KY Chua
PK. Kehal
W.R. Thomas

The Western Australian Research
Institute for Child Health,
Perth, Australia

0000000000000000000000000008000000000000000000¢

Key Words

Sequence polymorphisms
Derp1 >
House dust mite
Dermatophagoides

cDNA

Original Paper

Int Arch Allergy Immunol 1993;101:364-368

Sequence Polymorphisms of
cDNA Clones Encoding the
Mite AllergenDerp |

0000000000000000000000000000000000000000000000000000000030000000000000000000000000000000000000000

Abstract

Sequence information has been obtained from 5 cDNA clones encoding the
major house dust mite allergen Der p 1, including one which codes for the full
length preproenzyme form of the molecule. All translated sequences were
unique with 1-3 differences between each clone. 4/5 of the substitutions found
were to residues found in Der f I and two positions had a substitution in more
than one clone. The polymorphisms included residues already described to be
in T cell epitopes, so as well as being necessary to consider them in the con-
struction of synthetic allergens, the substitutions will be important for the in-

terpretation of experimental and genetic studies.

Introduction

The analysis of cDNA-encoding allergens has already
made a significant contribution to defining allergens and
providing material and information for epitope and T cell
studies. It is anticipated that its usefulness could extend
into developing reagents to improve diagnosis and immu-
notherapy. A ¢cDNA sequence encoding the major aller-
gen Der p 1 from Dermatophagoides pteronyssinus was re-
ported in 1988 [1], and later in a revised form [2], which
identified it as a cysteine protease. The sequences of the
related allergen Der f 1 from Dermatophagoides farinae
was then determined and shown to be 81% homologous
to Der p I, which was significantly less than that found for
the comparison between Der p II and Der f 11 [3-6]. The
existence of these sequences has highlighted the impor-
tance of determining the polymorphism in the allergen
not only for further applications of recombinant and re-
lated technologies but also for our understanding of mite

allergy. Sequence polymorphism could for example have
a profound influence on the genetics of allergic sensitiza-
tion and T cell cross-reactivity. Here we describe se-
quences from 5 cDNA clones encoding Der p 1, which al-
though they support the veracity of our previous data also
show a degree of polymorphism which could be of con-
siderable importance. In addition we also report the clon-
ing of a cDNA encoding the full preproenzyme form of
the allergen.

Materials and Methods

c¢DNA Library

Poly A* RNA was isolated from live mites (Commonwealth
Serum Laboratories, Melbourne, Australia) [7] and cDNA prepared
using the S1 nuclease method described by Huynh et al. [8]. It was
ligated using EcoRI linkers into lambda gt10 and cloned into Esch-
erichia coli Y 1073 to select against parental phage. The ¢600 E. coli
JP 777 was used for hybridization and growing stocks. Details are
described in Bowtell [9].
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-98

GAATTCCTTTTTTTTTCTTTCTCTCTCTAAAATCTAAAATCCATCCAAC ATG AAA ATT GTT TTG GCC 67

Met Lys Ile Val Leu Ala
-90 -80

ATC GCC TCA TTG TTG GCA TTG AGC GCT GTT TAT GCT CGT CCA TCA TCG ATC AAA ACT 124

Ile Ala Ser Leu Leu Ala Leu Ser Ala Val Tyr Ala Arg Pro Ser Ser Ile Lys Thr
-70 -60

TTT GAA GAA TAC AAA AAA GCC TTC AAC AAA AGT TAT GCT ACC TTC GAA GAT GAA GAA 181

Phe Glu Glu Tyr Lys Lys Ala Phe Asn Lys Ser Tyr Ala Thr Phe Glu Asp Glu Glu
-50 -40

GCT GCC CGT AAA AAC TTT TTG GAA TCA GTA AAA TAT GTT CAA TCA AAT GGA GGT GCC 238

Ala Ala Arg Lys Asn Phe Leu Glu Ser Val Lys Tyr Val Gln Ser Asn Gly Gly Ala
-30 -20

ATC AAC CAT TTG TCC GAT TTG TCG TTG GAT GAA TTC AAA AAC CGA TTT TTG ATG AGT 295

Ile Asn His Leu Ser Asp Leu Ser Leu Asp Glu Phe Lys Asn Arg Phe Leu Met Ser
-10 -1 1

GCA GAA GCT TTT GAA CAC CTC AAA ACT CAA TTC GAT TTG AAT GCT GAA ACT AAC GCC 352

Ala Glu Ala Phe Glu His Leu Lys Thr Gln Phe Asp Leu Asn Ala Glu Thr Asn Ala
10 20

TGC AGT ATC AAT GGA AAT GCT CCA GCT GAA ATC GAT TTG CGA CAA ATG CGA ACT GTC 409

Cys Ser Ile Asn Gly Asn Ala Pro Ala Glu Ale Asp Leu Arg Gln Met Arg Fhr Val
30 40

ACT CCC ATT CGT ATG CAA GGA GGC TGT GGT TCA TGT TGG GCT TTC TCT GGT GTT GCC 466

Thr Pro Ile Arg Met Gln Gly Gly Cys Gly Ser Cys Trp Ala Phe Ser Gly Val Ala

GCA ACT GAA TCA GCT TAT TTG GCT TAC CGT AAT CAA TCA TTG GAT CTT GCT GAA CAA 523
Ala Thr Glu Ser Ala Tyr Leu Ala Tyr Arg Asn Gln Ser Leu Asp Leu Ala Glu Gln
70
GAA TTA GTC GAT TGT GCT TCC CAA CAC GGT TGT CAT GGT GAT ACC ATT CCA CGT GGT 580
Glu Leu Val Asp Cys Ala Ser Gln His Gly Cys His Gly Asp Thr Ile Pro Arg Gly
80 90
ATT GAA TAC ATC CAA CAT AAT GGT GTC GTC CAA GAA AGC TAC TAT CGA TAC GTT GCA 637
Ile Glu Tyr Ile Gln His Asn Gly Val Val Gln Glu Ser Tyr Tyr Arg Tyr Val Ala
100 110
CGA GAA CAA TCA TGC CGA CGA CCA AAT GCA CAA CGT TTC GGT ATC TCA AAC TAT TGC 694
Arg Glu Gln Ser Cys Arg Arg Pro Asn Ala Gln Arg Phe Gly Ile Ser Asn Tyr Cys
120 130
CAA ATT TAC CCA CCA AAT GTA AAC AAA ATT CGT GAA GCT TTG GCT CAA ACC CAC AGC 751
Gln Ile Tyr Pro Pro Asn Val Asn Lys Ile Arg Glu Ala Leu Ala Gln Thr His Ser
140 150
GCT ATT GCC GTC ATT ATT GGC ATC AAA GAT TTA GAC GCA TTC CGT CAT TAT GAT GGC 808
Ala Ile Ala Val Ile Ile Gly Ile Lys Asp Leu Asp Ala Phe Arg His Tyr Asp Gly
160 170
CGA ACA ATC ATT CAA CGC GAT AAT GGT TAC CAA CCA AAC TAT CAC GCT GTC AAC ATT 865
Arg Thr Ile Ile Gln Arg Asp Asn Gly Tyr Gln Pro Asn Tyr His Ala Val Asn Ile
180 190
GTT GGT TAC AGT AAC GCA CAA GGT GTC GAT TAT TGG ATC GTA CGA AAC AGT TGG GAT 922
Val Gly Tyr Ser Asn Ala Gln Gly Val Asp Tyr Trp Ile Val Arg Asn Ser Trp Asp
200 210
ACC AAT TGG GGT GAT AAT GGT TAC GGT TAT TTT GCT GCC AAC ATC GAT TTG ATG ATG 979
Thr Asn Trp Gly Asp Asn Gly Tyr Gly Tyr Phe Ala Ala Asn Ile Asp Leu Met Met
220 222
ATT GAA GAA TAT CCA TAT GTT GTC ATT CTC TAAACAAAAAGACAATTTCTTATATGATTGTCACT 1044
Ile Glu Glu Tyr Pro Tyr Val val Ile Leu
AATTTATTTAAAATCAAAATTTTTAGAAAATGAATAAATTCATTCACAAAAATTA74 1172

Fig. 1. Nucleotide and translated amino acid sequence of Der p I cDNA clone (c). Sequences underlined are the
predicted cleavage site for the leader peptide (80 and -81), the N-glycosylation site (residues 53-55), the stop codon
and the polyadenylation site. The predicted leader sequence is from —98 to ~79.
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Table 1. Nucleotide changes in Derp 1

c¢DNA clones Clone  Residue with polymorphic codon
50 81 124 136 149 215
a CAC(H) GAA(E) GCA(A) AGC (S) GCA(A) GAA(E)
b NA NA NA NA NA GAA (E)
c TAC(Y) GAA(E) GTA(V) AGC(S) GCA(A) GAA(E)
d TAC(Y) AAA(K) GTA(V) AGC(S) GCA(A) GAA(E)
€ CAC(H) GAA(E) GCA(A) ACC(T) GCT(A) CAA(Q)

The table shows the codon and amino acid residue in parentheses which differed in the
cDNA clones. NA = Not available because clone was truncated.

Screening of Libraries

Phages were plated in JP 777 at 20,000 PFU/17.5 cm petri dish and
phage lifts made on nitrocellulose filters (Schleicher & Schull, Das-
sal, FRG). The DNA was denatured with 0.1 M NaOH and the filters
baked at 80 °C in vacuo for 2 h and prehybridized for 2 h at 42 °C. Hy-
bridization was performed with 1x Denhardt, 50% formamide at
42°C overnight and the filters were washed sequentially in 0.1% SDS
containing 2, 0.5, and 0.1 x SSC at room temperature for 15 min and a
final wash of 0.1 xSSC in 1% SDS at 50°C for 30 min. The DNA
probe used was the 857 bp insert from the Der p I cDNA clone 13T [1]
labelled by nick translation by *P-dATP (Amersham Australia,
North Ryde). General procedures were according to Sambrook
et al. [10].

DNA Preparation and Sequencing

Plaques showing positive hybridization were purified using two
rounds of selection and the DNA prepared from a plate stock by a
PEG/NaCl precipitation [1]. The DNA insert released by EcoRI di-
gestion was cloned into the M13-derived vector mp 18 which was used
to transform E.coli TG-1. Single-stranded dideoxynucleotide
sequencing chain termination sequencing was performed using Se-
quenase 2.0 (UBS, Cleveland, Ohio, USA). Sequence analysis was
performed with the assistance of Mac Vector software (IBI, New
Haven, Conn., USA).

Results

Five cDNA clones including the 13T reported previ-
ously were sequenced. One clone was 1267 bp and con-
tained the complete coding sequence for the preproen-
zyme form of Der p I (fig. 1). It closely resembled the Der f1
clone from D. farinae reported previously [2] and con-
tained nucleotides encoding a putative leader peptide
from residues 98 to —79 and a proenzyme sequence from
-80 to -1. The assignment of these regions is based on the
known N-terminal sequence of Der p Lisolated from house
dust mite and the known preproenzyme structure of other
cysteine proteases compared by Dilworth et al. [2]. The
translated sequence from -98 to -80 conforms with a typ-
ical leader sequence although the exact beginning of the

proenzyme can only be estimated. Three of the other
clones began at an internal EcoRI site at the nucleotides
encoding residue —-25 shown for clone in figure 1. The
fifth clone was truncated and began at nucleotides encod-
ing residue 151. In all there were only 6 nucleotide transi-
tions between the clones (table 1). Five of these led to
changes in the translation of the mature form of the al-
lergen. No differences were found in the 3’ untranslated
regions except for differences in the size of the poly A

tails. All of the translated sequences of the clones were -

unique and are aligned in figure 2 relative to the previ-
ously published 13T clone (a) and the sequence of Der f 1.
4/5 of the substitutions were to residues found in Der f 1.
The full length preproenzyme clone shown in figure 1 is
(¢) in this figure.

Discussion

The sequences obtained for the most part confirm that
reported previously and show the presence of a small but
significant degree of polymorphism. Each of the five se-
quences was unique although they only differed from the
others by 1-3 residues. Of the 5 substitutions reported 2
His: Tyr 51 and Glu: Lys 81 were nonconservative with re-
spect to the predicted influence they would have on the
tertiary structure [11] but studies with mutagenized pro-
tein and peptides have shown that any change can pro-
foundly affect T cell epitopes including alterations in
residues outside the T cell epitopes [12-14]. Evavold and
Allen [13] have for example reported the loss of epitypic
activity by the substitution of Thr and Ser or Gln and Asn
for an antihemoglobin T cell clone. Of the 7 epitopes re-
ported to date for human T-cell responses to Der p 1
(45-73, 89117, 85-109, 111-139 [15] and 45-67, 94-104, 117-
143 [16]) three include sequences with a polymorphic
residue reported here.
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Der p I(a)
Der p I(b)

Der f I

Der p I(a)
Der p I(b)
Der p I(c)
Der p I(d)
Der p I(e)
Der £ I

Der p I(a)
Der p I(b)
Der p I(c)
Der p I(d)
Der p I(e)
Der £ 1

Der p I(a)
Fig. 2. Alignment of translated sequences

of Der p I cDNA clones. The sequences are
shown in comparison with clone (a) (13T [re-
ported in1, 2] and Der f1[2]). @ = Identity; *
= deletion. Clone (b) was truncated.

TNACSING*NAPAEIDLRQMRTVTPIRMQGGCGSCWAFSGVAATESAYLAHRNQSLDLAEQE

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

Der p I(c) ..
Der p I(d) ..
Der p I(e) ..

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

ANKIREALAQTHSATAVIIGIKDLDAFRHYDGRTIIQRDNGYQPNYHAVNIVGYSNAQGVDY

190 200 210 220

Der p I(b) ..
Der p I(c) ea
Der p I(d) .-

Der p I(e) e
Der £ I “ee

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

10 20 30 40 50

...........

...........

70 80 90 100 110 120
LVDCASQHGCHGDTIPRGIEYIQHNGVVQESYYRYVAREQSCRRPNAQRFGISNYCQIYPPN

130 140 150 160 170 180

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

The frequency of the polymorphism is greater than the
1/10,000 error expected from replication error during the
construction of the cDNA and their authenticity is
strongly supported by the fact that % of the substitutions
were to residues found in the allergen Der f I from the
other pyroglyphid mite D. farinae. This may confound the
measurement of T cell cross-reactivity between these al-
lergens or indeed genetic studies on immune responsive-
ness. Because all of the sequences obtained where differ-
ent it is unlikely that the full range of polymorphisms have
been found. Some constraints probably exist, however,
since the changes found were biased to residues which var-
ied between Der p 1 and Der f 1. There are admittedly 43 of
these but another indication of constraint is that even
though all the clones were unique, residues 51 and 81 had
two representatives of each amino acid. Interestingly, the
polymorphisms were in regions of the molecule where
most residues are conserved between Der f 1 and Der p I
and not in the N and C terminal region or the central out-
side loop which have a high degree of interspecies vari-
ation [2, 17]. The pls of the polypeptides where calculated
to be between 5.58 and 6.06, which is still a considerably

smaller range than the 4.4-7.1 found in Der p 1 isolated
from mite extracts [18].

The CSL colony of mites which was used here has been
maintained for 20 years from mites isolated in Melbourne
so it is important to investigate the degree of polymor-
phism in the wider environment. An indication of the re-
latedness of the clones was that their 3’ untranslated re-
gions, which usually show the highest amount of polymor-
phism in ¢cDNA [19, 20], were identical. The degree of
sequence variation described here is not usually found in
DNA coding other eukaryotic proteins regions [21] and
Kreitman [22] has for example reported that 11 different
isolates of Drosophila melanogaster had only one amino
acid change in their alcohol dehydrogenase genes. On this
basis the frequency of polymorphism described here is un-
usual.

Clone (c) described here had a 1172 bp insert which en-
coded all the preproenzyme of Der p I which was similar to
that reported and analyzed for Der f 1 [2]. The predicted
18-residue leader sequence and the 80-residue proregion
had 83% homology with the Der f1[2] preproregion which
is similar to the rest of the molecule. All of the residues
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identified for Der f I with a high degree of conservation in

other cysteine protease proregions were also conserved in

Der p 1. We have already shown that the expression of re-
combinant Der f I from a proenzyme cDNA has advan-

tages over expression of the mature form [Dilworth et al.,
unpubl. data] and it is anticipated that similar results can

be

obtained for Derp 1.
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