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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-
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Comparative Analysis of the Genes
Encoding Group 3 Allergens from
Dermatophagoides pteronyssinus
and Dermatophagoides farinae
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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 allergens are trypsin-like proteases. Using
the information from the Der p 3 P3WS1 ¢cDNA clone, genes encoding both Der
f3 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 f3
clones. There was 81% identity between the Der f 3 sequence and the original Der
p 3 P3WSI clone. The calculated molecular weight of Der f3 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 P3WSI 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 pl value than the original Der p 3 clone. This
third Der p 3 genomic clone is, therefore, an isoform of the Der p 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 70-80% [1-3].

The group 3 allergens were originally defined by Hey-
mann et al. [4] with the isolation of a 29 kDa protein 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 f3 allergen.
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Table 1. PCR and sequencing oligonu-
cleotides used to isolate and sequence the ge-
nomic DNA for both Der f3 and Derp 3.

Oligonucleotides

Orien-  Source®

tation®

I N N N

CAGGAATTCATACACGTGTTGG
TCTGAATTCGACATTCACCAGC
TCAGAAAAAGCTTTGGCTGGTGAATCACCATATCAAAT
GCGGATCCATTGTTGGTGGTGAAAAAGC

. AAAGCTGTTGGATTACCA

. GAATCAACACCACCATTAGCAACATCACCACCGCAAATCAT
. TACATCCGATCCTTTTGC

. AATCACTGTGAACGTTTTGA

o R AT T TR
2202 Z9ZZ

Oligonucleotides 4 and 8 were used to PCR amplify the genomic DNA. The nucleotide
sequence underlined in oligonucleotide 4 represents a BamHI restriction site. All oligonucleo-

tides are typed 5'-3".

a

F = Forward primers, i.e. 5~3'; R =reverse primers, i.e. 35",

®  The sequence information, nucleotide (N) and protein (P), used to generate these oligonu-
cleotides has been described previously [6].

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 f1 (79%) and Der f2 (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 1 and 2 allergens of Dermatophagoides
pteronyssinus and D. farinae have been well characterised.
For example, Heymann et al. [4] observed that human IgE
from mite-allergic patients demonstrated extensive cross-
reactivity between Der f1 and Der pl. Similarly skin tests
and antigen-binding assays by the same group showed a
strong correlation between IgE antibodies and the group 11
allergens. This is in keeping with the structural similarity
observed between Der p1 and Der f1, and between Der p 2
and Der 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 published N-terminal
natural protein sequences for both Der f 3 and Derp 3 [4, 7].
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 Der p 3 P3WS1, we
took two oligonucleotide primers to amplify both genomic
Der f 3 and Der p 3 by the polymerase chain reaction (PCR).
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Materials and Methods

Dermatophagoides Cultures
Whole mite bodies wete 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 1).

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 Parameters

All the PCRs performed included a negative control. The thermal
cycling was conducted in a PTC-100 programmable thermal cycler
(Bresatec, Australia). The 40-cycle programme was as follows: 1 cycle
of 5 min at 94°C, 2 min at 60°C, 2 min at 72°C (elongation step); 38
cycles of 1 min at 94°C, 2 min at 60°C, 2 min at 72°C, and | cycle at
94°C, 2 min at 60°C, 10 min at 72°C.

PCR with Pfu Polymerase

The PCR was performed according to the manufacturer’s instruc-
tions with the addition of 20 pmol oligonucleotide primers, 250 pM
dNTPs and up to 250 ng of target DNA.

Subcloning and DNA Sequencing

Purified Pfu PCR products (40-60 ng) were ligated to M13mp 19 or
mp 18 sequencing vectors digested with Smal [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 Escherichia coli TG-1, and se-
quencing was performed using the dideoxynucleotide chain termina-
tion method [10] and Sequenase (Amersham International, UK). The
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Table 2. Predicted MW’s and pI’s of ge-
nomic Der p 3 and Der {3

pl MW, kD
Derp 3 P3WSI1 8.5 24.99
Derp 3g.6 6.11 25.12
Der f3g 547 25.27

oligonucleotide primers used for sequencing included universal prim-
ers and those listed in table 1. The primers were used to sequence the
M13 clones in both directions.

DNA and Protein Sequence Analysis

Sequence analysis was performed using MAC VECTOR software
(IBI, 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 1.3.10MP (December 15, 1994).

Results

Nucleotide sequence

Der p 3 genomic DNA was amplified by PCR using oli-
gonucleotides 4 and 8, which span residues 1-20 and 769—
789, respectively (table 1, fig. 1). The PCR product was a sin-
gle band of approximately 790 bp as determined by agarose
gel electrophoresis. Der {3 genomic DNA was amplified
using the same set of primers, as a single band of approxi-
mately 770 bp in size. DNA from the Der p 3 and Der 3
bands was purified and ligated into M13 sequencing vec-
tors. Three Der p3g M13mpl9 clones were sequenced.
Clone 3 (Der p 3g.3) and 5 (Der p 3g.5) had 100% identity
with the original Der p3 P3WSI ¢DNA nucleotide se-
quence. Clone 6 (Der p 3g.6) differed at 6 positions, as il-
lustrated in figure 1. The two Der f 3g M13mpl9 clones were
sequenced and shown to have 86% identity at the nucleotide
level with the P3WS1 cDNA sequence. The two sequences
were identical in all but two nucleotides. Der f3g.2 had a
primer-derived sequence, for nucleotide residues 1-20,
whereas Der f3g.1 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 3g clones
had identical 60 bp introns whereas Der p 3g.3 had an 85,
Derp 3g.5 an 86 and Der p 3g.6 an 87 bp intron.

Sequence of Group 3 Dermatophagoides
Allergens

Protein Sequence Alignments

The deduced amino acid sequence for the Der f3.1g
clone differs from the previously derived N-terminal pro-
tein sequence of the natural Der f3 protein at one out of
thirty-one residues where there is a conservative Ser to Cys
(unpaired) substitution at residue 12 [6]. Residue 25 in the
natural protein sequence was indeterminable, as is often the
case for Cysresidues (fig. 2). The Der f 3 genomic sequence
does in fact contain a Cys at residue 25. The Der f 3 genomic
DNA sequence also has a high degree of identity with two
cyanogen bromide (CNBr)-generated peptides of the nat-
ural Der {3 protein [6]. Both peptides differ at only one
amino acid out of eithteen (peptide 1) and sixteen (pep-
tide 2), with the substitutions occurring at residues 183 and
112, respectively.

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 f3g sequences
with Der p 3g sequences and both mosquito and bovine
trypsins. .

All seven Cys residues are conserved between Der {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 f3.1g and Der p 3g.6 were
different from each other and from the original Der p 3
P3WSI clone (table 2).

Discussion

The isolation and sequencing of Der f3 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 f3 5A12 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 {3 isolated by size exclu-
sion chromatography [4] or by substrate affinity chroma-
tography from D. farinae SMM [4, 11] are also identical

Int Arch Allergy Immunol 1996;109:133-140 135



Der f 3g.1 ATTGTTGGTGGTGTGAAAGCAAAAGCAGGTGATTGTCCATATCARATTTCCTTGCAATCAAGCAGCCAT 69

Derf38.2 coneeeeconcealh oeeaneeesneeseononnnaaeasesssosesssosonnsnanassssenssens
Derp3g3.ceeeecereceAAecees . TT...T..... Aciineennnns [T A..A..oeenn. T..T...
Derp3gS...... ceceans AN...... Tr...T..... Ao, G..... A..A ... T..T...
Derp3g6...cceeeeeeeeAinen.. ™...T..... Aliiiiinenns G.-.. A..A..ciunnn T..T...

Der f 3g.1 TTTTGTGGTGGTAGTATCCTGGATGAATATTGGATCTTGACCGCTGCACATTGTGTCAATGGGTAAGTTTTT 141

0 o 7 3 P et eeeeeeee e
Derp3g3............. (ORI U L - - P TGCC. v vevvnnnn G
Derp3gS5.......c.... oL L, L W TGCC v veeecennn G
Derp3g6............. [oJ L UL T TGCC. v v e eennn G
Der f3g.1 TT-TTG-——-- TAAATTTTTGACTTGA - -TAAATCATTCTCG - —m = - m e mm o == m = CA--CAAABRAAAC 213
|0 o 1< - T R R
Derp3g3..G...TTGAC...... GAAT.A.CA.AA...TAAT..T.TTTT-GTTGTAATTTTTTT. . -TTG. . . .TTT
Derp3g5..G...TTGAC...... GAAT.A.CA.AA...TAAT..T.TTTTTGTTGTAATTTTTTT. . -TTG. . . .. TT
Derp3g6..G...TTGAC...... GAAT.A.CA.AA...TAAT..T.TTTTTGTTGTAATTTTTTGT . ATTG. . . .. T

Der f 3g.1 CATAGACAATCAGCAAAAAAACTTTCAATTCGTTACAATACTCTTAAACATGCATCTGGTGGTGAAAAGATT 285

LT 732 R
Derp3g3T........ A...... [ G.T.A...... T...TA. e eeiiannn A
Derp3g5T........ A...... [ G.T.A...... L v - W A
Derp3g6T........ Ao..... e P G.T.A...... L R - A

) o T R R R R I
Der p 3g.3TCT..T..TA...... T.GC...T..... Acceennnn TTATCAA..T......... -\ T..G
Derp 3g.5TCT. .T..TA...... T.GC...T..... Ac.ieennn TTATCAA..T......... Avvevnannnn T..G
Der p 3g.6TCT. .T..TA. ..... T.GC...T..... Ao TATCAA. . T......... Aveeneennn. T..G
Der f 3g.1 CTCAAAACACCAATGACATTGGATCAAACAAATGCTAAACGCGTACCATTGCCACCACAAGGATCAGATGTA 429
0 o - R R R IR
Derp3g3..T...T....T....A...AA....G.A...... C...G.T..TGG...A...G..A....... Goeuunn
Derp3g5..T...T....T....A...AA....G.A...... C...G.T..TGG...A...G..A....... [
Derp3g6..T...T....G....A...A..... G.A...... C...G.T.CTGG...A...G..A....... [ 2
Der f 3g.1 AAAGTTGGTGATAAAATTCGTGTTTCTGGTTGGGGTTATCTTCAGGAAGGAAGTTATTCATTACCATCGGAA 501
0T 5 i R R
Derp3g3............ o2 e [ 2P T...
Derp3g5............ o o Gttt teeee e T
Derp3g6............ o2 < Gl i ittt T

0 5T i
Derp3g3...AG......couunn.. Covvnnnnenanns A..G..... ATG. e vveeeneennnn TAAT..T..A
Derp3g5...AG.......o.... o, A..G..... ATG. i it eianann TAAT..T..A
Derp3g6.. . AG. it i e G....CA.TG. .o veineinnnnn TAAT..T..A

Der f3g.1 GTTAGTGAAAATATGATTTGCGGCGGTGATGTCGCTAATGGTGGTGTTGATTCATGTCAAGGTGATTCTGGC 645

0 o T 2 R
Derp3g3....C..oTeveennnnn.. TooTeeennn. L I S AAA..... N T
Derp3gS....C...T........... TeoTeveennnn T..A...oennn. AAA..... L T
Derp3g6....C...Teveinun. L R T..Aueunnnn.. AAA..... L L T
Der f 3g.1 GGACCAGTTGTTGATATTGCCACTARACAAATTGTTGGTATTGTTTCATGGGGTTATGGTTGTGCACGTAAA 717
. . 0 T o 2 R R
Fig.1. Nucleotide sequences  perp3g3..... Gevenenn G BBA AL . Te e Geeen e een e e et e e e
of the Der f3 and Der p3 genes.  Derp3g5..... Gevvenrnn. LT Y 00 S TR
The sequences for the 2 Der f3g Derp3g6..... e G BB A, e T e cCe et e te e eeaeeeanasansesanasanaeaaasenananns

clones and the 3 Der p 3g clones —

Der p3g.3, Der p3g.5 an d Der Der f 3g.1 GGTTATCCAGGTGTCTATACACGTGTTGGTAATTTTGTCGATTGGATTGAATCAAAACGTTCACAGTGA 786

. ) T o 7 P ceeeeeen teeesecens
p3g.6 — are aligned to show se- Detp3gg.3 .............. O R A
quence identity. The underlined  Derp3g5.............. D At e veiereaeaaa. ..
residues demonstrate the single Derp3g6-.cveeunnnan.. L A At e ettt e
intron found in all 5 sequences. Der £ 3.1 789

) r f 3g.1 TTG
The dots and the bold letters rep Derfig? . ..

resent 1d§ntical and prlmer-de- Derp3g3. . .
rived residues respectively (see  perp3gs. ..
text for differences in Der f3g.1). Derp3g6. . .
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Fig. 2. Homology of deduced and natural Der f3 amino acid se-
quences. The N-terminal genomic Der f 3g sequence was aligned with
the N-terminal protein 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 f3
[6]. The dots represent identical residues, g = Protein sequence de-
duced from the genomic nucleotide sequence, p = Protein sequence
from the natural protein.

*
Der f3g.1 IVGGVKAKAGDCPYQISLQSS
Derf3g2 : HE R R
Derp3g.5::::E::
Derp3g6::::B::L::E
Mosquito : : : : FEIDVS:
Bovine ::::YTCG:NTV:::

seseRe

R TR R R R R R

.........

..........

Derf3g2 ::::sesc-ssrse-zozre:
Derp3g5::SL::::-: S::K-:FA::K
Derp3g.6: :SL::::-:S::K~-:FA::K
Mosquito R: : : : : TV-YR: :R-YV: : PK

Bovine VVE-:NQQF:SASKS:V-:PS

Der f3g.1 VGDKIRVSGWGYLQEGSYSLP

Derf3g2 :::czzzssrssresszases
Derp3g.5:::QV::: sBrorocoe:
Derp3g6:::QVi::z::::Eczzzzz:
Mosquito D: TMTT: : : : : NT

A:::V:::YNKR:N::::Y:SSK:¥

N-terminal sequences

1 31
Der £3.1(g) IVVGVKAK A GDCPYQISLQSSSHFCG G SILD
Derf3 (pD[6] ........ [0 P - P D 0 T
Derf3 (H[4] ....... L . ..X..E
Derf3 (pH[11] ....... Q. ..Xe.......
Derf3 (pH[s] ---.-.. Q. .. Xi...-..-
CNBr-generated peptides

169 186
Der f3 (peptide 1)[6] MI (C) GGDVANGGVDS {E) QG
Derf3 (g) e Cc ...
96 113
Derf3 (peptide 1)[6] (M) TLDQTNA(K) PVPL(P) -~ (T) (S)
Derf3 (g) e R L
* ok

S-HFCGGSILDEYWILTAAHCVN-G-QSAKKLSIRYNTL57

S m s s e s s s e s e s e s s e e e
......................

A-:

...............

HR IR SRS S t:A-: S:
ti1:::TA-:-A:TSS:TV:LG:S
~:::: 0t LINSQ:VVS::::YKS:I:VR--:GQD-:IN

YQ::::Ile:l:::S::K:N:K:::A:G::AK:::::
t¥Q:i:::lc:l:::S::Ke::Ke::AAG::AK:::::
:::88::F:YS:LE:EDEL:FSDAV-Q::G: :K:DET

cN:N:IN::IM:I:::SAAS:NSRV:-S]IS::
*
SELQRVDIDVVSREQCDQLYSKAGADVSENMICGGDVAN 175

.......................................

o e

:SAAE:NAV-: RAANVPT:NQKE:NKA: :DF:G-:TDR:L:A:YQQ-

Bovine A:TQCLJI::::NTKSSGT:Y:DV:KCLKAPIL:DSS:KSA:P--:QIT:-N:F:A:YLE-

o .

o

* o

Der f3g.1 GGVDSCQGDSGGPVVDIATK-QIVGIVSWGYGCARKGYPGVYTRVGNFVDWIESKRSQ* 233

Der f3g.2

::8::AVVR: : YRENSGV:
K:C:Y¥:S::KQTIASN*

Fig. 3. Comparative analysis of the deduced amino acid sequences for trypsin and trypsin-like proteins from various
species. The amino acid sequence for Der f3g is aligned with the Der p 3g sequences, the Anopheles gambiae trypsin
gene [16] and bovine trypsin [17]. Those residues that are identical to the Der f3g. | sequence are indicated by: a
conservative substitution is represented by the single-letter amino acid code underlined, and the non-conservative sub-
stitutions are notunderlined. 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; E, 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 (@), and those involved in the substrate specifici-
ty by (°). The bold letters represent primer-derived sequences (see text for differences in Der £3 g.1).

Sequence of Group 3 Dermatophagoides
Allergens

Int Arch Allergy Immunol 1996:109:133-140 137



when compared over the twenty-residue N-terminal Der
f3.1g 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 3g.1 to a negativ-
ely charged Glu in Der f3 (p®)[4]. These changes may be a
consequence of the different sources of D. farinae SMM
used and may represent different allelic isoforms of the Der
3 allergen. As will be discussed below, the Der f3 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 f3 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 1 allergens of the house dust
mite [12]. Like the introns in the group 1 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 f3 mature protein sequence with a
MW of 25.27kD is larger than the predicted size for the
P3WSI protein (table 2) [6]. It is interesting to note that,
although the predicted size difference is only 0.29 kD, our
unpublished observations show that natural Der f3 is nor-
mally 1-2 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 smaller, possibly because the conforma-
tional characteristics of the protein such as disulphide bonds
are not taken into consideration when calculating the MW.
Der f 3g also has a more acidic pl value (5.47) than the Der
p 3 P3WSI clone (table 2). Like the Der p 3 allergen, it has
been demonstrated by Stewart et al. [13] that Der {3 exists
in different isoforms. The Der f3g pl 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 3g clone and P3WSI is 81%, in keeping with the 20%
variation in homology observed between members of the

138 Int Arch Allergy Immunol 1996;109:133-140

group I [15] and group 2 house dust mite allergens. There
are twenty-eight non-conservative and nineteen conserva-
tive substitutions between the protein sequences of the Der
£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 {3 can
sometimes be demonstrated. While polyclonal mouse anti-
Der f3 and Der p 3 have readily been shown to be cross-
reactive, polyclonal rabbit anti-Der f 3 reacted strongly with
Der f3, but not with Der p 3. Accordingly, the protein se-
quence does indeed contain regions which are highly con-
served between the Der 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 3g protein sequence has a
high degree of homology to both vertebrate and invertebrate
trypsin proteins, i.e. 47% identity with Anopheles gambiae
trypsin [16] and 42% identity with bovine trypsin [17]. As
observed for most trypsins, these differences between Der
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 f3g 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 at this position
that was most often found to represent a Cys. Smith etal. [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: 25-42, 154-171, and 183-209.

There is only one single base substitution between the
two Der f3 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 amplify the Der f3 gene was designed using the
original Der p3 P3WSI sequence (table 1) and encoded
amino acids IVGGEK; so, while the Glu 5 in clone Der 3.2
was expected, the Val 5 in Der f3.1 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
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degradation, an incomplete primer template annealed to the
Der {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 3 pro-
tein also has a Val at this position (fig. 2). It should be noted
here that the six C-terminal amino acid residues of both Der
p 3 and Der f3 sequences (fig. 3) are derived from the re-
verse Der p primer No. 8 (table 1).

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 p3
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
(1) a change from an Asn (P3WSI) 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 (P3WS]1) 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 hasa MW of 25.12 kD and a pI value of 6.11 (table 2). It
would appear, therefore, that Der p 3.6 represents an iso-
form, which would be classified as a variant of Der p 3
P3WSI1. Several groups have also reported the isolation of
polymorphic allergens, these include, for example, the
group 1 [19] and group 2 [1, 20] house dust mite allergens.
While the 3.6 clone maintains a very high degree of identity
with the original clone Der p 3 P3WS], 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 [18], and in fact, it has been
demonstrated by Kreitman [21] 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 .6 X107
errors/base [22], the number of substitutions far exceeds
that predicted by polymerase error. In addition, three of
these four substitutions were to residues found in Der 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 pl ¢cDNA
sequences do reside in the T cell epitopes [19], but the effect
of these variations is as yet undetermined. The 2 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 f3 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 Der p 3 and of two sequences iden-
tical to the original cDNA 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 [13, 14], our data show that considerable
variation in the calculated pl 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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