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goides pteronyssinus. An isolated protein allergen or peptide -%0

maSmNmETEnNENE
- ’ + . \ “ | 2
which includes an epitope of a protein allergen of Dennatophq- o Cor o0 con ; ’
goides farinae or Dermatophagoides pteronyssinus. Diagnostic Glu Val Ala Axq

and therapeutic compositions and methods of use thereof.
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ONING AND SEQUENCING OF A RGENS
A DERN JEBAGOTDE HOUSE ¢ i
10

15

20 van der Zee, J.S. et.al., ~Allergy Clin. Immunol., B1:884-89¢
- (1988)). s . ' .. : .. ) o
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64:311-314 (1988)). Allergy to mites of the geanus

T S, iy ammny

such as asthma, rhinitis and ectopic dermatitcis.

Iwo species, D,

i SRk waaR AN G e ) A L A Gmmiy AN S Gl --.---c--._-—-

S predominate and, as a result, considerable effort
has been expended in trying to identify the
-allergens produced by these two species. D

PLeronyssinus mites are the most common Dermatopha.

RS ST e — T A Wy s el .—.-—-“—_-h_—--

goldes species in house dust in Western Europe and

T e Ay e

10 Australia. The species D.farinae predominates in

il S Sa— WAL durey Wl e Sy S

other countries, such as, North America and Japan
(Whafton,.G.W., J. Medical Entom, 12:577-621

(1976)). It has long been recognized that allergy
to mites of this genus is associated with diseases

15 such as asthma, rhinitis and atopic dermatitis. TI¢

iR Sl Gkl il i _“-_—-““--n_h__“

20 The present invention relates to isolated DNA

TRA o WA YR dvull RSN Sl — by AR R el RS e

25 particularly relates to DNA encoding major allergens

““““““ﬁﬁm_ T et AN S0ad wael

Der £ II, or portions of these major allergens

“--“-

(L.e., peprtides which include at least one epitope

of Dexr £ I or of Der f II). It also Particularly

““—“Cﬂ wenl e dpdel Sy e

30 relates to DNA encoding major allergens of D.

yssinus, designated Der P I and Der ﬁuiI, or

-—u—--—t—-‘-q—-ﬁ-—p———. Sl S Sp— A Ay Ghan Al



" WO 92/04445

10 £ I1) or at least one epitope of a D, PLeronyssinus

PCT/AU91/00417

allergen (e.g., at least one epitope of Der P

of Der p II). It also relates to antibodies speci-

_““—-

15 Peptides.

““—__- T ---“_

20 Sensitivity in an individual ro house dust mites and

Protein or peptide is administered. For example,

Protein allexgen, such as

Der f

_“-ﬂ-—

I or ggg_f II can be administcered periodically,

using standard Cechniques, to an individual in order

30 I or of Der f II can be administered for thi-sg

e S Game Cﬂ.—'——-- -1—--—“!——-

h_--_
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Similarly a peﬁtide which includes at least one Der
P I epitope or at least one Der

these proteins or Peptides (e.g., 2X £ I and Der f
S II; Der p I and Der p II; a mixtu
and Der '

10 Brief Description of the Drawings

_“--._

Numbers above are nucleotide positions;.numbers to
the left are”aminb acid positions
20 acid residue number

the mature exe

.+ Positive amino

s.correspondvto'the’seQuénce of
reted 235#£ 1 beginﬁing,with'
“hreonine. Negative ' ' - re;

ﬁ““““
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residues 1-28 correspond to a known tryptic peptide

sequence determined by conventional amino acid

sequencing analysis.
Figure 3 is a composite alignment of the amino
S acid sequences of the mature Der p I andggg_g.l
procteins. The numbering above the sequence refers

to Der p I. The asterisk denotes the gap that wvas

introduced for maximal alignment. The symbol (.) is

used to indicate that the amino acid residue of Der

10 £ I at that position is identical to the correspon-

ding amino acid residue of Der p I. The arrowvs

indicate those residues making up the active site of

Der p I and Der £ I.

Figure 4 is a comparison of the amino acid
15 sequence in the pre- and pro-peptide regions of Der

f I with those of rat cathepsin H, rat cathepsin L,

papain, aleurain, CPl, CP2, rat cathepsin B, CTLA-2,
MCP, Der p I and actinidin. GCaps, denoted by

dashes, were added for maximal alignment. Double

20 asterisks denote conserved amino acid residues which
are shared by greater than 80% of the proenzymes;
single asterisks show residues which are conserved
in greater than 55% of the sequences. The symbol

(.) is used to denote semiconserved equivalent amino

25 acids which are shared by greater than 90% of the

proenzyme regions.

I macure protein and a hydrophilicity plot of the

Der £ I mature protein produced using the Hopp-Woods

dy
LA N X K

30 algoricthm computed with the HacTM'VeCtor Sequence

Analysis Software (IBI, New Haven) using a 6 residue

window. Positive values indicate relative
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10 Figure 7 is the nucleotide.sequence and

15 Der p I beg_inning'.with threonine.

20 tion enzyme sites conserved. Sites marked with an

Qgg_R'II cDNAJSAQuences;  Numbérs_to-the_right.are

- nucleotide pOSition'and numbers'above'and amino_acid

25 Tesidues. The tép_line gives the Der p II nucleo-
' tide sequence and the second the Der p II amino acid

residues. The next two lines show differences of

Dexr f II to these sequences. -
Flgure 10 is a hydrophilicicy Plot of Der f 17
30 and Der p 11 using the-Hopp-Uons algo:ithm éomputed'
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Figure 11 is a composite alignment of the amino acid sequences of

five Der p I clones (a)-(e) which illustrates polymorphism in the Derp I
protein. The numbering refers to the sequence of the Der p I(a) clone.
The symbol (-) is used to indicate that the amino acid residue of a Dgr_p I

5  cloneis identical to the corresponding amino acid residue of Der p I(a) at
that position. The amino acid sequences of these clones indicates that
there may be significant variation in Der p 1, with five polymorphic amino
acid residues found in the five scqucnccs.
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10

15

25

can be used for diagnostic purposes (e.g., as an

— TN Wi “«—“hm“-ﬁ“ﬂt“ﬂ“ L _““““m—“h“—mm—““““--—

H-“_“““ b R ] R WD ey Sy

sequence capable of eXpression in an:appropriate

host of a major allergen of D. farinae such as Der

|
“—“"—*-*-- Lo o Y

“‘-““" Sl S d— GO SR

major allergen of'géuﬁteronxgsinus,.such'as Derx g I
or Der p II, or of a peptide'which includes at least

o°ne epitope of Der p I or of Der P II. The

Seéquences which hybridize to it and encode other

mite allergens; particularly D. farinae or D.

_“““ﬁ“—-ﬂ—_ ke Sy )

invention relates to nucleotide sequences which

hybridize to 3 QL farinae proteinfencoding

nucleotide sequence or a D. _pteronyssinus

TS A etk Sing Sumgy Ninl P Gven Bl e e

NN WY ey SN aEre Ay EE ey aamy aaleyl Al W

Al WU ol PPN e -h-“ WS Gl sieminy Gl

(Qgg_ﬁ I or Der f II: Der p I orx Dér B.II) epitope
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antigen) and for therapeutic purposes (e.g., to
desensitize an individual). Alternatively, the
encoded house dust mite allergen can be a protein or

peptide, such as a D. microceras protein or peptide

which displays the antigenicity of or is cross-reac-

tive with a Der f or a Der P allergen; generally,

U Y AN S A ey e S

these have a high degree of amino acid homology.

Accordingly, the present invention also relates

-—“—__ T Sy VRN ANES TPy ACuuy S

allergen; Der p I or Der p II allergen or other D.

R Sulnrw, AN R A L dpiejaln —

W pEal SRy SR Sk exngy Wiy «BUTE Shiph IS S SOl Ml SRS Mg Shiniey P

I, Dexr p II or other D. allergen cross-reactive

therewith) individually or in combination, and which
can be used for therapeutic applications (e.g., |
desensitization). .As is described below, DNa coding
for major allergens from house dust mites have been

lsolated and sequenced. In particular, and-as is
, Two

cDNA clones, cdding, respectively,,for Dexr £ I

NP Ammns SR TN S

allergen and Der f II'allergen,'have,bssn isolated

and sequenced. ‘The nucleotidsgsequences of Der p I

and Der p II have also peen determined; 'Thé~nucleo-

tide Sequencé of each of-these:clones has been
Compared with that of the homdlogous‘allergen from

the related mite D. Rteronyssinus (Der p I and Der

Y e emen WOTER RN SWER SR sa SRS e SRR SUNP e AR SO Sy AN gy VAl G Sevd Sewe

i1, Xxespectively), as has‘the.predicted amino acid
Sequence of each.
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allergens and their comparison with the

o & X1 e B K0 T e—, b B R R —

-—*-—“—_—__-“--“— -—-h_-_-l--““ Q--_““-_-“Q—oﬁ-“—.—

allergen from the house dust mite D. farinae. has

10 the cDNA insert of the clone ls represented in

o

Figure 1, as is the strategy of DNA éequenCing.
This Der £ I c¢DNA clone contains a 1.1-kb cDNA

insert encoding a typical sighal peptide, a pro-
enzyme region and the mature-ggg_g I protein. The
15 product is 321 amino acid résidues: a putative 18
residue signal pPeptide, an 80 residue proenzyme-
(pro-peptide) region, and a 223 residue mature
enzyme region. The derived molecular welght is
25,191. The nucleotide Sequence and the predicted

20 amlno acid sequence of the Der £ I cDNA are repre-

sented in Figure 2. The deduced amino aéid'sequénce

ERAN wlEne Aammh iy S

25 protein with the homologous allergen Der p I from

the related micg.gémgggzggxggiggg (Figure 3) _
revealed a high degree of homology (81%) between the
tWwo proteins, as predicted by - previous sequencing at

Che protein level. In particular, the residues com-
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present at equivalent positions in both mite

allergens,

tional disulphide bridge. The fifth and final

TN WS S Sy i)

A b e e ) -“-“

residues of the tripeptide-site{~ The degreéfOf
glycosylation of Der‘§ I and Der p I'haS'yet.to be

_-—_ T WD W S

~determined. Carbohydrates, includiﬁg mannose,

galactose, N-aCetylglucosamine and N-acetylgalacto- .
samine, have beenwreported_in purified preparations

of these mite'allergens (Chapman,'M.D., J. Immunol.

i e LT — “Q—_-m-.““““

Allergy Appl._ Immunol., §§:144-151.<1982>>-

125:587-592 (1980): Wolden, S. et al., Int. Areh

TR ARD T wm—" " S iy Sty Gree Swnn ﬁﬁﬂu"—-———“—-—d—“-—ﬂ-—«— W e P

- -~
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27-29 (1988): Lind, P. and N..Horn, In: Mite

él&zssxA"é_Haaig;Hiés_zszéism: 20-34 (1988)), ic is

133:17-21 (1983); J. Mol, Biol., 184:99-105 (1985)).

composition, buc its'net charge does-not vary
appreciably with the overall length, and has a mean
value of aboucm+1.7, The n-region of the Der £ I

signal peptide, with a length bf;cwo residues, has a

methionine (which is unformylated and hence posi-
tively charged in'eukaryoces) and the adjacgnt
lysine‘(Lys) residue.‘ The h-region of Der §”I is

enriched with hydtbphobié residues, the
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characteristic feature of this region, with only one
hydrophilic residue serine (Ser) present which can
be tolerated, The overall amino acid composition of
the Der f I c-region is more polar than that of the
5 h-region as is found in signal sequences.with the
h/c boundary located between residues -6 and -5, |
which is its mean position in eukaryotes. Thus, the
Dex f I pre-peptide sequence appears to fulfill~the'
requirements to which a functional signal seQuence

10 must conform.

Cystelne proteases share structural homology, all
being composed of the n,h and c4£egions,fﬁﬁey are
highly variable with respect to overall length and
15 amino aéid Sequence, as is clear in Figure a.
However, significant sequence homology‘has'been
shown between the pro-regions of cysteine protgase

precursors (Ishidoh, K. et al., FEBS Letters,

__"“*_—“ e S AP e P

226:33-37 (1987)). Alignment ©of the proenzyme

charged residues)-weré regarded as identical. The
Dex f I Proreglion possessed six out of the seven

30 highly conserved amino acids and all the residues at
sites of_conservaCive changes. ‘Thé homology at less

tonserved sites was lower: Homology in the pro-



/AU91/00417
WO 92/04445 L PCT/AU

2091443

peptide, in particular the highly conserved resi-
dues, may be important when considering the function
of the pro-peptide in the processing of these

S5 enzymes, since it'indicates that these sequences

Probably have structural and functional similari-

ties.

Highly cross-reactive B cell epitopes on Der f

_“-“_

I and Der p I have been demonstrated using anti-

10 bodies present in mouse, rabbit and human sera

(Heymann, P.W, et al., J. Immunol. 137:2841-2847

ERARR il Ghiminh R g -““ﬂ-h--on—pmﬁ- G Cieplh Sl

“-__n“ __-“u“““ “_—ﬁ——

15 .systems. Murine ﬁonoclonal dntibodies bound pre-

(Platts-Mills TAE et al., J. Immunol., 139:1479-1484
(1L987). Some 40% of rabbic anti-Der p I reactivity

N A Sy denpe

was accounted for'by epitopes uniqﬁe to Der'g I

20 (Placts-Mills, TAE et al.. J. Allergy Clin.
Immunol., 78:398-407 (1986)), and some specieSQ.
specific binding of antibodies from alletgic humans

was observed, although'the majority bind to
cross-reactiVe.epitopes.(Platts4Mills TAE et al.; J .

25 Immunol., 139:1479-1484 (1987). |
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Dex £ I (located on regions containing amino acid
residues 34<47, 60-72 and 166-194) while two
appeared to be specific for Der p I (regions 82-99

vk AERGD TR, w—yy

and 112-140). Differences in the reactivity of

10 as well as in an extended surface loop (residues

includes helix D (residues 127-136), as predlcted .
from the secondary and tertiary structures of papain

and actinidin (Baker E.N. and J. Drenth ,  In

15 ..B..i.e..l..?.sisel._eegzeeeéssp.ieg_ee.é_é.s_.es.@.h.l_.;‘.i..;e....S.' Vol. 3,

AN e ey aams Sy, Sy Yl S ey dutuy

20 hydrophilic nat_ure of this .r'egion that pr_eidict:s"'

.rabbit antiéDer 2Iserum'(seefaooVe), Analyszs of
the sequences in the reglons contalnlng the Cross-

25 TXeactive epltopes showed that two of the cross-reac-
tive epxtopes (located in regions 3& 47 and 60- 72)
are completely conserved between Der p I and Qgg_g

I, while the majority of residues in a third cross-

reactive epicope containing region (residues region
30 166- 196) were conserved.
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?

Expression of results in production of pre-
pro-Der f£f I protein in E. coli a recombinant protein

of greater solubility, stability and antigenicity

than that of recombinant Der P I. Protein encoded

Y AR Y e P

RS v R SRR Bl

10 the development of diagnostic and therapeutic agents

15 epltopes recognized by both the B and T cell com- .

acid sequence of recombinant Der f I. mapping of the

, the use of mono-

clonal antibodies and gene fragmentation and
20 eXpression should enable the identification of both
the continuous and topographical epitopes of Dexr £

I. It will be Particularly useful to determine

whether aliergenic'(IgE-binding)‘determinancs have

25 'ancigenic.(IgG-binding) determinants and whether T

30 determinancs Cross-reactive with Der p I and
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eicher species can be used to provide useful
diagnostic reagents for determining reactivicy co
cthe different mice species, while cross-reacting

epitopes are candidates for a common immuno-

g therapeutic agent.

aAs described in U.S. patent no. 5,972,352, the
molecular cloning of mite allergens resulted in the
igsolation of a cDNA clone coding for Der p I which
contained a 0.8 - kb CdNA insert. Sequence analysis
10;revealed that the 222 amino acid residue mature
;recombinant_gggmp,l protein showed significant hemology
gwith a group of cysteine proteases, including
?actihidin, papain, cathépsin H and cathepsin B.

iy,

15

allergen from the house dust mite D. farinae, has

been isolated and sequenced, as described in Exaﬁple
20 2. The nucldo:idc sequence and the predicted amino

acid sequence of the Der £ Il cDNA are represented

in Figure 6. A restriction map of the cDNA insertc

of a clone coding for Der £ Il is represented in

Figure 8.
25 Figure 9 shows the alignment of Der f II1 and

Der p II cDNA sequences.

The homology of the sequence of Der f II wich

Der p II (88%) is higher than the 8l% homology found

with Der p I and Der £ I, which is significancly

- T/ 2

30 different (p<0.05) using the chi dist:ibucipn. The

reason for this may simply be that the Group 1
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molecule., It is known, for example, that assuming

they adopt a similar conformation to other Cysteine
5 Proteases, mény of the amino acid differences in Der

domain structures of the molecules. The 6 cCysteine

'molecules are conserved between.the group Ii |

 al1efgens, Suggesting a similar disulphide'bonding,
10 although this may be expected, given the high

overall homology. Another indication of the

nucleotide changes of the coding sequehce are in the
third base of a codon, which uSually does not change
15 the amino acid. Residues that may be of importance
in the function of the molecule are Ser 57 where .all
three bases are change& but the amino acid is
conserved. A similar phenomenon exists at residue
88, where a compleﬁe codon.change-h&s‘cdnserved.a

20 small aliphatic residue. Again, like Der p II

25 four residues are from the PCR Primer which was

30 Sequence,
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““—““““““- g e A

The materials resulting from the work,described.
herein, as well 4s compositions containing these
S materials, can be used in methods of diagnosing,
treating and preventihg allergic responses to mirte
allergens, particularly to mites of the genus -

Dermatoghagoides, such as D. fafinae and other

__“__-_ TERE S Uiy SV S Sl U —__“—““-““

specles (e.g., D. pteronyssinus and D. microceras).

il MR me— G R . ARANS S s G -——_“-—-—_—“ S dvies e

10 In addiction, the ¢DNA (or the mRNA from which it was
transcfibed) can be used to identify other similar
sequences. This can be carried out, for example,
under conditions of low stringency and those
seqﬁences having sufficient homology (generally

15 greater than 40%)‘can be selected for furcther
dSSessment using the method described herein.
Alternativeiy,‘high'stringency conditions.can be
used. In this manner, DNA of the present'invéncion
can be used to identify sequences coding for mite

20 allergens having amino acid séquences sinmilar to

IS I Sl il

Thus, the present invention includes not only Der f

(e.g., other mite allergens encoded by DNA which
25 hybridizes to DNA of the present invention).

Proteins or peptides encoded by the ¢DNA of the
Present invention can be used; for example, as

"purified” allergens. Such purified allergens are
useful in the standardization of allergen extracts

30 ©F preparations which can be used as reagénts for
the diagnosis and treatment of allergy to h0qse dust

mites. Through use of the peptides of the presentc.
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lnvention, allergen Preparations of consistent,

10 rtesponses. Similarly, Der p I or Der p II proteins
Or peptides may be used to modify B-cell and/or
T-cell response to Der P I or Der p II. Purified

T G ST el

allergens can also be used to study the mechanism of
ilmmunotherapy of allergy to house dust mites,

15 particularly to Der £ I, Der f IT, Dér_g I and Der

SR e R WY GRS ARy < SEE iy S WY dpup A vkl wemmp: el Saie-

II, and to design modified derivatives or analogues
which are more useful in lmmunotherapy than are the

unmodified (“naturally-occurring“) peptides.

20 which are Cross-reactive, such as the three epitopes

which share cthe epitope. Foxr example, the

Cross-reactive epitopes could be used to induce IgG

blocking antibody against both allergens (e.g.,, Der

£ I and Der p I allergen). A peptide containing a
30 univalent antibody epitope can be used, rather than

the entire molecule, and may prove advantagious
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crosslink mast cells and cause adverse reactions
during desensitizing treatments. It is also
possible to attach a B cell epitope to a carrier
molecule to direct T cell confrol of allergic

5 Tresponses.

Alternatlvely, 1t may be de31rable Or necessary

to have Deptmdes which are speciflc to a selected

s allergen. As described hereln two

e L B T . A “-_“ﬂ

epitopes which are ~apparently Der p I- spec1f1c have

10 been ldentified. A similar approach can be used to
ldentify other species specxflc epitopes (e g., Der
2 I or II, Der £ I or II. The presence in an

individual of.antibodies to the speciea -specific
epitopes can be used as a quick serological test to
15 determine which mite species is causing the allergic
response. This would make it possible to '
specifically target.therapy provided to an
lnd1v1dual to the causative specles and thus,
enhance the therapeutlc effect.
20 "__ Work by others has shown that hlgh doses of
allergens generally Produce the best results (il.e.,
best symptom rellef) However, many people are
unable to tolerate large doses.of allergens because
of allerglc reactions to the allergens Modifica-
25 tion of naturally occurrang allergens can be
'designed in such.a manner that modifled peptldes or
modified allergens which have the same or enhanced
therapeutic properties as the correspondxng
naturally-occurring allergen buct have reduced side
30 effects (especially, anaphylaccic reactions) can be
produced. These can be, for example a peptlde of

the present invention (e.g;, one. havzng all or a
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§ 1I, Dexr_ p I or Der p II). Alternatively, a
combination of peptides can be administered. A
modified peptide or peptide analogue (e g-, a
peptide in which the amino acid sequence has been
altered to modify 1mmunogen1c1ty and/or reduce
allergenicity or to which a component has been added
for the same purpose) can be used for
desensitizaction therapy.

Administration of the péptides of the present
invention to an individual ‘Lo be desenSLtzzed can be
carrled out using known technxques A peptide or
combination of different peptides can be
administered to an individual in a composition which

includes, for example, an apprOprlate buffer, a

carrier and/or an adjuvant. Such compositions will

generally be ‘administered by injection, inhalation,

*___“ _*““*

response to a Der £f I and/of Der f II. This can be

done, for example by examining the Structures of

fecognized by the cells. Synchetic amine acid
Seéquences which mimic those of the epicopes and
which are capable of down regulatlng allergic

response to Dexr f I or Der f II allergen can be

e B K SN i SERAY aEd Mk apep
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made . Proteins, peptides or antibodies of the
present invention can also be used, in known
methods, for detecting and diagnosing allergic
response to Der f I or Der f II1. For example, this
can be done by combining blood obtained.from an
individual to be assessed for sensitivity to one of
these allergens with an isolated allergenic peptide
of house dust mite, under conditions appropriate for
binding of or Stimulating components (e. g.
antibodies, T cells, B cells) in the blood with the
Peptide and determining the extent to which such
binding occurs. The Der p I and Der p IT pProteins

Or peptldes can be used in a similar manner for

desensitization and diagnosis of sensitivity. Der f

e SRR myee SRy gEE

and Der p proteins or peptides can be administered

together to Creat an individual sensitive to both

allergen types.

agents could be deszgned for example in such a

manner that they would bind to relevant anti-Der f I

VR G S . sl

or anti- ~Der £ II IgEs thus preventzng IgE- allergen

binding and subsequent mast cell degranulation.

Alternatxvely, such agents could bind to cellular

components of the immune system, resulting in

Suppression or desensitization of the allergic
response to these allergens A non-restrictive
example of this is the use of appropriate B- and
T-cell epitope peptides, or modifications thereof,

based on the cDNA/proceln structures of the present
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I orx Qgg_g Il allergens. This can be carried out by
defining the structures of B- and T-cell epitope
Peptides which affect B- and T-cell function in in

5 Yitro studies with blood cells from Der f I or Der f

iy e wbun) Y-y —— ARt e D S TN GNENE ‘e GEPul s—

Il-sensitive individuals. This can also be applied

to Der p I or Der p II, in order to block allerglc

response to these allergens.

S RS A S whinlls SR SHhUI TREER dpluin

10 pPeptide including at least one epitope can be used

invention can include, for example, culturing a host

15 cell containing an expression vector which, in turn,
contains DNA encoding all or a portion of a selected
allergenic Protein or peptide (e.g. » Der £ I, Der f
IX Or a peptide including &at least oue'epitopé).
Cells are cultured under condltlons appropriate for

20 expression of the DNA insert (productlon of cthe
encoded proteln or peptide). The expressed product
is then recovered, using known techniques.
Alternatively; the allergen °r portion thereof can
‘be synthesized using known mechanical or chemical

25 <techniques. As used herein, the term procein or
Peptide refers to Proteins or peptides made by any

of these technzques. The resulcting peptide can, in
turn, be used as described previously,

30 invention can be ¢DNA obtained as described herein
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represented in Figures 2 and 6, “or their functional
equivalent. Such oligodeoxynucleotide sequences can
be produced chemically or mechanically, using known
techniques. A functional equivalent of an
oligonucleotide sequence is one which is capable of

hybridizing to a complementary oligonucleotide.

and/oxr which encodes a product (e.g., a polypeptide
or peptzde) having the ‘same functional ' .
characteristics of the product encoded by the
sequence (or corresponding sequence portion)
represented in these figures. Whether a functional
equlvalent must meet one or both criteria will
depend on its use (e.g., if it is to be used only as

an oligoprobe, it need meet only the first criterion

lnterleukln 2, ‘interleukin-4, gamma intexrferon) by
which these reactions occur. This Lnowledge should
make it Possible to design peptide-based house dusct

mite therapeutic agents or"drugs which can be used
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EXAMPLES
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Example 1

W ST Seht) emmm P wn Sy gy vy

_““HH“-“-‘_*_"“““_“_-

_“_““-_*_“—O“"““““-h““__“ S vummy Wveln PG

- -“““-

5 MATERIALS AND METHODS

B ———h--ﬂ—_“_“—

Mites were purchased from Commonwealth Serum

Construction of_ the D.farinae cDNA_ Agtll library
10 . Polyadenyla:ed mRNA was isolated from live D.
farina

H method (Gubler, V. and B.J. Hoffman, Gene,

22:263-269 (1983)) using a kit (Amersham Inter-

national, Bucks.). After the addition of EcoRI

15 linkers (New England Biolabs, Beverly, MA) thé cDNA
was ligated to alkaline phosphatase,treated'thll
arms (Promega, Hadisdn, WI). The ligated DNA was
packaged and plated'inlgénggii.Y1090 (r?) to5produce_‘

a library of 2x10a recombinants. - ‘

Q
“—“ﬂﬂ—_“-ﬂ“w—“-ﬂuﬂﬂ_“ ﬂm.—.—ﬂ—np-‘m—-

Screening of the library'was performed by

hybridization with two Probes comprising the two Der -
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inserted between amino acid residues -1 and 1 and

between residues 116 and 117 by site-direccted
mutagenesis (Chua, K.Y. et al.. J. Exp. Med.,

A wiiey APEERy e Y " Yl SPVS Walsh NS Slumh TR YR R T e S

167:175-182 (1988)). The probes were radiolabelled
with 32? by nick translation. Phage were plated art
20,000 pfu per 150mm Petri dish and plaques were
lifced onto nitrocellulose (Schleicher and Schull,

Dassel, FRG), denatured and baked (Haniatis, T. et

**“—_“__u-__“--“ —ﬁ--—n-“—-ﬂ“-n-m-‘ﬁ-" _—-_*““

Prehybridizatioﬂs were performed for 2 hours arc 42°C
in 50% formamide/S X SSCE/1 x Denhardﬁ’s/poly C
(0.1mg/m1)/Poly U(O0.lmg/ml) with hybridization :
overnight at 42°C at 106-cpm/ml. Post hybridization

washes consisted of 15 min washes ar room
(S5C)/0.1% sodium dodecylsulphate (SDS), 0.5 X

SSC/0.1% SDS, 0.1 x SSC/0.1% SDS successively and a
final wash at 30°*C for 30 min in 0.1 X SSC/I% SDS.

_--b--.——-- ““———ﬂ-“ﬂm-ﬂﬂ-““hn“muﬂ“

Polyethylene glycol (PEG 6000) in 2.5M NaCl and
incubated at room temperature for 15 min. The

mixture was then spun for 5 min in @ microfuge

(Eppendorf, FRG), and the Supernatant was removed.
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pH8.0 containing 1 mM EDTA and 100 mM NaCl (TE).
This DNA preparation was extracted with phenol/TE,
the phenol phase was washed with 100 u£ TE, the
pooled aqueous phases were then extracted another 2
S times with phenol/TE, 2 times with Leder phenol
(phenol/chloroform/isoamylalcohol; 25:24:1), once
wicth chloroform and the bNA vas precipitated by

ethanol.

DNA_seguencing

To obtain clones for DNA sequence analysis, the
Agtll £f1 phage DNA wvas digested with EcoRI
restriction enzyme (Pharmacia, Uppsala, Sweden) and

the DNA insert was ligated to EcoRI-digested

10

Ml3-derived sequencing vectors mpls and nmpl9
15 (Maniatis, T. et al., Molecular Cloning: A

Lghg;gsgzx_ﬁgggg;. Cold Spring Harbor Laboratory
Press (1982)). Transformation was carried out using
E. coli TG-1l and sequencing was performed by  the
dideoxynucleotide chain termination method (Sanger,

20 F. er_al., Proc. Nacl. Acad. Sci. USA, 74:5463-5467
(1977)) using the Seaquena,seTM.vexsion 2.0 DNA

sequencing kit (U.S.B., Cleveland, Ohio).

Polymerase chain reaction (PCR)

| PCR was performed by the Taq DNA polymerase
og method (Saiki, R.K. et al Science, 239:487-491

(1988)) using :he;TﬂanqTM:kit (Biotech International,
Bentley, WA) and the conditions recommended by the
supplier with 1lOng of targect DNA and 10pmol of Agtll
primers (New England BioLabs, Beverly, MA).
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RESULTS

‘““—-M-““—_‘ “-ﬂ--t—n“_-ﬁ-ﬂu—-“-‘—hqm“ﬂw

Der f I were isolated from the D.farinae cDNA Agtll

5> library by their abilicy to hybrldlze with both of

, W.R., et al,.

AR i SR SR gy ,

10 Advances in the Bioscxences 14 139 147 (1989))

_““_““ ““_——n“-- “-_——_—“ Sk SR Yealy S Sy

Dlgestlon of the Agtll f1 clone DNA with EcoRI re-

strxctlon enzyme to release the cDNA 1nsert produced
three Der £ I c¢cDNA EcoRT fragments:'_onef

A T, S — A=

approximately 800 bases long and a. doublet
15 approximately 150 bases long.' The Der £ I cDNA
insert was also amplified from the phage DNA by the
Polymerase chain reaction (PCR) resultlng in a PCR
-'product of approxlmately l1.1-kb. Each Qgg_g I ¢DNA

fragment was cloned ‘Separately into -the M13- derlved

'20 sequenCLng vectors mpl8 and mpl9 and sequenced,

DNA Seguence analxszs

Lok L T T p—" CAEED P e Gl U e -"“ .

entire nacive,Der £ I protein of 223 amino acids

-—--«-

with a derived molecular weight of 25 , 191 and an -
80-base long 3¢ noncodlng region (Flg 2). The

30 assxgnment of the threonzne residue at pos;tlon 1l as
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Sequence of recombinant Der P I (Chua, K.Y.

Der er_al.,
5 J._ EXp. Med., 167:175-182 (1988)). The predicted
amino acid sequence of the Der f I cDNA in the
NH

10 single open reading frame terminati

the subsequent sequence codes for a typicallsignal
15 peptide sequence.

analysis is shown in Figure 2. As shown in the

composite alignment of the amino acid sequence of

20 mature Der p I and Der £ I (Figure 3), high'homology

was observed between the two Proteins. Sequence

homolpgy analysis revealed that the Der £ I protein

Sshowed 81ls homology with the Der

Yer p I protein as
Predicted by Previous. conventional amino acid

25 sequencing. In particular, the residues making up
the active site of Der

Der p I, based on those
determined for papain, actinidin,

cathepsin B

protein.

30 E&lycine,

cathepsin H, and

serine and cysteine (residues 33-35), °

histidine (residue 171) and asparagine, serine and
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amino acid s@équence contains a potential N-glyco-
‘sylation site (Asn-Thr-Ser) at position 53-55 which
5 1s also present as Asn-Gln-Ser at the equivalent

Position in Der p 1I. |
Analysis of the Predicted amino acid sequence
of the entire Der £ I cDNA insert has shown that, as

----"

for other Cysteine proteases (Figure 4), the Der f I
10 Protein has pre- and proform.intérmediates. As
pfeviously mentioned, the methionine residue at
Position -98 is Presumed to be the initigtion_
methionine. This assumption is based on the fact
that firstly, the 5° PIoximal end sequence from

15 Tresidues -98 to -81 is compoSedxpredominantly of

Heljme, G., EMBO J., 3:2315-2323 (1984)). Secondly,
the lengths of the Presumptive pre- (18 amino acid

20 Tesidues) and_pro-peptides (80 residues) are similar

25 the Smallest-with 80 (Ishidoh, X. gg;gé.;'FEBS

e B .,
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D wigmmy Sty R aruin WAl eampn

Biochem., 133:17-21 (1988) and J. Mol. Biol.,

H“““““““ Shnd APE ey

184:99-105 (1985)). Thus, the sequence from

_““

residues -98 to -81 codes for the leader peptide

residue Arg (-80) and ends at residue Glu (41).

> Wwhile the proenzyme moiety of ggt £ I-begins at

N eyl Sammy Salees ““-m

ARAs R ST T T Sy Ry Yy

10 MATERIALS AND METHODS

h—_ﬂ“—--—"-_-“*ﬁ Tkl TNy Sl GEpad e

D.farinae was purchased from Commonwealth Serum

TS A Salnd WA Slumy

Laboratories, Parkville, Australia, and used to
15 prepare mRNaA (polyadenylated RNA) as described
(Stewart, G.A. and W.R. Thomas, Int. Arch. Allergy

~“-__-“"ﬁ“ WV S S S SR

unol., 83:384-389 (1987)). The mRNA was

suspended at approximately O.Spg/pl and Sug use&_to'
PYXepare c¢cDNA by the RNasefH-method_(Gubler,'U. and
20 Hoffman, B.J., Gene, 25:263-269 (1983)) using a kit

- (Amersham Internatiohai; Bucks).'"EcoRI 1inkers
(Amersham, GGAATTCC) were attached“ﬁccording to the
method described by Huynh gt_al., Constructing and

Screening cDNA libraries in gtl0 and gtll, In:
25 Glover, DNA Cloning vol. a Practical approach ﬁp.
47-78 IRL Press, Oxford (l985)). The DNA was then

digested with EcoRI and recovered from an agarose
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ERAS wunh U s Dl

Laboratory Manual, 2d Ed., Cold Spring Harbor

Laboratory Press (1989)), except 0.5M arginine base
5 was used for elution. The c¢DNA was then ligated in

Agtl0 and Agtll at an arms to insert ratio of 2:1.

Some was packagéd for plaque libraries and an

“-u“““ ﬂ““m“““—‘_“_“” R -man Alely ey HQ_“—“““—-_ i el S

m-ﬁ-““-_

15 identical in these regions (Heymann, P.VW. et _al., J

é&igggz_CIig;_lgggnol.,?8§:1055-1087 (1989)). The

- S ciutem : Ry

25 Second, rather than the;th;rd, base of a codon
(Gould, S.J.:gg_gk., Proc. Natl. Acad. Seci.

Nuclelc Acid Res., 17:6749 (1989)) .

(PH8.8 at 25jC);Vieg6mu'(Nqa)2soa, 40uM dANTPs., SpmyM
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2-mercaptoethanol. 6uM EDTA, 0.2mg/ml gelatin, 2mM
MgClz. l0pmoles of each primer and 2 units of Taq
Polymerase. Approximately 0.001lug of target DNA was

5 overlayed with paraffin ©1l. The tubes were
initially denatured at 95°C for 6 minutes, then
‘annealed at 53°C for 1 minute and eXxtended at 72°C
for 2 minutes. Thereafter for 38 cycles, denaturing
was carried out for 30 seconds and annealing.aﬁd.

10 extension as before. 1In the final.(QOth) cycle, the
eXtension reaction was inereased to 10 minutes to
énsure that all amplified products were full length.
The annealing temperature was deliberately set
slightly lower than the Im of the cligonucleotide

15 Primers (determined by the formula Tm=69.3

O.Al(G+C%)-650/oligo length) to allow for mismatches
in the N-terminal primer.

20 of the reaction mixture was extracted with?chlqro-

25 2ubcloning of PCR product
The ends of. the purified 'PCR product were
f1lled in a reaction containing 10 mM Tris HC1, 10
nM MgCl,, SO mM NaCl, 0.025 mM NTP and 1lul .of
Klenow. enzyme in a final volume of 100ul. The
30 reaction was carried out ar 37°¢ for 15 minuﬁes and

heart inactivated at 70’b*for”10 ﬁinutesw- The
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miXxture was Leder phenol extracted before ethanol

precipitation. The resulting blunt ended DNA was
ligated into M13mpl8 digested with Sma I in a

iy )

reaction containing 0.5M ATP, 1 X ligase buffer and
5 1 unit of TA ligase at 15°C for 24 hrs and

transformed into E. coli TGl made competent by the

CaCl2 method. The transformed cells vere plated out

Wiy SRANR Smmm -“—ﬁ-—_-&ﬂ—nnﬂ-“—-— m_ﬂﬂ-_“-*-““__-

Seguencxng

Isolated'white Plaques were picked using an
orange stick into 2.5ml of an overnight culture of

TGl cells diluted l in 100 in 2 X TY broth, and

15 grown at 37°C for 6 hours, The cultures were
Pelleted and the supernatant removed to a fresh
tube. To a 1ml aliquot of this supernatant 270pl of
20% Polyethylene glycol 2.5M NaCl was added and the

20 for 15 minutes. ‘tThis was then spun down again and

‘tube. The pellet was then resuspended in lOOpl of 1

X TE buffer At least 2 phenol:TE eXtractions were

pdone followed by i Leder phenol extraction and a
25 CHCL, extraction. The DNA was precipifated in

ethanol and resuspended in a final volume of 20ul of
TE buffer '

L

DNA_Analysis

m—— “-mﬁ FREND ey

DNA sequenclng was performed with the dldeoxy-

30 nucleotide chain termination (Sanger, F. et al.
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5 endonucleases were from Toyobo, (Osaka, Japan). All
general procedures were by standard techniques
(Sambrook, J,'gg_gl., A Laboratory Manual, 2d Ed.
Cold Spring Harbor Laboratory Press (1989)). The
Sequence analysis was Performed using the Mac Vecrtor

10 Software (IBI, New Haven, CT).

D.farinae ¢DNA ligated in Agtll was used to

15 terminal residues of Der p II and a reverse primer
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The sequence of the clones showing consensus and producing a
correct reading frame js shown in Figure 6, along with the inferred amino
acid sequence. It coded for a 129 residue protein with no N-glycosylation
site and a calculated molecular weight of 14,021 kD. No homology was
found when compared to other proteins on the GenBank' = data base (61.0
release). It did, however, show 88% amino acid residue homology with
Der p IT shown in the alignment in Figure 9. Seven out of the 16 changes
were conservative. The conserved residues also include all the cysteines
present at positions &, 21, 27, 73 and 119. There was also considerable
nucleotide homology, although the restriction enzyme map generated from

- the sequence data for commonly used enzymes is different from Derpll

(Figure 8). The hydrophobicity plots of the translated sequence of Q;:_I II

and Der p IT shown in Figure 10 are almost identical.
It is expected that there are sequence polymorphisms in the nucleic

acid sequence coding for Derp I, Derp I, Der £ I and Der f II, and it will
be appreciated by one skilled in the art that one or more nucleotides in the

nucleic acid sequences coding for Derp I, Derp II, Derf I and Der f II
may vary among individual mites due to natural allelic vanauon. Any and
all such nucleotide variations and resulting amino acid polymorphisms are

within the scope of the invention. Amino acid polymorphisms were
discovered during the sequencing of different Der p I clones. These

polymorphisms are shown in Figure 11.

Equivalents

Those skilled in the art will recognize, or be able to ascertain using
no more than routine experimentation, many'equivalcnts to the specific
embodiments of the invention described herein. Such equivalents are

intended to be encompassed by the following claims.

. - A rasied NAT AR ] W
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Claims

1. An isolated nucleic acid encoding a Der f 1 protein allergen
comprising the amino acid sequence shown in Figure 2, or a peptide
comprising an epitope of said Der f I protein allergen, the epitope not

being cross reactive with Der p 1 protein allergen.

2. An isolated nucleic acid encoding amino acid residues 1-

223 of the amino acid sequence of Der f 1 shown In Figure 2.

3. An isolated nucleic acid encoding a Der f I protein aliergen,
or a peptide comprising an epitope of Der f 1 protein allergen, wherein the

nucleic acid comprises the nucleotide sequence shown Iin Figure 2.

4 An isolated nucleic acid encoding a protein allergen of
Dermatophagoides, wherein the nucleic acid comprises a nucleotide
sequence which hybridizes under conditions of high stringency to the
nucleotide sequence of Der f 1 shown in Figure 2 or the complement
thereof, but does not hybridize under conditions of high stringency to the

nucleotide sequence of Derp 1.

5. An isolated protein allergen encoded by a nucleic acid as

recited in any of claims 1-4.

6. An isolated Der f 1 protein allergen comprising the amino
acid sequence shown in Figure 2, or a peptide comprising an epitope of
Der f 1 protein allergen comprising the amino acid sequence shown In
Figure 2, the epitope not being cross reactive with Der p 1 protein

allergen.
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7. An isolated Der f 1 protein allergen comprising amino acid

residues 1-223 of the amino acid sequence shown In Figure 2.

8. An isolated protein allergen or peptide as recited in any one
of claims 5-7 produced recombinantly in a host cell transformed with a

nucleic acid encoding the protein allergen or peptide or produced by

chemical synthesis.

S. An isolated protein allergen or peptide as recited in any one

of claims 5-7, wherein the epitope is a T or a B cell epitope.

10.  An isolated protein allergen of Dermatophagoides
pteronyssinus, Der p 1, comprising an amino acid sequence selected from
the group consisting of: the amino acid sequence of Der p 1 (a) as
represented in Figure 11; the amino acid sequence of Der p I (b) as
represented in Figure 11; the amino acid sequence of Der p 1 (c) as
represented in Figure 11; the amino acid sequence of Der p 1 (d) as

represented in Figure 11; and the amino acid sequence of Derp 1 (e) as

represented in Figure 11.

11. A composition comprising a protein allergen or peptide as
recited in any one of claims $-10 and a pharmaceutically acceptable

carrier.

12. A composition comprising a protein allergen or peptide as
recited in any one of claims 5-10 and at least one peptide derived from a
protein allergen selected from Der f II, Der p I or Der p 11, or any

combination thereof, wherein each of said peptides comprises at least

one T or B cell epitope.
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13. The composition of claim 12, further comprising a

pharmaceutically acceptable carrier.

14. Use of the protein allergen or peptide as recited in any one
of claims 5-10, for the manufacture of a medicament for treating sensitivity

to house dust mites.

15.  Use of the protein allergen or peptide as recited in any one
of claims 5-10, in combination with at least one peptide derived from a
protein allergen selected from Der f 11, Der p 1, or Der p 11, or any
combination thereof, wherein each of the Der p 1 or Der p 11 peptides
comprises at least one T or B cell epitope, for the manufacture of a

medicament for the treatment of house dust mite sensitivity.

16. A method of detecting sensitivity in an individual to house
dust mites, comprising combining a biological sample from the individual
with the protein allergen or peptide as recited in any one of claims 5-10,
under conditions appropriate for binding of components from the sample

with the protein, and determining the extent to which such binding occurs.

17. A method of producing the protein allergen or peptide as
recited in any one of claims 5-10, comprising cuituring a hose cell
transformed with a nucleic acid encoding the protein allergen or peptide
in medium to express the protein or peptide and isolating the protein or

peptide from the medium.

\RmO3\data\Public\DKao\Patents\Dk\31305-0035_11022001 Amended Claims.wpd
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