The predicted Der f 3 mature protein sequence with a
MW of 25.27 kD is larger than the predicted size for the
P3WSI protein (table 2) 16l. It is interesting to note that,
although the predicted size difference is only 0.29 kD, our
unpublished observations show that nafural Der f 3 is nor-
mally l-2 kD larger when compared to natural Der p 3 by
SDS-PAGE analysis. The disparity between the apparent
MW determined by SDS-PAGE and that calculated from the
deduced amino acid is commonly observed. Most often, the
calculated MW is smalleq possibly because the confoÍna-
tional characteristics of the protein such as disulphide bonds
are not taken into consideration when calculating the MVI
Der f 39 also has a more acidic pI value (5.47) than the Der
p 3 P3WSI clone (table 2). Llke the Der p 3 allergen, it has
been demonstrated by Stewart et al. [13] that Der f 3 exists
in different isoforms. The Der f 39 pI value is close to the
values predicted by Stewart et al. [14]. A comparative study
of house dust mite of trypsin proteases performed by this
group showed that trypsin-like protease from D. pteronyssi-
nus was very heterogenous with several major isoforms
with pls ranging from 4.8 to 8.6, whereas trypsin-like pro-
tease from D. farinae was less heterogenous, with all iso-
forms having acidic pls of approximately 4.8.

The identity between the amino acid sequences for the
Der f 39 clone and P3WSI is 8l%, in keeping with the20oh
variation in homology observed between members of the

group I U5] and group 2 house dust mite allergens. There

are twenty-eight non-conservative and nineteen conserya-
tive substitutions between the protein sequences of the Der

f 3 and Der p 3 P3WSI clones. Our unpublished observa-
tions show that, although cross-reactivity exists, consider-

able antigenic differences between Der p 3 and Der f 3 can
sometimes be demonstrated. While polyclonal mouse anti-
Der f 3 and Der p 3 have readily been shown to be cross-
reactive, polyclonal rabbit anti-Der f 3 reacted strongly with

Der f 3, but not with Der p 3. Accordingly, the protein se-
quence does indeed contain regions which are highly con-

served between the Der f 3 and Der p 3 proteins, for exam-
ple, the C-terminal portion. Most of the sequence variation
occurs in the central portion of the protein. The degree of
cross-reactivity of different antisera of IgE in allergic sera

could therefore vary depending on the epitopes recognised'
Like the P3WSI sequence, a search of the GenBank protein

database confirmed that the Der f 39 protein sequence has a
high degree of homology to both vertebrate and invertebrate
trypsin proteins, i.e. 47o/o identity with Anopheles gambiae

trypsin [6] and 42o/o identity with bovine trypsin [17]. As

observed for most tryppins, these differences befween Der

f 3 and Der p3 and the bovine and mosquito trypsins occur
in regions of the protein not involved in the catalytic triad

and substrate specificity. Most of the differences, therefore,
occur in the central region of the protein sequence.

Another important feature of the Der f 39 protein se-
quence is the conservation of the seven Cys residues also
found in the Der p 3 P3WSI sequence with the role of the

seventh unpaired Cys residue at residue 12 still undeter-
mined [6]. Most of the N-terminal protein sequences listed
in figure 2 showed an indeterminable residue atthis position

that was most often found to represent a Cys. Smith et al. [6]
reported a Ser in this position, which implies that this Cys
does not play an important structural role in the protein
through disulphide bond formation as it is not conserved in

all the transcribed isoforms of the protein. The remaining
six residues are predicted to form the following disulphide
bridges: 2542, 154-17 l, and I 83-209.

There is only one single base substitution between the
two Der f 3 sequences with a Val at residue 5 in 3.1 being
substituted for a Glu. The Val represents a non-conservative
substitution between Der f 3 and Der p 3, whereas the Glu is
identical to the residue found in the Der p 3 gene. The prim-

er used to amplifo the Der f 3 gene was designed using the
original Der p 3 P3WS1 sequence (table 1) and encoded
amino acids IVGGEK; so, while the Glu 5 in clone Det f 3.2
was expected, the Val 5 in Der f 3.1 was not. It is possible

that, either because the oligonucleotides used were not puri-

fied by SDS-PAGE or HPLC or, alternatively, due to partial

ì
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degradation, an incomplete primer template annealed to the
Der f 3 gene during the PCR process resulting in a residue at
position 5 which was not primer derived, but was in fact
coded for by the gene. This idea is supported by the fact that
the N-terminal protein sequence of the natural Der f 3 pro-
tein also has a Val at this position (fig. 2).ltshould be noted
here that the six C-terminal amino acid residues of both Der
p 3 and Der f 3 sequences (fig.3) are derived from the re-
verse Der p primer No. 8 (table l).

A comparison of the coding sequences for the 3 Der p 3
genomic sequences shows that Der p 3.3 and Der p 3.5 are
identical and are also identical to the original Der p 3
P3WSI clone. The small degree of variation observed in the
introns suggests that 3.3 and 3.5 simply represent the ge-
nomic variation one would expect to see between individual
mites [18]. The Der p 3.6 clone, however, differs from these
sequences with four substitutions, all of which are non-con-
servative, in the coding sequence, as well as some degree of
variation in the intron sequence. The substitutions involve
(l) a change from an Asn (P3WSl) to an Asp (3.6) at residue
98 (2), a change from a Val (P3WS1) to an Ala (3.6) at resid-
ue 105 (3), a change from an Ala (P3WSI) to an Asp (3.6) at
residue 145, and (4) a change from a Lys (P3WS1) to a Glu
(3.6) at residue 150. The mature protein encoded by Der
p 3.6 has a MW of 25.12 kD and a pI value of 6.I I (table 2).It
would appear, therefore, that Der p3.6 represents an iso-
form, which would be classified as a variant of Der p 3
P3WSI. Several groups have also reported the isolation of
polymorphic allergens, these include, for example, the
group I [9] and group 2 U,201house dust mite allergens.
While the 3.6 clone maintains a very high degree of identity
with the original clone Der p 3 P3WSI, the significance of
these polymorphic changes needs to be assessed. Most eu-
karyotic genes have very minimal amino acid sequence
variation in the coding region [8], and in fact, it has been
demonstrated by Kreitman l21l that within eleven separate

isolates of the Drosophila melanogaster alcohol dehy-
drogenase gene, there was only a single amino acid substi-
tution. Given that Pfu polymerase has 3'-5' exonucle-
ase-editing function and therefore an error rate of 1.6 x l0{
errors/base 1221, the number of substitutions far exceeds
that predicted by polymerase effor. In addition, three of
these four substitutions were to residues found in Der f 3.
They may be important if they impact in any way on the
3-dimensional structure or on T cell recognition of the mol-
ecule. Some of the variations found in the Der p I cDNA
sequences do reside in the T cell epitopes [9], but the effect
of these variations is as yet undetermined. The2 Der f 2 iso-
forms identified by Nishiyama et al. [20] were equally rec-
ognised by IgE antibodies from a panel of fourteen different
mite-allergic patients although differences in monoclonal
antibody binding could be detected.

In conclusion, we have isolated and sequenced the DNA
encoding the Der f 3 allergen to show that, like its homo-
logue Der p 3, it is a trypsin-like protease. Similar analysis
of D. pteronyssinus genomic DNA resulted in the isolation
of a variant sequence for Derp 3 and of two sequences iden-
tical to the original cD\A clone [6]. From our observations,
we conclude that the trypsin-like protein of the Dermato-
phagoides house dust mite are well conserved. While a
number of isoforms of Der p 3 have been described by isoe-
lectric focusing [3, 14], our data show that considerable
variation in the calculated pI value can be produced by only
a few amino acid changes. For measuring T cell responses to
purified proteins and peptide, it will be important to consid-
er the intra- and inter-species sequence differences de-
scribed.
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