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Summary

Background The allergen Der p 6 fromDermatophagoides pteronyssinims been
described by substrate affinity as mite chymotrypsin.

Objective The aim of this paper was to describe a cDNA clone encoding the allergen.
Methods cDNA was cloned from a library using oligonucleotides published for Der p 6.
Results The clone P6.1.1 had the N-terminal amino acid residues as reported for Der p 6,
and at position 189 the Ser was conserved in chymotrypsin for substrate specificity as well
as the catalytic triad of His57, Asp102 and Ser195 for serine proteases. The estimated Mr
was 24.9K and it was 37% identical to the trypsin allergen Der p 3.

Conclusion cDNA encoding Der p 6 has been described.
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reacting to Der p 6, but the binding was, as described by
Yasueda, considerably less than to the major allergens Der p
The most significant indoor allergens are those of the housg and Der p 3 [7].

dust mite, which appear to play a major role in the induction of The N-terminal amino acid sequence of Der p 6
asthma, allergic dermatitis and allergic rhinitis. Many of thewas determined by Yasue@ al. [5], and this enabled us
allergens are known to be enzymes and, as shown for Der p g isolate a cDNA clone encoding Der p 6 from a cDNA
are probably secreted by the mite during digestion and releasditbrary. The clone, P6.1.1, was found to contain a sequence
in the faeces [1]. Four allergens Blermatophagoides pter- consistent with chymotrypsin and with the expected homol-
onyssinushave proteolytic activity. Der p 1 is a cysteine ogy to trypsin and other serine proteases.

protease similar to papain [2]. Der p 3 is a trypsin-like serine

protease [3,4]. Der p 6 is a chymotrypsin-like serine protease

[5] and there is a recently characterized collagenolytic Sering ierials and methods

protease, Der p 9 [6,7].

Yasuedeet al. first characterized the presence of a 25—
27 kDa protein, purified from spent mite extracts, that
contained chymotryptic-like activity [5]. They reported
that 41% of 88 mite-allergic patients were IgE-positive for Polyadenylated mRNA was isolated frobh pteronyssinus
Der p 6, compared with 90% IgE-positive for Der p 1 [3]. supplied by CSL Ltd (Melbourne, Australia) and was used to
King et al. used a RAST assay to compare the IgE bindingsynthesize cDNA using a commercially available kit (Amer-
reactivity of 37 patients to Der p 3 and Der p 6. They foundsham Int., Aylesbury, UK)EcdRI linkers (New England
that almost 60% of the mite-allergic patients had IgEBioLabs, Beverley, MA, USA) were added to the cDNA,
which was subsequently ligated imtgt10 arms and grown in

Correspondence: Dr W. R. Thomas, TVW Telethon Institute for _ESChe”Chla coliY1073 to select for recombinant&scher-

Child Health Research, PO Box 855, West Perth, Western Australia 6874Chia coli JP777 was used as the host strain to geneigited
phage stock for storage and screening purposes [4].

Introduction

Construction of théD. pteronyssinuigt10 cDNA
library
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Cloning and sequencing of Der p 6 1151

Oligonucleotide screening and sequence calculated Mr of 24.9K and a pl of 5.2. The calculated Mr
grees well with the 25K determined by Yasuedal. [5],

Oligonucleotide probes were synthesized using an Applleélnd it should be noted the 231 residues and calculated Mr of

Biosystem polymerase chain reaction (PCR) mate (Applie 5Kis the same as Der p 3 which migrates as a 30 K molecule

B|osyste_ms, I_:oster C'tY’ CA, USA), angl the Der p.60n SDS—polyacrylamide gel electrophoresis (PAGE).
sequencing oligonucleotides were synthesized commercially Homology searches of the GenBank database showed that
(Bresatec, Adelaide, Australia) using the preferred codon ;
usage table published by Smitit al. [4]. Two Der p 6- the open reading frame of clone P6.1.1 had the expected

ge P d by SR : p‘ homology to chymotrypsin, trypsin and other serine pro-
specific degenerate oligonucleotides were synthesized: 23 MEl ces. P6.1.1 aligned with bovine (chymotrypsin A) [8]
SI_F))?;l!) ESTG?:A,‘A; (ig(é/ggi g éég%?.ﬁ@ﬁ%p‘/ C! )!?T((g// cod [9], shrimp [10], blowfly [11] and human chymotrypsins
T)TC(A/GIT)TT(A/G)ATG-AAA 3. Plaque hybridization [12], together with bovine trypsin [8] (Fig. 2). Bovine

. i q ybne chymotrypsin A and bovine trypsin were included in the

was performed as described previously [4]. The filters wer%"gnmem because their 3-dimensional structure has been
washed once at room temperature for 20 min with®5C and . . :
then three times at 42 for 20 min each in 8 SSC, 0.1% determined and comparison with these sequences enabled

sodium dodecyl sulphate (SDS). The filters were air-dried and> to_ comm_ent on the structure of P6.1.1. .MOSt of the
: Cysteine residues are remarkably conserved in the chymo-
autoradiographed. . . .
" . trypsins of the different species. Based on the known
Positive plaques were rescreened until pure. The cDNAStructure of the bovine chymotrypsin A and trypsin (8]
from a clone hybridizing with both probes was amplified y yp yp '

. e L the cysteine pairs that form disulphide bonds could be
twice by PCR with high fidelity Pfu polymerase (Stratagene,_ . . .
La Jolla, CA, USA) and gt10 primers, and the DNA Subse_aSS|gned in P6.1.1, namely cysteines 30/46, 155/171 and

quently digested witiEcaRl (Promega, Madison, W1, USA) 180/206. Der p 6 does not have the expected cysteine pair at

and ligated into th&ccRI site of pUC19. The ligation mixes positions 123/190. This cysteine pair appears in bovine, cod
were transformed inté&. coli (XLl—BIue). and human chymotrypsins but is absent in the shrimp and

blowfly chymotrypsin sequences (Fig. 2).
P6.1.1 contained a serine residue at position 178, which
Sequencing and analysis corresponds to serine 189 of bovine chymotrypsin A. This

The DNA from XLI-Blue clones was purified by alkaline serine residue is conserved in all chymotrypsins and is

lysis as recommended by Perkin-Elmer (Foster City, CA’cr|t|cal for substrate specificity. The small, hydroxyl side

; . ) hain of serine protrudes into the binding pocket and
USA), and automatically sequenced using dye Iabe”ecf)ermits the hydrophobic bulk of the phenylalanine, tyrosine

gldeecci)f)i(c):/n:glioetﬁ:?: angmBe|:SS3$;ei;nss iiﬁestVéz D(Iear6/p3) 6 nd tryptophan side chain of the peptide substrate to enter
GpGGATCCgTTATTgGgTGGTCAAGA‘I¥ 5 and (P.6 2) S he active site. Instead of a serine residue at position 189,
' trypsins have an aspartate residue. This aspartate residue is

eI Y Conserves i a ypsins sequenced o ce. T
. . . » TESPec y. 5€q arboxylic acid side chain of aspartate binds to the arginine
analysis was carried out using SeqEd (Applied Blosystemsg

and Macvector (81, New Haven. USA) software. Sequence e 18 HEE G REENE Bt To PO o D
homology was performed at the NCBI using the BLAST P y yp '

network service, and multiple sequence alignments performethr.ee residues that form the catalytig charge relay s_ystem
using the CIuste,IIW v5.1 public domain software 8_“857’ Asp102 and Ser19_5 of bovine _chymotrypsm A)

' ' [9,11] were also present in P6.1.1 (His45, Asp9l1 and
Serl84).

P6.1.1 was compared with Der p 3 (mite trypsin), and the
mature forms of the allergens had a 37.2% (86/231) identity
Clone P6.1.1 contained a 995 bp insert that encoded an op€Rig. 3). The cleavage site of the pro sequence of Der p 6
reading frame of 281 amino acids (Fig. 1). The published Nwas bordered by a glycine residue instead of a trypsin
terminal sequence of mature Der p 6 issubstrate residue, such as arginine or lysine which is
(A)IGXQ(P)AAE(A)(E)APFQI(S)LMK, where residues in found in most other chymotrypsins. Der p 3 also lacked
parentheses have been tentatively assigned [3]. The corrthe trypsin substrate residue at the proenzyme cleavage site
sponding sequence in clone 6.1.1 was VIGGQD-and instead had a threonine.

AAEAEAPFQISLMK, which was identical to the published  Several authors have reported that Der p 3 or Der f 3 binds
sequence except that the N-terminal, tentatively assignemjE in 80—90% of allergic sera [1, 7, 12, 13], which is
alanine is a valine in clone P6.1.1 and the tentatively assignegreater than the 40% reported for Der p 6. Moreover, King
proline is aspartate. The mature form of clone P6.1.1 had at al. [7] found a large difference in the degree of binding by

Results and discussion
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-50 -40
caattcttataacaatATG ATT AAA ATT ATA ACT ACA ATT ATC CTG ATT ATA ACC GTT GTT GTT 64
Met Ile Lys Ile Ile Thr Thr Ile Ile Leu Ile Ile Thr Val Val Val
-30 -20
GAT TGT CGT TTT CCA CGT ATT CTT CAA CCA AAA TGG TCA TAT CTA GAT TCA TTA CCG GCT 124
Asp Cys Arg Phe Pro Arg Ile Leu Gln Pro Lys Trp Ser Tyr Leu Asp Ser Leu Pro Ala
-10 -1 1
AGT TCA TCA ATG ATG AAT GAT AAT AGT AGT CCG ATT GCT GGT GTT ATT GGT GGT CAA GAT 184
Ser Ser Ser Met Met Asn Asp Asn Ser Ser Pro Ile Ala Gly Val Ilg Gly Gly Gln Asp
10 20 ’
GCT GCC GAA GCT GAA GCA CCA TTT CAA ATT TCC TTG ATG AAA GAT TAT CTT ATT ATG AAA 244
Ala Ala Glu Ala Glu Ala Pro Phe Gln Ile Ser Leu Met Lys Asp Tyr Leu Ile Met Lys
30 40
AGT CAT ATG TGT GGT GGT TCA TTG ATT TCA GCA TCG ACT GTC ATT ACA GCT GCA CAT TGT 304
Ser His Met Cys Gly Gly Ser Leu Ile Ser Ala Ser Thr Val Ile Thr Ala Ala His Cys
50 60
ACT GAT GGA CAA AAA GCA TCA TCA CTT TCA ATA CGT TAT GGT ACA AAT AAA CGA ACA TCA 364
Thr Asp Gly Gln Lys Ala Ser Ser Leu Ser Ile Arg Tyr Gly Thr Asn Lys Arg Thr Ser

70 80
TCC AAA TAT GCT GAT CTT TCA ATC AAA CGT ATT GTT CAA CAT GAA TCA TAT GAT CCG GAA 424
Ser Lys Tyr Ala Asp Leu Ser Ile Lys Arg Ile Val Gln His Glu Ser Tyr Asp Pro Glu

90 100
ACC ATA CAA AAT GAT ATA TCA TTA TTG ATT TTG TCA CAA CCG GTT AAA CCA AGT TCA AAT 484
Thr Ile Gln Asn Asp Ile Ser Leu Leu Ile Leu Ser Gln Pro Val Lys Pro Ser Ser Asn

110 120
GTT GAT TTT ATT GAT ATT GAA ACC AAA GAT ATT GGT GAT GGT GAA AAA GTA ACT ATT TAT 544
Val Asp Phe Ile Asp Ile Glu Thr Lys Asp Ile Gly Asp Gly Glu Lys Val Thr Ile Tyr

130 140
GGT TGG GGT TTA ACC GAT GGT AAT ACA AAT AAT TTA CCC GAT AAT TTA CAA AAA GGT TCA 604
Gly Trp Gly Leu Thr Asp Gly Asn Thr Asn Asn Leu Pro Asp Asn Leu Gln Lys Gly Ser

150 160
ATG ACA ATT GTC GGT AAT GAT AAA TGT AAT GAT AAA TGG GGT TCG GTT AAT ACT ATT CAT 664
Met Thr Ile Val Gly Asn Asp Lys Cys Asn Asp Lys Trp Gly Ser Val Asn Thr Ile His

170 180
CCG GGT ATG ATT TGT GCA TTG GAT GCA ACA CAA TCT GGT TGT AAT GGT GAT TCT GGT GGA 724
Pro Gly Met Ile Cys Ala Leu Asp Ala Thr Gln Ser Gly Cys Asn Gly Asp Ser Gly Gly

190 200
CCA TTA GTT TCG GCT GAT CGT AAA TTA ACC GGT ATT GTA TCA TGG GGA CCA AGT AAA TGT 784
Pro Leu Val Ser Ala Asp Arg Lys Leu Thr Gly Ile Val Ser Trp Gly Pro Ser Lys Cys

210 220
CCA CCA GGT GAA TAT ATG AGT GTA TTT ACA CGA CCA CAA TAT TAT AGT GAT TGG ATT GCT 844
Pro Pro Gly Glu Tyr Met Ser Val Phe Thr Arg Pro Gln Tyr Tyr Ser Asp Trp Ile Ala

230
AAA AAT ATT GTT CAA TAAacgattttggttaaatccaaccaaccaaccaatccaac}atatcttttgtaattgg 918
Lys Asn Ile Val Gln * )

aattacttgaattttaaacaagccaaaataaacattttcggaattttttaattggaaaaaaaaaaaaaaaaaaaaa 995

Fig. 1. Sequence of Der p 6 cDNA clone. Full nucleotide sequence with the aligned translated protein sequence. The first 16 amino acids
encode a putative signal sequence, the next 34 amino acids encode a proenzyme sequence including an early cysteine residue (also preser
in chymotrypsins of other species), and 231 amino acids that encode the mature form of Der p 6. Residues involved in substrate binding are
in bold, the stop codon is TAA and marked with *, and the AATAAA polyadenylation signal is underlined.

RAST assay. However, some differences exist in the datécknowledgement
reported for the allergenicity of Der p 3. Yasuedtal.
found a similarly low frequency and degree of IgE binding
for Der p 3 and 6 [5]. Genetic differences or differences in
the recruitment of patients may account for these discre-

pancies, and the sequences and recombinant material nqReferences
available may help to resolve the relative responses at the T- )
and B-cell level. Although both these allergens are serinel SteWwart GA, Lake FR, Thompson PJ. Faecally derived hydro-

proteases they do not cross-react with hyperimmune serum 1S enzymes fromDermatophagoides pteronyssinyiysio-
chemical characterisation of potential allergens. Int Arch

[5] and the 37% sequence identity is not consistent with T- Allergy Appl Immunol 1991: 95:248-56

or B-cell cross-reactivity. It would nevertheless be interest- 5 chya, Kyet al. Sequence ar;alyéis of CDNA coding for a major
ing to compare the relative responses to these two related hoyse dust mite allergen, Der p1. Homology with cysteine
allergens from the same source. proteases. J Exp Med 1988; 167:175-82.
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bovine (1..25)
Der p 6 (-50..10)
cod (1..43)
shrimp (1..55)
blowfly (1..30)
human (1..43)
bovine T (1..16)

CGVPAIQPV LSG----LSR IVNGEEAVPG

MIKIITTIIL IITVVVDCRF PRILQPKWSY LDSLPASSSM MNDNSSPIAG VIGGQDAAEA
MGHEVD SVLPGLFRR- —------- TY GCGRPAISPV ITG----YSR IVNGEEAVPH
MIGKLSL LLVCVAVASG NPAAGKPWHW KSPKPLVDPR IHVNA--TPR IVGGVEATPH

MK FLIVFVLALA SASAF--EGR ITNGQDAVMG

MLLLSL TLSLVLLGS- -=-=----- SW GCGIPAIKPA LSF----SQR IVNGENAVLG
VDD----DDK IVGGYTCGAN

bovine (26..81)
Der p 6 (11..70)
cod (44..99)
shrimp (56..111)
blowfly (31..89)
human (44..100)
bovine T (17..69)

SWPWQVSLQD - --KTGFHF]
EAPFQISLMK DYLIMKS
SWSWQVSLQD ---QTGFHF
SWPHQAALF- ---IDDMYF(Q
QFPYQVGLSL NLGNFKSAWC
SWPWQVSLQD ---SSGFHF(Q

i

GGSLINENWV VTAR
GGSLISASTV ITAA
GGSLINENWV VTAX
GGSLISSEWV LTAR
GGSLIGNEWV LT2
GGSLISQSWV VTAX
GGSLINSQWV VSAA

VTT ~SDVVVAGEF DQGSSSEKIQ
'DGQ KASSLSIRYG TNKRTSSKYA
KN -YHRVVLGEH DRSSNSEGVQ

A GFVEVVLGAH NIRONEASQV
DGV KSVIVFLGAT YR-TEAEVKY
SP GRHFVVLGEY DRSSNAEPLQ
KSG --IQVRLGED NINVVEGNEQ

R

e

bk
(e ReNoNe Mo NeNe]

TVPYQVSLN- ~---SGYHF

i

*

bovine 182 ..139) DITLLKLSTA ASFSQTVSAV CLPSASD--D FAAGTIGVTT

KLKIAKVFKN SKYNSLTINN

Der p 6 (71..126) DLSIKRIVQH ESYDPETIOQON [DISLLILSQP VKPSSNVDFI DIETKD---- IGDGEKVTIY
cod (100..157) VMTVGQVFKH PRYNGFTINN [DILLVKLATP ATLNMRVSPV CLAETDD--V FEGGMI@VTS
shrimp (112..167) SITSTDFFTH ENWNSWLLTN [DIALIRLPSP VSLNSNIKTV KLPSSD~~-~~ VSVGTTVTPT

blowfly (90..148)
human (101..158)

TVKPNDILIH PGWNNKTLKN
VLSVSRAITH PSWNSTTMNN

[DISLVKIP-E TAYTALIQPV ELPALASSYP SFAGDEVIAS
[DVTLLKLASP AQYTTRISPV CLASSNE--A LTEGL@Z’H‘
IS

bovine T (70..124) -‘FISASKSIVH PSYNSNTLNN [DIMLIKLKSA ASLNSRVASI SLPTS----C ASAGT!
— A *

bovine (140..195) GWGLTRYTNA NTPDRLQQAS LPLLSNTNCK KYWGT--KIK DAMI G]
Der p 6 (127..184) GWGLTDGNTN NLPDNLQKGS MTIVGNDKCN DKWGSVNTIH PGMI| G
cod (158..213) GWGLTRYNAA DTPALLQQAA LPLLTNEQCK KFWGN--KIS DLMI| MG!
shrimp (168..223) GWGRPSDSAS GISDVLRQVN VPVMTNADCD SVYG--~IVG D NG
blowfly (149..205) GWGRISDSAS GVTNYLQWAR LEVISNAVICA RTYGS--TIT SSNL} KG!
human (159..214) GWGRLSGVGN VTPAHLQQVA LPLVTVNQCR QYWGS-~SIT DSMI| G
bovine T {126..183) | GWGNTKSSGT SYPDVLKCLK APILSDSSCK SAYPG--QIT SNMF} G

bovine (196..245)
Der p 6 (185..231)
cod (214..263)
shrimp (224..272)
blowfly (206..255)
human (215..264)
bovine T (184..229)

GGPLVOKKNG AWTLVGIVSW GSSTICSTS- TPGVYARVTA LVNWVQQTLA AN
GGPLVSADR~ --KLTGIVISW GPSK~-CPPGE YMSVYFTRPQY YSDWIARNIV Q
GGPLVAOKAG SWTLVGIVISW GSGT-CII'PT~- MPGVYARVTE LRAWVDQTIA AN
GGPLNLNG-- --MTYGITSF GSSAGCEKG- YPAAFTRVYY YLDWIQQKTG VTP
GGPLVLASSG --VQVGLTSF GSILGCEKG- FPANFTRVTS YLEWINEHTG ISY

GGPL KGN TWVLIGI GTKN-CNVR~- APAVYTRVSK FSTWINQVIA YN
GGP G-- --KLQGIVSW GSG--CAQKN KPGUYTKVCN YVSWIKQTIA SN

Fig. 2. Multiple sequence alignment. Multiple sequence alignment of six chymotrypsin sequences including Der p 6, bovine (chymotrypsin

A), cod, shrimp, blowfly and human, and one bovine trypsin sequence. The conserve residues are in bold, dashes represent alignment gaps,
residues binding to substrate are boxed and labelled (*), the residue conferring substrate specificity is boxed and\aheltedues

forming the substrate binding pocket are shaded, and cysteine residues forming disulphide bonds are boxed and joined with a line.

Mature form
N-terminus

Der p 6 (-50..10) MIKIITTIILIITVVVDCRFPRILOPKWSYLDSLPASSSMMNDNSSPIAGVIGGQDAAEA
Dexr p 3 (-29..10) M..YN.1livlL1aiNTLANP. .P-—-=—-—mmmmmmmme A..N.Tiv..EK.1lAg
*
Der p 6 (11..70) EAPFQISLMKDYLIMKSHMCGGSLISASTVITAAHCTDGQOKASSLSIRYGTNKRTSSKYA
Der p 3 :(11..64) .C.y....Q8----- S..F...tilDEYWil..... VA..T..K..... NsL.hsLGG-E
*
Der p 6 (71..127) DLSIKRIVQHESYDPETIQNDISLLILSQPVKPSS~NVDFIDIETK--DIGDGEKVTIYG
Der p 3 (65..124) Ki.vAk.FA..K..SYQ.D...A.iK.KS.m.LNQK.aKAvGlPA.GS.VKV.dq.RvS.
A
Der p 6 (128..183} " WGLTDGNTNNLPDNLQKGSMTIVGNDKCNDKWGSVN-TIHPGMICALDATQ---SGCNGD
Der p 3 (125..184) . -YLeEGsYS. .SE.RrvDiAv.SRKE. .eLySKa.AEVTDN. . .gG.Vv. .GGKDs .q. .
*
Der p 6 (184..231) SGGPLVSADR-KLTGIVSWGPSKCPPGEYMSVFTRPOYYSDWIAKNIVQ
Der p 3 (185..232) vee . V.DVKNNQVV...... YG-.ARKG.PG.y..VGNEI.. . ESKRSq

Fig. 3.Sequence compafison of Be3 and Der p 6. Sequence alignment of Der p 3 (mite trypsin) tBgmite chymotrypsin). Identical
residues in Der p 3 are represented by a dot, dashes are alignment gaps, conservative residues are in lower case, and non-conservativ
residues are in upper case. Catalytic residues are marked * and the residue conferring substrate specificity is. marked
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