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SEQID NO:1

1
51
101
153
201
251
301
351
401
451
501
551
601
651
701
751
801
851
°0%

CEGCCEAGCTCCATTAAGACCTTCGAGGAATACAAGARRGCCTTCAACAR

GAGCTATGCCACCTTCGAGGACGAGGAGGCCGCECECARGAACTTCCTGE
ARAGCGTGARATACGTGCAGAGCAACGGCGECEGCTATARATCACCTGTCC
GACCTGTCTTTAGACCGAGTTCAAGAACCGGTTCCTGATCAGCECCGAGEC
TTTCGAACACCTTAAGACCCAGTITGATCTCAACGCGGAGACCAACGCCT
GCAGTATCAACGGCAATGCCCCCGCTGAGATTCGATCTGCEGCCAGATEAGE
ACCGTGACTCCCATCCGCATECAAGGCGGECTECEGETCTTETTEEGCCTT
TTCAGGCGTEGCCECGACAGAGTCGEGCATACCTCGCETATCGGAATCAGA
GCCTAGACCTCECTGAGCAGGAGCTCGTTGACTGCRCCTCCCAMCACGGA
TGETCATGGGGATACGATTCCCAGAGGTATCGAATACATCCAGCATRAATGG
COTCGTGCAGGAAAGCTATTACCGATACGTAGCTAGGGAGCAGTCCTGCC
GCCATCCTAACGCACAGCECTTCGECATTTCCAATTATTGCCAGATCTAC
CCCCCTAATGCCARCAAGATCAGGEAGGCCCTEGRCRCAGACGCACAGCGEC
CATCGCTETCATCATCGGAATCAAGEATCTGEACGCATTCCEGCACTATE
ACGGGCECACAATCATCCAGCGCGACAACGCGATATCAGCCARACTACCAC
GCGGTCAACATCETGGETTACTCGARCGCCCAGGGEETECACTACTGGAT
CGTGAGAAACAGTTIGCGCACACTAACTGCGEECEGACAACGCECTACGECTACT
TCECCGCCAACATCGACCTGATGATGATCEAGGAGTACCCETACGTGRTE
ATCCTGTAR

SEQ ID NO:2

Arg
Asn
Asn
Ile
Phe
Asp

Pro

Ala
Asp
Cys
Asn
Gln
Tyx

Pro Ser Ser Ile Lys Thr Phe Glu Glu Tyr Lys Lys Ala
Lys Ser Tyr Ala Thr Phe Glu Asp Glu Glu Ala Ala Arg
Phe Leu Glu Ser Val Lys Tyr Val Gln Ser Asn Gly Gly

Asn His Leu Ser Asp Leu Ser Leu Rsp Glu Phe Lys Asn

Leu Met Ser Ala Glu Ala Phe Glu His Leu Lys Thr Gln
Leu Asn Ala Glu Thr Asn Ala Cys Ser Ile Asn Gly Asn
Ala Glu Ile Asp Leu Arg Gln Met Avrg Thr Val Thr Pro
Met Gln ¢ly Gly Cys Gly Sexr Cys Trp Ala Phe Ser Gly
Ala Thr Glu Ser Ala Tyr Leu Ala Tyr Arg Asn Gln Ser
Leu Ala Glu Gln Glu Leu Val Asp Cys Ala Ser Gln His
His Gly Asp Thr Ile Pro Arg Gly Ile @lu Tyr Ile Gln
Gly Val Val Gln Glu Ser Tyr Tyr Arg Tyr Val Ala Arg
Sex Cys Arg Arg Pro Asn Ala Gln Arg Phe Gly Ile Ser
Cye Gln Ile Tyr Pro Pro Asn Val Asn Lys Ile Arg CGlu

Phe
Lys
Ala
Arg
Phe
Ala
Ile
Val
Lieu
Gly
His
Glu
Asn
Ala
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45
60
75
S0
105
120
135
150
165
130
195
210
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Leu

AsSp

Gly
Ser
Ala
Ile

Arg
Asn
Asn
Ile
Phe
Asp

Pro

Ala
Asp
Cys
Asn
Gln
Tyr
Leu

Asp

Gly
Ser
Ala
Ile

101
151
201
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Ala
Leu
Asp
Tyr
Trp
Asn

Len

Pro
Lys
Phe
Asn
Leu
Leu
Ala
Met
Ala
Leu
His
Gly
Serxr
Cys
Ala
Leu

Asp

Trp
Asn

Leu

Gln
Asp
Asn
Ser
Asp
Ile
302

Sex
Ser
Leu
His
Met
Agn
Glu
Gin
Thr
Ala
Gly
val
Cys
Gln
Gln
Asp
Asn
Ser
Asp
Ile
302

Thr
Ala
Gly
Asn
Thr
Asp

SEQ ID NO:3.

Ser
Tyr
Glu
Leu
Ser
Ala
Tle
Gly
Glu
Glu
Asp
Val

Ile
Thr
Ala
Gly
Asn
Thy
Asp

SEQ ID NO:4
1 CGRCCGAGCTCCATTAAGACCTTCGAGGAATACAAGARAGCCTTCAACAD

His
Phe
Tyr
Ala
Asn

Leu

Tle
Ala
Ser
Ser
Ala
Glu
Asp
Gly
Ser
Gln
Thr
Gln
Aryg
Tyr
His
Phe
Tyr
Ala
Asn

Leu

Ser
Arg
Gln
Gln
Trp
Met

Lys
Thr
val
Asp
Glu
Thr
Leu
Cys
Ala
Glu
Ile
Glu
Pro
Pro
Ser
Arg
Gln
Gln
Trp
Met

Ala
His
Pro
Gly
Gly
Met

Thr
Phe
Lye
Leu
Ala
Asn
Arg
Gly
Tyr
Leu
Pro
Ser
Asn
Pro
Ala
His
Pro
Gly
Gly
Met

Ile
Tyr
Asn
val
Asp
Ile

Phe
Glu
Tyr
Ser
Phe
Ala
Gln
Ser
Leu
val
Arg

Ala
Asn
Ile
Tyr
Asn
Val
Asp
Ile

Ala
Asp
Tyr
Asp
Asn

Glu

Glu
Asp
Val
Leu
Glu
Axg
Met
Cys
Ala
Asp
Gly
Tyr
Gln
Val
Ala
Asp

Asp
Asn
Glu

(30)

Val
Gly
His
Tyr
Gly
Glu

Ile
Arg
Ala
Trp
TYyIr
TYyT

Glu
Ser
Glu
Leu
Ile
Thr
Ala

Ala
Glu

Phe
Iys
Ile
Arg
Ala
Trp

Tyr
TyT

Ile
Thr
Val
Ile
Gly

Pro

Lys
Ala
Asn
Phe
Lys
Asn
val
Phe
Asn

Ser

Val
Gly
Ile
Ile
Thr
Val
Ile
Gly

Pro

Gly
ile
Asn
Val

Tyr
Tyr

Lys
Ala
Gly
Lys
Thr
Gly
Thr
Ser
Gln
Gln
Ile
Ala
Ile
Arg
Gly
Ile
Asn

Val
Tyr
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1le
Ile
Ile
Arg
Fhe
Val

Ala
Arg
Gly
Asn
Gln
Asn
Pro
Gly
Ser
His
Gln
Arg
Ser
Glu
Ile
Ile
Ile
Arg
Phe
Val

51 GAGCTATGCCACCTTCEAGGACGAGGAGECCECECGCAAGAACTTCCTGE

AAAGCGTGARATACGTGCAGAGCRAACGGCEBGEGECTATARATCACCTETCC
GACCTGTCTTTAGACGAGTTCAAGAACCGETTCCTCGATGAGCEGCCGAGGC
TTTCGAACACCTTARGACCCAGTTTGATCTCAACGCGGAGACCAACGCCC
GTAGTATCAACGECAATGCCCCCGCTGAGATTGATCTGCGCCAGATGAGG

Lys
Gin
Val
Asn
Ala
Val

Phe
Lys
Ala
Arg
Phe
Ala
Ile
Val
Leu
Gly
His
Glu
Asn
Ala
Lys
Glu
Val
Asn
Ala
Val

225
240
255
270
285
300
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60

75

20
165
120
135
150
165
180
1585
210
225
240
255
270
285
300
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301 ACCGTGACTCCCATCCGCATGCAAGGCEECTGCGEETCTTESTIGGGCCTT
351 TTCAGGCGTGGCCGUGACAGAGTCGGCATACCTCCCGTATCGGAATCAGA
401 GCCTGGACCTCGCTGAGCAGGAGCTCETTGACTGCGECCTCCCAACACGEA
451 TGTCATGGGGATACGATTCCCAGAGAETATCGAATACATCCAGCATAATGE
501 CGTCGTGCAGCARAGCTATTACCGATACCTAGCTAGGGAGCAGTCCTECC
551 GCCETCCTAACGCACAGCGCTTCGGCATTTCCAATTATTGCCAGATCTALC
601 CCCCCTAATGCCAACAAGATCAGEGAGGCCCTGECGCAGACGCACABGCEC
651 CATCGCTGTCATCATCGGAATCAAGGATCTGEACGCATTCCGGCACTATG
701 ACGGGCGCACARTCATCCAGCHECCRCAACGGATATCAGCCRAAACTACCAC
751 GCGETCAACATCGTGGGTTACTCCGAACCCCCAGGGEETGCGACTACTGGAT
801 CGTGAGAAACAGTTCGGACACTAACTGGGECEACAACGGECTACGGCTACT
851 TCGECCGCCAACATCGACCTGATGATGATCCAGGAGTACCCGTACGTGCTG
901 ATCCTGTAA

SEQ ID NO:5

Arg Pro Ser Ser Ile Lys Thr Phe Gln Glu Tyr Lys Lys Ala

Asn
Asn
Ile
Phe
Asp

Pro

Ala
Asp
Cys
Asn

Gln

Leu

hsp

Gly
Ser
Ala
Ile

Lys Ser Tyr Ala Thr Phe Glu aAsp Glu Glu Ala Ala Arg
Phe Leu Glu Ser Val Lys Tyr Val Gln Ser Asn Gly Gly
Asn His Leu Sex Asp Leu Ser Leu Asp Glu Phe Lys Ren
Leu Met Ser Ala Glu Ala Phe Glu His Leu Lysg Thr Gin
Leu Asn Ala Glu Thr Asn Ala Cys Ser Ile BAsn Gly Asn
Ala Glu Ile Asp Leu Arg Gln Met Arg Thr Val Thr Pro
Met Gln Qly Gly Arg Gly Ser Cys Trp Ala Phe Ser Gly
Ala Thr Glu Ser Ala Tyr Leu Ala Tyr Arg Asn Gln Ser
Leu Ala Glu Glun Glu Leu Val Asp Cys Ala Ser Gln His
His Gly Asp Thr Ile Pro Arg Gly Ile Glu Tyr Ile Gln
@ly Vval Val @in Glu Ser Tyr Tyr Arg Tyr Val Ala Arg
Ser Cys Arg Arg Pro Asn Ala Gln Arg Phe Gly Ile Ser
Cys Gln Ile Tyr Pro Pro Aspn Val Asn Lys Ile Arg Glu
Ala Gln Thr His Ser Ala Ile Rla Val Ile Ile Gly Ile
Leu Asp Ala Phe Arg His Tyr aAsp Gly Arg Thr Ile Ile
Asp Asn Gly Tyr Gln Pro Asn Tyr His Ala Val Zsn Ile
Tyr Ser Asn Ala Gln Gly Val Asp Tyr Trp Ile Val Arg
Trp Asp Thr Asn Trp Gly Asp Asn Gly Tyr Gly Tyr Phe
Asn Ile Asp Leu Met Met Ile Glu Glu Tyr Pro Tyr Val
Leu 362

Phe
Liys
Ala
Arg
Fhe
Ala
Ile
Val
Leu
Gly
His
Glu
hsn
Ala
Lys
Gln
Val
Asn
Ala
val

15

30

45

60

75

90
105
120
135
150
165
180
195
210
225
240
255
270
285
300
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SEQ ID NO:6

1

Asm
Asn
Ile
Phe
Asp
Pro
Arg
Ala
Asp
Cys
Asn
Gln
Tyr
Leu

Asp

CGECCGAGCTCCATTAAGACCTTCGAGGAATACAAGAAAGCCTTCAACAR

51 GAGCTATGCCACCITCGAGGACGAGGAGGCCGCGCECAACGAACTTCCTGE
101 AAAGCGTECAAATACGTGCAGAGCAACGGCGGGGCTATAMATCACCTETCC
151 GACCTGTCTTTAGACGAGTTCAAGAACCGETTCCTGATEAGCGCCGAGGC
201 TTTCGAACACCTTAAGACCCACTTTGATCTCAACGCEGAGACCARCGCCT
251 GCAGTATCAACGGCAATGCCCCCECTGAGATTGATCTGCGCCAGATGAGS
301 ACCGTGACTCCCATCCGCATCCAAGGCGRCCETCGEETCTTGTTGEGCCTT
351 TICAGGCGTCCGCCGCGACAGAGTCGECATACCTCEGCGTATCGGAATCAGA
401 GCCTGCGACCTCEGCTIGAGCAGGAGCTCGETTGACTGCECCTCCCAACACGGA
451 TGTCATGEGGATACCGATTCCCAGAGETATCCAATACATCCAGCATAATGG
501 CETUGTECAGCARAGCTATTACCGATACGTAGCTAGGBAGCAGTCCTGCC
551 GCCGTCCTAACGCACAGCECTTCGGCATTITCCAATTATIGCCAGATCTAC
601 CCCCCTAATGCCAACARCGATCAGGGAGGCCCTGECECAGACGCACAGCGL
651 CATCCCTGTCATCATCEGGAATCAAGCATCTCGACGCATTCCGGCACTATG
-701 ACGGGCGCACAATCATCCAGCGCCGACAARCGGATATCAGCCARACTACCAC
751 GCGGTCAACATCGTGEGTTACTCGAACGCCCAGEEEGTCGACTACTGGAT
801 CETEAGRAACAGTTGGRACACTAACTEGGECGACAACGGCTACGGCTACT
851 TCGCCECCAACATCGACCTGATGATGATCGAGCAGTACCCETACGTCGETE
901 ATCCTGTRAA
SEQ ID NO:7
Arg Pro Ser Ser Ile Lys Thr Phe Glu Glu Tyr Lys Lys Ala

Lys Ser Tyr Ala Thr Phe Glu Asp Glu Glu Ala Ala Arg
Phe Leu Glu Ser Val Lys Tyr Val Gln Ser Asn Gly Gly
Asn His Leu Ser Asp Leu Ser Leu Asp Glu Phe Lys Asn
Leu Met Ser Ala Glu Ala Phe Glu His Leu Lys Thr Gln
Leun Asn Ala Glu Thr Asn Ala Cys Ser Ile Asn Gly Asn
Ala Glu Ile Asp Leu Arg Gln Met Arg Thr Val Thr Pro
Met Gln Gly @Gly Cys Gly Ser Cys Trp Ala Phe Ser Gly
Ala Thr Glu Ser Ala Tyr Leu Ala Tyr Arg Asn Gln Sex
Leu Ala Glu Gln Glu Leu Val Asp Arg Ala Ser Gln His
His Gly Asp Thr Tle Pro Arg Gly Ile Glu Tyr Ile Gln
Gly val Val Gln Glu Ser Tyr Tyr Arg Tyxr Val Ala Arg

Ser Cys Axrg Arg Pro Asn Ala Glm Arg Phe Gly Ile.Sexn.

Cyg Gln Ile Tyr Pre Pro Asn Val Asn Lys Ile Arg Glu
Ala Gln Thr His Ser Ala Ile Ala Val Ile Ile Gly Ile
Leu Asp Ala Phe Arg Hig Tyr Asp Gly Arg Thr Ile Ile

Phe
Lys
Ala
Arg
Phe
Ala
Ile
Val
Leu
Gly
His
Glu
Asn
Ala
Lys
Gln

15
30
45
60
75
20
105
120
135
150
165
180
195.
210
225
240

10
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40
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Arg Asp Asn Gly Tyr Gln Pro Asn Tyr His Ala val Asn Ile Val 255
Gly Tyr Ser Asn Ala Gln Gly Val Asp Tyr Trp Ile Val BArg Asm 270
Ser Trp Asp Thr Asn Trp Gly Asp Asn Gly Tyr Gly Tyr Phe Ala 285
Ala Asn Ile Asp Leu Met Met Ile Glu Glu Tyr Pro Tyr Val Val 301
Ile Leu 302

SEQ ID NO:8

1 CGGCCEAGCTCCATTAAGACCTTCCAGGAATACAAGAAAGCCTTCARCAA
51 GAGCTATGCCACCTTCGAGGACGAGCAGGCCGECECECAAGAACTTCCTGG
101 AAAGCGTGAAATACGTGCAGAGCAACGGCGGEGCTATAMATCACCTETCC
151 GACCTGTCTITTAGACGAGTTCAAGAACCGETTCCTCGATGAGCECCEAGGEC
201 TTTCGAACACCTTAAGACCCAGTTTGATCTCAACGCGGAGACCAACGCCT
251 GCAGTATCAACGGCAATGCCCCCGCTGAGATTGATCTECECCAGATGAGE
301 ACCGTGACTCCCATCCGCATGCAAGGECGGCTECEEETCTTETTCGECCTT
351 TTCAGGCGTGGCCGCGACAGAGTCGGCATACCTCGCGTATCGGAATCAGA
401 GCCIGGACCTCGCTGAGCAGGAGCTCETTGACCEGTGCCTCCCARCACGGA
451 TETCATGGEGGATACCGATTCCCAGAGGTATCGAATACATCCAGCATAATGG
501 CGTCGTGCAGGAAAGCTATTACCGATACGTAGCTAGGGAGCAGTCCTECC
551 GCCGTCCTAACGCACAGCGCTTCGGCATTTCCAATTATTGCCAGATCTAC
601 CCCCCTAATGCCAACAAGATCAGGEGAGGCCCTEEGCGCAGACGCACAGCEC
651 CATCGCTGTCATCATCGGAATCAAGGATCTGGACGCATTCCCECACTATG
701 ACGGECGCACAATCATCCAGCGCGACAACRGATATCAGCCARACTACCAC
751 GCGETCAACATCGTGGETTACTCCGAACGCCCAGCGEETEGACTACTGRAT
301 CGTEAGAAACAGTTGGGACACTAACTGGEECGACARACCECTRACERERCTACT
B51 TCGCCECCAACATUGACCTGATCATGATCCAGGAGTACCCGTACGTGEGTS
901 ATCCTGTAA

SEQ ID NO:9.

Axg Pro Ser Ser Ile Lys Thr Phe Glu Glu Tyr Lys Lys Ala Phe 15
Asn Lys Ser Tyr Ala Thr Phe Glu Asp Glu Glu Ala Ala Arg Lys 30
Asn Phe Len Glu Ser Val Lys Tyr Val Gln Ser Asn Gly Gly ala A5
Ile Asn His Leu Ser Asp Leu Ser Leu Asp Glu Phe Lys Asn Arg €0
Phe Leu Met Sex Ala Glu Ala Phe Glu His Leu Lys Thr Gln Phe 75
Asp Leu Asn Ala Glu Thr Asn Ala Cys Ser Ile Asn Gly Asn Ala 20
Pro Ala Glu Ile Asp Leu Arg Gln Met Arg Thr Val Thr Pro Ile . 105
Arg Met Gln Gly Gly Cys Gly Ser Cys Trp Rla Phe Ser Gly Vval 120
Ala Ala Thr Glu Ser Ala Tyr Leu Ala Tyr Arg Asn Gln Ser Leu 135
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Asp Leu Ala Glu Gln Glu Leu Val Asp Cys Ala Ser Gln His Gly 150
Arg His Gly Asp Thr Ile Pro Arg @ly Ile Glu Tyr Ile GIn His 165
Asn Gly val val Gln Giu Ser Tyr Tyr Arg Tyr Val Ala Arg Glu 180
Gln Ser Cys Arg Arg Pro Asn Ala Gln Arg Phe Gly Ile Ser Asn 195
Tyr Cys Gln Ile Tyr Pro Pro Asn Val Asn Lys Ile Arg Glu Ala 210
Leu Ala @ln Thr His Ser Ala Ile Ala Val Ile Ile Gly Tle Lys 225
Asp Leu Asp Ala Phe Arg His Tyr Asp Gly Arg Thr Ile Ile Gln 240
Arg Asp Asn CGly Tyr Gln Pro Asn Tyr His Ala Val Asn Ile val 255
Gly Tyr Ser Asn Ala Glmn Gly Val Asp Tyr Trp Ile Val Arg Asn 270
Ser Trp Asp Thr Asn Trp Gly Asp aAsn Gly Tyr Gly Tyr Phe Ala 285
Ala Asn Ile Asp Leu Met Met Ile Glu Glu Tyr Pro Tyr Val Val 300
Ile Leu 302

SEQ ID NO:10

1 CGGCCGAGCTCCATTAAGACCTTCGAGGAATACAAGAAAGCCTTCAACAA
51 GAGCTATGCCACCTTCGAGGACGAGGAGGCCECECECAAGRALCTTCCTGG
101 AAAGCGTGARATACGTGCAGAGCAACEGCEGGECTATAAATCACCTETCC
151 GACCTGTCTTTAGACGAGTTCAAGAACCECGTTCCTGATGAGCGCCGAGGT
201 TTTCGAACACCTTRAGACCCAGTTTGATCTCAACGCGGAGACCAACGCCT
251 GCAGTATCRACGGCAATGCCCCCGCTGAGATTEATCTGCGCCAGATGACS
301 ACCETGACTCCCATCCGCATGCAAGGCEGCTECEEETCTTGTTGGGCCTT
351 TTCAGGCOTGECCGLCACAGAGTCGGCATACCTCEGCGTATCGGAATCAGA
401 GCCTGEACCTCECTCAGCAGCAGCTCATTCACTECECCTCCCARCACGGA
451 CGTCATGGGGATACGATTCCCAGAGGTATCGAATACATCCAGCATAATGG
501 CGTCETGCAGGAAACCTATTACCGATACGTAGCTAGEGAGCAGTCCTGCC
551 GCCGTCCTAACGCACAGCGCTTCGGCATTTCCAATTATTGCCAGATCTAC
601 CCCCCTAATGUCAACAAGATCAGGEAGGCCCTGGCGCAGACGCACAGLGC
651 CATCGCTGTCATCATCGGAATCAAGGATCTGGACGCATTCCGGCACTATG
701 ACGGGCGCACAATCATCCAGCGCGACRACGGATATCAGCCAAACTACCAL
751 GCGETCAACATCGTGGGTTACTCGAACGCCCAGGREGTGGACTACTGGAT
801 CGTGABAAACAGTTEGCACACTARCTEGGGCCACAACGGCTACGECTACT
851 TCGCCGCCAACATCGACCTGATGATGATCGAGGAGTACCCETACGTGETG
901 ATCCTGTAA

SEQ ID NO:11

Arg Pro Ser Sexr Ile Lys Thr Phe Glu Glu Tyr Lys Lys Ala Fhe 15
Asn Lys Ser Tyr Ala Thr Phe Glu Asp Glu Glu Ala Ala Arg Lys 30
Asn Phe Leu Glu Ser Val Lys Tyr Val Gln Ser Asn Gly Gly Ala 45
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Tle Asn His Leu Ser Asp lLeu Ser Leu Asp Glu Phe Lys Asn Arg 60
Phe Leu Met Ser Ala Glu Ala Phe Glu His Leu Lys Thr Gln Phe 75
Asp Leun Asn Ala Glu Thr Asn Ala Cys Ser Ile Asn Gly Asn Ala o0
Pro Ala Glu Ile Asp Leu Arg Gln Met Arg Thr Val Thr Pro Ile 105
Arg Met Gln Gly Gly Cys Gly Ser Cys Trp Ala Phe Ser Gly Val 120
Ala ala Thr Glu Ser Ala Tyr Leu Ala Tyr Arg Asn @ln Ser Leu i35
Asp Ii.eu Ala Glu Gln Glu Leu Val Asp Cys Ala Ser Gln His Gly 150
Cys His Gly Asp Thr Ile Pro Arg Gly Ile Glu Tyr Ile Gln His - 165
Asn Gly Val Val Gln Glu Ser Tyr Tyr Arg Tyr Val Ala Arg Glu 180
Gln Ser Arg Arg Ard Pro Asmn Ala Gln Arg Phe Gly Ile Ser Asn 195
Tyr Cys Gln Ile Tyr Pro Pro Asn Val Asn Lys Ile Arg Glu Ala 210
et Ala Gln Thr His Ser Ala Ile Ala Val Ile Ile Gly Ile Lys 225
Asp Leu Asp Ala Phe Arg His Tyr Asp Gly Arg 'Thr Ile Ile Gln 240
Arg Asp Asn Gly Tyr Gln Pro Asn Tyr His Ala Val Asn Ile Val 255
Gly Tyr Ser Asn Ala Gln Gly Val Asp Tyr Trp Ile Val Arg Asn 270
Ser Trp Asp Thr Asn Trp Gly Asp Asn Gly Tyr Gly Tyr Phe Ala 285
Ala Asn Ile Asp Leu Met Met Ile Glu Glu Tyr Pro Tyr Val Val 300
Ile Leu 302

SEQ ID NO:12
1 CGGCCGAGUTCCATTAAGACCTTCCGAGGAATACAAGAAAGCCTTCAACAR
51 GAGCTATGCCACCTTCGAGCACGAGGEAGGCCELECGCAACGAACTTCCTEG
101 AAAGCGETCEAAATACGTECAGAGCAACGGECEECGCTATARATCACCTETCC
151 GACCTGTCITTTAGACGAGTTCAAGAACCGGTTCCTCATCAGCCCCEAGEC
201 TTTCCAACACCTTAAGACCCAGTTTGATCTCAACGCGGAGACCAACGCCT
251 GCAGTATCAACGGCAATGCCCCCGCTGAGATTGATCTECECCACGATGAGHE
301 ACCGTGACTCCCATCCGCATGCAAGGCAGCTECEECTCTTATTCEGCCTT
351 TTCAGGCETGGECCGCGACAGAGTCGGCATACCTCECETATCGGANATCAGA
401 GCCTGGACCTCGCTGAGCAGGAGCTCETTGACTECEGCCTCCCAACACCEA
451 TGETCATGGGGATACGATTCCCAGAGGTATCGAATACATCCAGCATAATGGE
501 CGTCGTGCAGGAAAGCTATTACCGATACGTAGCTAGGGAGCAGTCCEQIC
551 GCCETCCTAACGCACAGCGCTTCGECATTTCCAATTATTGCCAGATCTAC
601 CCCCCTAATGCCAACAAGATCAGEGCGAGCCCCOTCACGCAGACGCACAGCGC
651 CATCGCTGTCATCATCGGAATCAAGGATCTACGACGCATTCCEGCACTATS
701 ACGGECGCACAATCATCCAGCGUGACAACGEATATCAGCCAAACTACCAC
751 GCGGETCAACATCGTEGGETTACTCGAACGCCCAGEGERETEEACTACTCGAT
801 CGTGAGAAACACTTGGGACACTARCTEGEECCACANCGECTACGECTACT
851 TCGCCGCCAACATCGACCTGATGATGATCGAGGACTACCCETACGTGEETG
901 ATCCTGTRAA
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SEQ ID NO:13
Arg Pro Ser 3exr Ile Lys Thr Phe Glu Glu Tyr Lys Lys Ala Phe 15
Asn Lys Ser Tyr Bla Thr Phe Glu Asp G8lu Glu Bla Ala Arg Lys 30
Asn Phe Leu Glu Ser Val Lys Tyrxr Val Gln Ser Asn Gly Gly Ala 45
Ile Asn His Leu Ser Asp Leu Ser Leu Asp Glu Phe Lys Asn Arg 60
Phe Leu Met Ser Ala @Glu Ala Phe Glu His Leu Lys Thr Gln FPhe 75
Asp Leu Asn Ala Glu Thr Asn Ala Cys Ser Ile Asn Gly Asn Ala o0
Pro Ala Glu Ile Asp Leu Arg Gln Met Arg Thr Val Thr Pro Ile 105
Arg Met Glun Gly Gly Cys Gly Ser Cys Trp Ala Phe Ser Gly Val 120
Ala Ala Thr Glu Ser Ala Tyr Leu Bla Tyr Arg Aspn Gln Ser Leu 135
Asp Leu Ala Glu Gln Glu Leu Val Asp Cys Ala Ser Gln His Gly 150
Cys His Gly Asp Thr Ile Pro Arg Gly Ile Glu Tyr Ile Gln His 165
Asn Gly Val Vval @ln Glu Ser Tyr Tyr Arg Tyr Val Ala Arg Glu i80
@Gln Ser Cys Arg Arg Pro Asn Ala Gln Arg Phe Gly Ile Ser Asn 195
Tyr Arg Gln Ile Tyr Pro Pro Asn Val Asn Lys Ile Arg Glu Ala 210
Leu Ala Gln Thr His Ser Ala Ile Ala Val Ile Ile Gly Ile Lys 225
Asp Leu Asp Bla Phe Arg His Tyr Asp Gly Arg Thr Tle Ile Gln 240
Arg Asp Asn Gly Tyr Gln Pro Asn Tyr His Ala Val Asn Ile Val 255
Gly Tyr Ser Asn Ala Gln Gly Val Asp Tyr Trp
Sex Trp Asp Thr Asn Trp Gly Asp Asn Gly Tyr Gly Tyr Phe Ala 285
Tyr Pro Tyr Val Val 300

Ile vVal Arg Asn 270

Ala Asn Ile Asp Leun Met Met Ile Glu Glu
Ile Leu 302

SEQ ID NO:14
1 CGGCCGAGCTCCATTAAGACCTTCGAGGAATACAAGARAGCCTTCAACAN
51 GAGCTATGCCACCTTCGAGGACGAGGAGGUCGCGCGCAAGARCTTCCTGE
101 AAAGCGTGAAATAQGTGCAGAGCAACGGCGGGGCTATAAATCACCTGTCC
151 GACCTGTCTTTAGACGAGTTCAAGAACCGETTCCTGATGAGCGCCGAGGT
201 TITTCGAACACCTTAAGACCCAGTTTCGATCTCAACGCGGAGACCARCGCCT
251 GCAGTATCAACGECAATGECCCCCGCTGAGATTGATCTGCGCCAGATGACG
301 ACCETGACTCCCATCCECATGCAAGGCGECTGCEEGTCTTGTTEERCCTT
351 TTCAGGCGTGCECCECGACAGAGTCGGCATACCTCGCETATCGGAATCAGA
401 GCCTGCACCTCGCTGAGCAGGACGCTCETTGACTCCGCCTCCCARCACGGA
457 TGTCATGGGEGATACGATTCCCAGAGETATUGEATACATCCAGCATANTGE ’
501 CGTCGTGCAGGAARGCTATTACCGATACGTAGCTAGBERAGCAGTCCTGCC
551 GCCETCCTAACGCACAGCGCTTCGECATTTCCARTTATCGTCAGATCTAC
601 CCCCCTAATGCCAACAAGATCAGGGAGGCCCTGGEUGCAGACGCACAGCGL
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CATCGCTETCATCATCGGAATCAAGGATCTGGACGCATTCCEGCACTATG

ACGGGCECACAATCATCCAGCGUGACAACGGATATCAGCCAAACTACCALC

GCECTCAACATCGTGGETTACTCGAACGCCCAGGGEETEEGACTACTGGAT

COTGAGAAACAGTTGGCACACTAACTEGGGCGACAACGGCTACGGCTACT
TCGCCECCARCATCGACCTGATCATCGATCGAGGAGTACCCETACGTGATG
ATCCTGTAA
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DERP1 AND PRODERP1 ALLERGEN DERIVATIVES

The present invention relates to novel prophylactic and therapeutic formulations,
said formulations being effective in the prevention and/or the reduction of allergic
responses to specific allergens. Further this invention relates to hypoallergenic
recombinant derivatives of the major protein allergen from Dermatophagoides
pteronyssinus, allergen DerPl and its precursor form ProDerPl. In patticular the
derivatives of the invention include physically modified DerP1 or ProDerP1 such as the
thermally treated protein; or genetically modified recombinant DerP1 or ProDerPl
wherein one or more cystein residues involved in disulphide bond formation have been
mutated. Methods are also described for expressing and purifying the DerP1 and
ProDerP1 derivatives and for formulating immunogenic compositions and vaccines.

Allergic responses in humans are common, and may be triggered by a variety of
allergens. Allergic individuals are sensitised to allergens, and are characterised by the
presence of high levels of allergen specific IgE in the serum, and possess allergen specific
T-cell populations which produce Th2-type cytokines (IL-4, IL-5, and IL~13). Binding of
IgE, in the presence of allergen, to FeeRI receptors present on the surface of mastocytes
and basophils, leads to the rapid degranulation of the cells and the subsequent release of
histamine, and other preformed and neoformed mediators of the inflammatory reaction.
In addition to this, the stimulation of the T-cell recall response results in the production of
IL-4 and IL-13, together cooperating to switch B-cell responses further towards allergen
specific IgE production. For details of the generation of early and late phase allergic
responses see Joost Van Neeven ef al., 1996, Immunology Today, 17, 526. In non-
allergic individuals, the immune response to the same antigens may additionally include
Thi-type cytokines such as IFN-y. These cytokines may prevent the onset of allergic
responses by the inhibition of high levels of Th2-type immune responses, including high
levels of allergen specific IgE. Importantly in this respect, is the fact that IgE synthesis
may be controlled by an inhibitory feedback mechanism mediated by the binding of
IgE/allergen complexes to the CD23 (FceR1T) receptor on B-cells (Luo et al., J.Immunol.,
1991, 146(7), 2122-9; Yu et al, 1994, Nature, 369(6483):753-6). In systems that lack
cellular bound CD23, this inhibition of IgE synthesis does not occur.

JP 2005-502339 A 2005.1.27
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Type I allergic diseases mediated by IgE against allergens such as bronchial
asthma, atopic dermatitis and perrenial rhinitis affect more than 20% of the world’s
population. Current strategies in the treatment of such allergic responses include means to
prevent the symptomatic effects of histamine release by anti-histamine treatments and/or
local administration of anti-inflammatory corticosteroids. Other strategies which are
under development include those which use the hosts immune system to prevent the
degranulation of the mast cells, Stanworth et al., EP 0 477 231 B1. Other forms of
immunotherapy have been described (Hoyne et al., J.Exp.Med., 1993, 178, 1783-1788;
Holt ef al., Lancet, 1994, 344, 456-458).

While immediate as well as late symptoms can be ameliorated by pharmalogical
treatnient, allergen-specific immunotherapy is the only curative approach to type I
allergy. However, some problems related to this method remain to be solved. First,
immunotherapy is currenily performed with total allergen extracts which can be
heterogeneous from batch to batch. Moreover, these allergen mixtures are not designed
for an individual patient’s profile and may contain unwanted toxic proteins. Second, the
administration of native allergens at high doses can cause severe anaphylactic reactions
and therefore the optimally efficient high dose of allergen for successful immunotherapy
can often not be reached. The first problem has been addressed through alternative
vaccination with better characterised and more reproducible recombinant allergens as
compared to allergen extracts. The second problem, namely the risk of anaphylactic
reactions induced by repeated injections of allergen extracts, can be minimised through
the use of recombinant “hypoallergens”, whose the IgE reactivity was altered by deletions
or mutagenesis (Akdis, CA and Blaser, K, Regulation of specific immune responses by
chemical and structural modifications of allergens, Int. Arch. Allergy Immunol., 2000,
121, 261-269).

Formulations have been described for the treatment and prophylaxis of allergy,
which provide means to down-regulate the production of IgE, as well as modifying the
cell mediated response to the allergen, through a shift from a Th2 type to a Thl type of
response (as measured by the reduction of ratio of IL-4 : IFN-y producing DerP1 specific
T-cells, or alternatively a reduction of the IL-5:IFN-y ratio). This may for example be
achieved through the use of recombinant allergens such as recDerP1 with reduced

enzymatic activity as described in WO 99/25823. However the immunogenicity of these

2-
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recombinant allergens is thought to be similar to that of wild-type ProDetP1 in terms of
IgE synthesis induction.

Non-anaphylactic forms of allergens with reduced IgE-binding activity have been
reported. Allergen engineering has allowed a reduction of IgE-binding capacities of the
allergen proteins by‘ site-directed mutagenesis of amino acid residues or deletions of
certain amino acid sequences. In the same time, T-cell activating capacity is still
conserved as T cell epitopes are maintained. This has been shown using several
approaches for different allergens although with variable results. Examples have been
published for the timothy grass pollen allergen Phl p 5b (Schramm G et al., 1999, J
Tmmunol., 162, 2406-14), for the major house dust mite allergens Derf2 (Takai et al.
2000, Eur. J. Biochem., 267, 6650-6656), DerP2 (Smith & Chapman 1996, Mol.
Immunol. 33, 399-405) and Derfl (Takahashi K et al. 2001, Int Arch Allergy
Tmmunol.124, 454-60). One study has reported the generation of Derfl hypoallergens by
introductions of point mutations at the level of cysteine residues involved in disulfides
bridges (Takahashi K Int Arch Allergy Immunol. 2001;124(4):454-60., Takai T,
Yasuhara T, Yokota T, Okumura Y). However, if wild-type ProDerfl was successfully
secreted by P. pastoris, cysteine mutants concerning intramolecular disulfide bonds were,
by contrast, not secreted.

The allergens from the house dust mite Dermatophagoides pter inus are one of

the major causative factors associated with allergic hypersensitivity reactions. Amongst
these molecules, DerP1 is a an immunodominant allergen which elicits the strongest IgE~
mediated immune response (Topham et al., 1994, Protein Engineering, 7, 7, 869-894;
Simpson ef al., 1989, Protein Sequences and Data Analyses, 2, 17-21) and with more than
75% of allergic patients to dust mites who develop IgE directed to this allergen.
Hypoallergen derived from house dust mite DerP1, and effective prophylactic as well as
therapeutic vaccine against this allergen have never been described.

The present invention relates to the provision and use of recombinant derivatives of
Dermatophagoides pteronyssinus DerP1 allergen or of its precursor form ProDerP1
thereafter referred to as “DerP1/ProDerP1”, with reduced allergenic activity compared to
the wild-type allergen. The recombinant forms of DerP1 derivatives according to the
invention, either adjuvanted recombinant proteins or plasmid encoding DerP1/ProDerP1

suitable for NAVAC, are used as prophylactic or therapeutic vaccines to induce strong

-3~
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preventive Th1 or to shift Th2 to Thl immune responses. The hypoallergenic derivatives
can be successfully produced in recombinant expression systems and this is also an aspect
of the present invention.

DerP1 is a 30 KDa protein and has been cloned and sequenced (Chua et al., 1988,
J.Exp.Med., 167, 175-182). It is known to contain 222 amino acid residues in the mature
protein. The sequence of DerPl shares 31% homelogy to papain, and shares more
particularly homology in the enzymatically active regions, most notably the Cys34-
His170 ion pair (Topham et al., supra). DerP1 is produced in the mid-gut of the mite,
where its role is probably related to the digestion of food. Up to 0.2 ng or proteolytically
active DerP1 is incorporated into each fecal pellet, each around 10-40 pm in diameter
and, therefore, easily inspired into the human respiratory tract. Overnight storage of
purified DerP1 preparations at room temperature results in almost complete loss of
enzymatic activity due to autoproteolytic degradation (Machado et al., 1996,
Bur.J.Immunol. 26, 2972-2980). The DerP1 encoding cDNA sequence reveals that, like
many mammalian and plant proteinases, DerPl is synthetised as an inactive
preproenzyme of 320 amino acid residues which is subsequently processed into a 222-
amino acid mature form (Chua ef al., 1988, J.Exp.Med., 167, 175-182; Chua et al., 1993,
Int. Arch Allergy Immunol 101, 364-368). The maturation of ProDerP1 is not known to
date but it is thought that the allergen is processed by the cleavage of the 80-residues
proregion.

The present invention provides a recombinant Dermatophagoides pteronyssinus
DerP1/ProDerP1 protein allergen derivative wherein said allergen derivative has a
significantly reduced allergenic activity compared to that the wild-type allergen. The
allergenic activity can be impaired by several means which all aim at destructuring the
protein forms by disrupting its intramolecular disulphide bridges thereby destabilising its
3-dimensional structure. Said allergen derivatives having the following advantages over
the unaltered wild-type allergen: 1) increases the Thl-type aspect of the immune
responses (higher IgG2a for example) in comparison to those stimulated by the wild type
allergen, thereby leading to the suppression of allergic potential of the vaccinated host, 2)
having reduced allergenicity while still retaining T cell reactivity, thus being more
suitable for systemic administration of high doses of the immunogen, 3) will induce

DerP1 specific IgG which compete with IgE for the binding of native DerP1, 4)

4
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efficiently protects against airway eosinophilia even after exposure to acrosolised allergen
extract. Such derivatives are suitable for use in therapeutic and prophylactic vaccine
formulations which are suitable for use in medecine and more particularly for the
treatment or prevention of allergic reactions.

According to a first aspect, the present invention provides a recombinant
DerP1/ProDerP1 (i.e. DerPl or ProDerP1) allergen derivative wherein the allergenic
activity has been significantly reduced, e.g. almost or completely abolished, by a physical
means such as by thermally treating the protein, preferably in the presence of a reducing
agent. Typically, the DerP1/ProDerP1 protein is treated during a few minutes at about
100°C in the presence of a reducing agent. Preferably the reducing agent is beta-
mercaptoethanol or DTT. Still more preferably the protein is treated during 5 minutes at
about 100°C in the presence of 50 mM beta-mercaptoethanol. This treatment has a
detrimental effect on the stability of the protein conformational IgE-binding epitopes.

In a second aspect the present invention provides a recombinant DerP1/ProDerP1
protein detivative whetein the allergenic activity has been genetically impaired such as by
introducing specific mutations into the encoding ¢cDNA or the gemomic DNA.
Accordingly an aspect of the invention provides the genetically mutated recombinant
DerP1/ProDerP1 per se. The reduction of the allergenicity of DerP1/ProDerP1 may be
performed by introducing mutations into the native sequence before recombinantly
producing the hypoallergenic mutants. This may be achieved by: introducing
substitutions, deletions, or additions in or by altering the three dimensional structure of
the protein such that the tridimensional conformation of the protein is lost. This may be
achieved, amongst others, by expressing the protein in fragments, or by deleting cysteine
residues involved in disulphide bridge formation, or by deleting or adding residues such
that the tertiary structure of the protein is substantially altered. Preferably, mutations may
be generated with the effect of altering the interaction between two cysteine residues,
typically cne mutation at positions 4, 31, 65, 71, 103 and 117 of the native — mature -
DerP1 (which corresponds to positions 84, 111, 145, 151, 183 and 197 of ProDerP1,
respectively). A mutated protein according to the invention may comprise two or more (3,
4, 5 or all 6) cysteine mutations, thereby affecting different disulphide bridges, such as
mutations at positions 4 & 31,4 & 65,4 & 71,4 & 103, 31 & 65, or 4 & 31 & 65, or at
positions 71 & 103, 71 & 117, 103 & 117, 31 & 117, 65 & 117, or 71 & 103 & 117.

5.
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Preferably the derivatives comprise one single mutation at any of the above positions.
The most preferred mutation involves Cys4 (or alternatively, or in addition, Cysl117
which is thought to be the disulphide bond partner of Cys4). The Cys mutations can be
deletions, but are preferably substitutions for any of the other natural 19 amino acids.
Preferred substitutions introduce positively charged amino acid residues to further
destabilise the 3D-structure of the resulting protein. For example, preferred substitutions
involve cysteine—>arginine (or lysine) substitution.

Accordingly, the invention is illustrated herein by, but is not limited to, six specific
mutations which are given as examples of hypoallergenic DerP1/ProDerP1 derivatives.
First the allergenic activity of ProDerP1 is substantially reduced, preferably completely
abrogated by substituting a cysteine residue for an arginine residue at position Cys4 of
DerP1 protein sequence, and is set out in SEQ ID NO:3. Second, the allergenic activity of
ProDerP1 is substantially abrogated by substituting a cysteine residue for an arginine
residue at any of the following positions (calculated by reference to the sequence in
mature DerP1): Cys31 of DerPl protein sequence (SEQ XD NO:5), Cys65 ( SEQ ID
NO:7), Cys71 (SEQ ID NO:9), Cys103 (SEQ ID NO:11), Cys117 (SEQ ID NO:13).

Mutated versions of DerP1/ProDerP1 may be prepared by site-directed mutagenesis
of the cDNA which codes for the DerP1/ProDerP1 protein by conventional methods such
as those described by G. Winter ef al in Nature 1982, 299, 756-758 or by Zoller and
Smith 1982; Nucl. Acids Res., 10, 6487-6500, or deletion mutagenesis such as described
by Chan and Smith in Nucl. Acids Res., 1984, 12, 2407-2419 or by G. Winter €t al in
Biochem. Soc. Trans., 1984, 12, 224-225.

The invention is not limited to the specifically disclosed sequence, but includes any
hypoallergenic allergen which has been mutated to decrease or abolish its IgE-binding
reactivity and/or histamine release activity, whilst retaining its T cell reactivity and/or the
ability to stimulate an immune response against the wild-type allergen. The allergenic
activity, and consequently the reduction in the allergenic activity, of the mutant allergens
may be compared to the wild type by any of the following methods: histamine release
activity or by IgE-binding reactivity, according to the method detailed in the Example
section.

“Substantially reduced allergenic activity” means that the allergenic activity as
measured by residual IgE-binding activity is reduced to a maximum of 50% of the

-6-

JP 2005-502339 A 2005.1.27



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

20

25

30

(47)

WO 03/016340 PCT/EP02/09122

activity of the native — unmodified or unmutated - protein, preferably to a maximum of
20%, more preferably to a maximuwm of 10%, still more preferably to a maximum of 5%,
still more preferably to less than 5%. Alternatively, “substantially” also means that the
histamine release activity of the mutant is reduced by at least a 100-fold factor as
compared to the native protein, preferably by a factor of 1000-fold, still more preferably
by a factor of 10000-fold.

The immunogenicity of the mutant allergen may be compared to that of the wild-
type allergen by various immunologicals assays. The cross-reactivity of the mutant and
wild-type allergens may be assayed by in vitro T-cell assays after vaccination with either
mutant or wild-type allergens. Briefly, splenic T-cells isolated from vaccinated animals
may be restimulated in vitro with either mutant or wild-type allergen followed by
measurement of cytokine production with commercially available ELISA assays, or
proliferation of allergen specific T cells may be assayed over time by incorporation of
tritiated thymidine. Also the immunogenicity may be determined by ELISA assay, the
details of which may be easily determined by the man skilled in the art. Briefly, two types
of ELISA assay are envisaged. First, to assess the recognition of the mutant DerP1 by
sera of mice immunized with the wild type DerP1; and secondly by recognition of wild
type DerP1 allergen by the sera of animals immunised with the mutant allergen. Briefly,
each wells will be coated with 100 ng of purified wild type or mutated DerP1 overnight at
4°C. After incubating with a blocking solution (TBS-Tween 0.1% with 1% BSA)
successive dilutions of sera will be incubated at 37°C for 1 hour. The wells are washed 5
times, and total IgG revealed by incubating with an anti-IgG antibody conjugated with
Alkaline phosphatase.

A further aspect of the present invention provides an isolated nucleic acid encoding
a mutated version of the DerP1/ProDerP] allergen as disclosed herein. Preferably the
nucleotide sequence is a DNA sequence and can be synthesized by standard DNA
synthesis techniques, such as by enzymatic ligation as described by D.M. Roberts ef al in
Biochemistry 1985, 24, 5090-5098, by chemical synthesis, by in vitro enzymatic
polymerization, or by a combination of these techniques. Preferably the nucleic acid
sequence has a codon usage pattern that has been optimised so as to mimic the one used
in the intended expression host, more preferably resembling that of highly expressed
mammalian e.g. human genes. Preferred DNA sequences are codon-optimised sequences

_7-
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and are set out in SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:10, SEQ ID
NO:12 and SEQ ID NO:14.

Enzymatic polymerisation of DNA may be carried out in vitro using a DNA
polymerase such as DNA polymerase I (Klenow fragment) in an appropriate buffer
containing the nucleoside triphosphates dATP, dCTP, dGTP and dTTP as required at a
temperature of 100-379C, generally in a volume of 50ml or less. Enzymatic ligation of
DNA fragments may be carried out using a DNA ligase such as T4 DNA ligase in an
appropriate buffer, such as 0.05M Tris (pH 7.4), 0.0IM MgCly, 0.01M dithiothreitol,
1mM spermidine, ImM ATP and 0.1mg/ml bovine serum albumin, at a temperature of
49C to ambient, generally in a volume of 50ml or less. The chemical synthesis of the
DNA polymer or fragments may be carried out by conventional phosphotriester,
phosphite or phosphoramidite chemistry, using solid phase techniques such as those
described in 'Chemical and Enzymatic Synthesis of Gene Fragments - A Laboratory
Manual' (ed. H.G. Gassen and A. Lang), Verlag Chemie, Weinheim (1982),0r in other
scientific publications, for example M.J. Gait, H.W.D. Matthes, M. Singh, B.S. Sproat,
and R.C. Titmas, Nucleic Acids Research, 1982, 10, 6243; B.S. Sproat and W.
Bannwarth, Tetrahedron Letters, 1983, 24, 5771; M.D. Matteucci and M.H Caruthers,
Tetrahedron Letters, 1980, 21, 719; M.D. Matteucci and M.H. Caruthers, Journal of the
American Chemical Society, 1981, 103, 3185; S.P. Adams et al., Journal of the American
Chemical Society,1983, 105, 661; N.D. Sinha, J. Biernat, J. McMannus, and H. Koester,
Nucleic Acids Research, 1984, 12, 4539; and H.W.D. Matthes et al., EMBO Journal,
1984, 3, 801.

Alternatively, the coding sequence can be derived from DerP1/ProDerP1 mRNA,
using known techniques (e.g. reverse transcription of mRNA to generate a
complementary cDNA strand), and commercially available cDNA Kkits.

Desirably the codon usage pattern of the nucleotide sequence is typical of highly
expressed human genes. Accordingly there is provided in a particular aspect of the
invention a nucleotide sequence comprising a plurality of codons together encoding the
mutated DerP1/ProDerP1 protein, wherein the selection of the possible codons used for
encoding the recombinant mite protein amino acid sequence has been changed to closely
mimic the optimised mammalian codon usage, such that the frequency of codon usage in

the resulting gene sequence is substantially the same as a mammalian gene which would
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encode the same protein. Codon usage patterns for manumals, including humans, can be
found in the literature (see e.g. Nakamura et al. 1996, Nucleic Acids Res. 24, 214-215).

The DNA code has 4 letters (A, T, C and G) and uses these to spell three letter
"codons" which represent the amino acids the proteins encoded in an organism's genes.
The linear sequence of codons along the DNA molecule is translated into the linear
sequence of amino acids in the protein(s) encoded by those genes. The code is highly
degenerate, with 61 codons coding for the 20 natural amino acids and 3 codons
representing "stop” signals. Thus, most amino acids are coded for by more than one
codon - in fact several are coded for by four or more different codons.

‘Where more than one codon is available to code for a given amino acid, it has been
observed that the codon usage patterns of organisms are highly non-random. Different
species show a different bias in their codon selection and, furthermore, utilization of
codons may be markedly different in a single species between genes which are expressed
at high and low levels. This bias is different in viruses, plants, bacteria, insect and
mammalian cells, and some species show a stronger bias away from a random codon
selection than others. For example, humans and other mammals are less strongly biased
than certain bacteria or viruses. For these reasons, there is a significant probability that a
mammalian gene expressed in E.coli or a viral gene expressed in mammalian cells will
have an inappropriate distribution of codons for efficient expression. However, a gene
with a codon usage pattern suitable for E.coli expression may also be efficiently
expressed in humans. It is believed that the presence in a heterologous DNA sequence of
clusters of codons which are rarely observed in the host in which expression is to occur,
is predictive of low heterologous expression levels in that host.

There are several examples where changing codons from those which are rare in the
host to those which are host-preferred ("codon optimisation”) has enhanced heterologous
expression levels, for example the BPV (bovine papilloma virus) late genes L1 and L2
have been codon optimised for mammalian codon usage patterns and this has been shown
to give increased expression levels over the wild-type HPV sequences in mammalian
(Cos-1) cell culture (Zhou et. al. J. Virol 1999. 73, 4972-4982). In this work, every BPV
codon which occurred more than twice as frequently in BPV than in mammals (ratio of
usage >2), and most codons with a usage ratio of >1.5 were conservatively replaced by
the preferentially used mammalian codon. In WQ97/31115, WQ97/48370 and

9-
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W098/34640 (Merck & Co., Inc.) codon optimisation of HIV genes or segments thereof
has been shown to result in increased protein expression and improved immunogenicity
when the codon optimised sequences are used as DNA vaccines in the host mammal for
which the optimisation was tailored.

In this work, the sequences preferably consist entirely of optimised codons (except
where this would introduce an undesired restriction site, intron splice site etc.) because
each D. pteronyssinus codon is conservatively replaced with the optimal codon for a
mammalian host. Surprisingly such optimised ProDerP1/DerP1 sequences also express
very well in yeast despite the different codon usage of yeast.

A still further aspect of the invention provides a process for the preparation of a
mutated DerP1/ProDerP1 protein which process comprises expressing DNA, either codon
optimised or not, encoding the said protein in a recombinant host cell and recovering the
product.

Although DerP1 is well characterized in terms of its enzymatic activity,
allergenicity and gene cloning, heterologous expression of DerP1 has been reported to be
problematic (Chapman and Platts-Mills, J Immunol 1980;125:587-592), probably because
this cysteine proteinase is synthesized as a PreProDerPl precursor. Even more
problematic is the expression of DerP1/ProDerPl sequences wherein cysteine residues
involved in the protein conformation have been mutated. Accordingly the present
invention further provides a process overcoming all these drawbacks therefore allowing
the production of the mutated proteins and the industrial development of therapeutic and
prophylactic vaccines to mite allergy.

A substantial amelioration of protein expression has been achieved in E. coli when
DerP1/ProDerP1 either mutated or not was expressed as a Maltose Binding Protein
(MBP) fusion protein. Accordingly there is provided a process for expressing the mutated
ProDerP/DerP1 protein as a MBP fusion protein in E. coli. Furthermore, a substantial
amelioration of protein expression in yeast has been surprisingly achieved for the mutated
protein even though disulphide bonds are said to be essential for secretion in Pichia
pastoris (Takai et al. 2001, Int. Arch. Allergy Immunol. 124, 454-460). This was
achieved by re-engineering the polynucleotide sequence which encodes the
Dermaphagoides mutated ProDerP/DerP1 protein to fit the codon usage found in highly

expressed human genes, thereby also allowing the recombinant antigen to have the same
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conformation and immunological properties as native ProDerP/DerP1 Dermaphagoides
allergens. Surprisingly, the cloning and expression of mutated ProDerP1, codon-
optimised for mammalian cell expression, could be achieved in Pichia pastoris, with a
certain proportion being secreted, although expression in P. pastoris has been formerly
reported to be unsuccessful (Takai et al. 2001, Int. Arch. Allergy Immunol. 124, 454-
460).

The process of the invention may be performed by conventional recombinant
techniques such as described in Maniatis et. al., Molecular Cloning - A Laboratory
Manual; Cold Spring Harbor, 1982-1989.

In particular, the process may comprise the steps of:

1. Preparing a replicable or integrating expression vector capable, in a host cell, of
expressing a DNA polymer comprising a nucleotide sequence that encodes the said
DerP1/ProDerP1 protein;

2. Altering the IgE-binding activity of the resultant protein by replacing the cysteine
residues involved in disuphide bonds with another residue, preferably an arginine
residue, using site directed mutagenesis;

3. Transforming a host cell with the said vector

4. Culturing the transformed host cell under conditions permitting expression of the
DNA polymer to produce the protein; and

5. Recovering the protein.

The term 'transforming' is used herein to mean the introduction of foreign DNA into
a host cell by transformation, transfection or infection with an appropriate plasmid or
viral vector using e.g. conventional techniques as described in Genetic Engineering; Eds.
S.M. Kingsman and A.J. Kingsman; Blackwell Scientific Publications; Oxford, England,
1988. The term 'transformed' or 'transformant' will hereafter apply to the resulting host
cell containing and expressing the foreign gene of interest.

The expression vector is novel and also forms part of the invention. One particular
aspect of the present invention provides an expression vector which comprises, and is
capable of directing the expression of, a polynuclectide sequence encoding a cystein-

mutated DerP 1/ProDerP1 protein according to the invention. Another particular aspect of
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the invention provides an expression vector which comprises, and is capable of directing
the expression of, a polynucleotide sequence encoding a cysteine-mutated
DerP1/ProDerP1 protein wherein the codon usage pattern of the polynucleotide sequence
is typical of highly expressed mammalian genes, preferably highly expressed human
genes. The vector may be suitable for driving expression of heterologous DNA in
bacterial, insect, yeast or mammalian cells, particularly human cells.

The replicable expression vector may be prepared in accordance with the invention,
by cleaving a vector compatible with the host cell to provide a linecar DNA segment
having an intact replicon, and combining said linear segment with one or more DNA
molecules which, together with said linear segment encode the desired product, such as
the DNA polymer encoding the DerP1/ProDerP1 protein under ligating conditions.

Thus, the DNA polymer may be preformed or formed during the construction of the
vector, as desired.

The choice of vector will be determined in part by the host cell, which may be
prokaryotic or eukaryotic. Suitable vectors include plasmids, bacteriophages, cosmids
and recombinant viruses.

The preparation of the replicable expression vector may be carried out

conventionally with appropriate enzymes for restriction, polymerisation and ligation of
the DNA, by procedures described in, for example, Maniatis ef al cited above.
The recombinant host cell is prepared, in accordance with the invention, by transforming
a host cell with a replicable expression vector of the invention under transforming
conditions. Suitable transforming conditions are conventional and are described in, for
example, Maniatis et al cited above, or "DNA Cloning" Vol. II, D.M. Glover ed., IRL
Press Ltd, 1985.

The choice of transforming conditions is determined by the host cell. Thus, a
bacterial host such as £. coli may be treated with a solution of CaClp (Cohen ez al, Proc.
Nat. Acad. Sci., 1973, 69, 2110) or with a solution comprising a mixture of RbCI1, MnCly,
potassium acetate and glycerol, and then with 3-[N-morpholino]-propane-sulphonic acid,
RbCI and glycerol. Mamimalian cells in culture may be transformed by calcium
co-precipitation of the vector DNA onto the cells, by lipofection, or by electroporation.
Yeast compatible vectors also cairry markers that allow the selection of successful

transformants by conferring prototrophy to auxotrophic mutants or resistance to heavy

12-

JP 2005-502339 A 2005.1.27



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

(53)

WO 03/016340 PCT/EP02/09122

metals on wild-type strains. Control sequences for yeast vectors include promoters for
glycolytic enzymes (Hess et al., J. Adv. Enzyme Reg. 1968, 7, 149), PHO5 gene
encoding acid phosphatase, CUP1 gene, ARG3 gene, GAL genes promoters and synthetic
promoter sequences. Other control clements useful in yeast expression are terminators
and leader sequences. The leader sequence is particularly useful since it typically encodes
a signal peptide comprised of hydrophobic amino acids, which direct the secretion of the
protein from the cell. Suitable signal sequences can be encoded by genes for secreted
yeast proteins such as the yeast invertase gene and the a-factor gene, acid phosphatase,
killer toxin, the a-mating factor gene and recently the heterologous inulinase signal
sequence derived from INULA gene of Kluyveromyces marxianus. Suitable vectors have
been developed for expression in Pichia pastoris and Saccharomyces cerevisiae.

A variety of P. pastoris expression vectors are available based on various inducible
or constitutive promoters (Cereghino and Cregg, FEMS Microbiol. Rev. 2000,24:45-66).
For the production of cytosolic and secreted proteins,the most commonly used P. pastoris
vectors contain the very strong and tightly regulated alcohol oxidase (AOX1) promoter.
The vectors also contain the P. pastoris histidinol dehydrogenase (HIS4) gene for
selection in his4 hosts. Secretion of foreign protein require the presence of a signal
sequence and the S. cerevisiae prepro alpha mating factor leader sequence has been widly
and successfully used in Pichia expression system. Expression vectors are integrated into
the P. pastoris genome to maximize the stability of expression strains. As in S.cerevisiae,
cleavage of a P. pastoris expression vector within a sequence shared by the host genome
(AOX1 or HIS4) stimulates homologous recombination events that efficiently target
integration of the vector to that genomic locus. In general, a recombinant sirain that
contains multiple integrated copies of an expression cassette can yield more heterologous
protein than single-copy strain. The most effective way to obtain high copy number
transformants requires the transformation of Pichia recipient strain by the sphaeroplast
technique (Cregg et all 1985, Mol.Cell.Biol. 5: 3376-3385).

The invention also extends to a host cell transformed with a replicable expression
vector of the invention.

Culturing the transformed host cell under conditions permitting expression of the

DNA polymer is carried out conventionally, as described in, for example, Maniatis e a/
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and "DNA Cloning” cited above. Thus, preferably the cell is supplied with nutrient and
cultured at a temperature below 45°C.,

The product is recovered by conventional methods according to the host cell. Thus,
where the host cell is bacterial, such as E. coli it may be lysed physically, chemically or
enzymatically and the protein product isolated from the resulting lysate. Where the host
cell is mammalian, the product may generally be isolated from the nutrient medium or
from cell free extracts. Conventional protein isolation techniques include selective
precipitation, absorption chromatography, and affinity chromatography including a
monoclonal antibody affinity column.

Alternatively, the expression may be carried out either in insect cells using a
suitable vector such as a baculovirus, in transformed drosophila cells, or mammalian
CHO cells. The novel protein of the invention may also be expressed in yeast cells as
desctibed for the CS protein in EP-A-0 278 941.

Pharmaceutical, immunogenic and vaccine compositions comprising a
hypoallergenic DerP1/ProDerP1 derivative according to the invention, or the
polynucleotide sequences encoding said proteins, either codon-optimised or not, are also
provided. In preferred embodiments the DNA composition comprises a plurality of
particles, preferably gold particles, coated with DNA comprising a vector encoding a
polynucleotide sequence which encodes a D. pteronyssinus amino acid sequence, wherein
the codon usage pattern of the polynucleotide sequence is typical of highly expressed
mammalian genes, particularly human genes.

The polynucleotides and encoded polypeptides according to the invention may find
use as therapeutic or prophylactic agents. In particlular the polynucleotides of the
invention (including a polynucleotide sequence of native ProDerP1 — preferably codon
optimised) may be used in DNA vaccination (NAVAC), the DNA being administered to
the mammal e.g. human to be vaccinated. The nucleic acid, such as RNA or DNA,
preferably DNA, is provided in the form of a vector, such as those described above,
which may be expressed in the cells of the mammal. The polynucleotides may be
administered by any available technique. For example, the nucleic acid may be
introduced by needle injection, preferably intradermally, subcutaneously or
intramuscularly. Alternatively, the nucleic acid may be delivered directly into the skin
using a nuclejc acid delivery device such as particle-mediated DNA delivery (PMDD). In
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this method, inert particles (such as gold beads) are coated with a nucleic acid, and are
accelerated at speeds sufficient to enable them to penetrate a surface of a recipient (e.g.
skin), for example by means of discharge under high pressure from a projecting device.
(Particles coated with a nucleic acid molecule of the present invention are within the
scope of the present invention, as are delivery devices loaded with such particies).

Suitable techniques for introducing the naked polynucleotide or vector into a
patient include topical application with an appropriate vehicle. The nucleic acid may be
administered topically to the skin, or to mucosal surfaces for example by intranasal, oral,
intravaginal or intrarectal administration. The naked polynucleotide or vector may be
present together with a pharmaceutically acceptable excipient, such as phosphate buffered
saline (PBS). DNA uptake may be further facilitated by use of facilitating agents such as
bupivacaine, either separately or included in the DNA formulation. Other methods of
administering the nucleic acid directly to a recipient include ultrasound, electrical
stimulation, electroporation and microseeding which is described in US-5,697,901.
Typically the nucleic acid is administered in an amount in the range of 1pg to lmg,
preferably 1pg to 10ug nucleic acid for particle mediated gene delivery and 10pg to lmg
for other routes.

A nucleic acid sequence of the present invention may also be administered by
means of specialised delivery vectors useful in gene therapy. Gene therapy approaches
are discussed for example by Verme ef al, Nature 1997, 389:239-242. Both viral and
non-viral vector systems can be used. Viral based systems include retroviral, lentiviral,
adenoviral, adeno-associated viral, herpes viral, Canarypox and vaccinia-viral based
systems. Non-viral based systsms include direct administration of nucleic acids,
microsphere encapsulation technology (poly(lactide-co-glycolide) and, liposome-based
systems. Viral and non-viral delivery systems may be combined where it is desirable to
provide booster injections after an initial vaccination, for example an initial "prime” DNA
vaccination using a non-viral vector such as a plasmid followed by one or more "boost"
vaccinations using a viral vector or non-viral based system.

In this way, the inventors have found that vaccination with DNA encoding
ProDerP1 (preferably codon optimised for mammals) induces a Thl response in mice
models (high titres of specific 1gG2a antibodies and low totres of specific IgG1) and,
remarkably, the absence of anti-ProDerP1 IgE.
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The pharmaceutical compositions of the present invention may include adjuvant
compounds, or other substances which may serve to increase the immune response
induced by the protein.

The vaccine composition of the invention comprises an immunoprotective amount
of the mutated version of the DerPl/ProDerP1 hypoallergenic protein. The term
"immunoprotective" refers to the amount necessary to elicit an immune response against a
subsequent challenge such that allergic disease is averted or mitigated. In the vaccine of
the invention, an aqueous solution of the protein can be used directly. Alternatively, the
protein, with or without prior lyophilization, can be mixed, adsorbed, or covalently linked
with any of the various known adjuvants.

Suitable adjuvants are commercially available such as, for example, Freund's
Incomplete Adjuvant and Complete Adjuvant (Difco Laboratories, Detroit, MI); Merck
Adjuvant 65 (Merck and Company, Inc., Rahway, NJ); AS-2 (SmithKline Beecham,
Philadelphia, PA); aluminum salts such as aluminum hydroxide gel (alum) or aluminum
phosphate; salts of calcium, iron or zinc; an insoluble suspension of acylated tyrosine;
acylated sugars; cationically or anionically derivatized polysaccharides;
polyphosphazenes; biodegradable microspheres; monophosphoryl lipid A and quil A.
Cytokines, such as GM-CSF or interleukin-2, -7, or -12, and chemokines may also be
used as adjuvants.

In the formulations of the invention it is preferred that the adjuvant composition
induces an immune response predominantly of the TH1 type. High levels of Thl-type
cytokines (e.g., TFN-y, TNFo, IL-2 and IL-12) tend to favour the induction of cell
mediated immune responses to an administered antigen. Within a preferred embodiment,
in which a response is predominantly Thi-type, the level of Thl-type cytokines will
increase to a greater extent than the level of Th2-type cytokines. The levels of these
cytokines may be readily assessed using standard assays. For a review of the families of
cytokines, see Mosmann and Coffinan, Ann. Rev. Immunol. 7:145-173, 1989.

Accordingly. suitable adjuvants for use in eliciting a predominantly Thl-type
response include, for example a combination of monophosphoryl lipid A, preferably 3-
de-O-acylated monophosphoryl lipid A (3D-MPL) together with an aluminium sait. Other
known adjuvants, which preferentially induce a TH1 type immune response, include CpG

containing oligonucleotides. The oligonucleotides are characterised in that the CpG
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dinucleotide is unmethylated. Such oligonucleotides are well known and are described
in, for example WO 96/02555. Immunostimulatory DNA sequences are also described,
for example, by Sato et al., Science 273:352, 1996. CpG-containing oligonucleotides may
also be used alone or in combination with other adjuvants. For example, an enhanced
system involves the combination of a CpG-containing oligonucleotide and a saponin
derivative particularly the combination of CpG and QS21 as disclosed in WO 00/09159
and WO 00/62800. Preferably the formulation additionally comprises an oil in water
emulsion and/or tocopherol.

Another preferred adjuvant is a sapomin, preferably QS21 (Aquila
Biopharmaceuticals Inc., Framingham, MA), that may be used alone or in combination
with other adjuvants. For example, an enhanced system involves the combination of a
monophosphoryl lipid A and sapenin derivative, such as the combination of QS21 and
3D-MPL as described in WO 94/00153, or a less reactogenic composition where the
QS21 is quenched with cholesterol, as described in WO 96/33739. Other preferred
formulations comprise an oil-in-water emulsion and tocopherol. A particularly potent
adjuvant formulation involving QS21, 3D-MPL and tocopherol in an oil-in-water
emulsion is described in WO 95/17210.

A particularly potent adjuvant formulation involving QS21 3D-MPL & tocopherol
in an oil in water emulsion is described in WO 95/17210 and is a preferred formulation.

Other preferred adjuvants include Montanide ISA 720 (Seppic, France), SAF
(Chiron, California, United States), ISCOMS (CSL), MF-59 (Chiron), Detox (Ribi,
Hamilton, MT), RC-529 (Corixa, Hamilton, MT) and other aminoalkyl glucosaminide 4-
phosphates (AGPs).

Accordingly there is provided an immunogenic composition comprising a
DerP1/ProDerP1 hypoallergenic derivative as disclosed herein and an adjuvant, wherein
the adjuvant comprises one or more of 3D-MPL, QS21, a CpG oligonucleotide, a
polyethylene ether or ester or a combination of two or more of these adjuvants. The
DerP1/ProDetP1 hypoallergenic derivative within the immunogenic composition is
preferably presented in an oil in water or a water in oil emulsion vehicle.

In a further aspect, the present invention provides a method of making a
pharmaceutical composition including the step of mutating one or more cysteine residues
involved in disulphide bridge formation, such as Cys4, Cys31, Cys65, Cys71, Cys103 or
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Cys117. The method further comprises the step of altering the codon usage pattern of a
wild-type DerP1/ProDerP1 nucleotide sequence, or creating a polynucleotide sequence
synthetically, to produce a sequence having a codon usage pattern typical of highly
expressed mammalian genes and encoding a codon-optimised cysteine-mutated
ProDerP1/DerP1 amino acid sequence according to the invention. Vaccine preparation is
generally described in Vaccine Design ("The subunit and adjuvant approach” (eds.
Powell M.F. & Newman M.J). (1995) Plenum Press New York). Encapsulation within
liposomes is described by Fullerton, US Patent 4,235,877. Conjugation of proteins to
macromolecules is disclosed, for example, by Likhite, US Patent 4,372,945 and Armor et
al., US Patent 4,474,757.

The amount of the protein of the present invention present in each vaccine dose is
selected as an amount which induces an immunoprotective response without significant,
adverse side effects in typical vaccines. Such amount will vary depending upon which
specific immunogen is employed and whether or not the vaccine is adjuvanted.
Generally, it is expected that each dose will comprise 1-1000 ug of protein, preferably
1-200 pg. An optimal amount for a particular vaccine can be ascertained by standard
studies involving observation of antibody titres and other responses in subjects. The
vaccines of the present invention may be administered to adults or infants, however, it is
preferable to vaccinate individuals soon after birth before the establishment of substantial
Th2-type memory responses. Following an initial vaccination, subjects will preferably
receive a boost in about 4 weeks, followed by repeated boosts every six months for as
long as a risk of allergic responses exists.

Vaccines and pharmaceutical compositions may be presented in unit-dose or multi-
dose containers, such as sealed ampoules or vials. Such containers are preferably
hermetically sealed to preserve sterility of the formulation until use. In general,
formulations may be stored as suspensions, solutions or emulsions in oily or aqueous
vehicles. Altematively, a vaccine or pharmaceutical composition may be stored in a
freeze-dried condition requiring only the addition of a sterile liquid carrder immediately
prior to use.

The present invention also provides a process for the production of a vaccine,

comprising the steps of purifying a DerP1/ProDerP1 derivative according to the invention
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or a derivative thereof, by the process disclosed herein and admixing the resulting protein
with a suitable adjuvant, diluent or other pharmaceutically acceptable excipient.

The present invention also provides a method for producing a vaccine formulation
comprising mixing a protein of the present invention together with a pharmaceutically
acceptable excipient.

Another aspect of the invention is the use of a protein or polynucleotide as claimed
herein for the manufacture of a vaccine for immunotherapentically treating a patient
susceptible to or suffering from allergy. A method of treating patients susceptible to or
suffering from allergy comprising administering to said patients a phanmaceutically active
amount of the immunogenic composition disclosed herein is also contemplated by the
present invention.

A further aspect of the invention provides a method of preventing or mitigating an
allergic disease in man (particularly house dust mite allergy), which method comprises
administering to a subject in need thereof an immunogenically effective amount of a

mutated allergen of the invention, or of a vaccine in accordance with the invention.
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FIGURE LEGENDS

Figure 1: IgG and IgE-binding reactivity of denatured ProDerP1 expressed in CHO cells.
Immunoplates were coated with 500ng/well of purified native or denatured ProDerP1 and
incubated with sera (diluted 1:8) radioallergosorbent positive to D. pteronyssinus. Bound
IgE or IgG were quantitated by incubation with mouse anti-human IgE or IgG and
alkaline phosphatase-labelled anti-mouse IgG antibodies, followed by an enzymatic

assay. Results are expressed as ODa1om values.

Figure 2: Correlation between the IgE reactivity of MBP-ProDerP1 and natural DerP.
Immunoplates were coated with 500 ng/well of purified DerP or MBP-ProDerP1 and
inculated with 95 sera (diluted 1:8) radioallergosorbent positive to D. pteronyssinus.
Bound IgE was quantitated by incubation with mouse anti-human IgE and alkaline
phosphatase-labelled anti-mouse Ig antibodies, followed by an enzymatic assay. Results

are expressed as ODjsionm values.

Figure 3: IgE-binding reactivities of MBP-ProDerP1 mutants, carrying the mutations
C4R, C31R and C65R. Immunoplates were coated with 500ng/well of Wild-type or
mutant MBP-ProDerP1 and incubated with a pool of 20 sera (diluted 1:8)
radioallergosorbent positive to D. pferonyssinus. Bound IgE was quantitated by
incubation with mouse anti-human IgE and alkaline phosphatase-labelled anti-mouse IgG

antibodies, followed by an enzymatic assay. Results are expressed as ODyjgnm Values.

Figure 4: Histamine release activity of allergens. Basophils isolated from the peripheral
blood of one allergic donor were stimulated with serial dilutions of diiferent allergens.
The histamine released from cells was measured by ELISA. The total amount of
histamine in basophils was quantified after cell disruption with the detergent IGEPAL
CA-630. Results are shown as the ratio of released histamine by allergens to total

histamine.

Figure 5: schematic representation of the animal model of house dust mite allergy.

-20-

JP 2005-502339 A 2005.1.27



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

30

(61)

WO 03/016340 PCT/EP02/09122

The examples which follow are illustrative but not limiting of the invention. Restriction
enzymes and other reagents were used substantially in accordance with the vendors'

instructions.

EXAMPLE I
General procedures

1. - SDS PAGE and Western blot analysis

Proteins were analyzed by SDS-PAGE on 12.5% polyacrylamide gels. After
electrophoresis, proteins were transferred onto nitrocellulose membranes using a semi-dry
transblot system (Bio-Rad). Membranes were saturated for 30 min with 0.5% Iostagel
(PB Gelatins) in TBS-T (50mM Tris HCI pH 7.5, 150mM NaCl, 0.1% Tween 80) and
incubated with mouse polyclonal serum raised against denatured or native ProDerP1
diluted in blocking solution (1: 5000). Immunoreactive materials were detected using
alkaline phosphatase-conjugated goat anti-mouse antibodies (Promega, 1:7500) and 5-
bromo,4-chloro,3-indolylphosphate (BCIP, Bochringer)/ nitroblue tetrazolium (NBT,
Sigma) as substrates.

2. - Glycan analysis

Carbohydrate analysis was carried out with the Glycan Differenciation Kit (Boehringer)
using the following lectins : Galanthus nivalis agglutinin (GNA), Sambucus nigra
agglutinin (SNA), Maackia amurensis agglutinin (MAA), Peanut agglutinin (PNA) and
Datura stramonium agglutinin (DSA). Briefly, purified proteins were transferred from
SDS-PAGE onto nitrocellulose membranes. Membranes were incubated with the
different lectins conjugated to digoxigenin. Complexes were detected with anti-

digoxigenin antibodies conjugated to alkaline phosphatase.

3. - Enzymatic assays

Enzymatic assays were performed in 50 mM Tris-HCI pH 7, containing ImM EDTA and
20mM L-cysteine at 25°C in a total volume of 1ml. Hydrolysis of Cbz-Phe-Arg-7-amino-
4-methylcoumarin (Cbz-Phe-Arg-AMC) and Boc-Gln-Ala-Arg-7-amino-4~
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methylcoumarin  (Boc-Gln-Ala-Arg-AMC) (Sigma) (both substrates at a final
concentration of 100uM) was monitored using a SLM 8000 spectrofluorimeter with Aex =
380nm and Aem = 460nm. Assays were started by addition of cysteine activated allergen
to a final concentration of 100 nM. Before any assay, purified DerP1 or ProDerP1 was
incubated with a mixture of aprotinin- and p-aminobenzamidine-agarose resins (Sigma)

fo remove any putative trace of setine protease activity.

4. - Protein determination
Total protein concentration was determined by the bicinchoninic acid procedure

(MicroBCA, Pierce) with bovine serum albumin as standard.

5.-DerP1 ELISA
DerP1 or recProDerP1 was detected with an ELISA kit using DerP1 specific monoclonal
antibodies 5H8 and 4C1 (Indoor Biotechnologies). The DerP1 standard (UVA 93/03)

used in the assay was at a concentration of 2.5pg/ml.

6. - Igk-binding activity

Immunoplates were coated overnight with DerP1 or ProDerP1 (500ng/well) at 4°C. Plates
were then washed 5 times with 100pl per well of TBS-Tween buffer (50mM Tris-HC1 pH
7.5, 150mM NaCl, 0.1% Tween 80) and saturated for 1 hr at 37°C with 150p1 of the same
buffer supplemented with 1% BSA. Sera from allergic patients to D. pteronyssinus and
diluted at 1/8 were then incubated for 1 hr at 37°C. Out of the 95 sera used in the
experiments, 16 sera ranged in their specific anti-D. pteronyssinus IgE values (RAST
assays) from 58.1kU/L to 99kU/L and 79 above the upper cut-off value of 100kU/L.
Plates were washed 5 times with TBS-Tween buffer and the allergen-IgE complexes were
detected after incubation with a mouse anti-human IgE antibody (Southern Biotechnology
Associates) and a goat anti-mouse IgG antibody coupled to alkaline phosphatase (dilution
1/7500 in TBS-Tween buffer, Promega). The enzymatic activity was measured using the
p-nitrophenylphosphate substrate (Sigma) dissolved in diethanolamine buffer (pH 9.8).
ODa410nm Was measured in a Biorad Novapath ELISA reader.

For IgE inhibition assays, plates were coated with DerP1 or ProDerPl at the same
concentration (0.12 pM). A pool of 20 human sera from allergic patients (RAST value >

22-

JP 2005-502339 A 2005.1.27



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

30

(63)

WO 03/016340 PCT/EP02/09122

100kU/L) was preincubated overnight at 4°C with various concentrations (3.6-0.002 puM)
of DerP1 or recProDerP1 as inhibitors and added on ELISA plates. IgE-binding was
detected as described above.

7. - Histamine release

The histamine release was assayed using leukocytes from the peripheral heparinized
blood of an allergic donor and by the Histamine-ELISA kit (Immunotech). Basophils
were incubated with serial dilutions of recProDerP1 or DerP1 for 30min at 37°C. The
total amount of histamine in basophils was quantified after cell disruption with the
detergent IGEPAL CA-630 (Sigma).

8. — ProDerP1 denaturation
Recombinant ProDerP1 was heat-denatured for 5 min at 100°C in presence of 50mM -

mercaptoethanol.

9. - Immunisations

Groups of ten CBA/J mice (six weeks old) were four weekly immunised with 5pg of
different proteins or 100pg of different plasmidic DNA. The purified allergens were
injected in presence of alum as adjuvant. As controls, groups of mice were immumised
with alum or pTW4304 DNA vector. Mice were bled from the retro-orbital venous plexus

on days 7, 14, 21, 28 and sera were collected.

10. - Bronchoprovocation

Within 72h after immunisations, all mice were placed in a Plexiglas chamber (13 x 19 x
37.5 om) and exposed to aerosolised crude D.pteronyssinus extract over a 20-min period
for 7 consecutive days. The concentration of crude mite extract was 300ug/ml. The
aerosols were generated by an ultrasonic nebulizer (Syst” AM). The output of the
nebulizer was 0.5ml/min and the mean particle size of the aerosol was between 1 and 5

pm. As control, mice were nebulized with PBS.
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11. - Measurement of DerP1-specific IgG, IgG1 and IgG2a

Sera were assayed for anti-DerPl IgG, IgGl and IgG2a antibodies by ELISA.
Immunoplates were coated with ProDerP1 (500ng/well), for 16 hrs at 4°C. Plates were
washed 5 times with TBS-Tween (50mM Tris-HCI pH 7.5, 150mM NaCl, 0.1% Tween
80) and saturated for 1 hr at 37°C with 150p1 of the same buffer supplemented with 1%
BSA. Serial dilutions of sera in saturation buffer were incubated for 1 hr at 37°C. Plates
were washed 5 times with TBS-Tween buffer and antigen-bound antibodies were detected
with the second antibody (goat anti-mouse IgG, Promega, USA) coupled to alkaline
phosphatase (dilution 1/7500 in TBS-Tween buffer). The enzymatic activity was
measured using the p-nitrophenylphosphate substrate (Sigma) dissolved in
diethanolamine buffer (pH 9.8). ODysnm Was measured in a Biorad Novapath ELISA
reader.

Mouse antibody subclass was determined using immunoplates coated as described above
and IgGl- or IgG2a-specific biotin-labelled monoclonal antibodies (rat anti-mouse,
dilution 1/7000 in TBS-Tween buffer and 1% BSA, Biosource) as second antibodies.
Phosphatase alkaline-conjugated streptavidin (1/1000 dilution, Amersham) was added to
cach well. Assay of the enzymatic activity proceeded as described above.

In all cases, ELISA titers were identified as the reciprocal of the dilution giving a signal

corresponding to 50% of the maximal 0.D.4;5 value.

12. - Measurement of DerP1-specific IgE

Immunoplates were coated with rat anti-mouse IgE (10ng/well), for 16 hrs at 4°C. Plates
were washed 5 times with TBS-Tween (S0mM Tris-HC1 pH 7.5, 150mM NaCl, 0.1%
Tween 80) and saturated for 1 hr at 37°C with 150ul of the same buffer supplemented
with 1% BSA. Serial dilutions of sera in saturation buffer were incubated for 1 hr at
37°C. ProDerP1 was then added at 500ng/ml in saturation buffer. Bound ProDerP1 was
detected by addition of biotinylated anti-DerP1 monoclonal antibody 4C1 (Indoor
Biotechnologies) Plates were washed 5 times with TBS-Tween buffer and antibodies-
bound antigen were detected with addition of streptavidin coupled to alkaline phosphatase
(dilution 1/7500 in TBS-Tween buffer). The enzymatic activity was measured using the
p-nitrophenylphosphate substrate (Sigma) dissolved in diethanolamine buffer (pH 9.8).
OD415:m was measured in a Biorad Novapath ELISA reader.
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13. - Proliferation assays

To measure DerP1-specific T-cell proliferative response, immunised mice were sacrificed
before and after bronchoprovocations. Lymphocytes were isolated from spleens. Cells (4
x 10°/well in triplicate), cultured in RPMI 1640 with 10% FCS containing 15mM HEPES
and 30uM B-mercaptoethanol, weré stimulated with serial dilutions of crude mite extract
or ProDerP1 in 96-well plates (10 base 2 dilutions of the antigen were tested, starting
from a concentration of 25ug/ml). As control, cells were incubated with only RPMI
medium, After 4 days, cells were pulsed with 1uCi/well [*H] thymidine (Amersham) for
16 hours. Cells were harvested and *H-thymidine uptake was measured by scintillation
counting. Proliferative responses were calculated as the means of quadruplicate wells and
were expressed as stimulation index (SI). A stimulation index of > 2 was considered

positive.

14. - Cytokines assay

The level of IFNy and IL-5 in the lymphocyte culture supernatants were measured in
ELISA assays. Plates were coated with lpg/ml of anti-mouse IL-5 monoclonal
(PharMingen) or anti-mouse IFNy (Biosource) polyclonal antibodies. Plates were washed
5 times with TBS-Tween and saturated for 1 hr at 37°C with 150ul of TBS-Tween-BSA.
Serial dilutions of splenocyte culture supernatants were added and incubated for 90 min at
37°C. Biotinylated anti-mouse IL-5 (PharMingen, Ipg/ml) or anti-mouse IFNy
(Biosource, 0.2pg/ml) antibodies were applied to the plates for 1h at 37°C. The antigen-
antibody complexes were detected by incubation with streptavidin coupled to horseradish
peroxydase (dilution 1/10000, Amersham). The enzymatic activity was measured using
tetramethylbenzidine (TMB) as substrate (Sigma). The absorbance at 460nm was
measured in a Biorad Novapath ELISA reader. Cytokine concentrations were determined

by interpolation from a standard curve performed with purified mouse IL-5 or IFNy.

15. - Bronchoalveolar lavage
Three days after the final aerosol exposure, mice were bled and sacrificed. The lungs
were immediately washed via the trachea cannula with 1ml Hank’s balanced salt solution

(HBSS) which was instilled and gently recovered by aspiration three times. The lavage
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fluid was centrifuged at 400g for 10min at 4°C. The cell pellet was resuspended in 300ul
Hank’s balanced salt solution (HBSS) and cells were counted in a Thoma
hemocytometer. Cytospin preparations from 50pl-aliquots were stained with May-
Griinwald Giemsa ‘s stain for differential cell counts.

EXAMPLE 11
Expression of MBP-ProDerP1 in E. coli

1. - Construction of MBP-ProDerP1 expression vector

The complete synthetic cDNA encoding ProDerP1 (1-302 aa) (SEQ ID NO:1) was
isolated from the eukaryotic expression plasmid pNIV 4846 (a pEE 14-derived
expression plasmid carrying humanized ProDerP1 coding cassette, (M.Massaer et al.,
International Archives of Allergy and Immunology, 2001, 125:32-43) after digestions
with Eag I and Xba 1. DNA was blunted using large fragment DNA polymerase (Klenow)
before Xba I restriction. The 921 bp fragment was inserted at the Asp 718 (blunted end)-
Aba 1 site of pMAL-c2E (New England Biolabs) to give pNIV4854, downstream of the
MBP gene. The amino acid sequence of ProDerP1, encoded by the ¢cDNA of SEQ ID
NO:1, is represented in fugure 2 (SEQ ID NO:2).

2. — Site-directed mutagenesis

Mutagenesis of DerP1 cysteine residues at position 4, 31 or 65 (mature ProDerPl
numbering, corresponds to positions 84, 111 or 145 in ProDerP1) was performed in the
plasmid pNIV4854, after the substitution of DNA fragments carrying one of the three
cysteine codons by synthetic oligonucleotides containing the mutations. The following
oligonucleotides were used:

5" TTAAGACCCAGTTTGATCTCAACGCGGAGACCAACGCCCGTATCAACGGCA
ATGCCCCCGCTGAGATTGATCTGCGCCAGATGAGGACCGTGACTCCCATCCG
CATGCY (forward) and 5’CGGATGGGAGTCACGGTCCTCATCTG
GCGCAGATCAATCTCAGCGGGGGCATTGCCGTTGATACTACGGGCGTTGGTC
TCCGCGTTGAGATCGAAACTGGGTC3’ (reverse) to generate a 110bp Afl I-Sph 1
fragment for the mutation of cysteine residue 4 to arginine (C4R),
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5’CAAGGCGGCCGTGGGTCTTGTTGGGCCTTTTCAGGCGTGGCCGCGACAG
AGTCGGCATACCTCGCGTATCGGAATCAGAGCCTGGACCTCGC3’ (forward) and
5 TCAGCGAGGTCCAGG CTCTGATTCCGATACGCGAGGTATGCCGACT
CTGTCGCGGCCACGCCTGAAAAGGCCCAACAAGACCCACGGCCGCCTTGCAT
G3’ (reverse) to generate a 98bp Sph 1-Bip 1 fragment for the mutation of cysteine residue
31 to arginine (C31R), 5 TGAGCAGGAGCTCGTTGACCGTGCCTICC
CAACACGGATGTCATGGGGATACGATTCCCAGAGGTATCGAATACATCCAGC
ATA3 (forward) and 5’CTGGATGTATTCGATACCTCTGGGAATCGTAT CC
CCCATGACATCCGTGTTGGGAGGCACGGTCAACGCGCTCCTGCS3® (reverse) to
generate a 82bp AfI 11-Sph 1 fragment for the mutation of cysteine residue 65 to arginine
(C65R)

The resulting plasmids containing the ProDerP1 cassette downstream to the MBP gene
and cartying respectively the mutations C4R, C31R and C65R were called pNIV4870,
pNIV4871 and pNIV4872. All the three mutations were verified by DNA sequencing.
Mutated ProDerP1 amino acid sequences respectively carrying C4R, C31R and C65R
mutation are illustrated in SEQ ID NO:3, SEQ ID NO:5 and SEQ ID NO:7 respectively.
The corresponding encoding nucleic acid sequences are shown in SEQ ID NO:4 (C4R
mutation), SEQ ID NO:6 (C31R mutation) and SEQ ID NO:8 (C65R mutation).

3. — Expression and purification of wild-type and mutant MBP-ProDerP1

E. coli containing the different recombinant expression vectors were grown ovemight at
37°C in 869 medium (A.Jacquet et al., Prot. Exp. Purif. 1999, 17, 392-400) with 100
pg/ml ampicillin. Cells were then diluted 1:100 and allowed to grow at 37°C to an optical
density between 0.4 and 0.6 at 600 nm. Isopropyl B-D-thiogalactoside (IPTG) was added
to a final concentration of 0.3 mM. After a 2h period of induction, cells were harvested
by centrifugation at 10000 rpm for 15min.

Bacterial cell pellets from 1 liter cultures were resuspended in 20mM Tris-HCI pH 7.5,
containing 1mM aprotinin and AEBSF, and broken under a pressure of 1800 bars using a
Cell disrupter (Constant Systems Ltd, Warwick, UK). The lysate was ultracentrifugated at
150,000g for 60 min. The pellet resulting from the ultracentrifugation was washed with
20mM Tris-HCI pH 7.5. Insoluble proteins were extracted overnight at 4°C with 20mM
Tris-HC1 pH 7.5 containing 6M urea. The suspension was ultracentrifugated at 150,000g
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for 60 min. The supernatant was directly dialysed overnight against 20mM Tris-HCI1 pH
7.5, 200mM NaCl, ImM EDTA. The solution was centrifugated to remove any
precipitated protein and directly applied onto an amylose resin (1 x 15 cm) equilibrated in
the same buffer. The column was washed with the starting buffer until the Azgonm reached
the baseline. Proteins were eluted by the addition of 10mM maltose in the column buffer.
Fractions containing the fusion proteins were pooled and concentrated. Purified proteins

were stored at —20°C.

EXAMPLE III
Expression of three different ProDerP1 mutants in CHO cells

1. — Site-directed mutagenesis

Mutations of DerP1 cysteine residues at position 4, 31 or 65 (mature DerP1 numbering,
corresponds to positions 84, 111 or 145 in ProDerP1) were introduced into the plasmid
pPNIV4846. Plasmids pNIV4870, pNIV4871 and pNIV4872, containing the DerPl
cassette downstream to the MBP (see Example II) gene and carrying respectively the
mutations C4R, C31R and C65R were cach restricted with Sfil-X7ol to isolate a 714bp
fragment. The purified DNA fragments were inserted into plasmid p4846 previously
cleaved with the same restriction enzymes. The resulting plasmids containing the DerP1
variants C4R, C31R and C65R were called pNIV4873, pNIV4875 and pNIV4874.

2. — Transient transfecti and selection of ProDerP1-producing stable CHO-K1
lines.

To determine the production of DerPl by plasmids pNIV4873, pNIV4875 and
pNIV4874, COS cells were transiently transfected by lipofection. For stable DerP1
expression, CHO-K1 cells were transfected with the different plasmids by lipofection.
After a 3-weeks 25pM methionylsulphoximin (MSX) selection, one round of gene
amplification was carried out with 100nM MSX.

28~
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EXAMPLE IV
Denatured ProDerP1 displays IgG but not IgE-binding reactivity towards allergic

sera.

To determine whether a denatured form of ProDerP1 could be used as a hypoallergenic
vaccine, IgG- and IgE binding reactivities of denatured (5 min at 100°C in the presence of
50mM pB-mercaptocthanol) ProDerP1 were assayed in ELISA tests. As shown in figure
1, denatured ProDerP1 conserved the main part of the IgG epitopes present on native
ProDerPl. On the other hand, the denatured allergen highly lost its IgE-binding
reactivity. Our data suggest that denatured ProDerP1 could represent a hypoallergenic
variant of ProDerP1. »

EXAMPLE V
IgE reactivities of MBP-ProDerP1.

The aim of the experiment was to compare the IgE reactivity of MBP-ProDerP1 and of
natural DerP1. The reactivity of MBP-ProDerP1 with specific IgE from sera of allergic
patients was assessed in a direct ELISA wherein immunoplates were directly coated with
DerP1 or MBP-ProDerP1. Figure 2 shows a strong correlation between the IgE binding to
DerP1 and MBP-ProDerP1.

EXAMPLE VI
IgE-binding reactivities of MBP-ProDerP1 mutants.

The IgE-binding capacity of MBP-ProDerP1 mutants was determined in direct ELISA
assays for which immunoplates were directly coated with the different forms of MBP-
ProDerPl. A serum pool, made from 20 individual D. pteronyssinus-allergic patient sera
with RAST value >100 kU/L, were used in the assays. As shown in figure 3, the IgE
binding reactivity of the variants C31R and C65R drastically decreased to 5% compared
with that of wild-type MBP-ProDerP1. Strikingly, no reactivity (0% left) of IgE to MBP-

20-
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ProDerP1 was observed when residue cysteine 4 was mutated to arginine. The IgE
reactivities were specific of the ProDerP1 moiety as there were no IgE-mediated immune
recognitions of MBP or MBP in fusion with an irrelevant protein. Similar results were

obtained with another serum pool from 20 others patients.

EXAMPLE VII
Histamine release activity of various forms of ProDerP1.

To compare the allergenic activity of natural DerP1 with that of recombinant mutated
derivatives of ProDerP1, basophils from one allergic patient were challenged in vitro with
various concentrations of allergens and the released histamine was measured. As shown
in figure 4, natural DerP1 was able to induce histamine release from basophils even at a
concentration of Ing/ml. By contrast, recombinant mutated forms of ProDerP1 could only
release histamine at a 1000-10000-fold higher concentration, These results clearly
showed that ProDerP1 mutants display lower IgE binding reactivity than does the natural
DerP1.

EXAMPLE VIII
Immunogenicity experiments with various forms of ProDerP1.

1. — Animal model of house dust mite allergy

An animal model of house dust mite allergy has been developed. CBA/T mice were
injected with purified DerP1 adjuvanted with alum. After four injections at one week
interval, animals were subjected to a series of bronchoprovocation with D. pteronyssinus
extract (figure 5). This model was used fo test different recombinant forms of DerP1 as

well as different DNA as prophylactic vaccines against house dust mite allergy.
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2.—Vaccine formulations

Table 1: protein and DNA vaccine formulations tested in the house dust mite allergy

animal model depicted in figure 5.

Protein DNA Adjuvant ‘Way of injection
Natural DerP1 Alum IP
ProDerP1 native Alum Ip
ProDerP1 native — ™M
ProDerP1 denatured Alum P
MBP-ProDerP1 Alim P
MBP-ProDerP1 C4R Alum P
MBP-ProDerP1 C31R Alum iy
MBP-ProDerP1 C65R Alum P

1P= intraperitoneal injection

IM=intramuscular injection

3. — Antibody response - Results

Mice immunized by four injections of natural DerP1 produced high titers of IgG and
IgG1, low titers of IgG2a and large amounts of IgE antibodies, indicating that natural
DerP1 induces strong Th2 immunes responses (Tables 2 and 4).

The anti-DerP1 IgG and IgG1 antibody responses were also strong in mice injected with
native or denatured ProDerP1. After injections with native ProDerP1, the 1gG2a titers
were slightly higher than those obtained with DerP1, IgE titers being comparable or
slightly lower than those obtained with DerPl. In contrast to the native ProDerP1-
immunized mice, animals injected with denatured ProDerP1 produced high IgG2a titers
and very low IgE antibodies. As expected, immunizations with ProDerP1 in the absence
of Alum induced poor immune responses (Table 4).

MBP-ProDerP1 wild type (WT), C4R, C31R and C65R-sensitized mice showed similar
productions of specific IgG and IgG1 antibodies (Table 3). Highest IgG2a titers were
observed in groups immunized with MBP-ProDerP1 WT and C31R.

Specific IgE titers were low, whatever the MBP-ProDerP1 varianis injected.

Similar results were obtained after mice immunizations with plasmid encoding ProDerP1.
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Table 2 : Titers of specific anti-DerP1 antibodies from mice immunized with different
antigens. For IgE titers, results are expressed as ODyispy values for a 1/10 dilution of

sera. Titers were also measured afier bronchoprovocations with PBS or with D.

preronyssinus extracts (HDM).

(72)
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Antigen | Bleeding | Challenge IgG IgGl IgG2a IgE
DerP1 1 <50 <50 <50 0
2 214 900 <50 1.1
3 700 6062 <50 0.2
4 2500 24390 100 0.6
5 PBS 8670 16340 300 0.7
HDM 8230 17440 300 0.6
ProDerP1
native 1 <50 <50 <50 0
2 301 1146 <350 1.1
3 800 6860 86 03
4 2500 28545 203 0.5
5 PBS 8266 25500 600 03
HDM 11880 38310 600 0.6
denatured 1 <50 <50 <350 0
2 330 861 120 0.2
3 966 3402 210 0.07
4 3093 14830 970 0.1
5 PBS 16380 54040 2700 0.1
HDM 14200 32140 2700 0.05

Table 3 : Titers of specific anti-DerP1 antibodies from mice immunized with different

antigens. For IgE titers, results are expressed as ODgispm values for a 1/10 dilution of

sera. Titers were also measured after bronchoprovocations with PBS or with D.

pieronyssinus extracts (HDM).
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Antigen Bleeding | Challenge | IgG IgGl | IgG2a IgE
MBP-ProDerP1 WT
2 637 3351 144 0.046
3 4444 | 24720 | 757 0.039
4 2500 | 24390 100 0.6
5 PBS 6151 | 29500 | 2899 0,13
HDM 3437 | 22210 | 1496 0,27
MBP-ProDerP1 C4R.
2 583 2212 95 0
3 1123 6131 356 0.021
4 2500 | 28545 | 203 0.5
5 PBS 2064 | 9077 624 0,004
HDM 2418 | 14390 | 635 0,029
MBP-ProDerP1 C31R
2 1221 4572 144 0.017
3 6472 | 40405 | 1311 | 0.029
4 3093 | 14830 | 970 0.1
5 PBS 2897 | 10880 | 857 0,063
HDM 5508 | 24300 | 1959 | 0,074
MBP-ProDerP1 C65R
2 202 887 <50 | 0.022
3 1252 | 5718 363 0.066
4 3093 | 14830 | 970 0.1
5 PBS 782 3958 87 0,108
HDM 3109 | 16250 | 430 0,117

Table 4: Titers of specific anti-DerP1 antibodies from mice immunized with different
antigens. For IgE titers, results are expressed as ODg41snm values for a 1/10 dilution of

sera. Titers were also measured after bronchoprovocations with PBS or with D.

pteronyssinus extracts (HDM).

33-

JP 2005-502339 A 2005.1.27



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

(74)

WO 03/016340 PCT/EP02/09122
Antigen Bleeding | Challenge IeG IgGl 1gG2a IgE .
DerP1
2 201 1135 <20 0.852
3 3264 18002 <50 0.34
4 8271 43306 <50 0.59
5 PBS 10072 | 57670 | <100 0.44

HDM 6058 72810 | <100 0.68

ProDerP1 Alum

2 929 7422 159 0.8

3 5061 27244 586 037

4 15110 | 68960 1016 0.46

5 PBS 10900 | 57255 1190 0,421
HDM 16770 | 79460 1125 0,485

ProDerP1 (no
adjuvant)

2 136 774 <20 0.58

3 1389 8571 104 0.13

4 4704 14126 120 0.17

5 PBS 3587 16930 105 0.28

HDM 3880 | 20737 100 0.25

4, - T-cell proliferative response - Results

Before (control) and after acrosol challenge, splenocytes isolated from immunized mice
were examined for T-cell proliferative response by stimulation with ProDerP1 or D.
pteronyssinus extract. Results are shown in Table 5 (stimulation index) and in Table 6
(cytokines).

Allergen-specific T cell responses were detected in immunized mice with the different
recombinant ProDerP1 mutants. Strongest responses were observed when splenocytes
were restimmlated with ProDerP1. T-cell reactivities appeared to be independent from the
challenge.

These results in Table 5 indicated that the different forms of ProDerP1 shared common T-
cell epitopes with natural DerP1. Moreover, destructuration of ProDerP1 by thermal

denaturation or site-directed mutagenesis did not alter ProDerP1 T-cell reactivity,
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confirming that these forms are hypoallergens with very low IgE-binding reactivity able

to stimulated T-cell responses.

Table 5:

Vaccinated mice were challenged or not with PBS or D. pferonyssinus exiracts. Spleen
cells were isolated and restimulated in vitro with purified ProDerPl or with D.
pteronyssinus extracts. Stimulation index was measured by [*H]-thymidine incorporation.
-: not available. These results are obtained from different experiments, not from only one.

Consequently, cytokine assays can not be compared between all groups.

Antigen Concentration S.L (stimul. with S.L (stimul. with HDM
of stimulating ProDerP1) ext.)
antigen aerosol aerosol
(pg/ml) None | PBS | HDM | None | PBS | HDM
MBP-ProDerP1 50 73 1497 | 20.8 - - -
WwT
MBP-ProDerP1 50 19.1 9.7 16.3 - - -
C4R
MBP-ProDerP1 50 54 10.0 14.7 - - -
C31R
MBP-ProDerP1 50 6.8 8.8 13.0 - - -
C65R
DerP1 40 - 1.6 17.5 - 1.6 7.5
ProDerP1 40 - 30.9 11.5 -~ 2.8 2.8
ProDerP1 40 - 24.0 15.9 - 1.7 14
denatured
Alum 40 - 4.2 4.6 - 2.0 1.3

The presence of cytokines IL-5 and IFNy in the culture supernatants of restimulated
splenocytes was determined in ELISA (Table 6). If we compared the ratio [IFNy]/[IL-5],
we could conclude that vaccinations with natural DerP1 or ProDerP1 adjuvanted with
alum induced a better production of IL-5 than IFNy. The different forms of MBP-
ProDerP1 (mutants and wild-type) as well as denatured ProDerP1 induced comparable
levels of both cytokines.
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Table 6: [IL-5] and [IFNy] in supernatants from ProDerPl-restimulated splenocytes.

These results are obtained from different experiments, not from only one. Consequently,

cytokine assays can not be compared between all groups.

(76)

PCT/EP02/09122

Antigen [L-5] (/) [TFNy] (pg/oni)
Aerosol Aerosol
none PBS HDM None PBS HDM
MBP-ProDerP1 420 165 929 987 1076 1282
MBP- 330 51 308 551 1366 1177
ProDerP1C4R
MBP- 430 202 1141 1348 1281 3392
ProDerP1C31R
MBP- 0 0 953 0 0 1161
ProDerP1C65R
Alum 0 0 0 0 0 0
DerP1 75 45 495 0 0 190
ProDerP1 0 355 400 0 125 210
ProDerP1 - 850 736 - 822 1119
denatured

5.— Bronchoalveolar lavage - Results

Sensitisation with natural DerP1 and subsequent exposure to acrosolised house dust mite
extracts induced significantly higher bronchoalveolar cell numbers (Table 7). Seven
exposures to acrosolised house dust mite extracts were shown to induce airway
eosinophilia in only the animals vaccinated with DerPl. In this group, airway
eosinophilia was not observed when DerP1-sensitised animals were not nebulized or
exposed to aerosolised PBS.

Vaccinations with the different recombinant forms of ProDerPl prevented airway

eosinophilia, even after exposure to aerosolised HDM extracts.

Table 7: Characterization of the bronchoalveolar lavage fluid of different antigen-

immunized mice exposed to PBS or house dust mite extracts aerosols
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Antigen Aerosol | Lympho | Eosino | Neutro | Macro | Mono Total
(%) (%) ") | (%) | (%) cells
(10%/mI)
DerP1 none 86 4 0 6 3 2.2
HDM 13 68 7 6 6 167
PBS 90 0 2 4 4 4.8
ProDerP1 none 90 0 0 7 3 32
HDM 69 7 12 3 10 5.1
PBS 76 5 4 7 8 7.6
ProDerP1 none 51 5 2 22 20 4
denatured
HDM 52 4 26 10 7 6.9
PBS 67 2 2 20 9 52
Alum none 88 1 4 7 0 3.6
HDM 80 0 4 14 1 1.5
PBS 88 1 5 5 1 1.2
MBP- none 85 2 4 7 0 1.5
ProDerP1
HDM 70 3 14 8 ) 2.1
PBS 88 1 6 5 0 0.6
MBP- none 90 2 4 4 1 22
ProDerP1
C4R
HDM 71 2 14 11 1 2
PBS 80 2 7 10 1 4.5
MBP- none 79 1 14 7 0 13
ProDerP1
C31R
HDM 65 4 27 5 1 2
PBS 87 2 7 5 1 3
MBP- none 85 0 4 10 1 24
ProDerP1
C65R
HDM 84 1 7 7 1 24
PBS 84 1 4 12 0 1.5
-37-
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EXAMPLE IX

Expression plasmid for nucleic acid vaccination (NAVA(

1. - Construction of ProDerP1 ding pl id for leic acid vaccination

The ProDerP1 coding cassette (1-302aa) was excised from plasmid pNIV4846 (see
above), restricted with HindIIl and Bg/Il, and inserted into plasmid pJW4304 previously
cleaved with HindIIl and Bg/Il. The resulting plasmid, named pNIV4868, was verified by

DNA sequencing.

2. — Site-directed mutagenesis

Mutations of ProDerP1 cysteine residues at position 4, 31 or 65 (mature DerP1
numbering, corresponds to positions 84, 111 or 145 in ProDerP1) were introduced into
the plasmid pNIV4868. Plasmids pNIV4870, pNIV4871 and pNIV4872, containing the
ProDerP1 cassette downstream to the MBP gene and carrying respectively the mutations
C4R, C31R and C65R were each restricted with 4f/II-BamHI to isolate a 699bp fragment.
PNIV 4868 was digested with 4fII-Hpal to isolate a 480bp fragment. The two purified
DNA fragments were inserted into plasmid pJW4304 previously cleaved with Hpal-
BamHI. The resulting plasmids containing the ProDerP1 variants C4R, C31R and C65R
were called pNIV4879, pNIV4880 and pNIV4881.

EXAMPLE X
Expression of ProDerP1 in Pichia pastoris

1. - Construction of ProDerP1 expression vector

The ProDerP1 coding cassette from pNIV4846 (full-length 1-302aa ProDerP1 ¢cDNA
with optimised mammalian codon usage) was amplified by PCR using the following
primers: 5>’ ACTGACAGGCCTCGGCCGAGCTCCATTAAS (Stul restriction site in
bold, forward) and S5’CAGTCACCTAGGTCTAGACTC GAGGGGAT3? (4wl
restriction site in bold, reverse). The amplified fragment was cloned into the pCR2.1
TOPO cloning vector. The correct ProDerP1 cassette was verified by DNA sequencing.
Recombinant TOPO vector was digested with Stul-4vrIl to generate a 918bp fragment
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which was introduced into the pPICIK expression vector restricted with SkaBI-AvIL
The resulting plasmid, pNIV4878, contains the ProDerP1 cassette downstream to the

S.cerevisae o factor

2. - Site-directed mutagenesis

Expression plasmid for the production of unglycosylated ProDerP1 (N52Q, mature DerP1
numbering) was derived from pNIV4878 by ovetlap extension PCR using a set of four
primers. The following primers:

5’GGCTTTCGAACACCTTAAGACCCAG3’ (primer 1, AfII restriction site in bold,
forward) and 5’GCTCCCTAGCTACGTA TCGGTAATAGC3’ (primer 2, SnaBI
restriction site in bold, reverse) were used to amplify a 317bp fragment encoding the
ProDerP1 amino acid sequence 71-176.

The following primers 5>CCTCGCGTATCGGCAACAGAGCCTGGACCS’ (primer 3,
mutation N52Q in  bold, forward) and 5’GGTCCAGGCTCTGITGCC
GATACGCGAGG3’ (primer 4, mutation N52Q in bold, reverse) were used to introduce
mutation N52Q in the ProDerP1 sequence.

The mutated 317bp 4f/I-SnaBI fragment was generated by a three-step process. In PCR
n°1, primers 1 and 4 were mixed with pNIV4878 to produce a ~ 200 bp fragment. In PCR
n°2, primers 2 and 3 were mixed with pNIV4878 to produce a ~ 140 bp. The two PCR
products were purified onto agarose gel and used as templates for a third round of PCR to
obtain a ~ 340 bp fragment. This purified fragment was cloned into the pCR2.1 TOPO
cloning vector (Invitrogen). The mutation was verifitd by DNA sequencing.
Recombinant TOPO vector was digested with AfllI-SnaBI to generate a 317bp fragment
which was ligated into the similarly digested pNIV4878. The resulting plasmid,
PpNIV4883, contains the ProDerP1 N52Q downstream to the S.cerevisae o factor.

To abtain unglycosylated variants of ProDerP1 carrying mutations of DerP1 cysteine
residues at position 4, 31 or 65 (mature DerP1 numbering), overlap extension PCR using
the same set of primers were performed with plasmids pNIV4873, pNIV4875 and
pNIV4874, The resulting plasmids pNIV4884, 4885 and 4886 encode respectively
ProDerP1 N52Q C4R, N52Q C31R and N52Q C65R.
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2. - Transformation of P. pastoris

Plasmid pNIV4878 was introduced infe P. pastoris using the spheroplast transformation
method. Transformants were selected for histidinol deshydrogenase (His+) prototrophy.
The screening of His+ transformants for geneticin (G418) resistance was performed by
plating clones on agar containing increasing concentrations of G418.

Transformation with plasmids encoding ProDerP1 N52Q, ProDerP1 N52Q C4R, N52Q
C31R and N52Q C65R was performed using the same method.

3. - Production of ProDerP1 by recombinant yeast

(418 resistant clones were grown at 30°C in BMG medium to an ODgooum of 2-6. Cells
were collected by centrifugation and resuspended to an ODgoonm of 1 in 100ml of BMG
medium. ProDerP1 expression was induced by daily addition of methanol 0.5% for 6
days. The supernatant was collected by centrifugation and stored at —20°C until

purification.

4. - Purification of ProDerP1 from yeast culture supernatant

Supernatants were diluted 10 times with water and, after pH adjustment to 9, directly
loaded onto a Q sepharose column equilibrated in in 20mM Tris-HC1 pH 9. The column
was washed with the starting buffer. Proiein elutions proceeded by step-wise increasing
NaCl concentration in the buffer. The ProDerPi-enriched fractions were pooled and
concentrated by ultrafiltration onto a Filtron membrane (Omega serie, cut-off: 10kD).
The ProDerP1 purification was achieved by a gel filtration chromatography onto a
superdex-75 column (1 x 30 cm, Pharmacia) equilibrated in PBS pH 7,3. Purified

ProDerP1 was concentrated and stored at -20°C.
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SEQUENCE INFORMATION

SEQ ID NO:1

1
51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901

CGGCCGAGCTCCATTARGACCTTCCACGGAATACAAGAAAGCCTTCAACAA

GACGCTATECCACCTTCGAGGAC GCCGCGCGCAAGAACTTCCTGE

AARGCGTGAAATACGTGCAGAGCAACGGCGGGECTATARATCACCTGTCC
GACCTGTCTTTAGACGAGTTCAAGAACCGGTTCCTGATGAGCGCCGAGGT
TTTCGAACACCTTAAGACCCAGTTTGATCTCAACGCGCAGACCAACGCCT
GCAGTATCAACGGCAATGCCCCCCGCTGAGATTGATCTCCGCCAGATGAGE
ACCGETEACTCCCATCCGCATECARGGCEGCTEGCEGETCTTGTTGEGECCTT
TTCAGCCCTEGGCCGCGACACGAGTCEGCATACCTCGCGTATCGCARTCAGA
GCCTCGGACCTCCCTEACCACCAGCTCEGTTGACTGCGCCTCCCARCACGGA
TGTCATGGEGATACGATTCCCAGAGGTATCGAATACATCCAGCATARTGG
CGTCATCCAGGAARAGCTATTACCGATACGTAGCTAGGGAGCAGTCCTGCC

GCCGTCCTAACGCACAGCGCTTCGGCATTTCCAATTATTGCCAGATCTAC
CCCCCTAATGCCARCAAGATCACGGCAGGCCCTGGCECAGACGCACAGCGC
CATCGCTGTCATCATCGGAATCAAGGATCTGGACCGCATTCCGGCACTATG
ACGGGCGCACAATCATCCAGCAECGACAACEGEATATCAGCCARACTACCAC
GCGGTCAACATCETGGETTACTCGAACGCCCAGGGGGTEGGACTACTGGAT
CGTGAGARACAGTTGGEACACTAACTCGCGEECGACAACGECTACGGCTACT
TCGCCGCCAACATCCGACCTCGATGATCGATCCAGCAGTACCCATACGTGGTG
ATCCTGTAA

SEQ ID NO:2

Ala
Asp
Cys

Gln
Tyr

Pro Ser Ser Ile Lys Thr Phe Glu Glu Tyr Lys Lys Ala
Lys Ser Tyr Ala Thr Phe Glu Asp Glu Glu Ala Ala Arg
Phe Leu Glu Ser Val Lys Tyr Val Gln Ser Asn Gly Gly
Asn His Leu Ser Asp Leu Ser Leu Asp Glu Phe Lys Asn
Leu Met Ser Ala Glu Ala Phe Glu His Leu Lys Thr Gln
Leu Asn Ala Glu Thr Asn Ala Cys Ser Ile Asn Gly Asn
Ala Glu Ile Asp Leu Arg Gln Met Arg Thr Val Thr Pro
Met @Gln Gly Gly Cys Gly Ser Cys Trp Ala Phe Ser Gly
Ala Thr Glu Ser Ala Tyr Leu Ala Tyr Arg Asn Gln Ser
Leu Ala Glu Gln Glu Leu Val Asp Cys Ala Ser Gln His
His Gly Asp Thr Ile Pro Arg Gly Ile Glu Tyxr Ile Gln
Gly val Val Gln Glu Ser Tyr Tyr Arg Tyr Val Ala Arg
Ser Cys Arg Arg Pro Asn Ala Gln Arg Phe Gly Ile Ser
Cys Gln Ile Tyr Pro Pro Asn Val Asn Lys Ile Arg Glu

-41-

(81)

PCT/EP02/09122
Phe 15
Lys 30
Ala 45
Arg 60
Phe 75
Ala 20
Ile 105
Val 120
Leu 135
Gly 150
His 165
Glu 180
Asn 195
Ala 210
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Ala

Asp
Tyr
Trp
Asn

Leu

Gln
Asp
Asn
Ser
Asp
Ile
302

Thr
Ala
Gly

Asn

Asp

SEQ ID NO:3.

Pro Ser Ser

Asp

Lys
Phe
Asn
Leu
Leu
Ala
Met
Ala
Leu
His
Gly
Ser
Cys
Ala
Leu
Asp
Tyr
Trp
Asn

Teu

Ser
Leu
His
Met
Asn
Glu
Gln
Thr
Ala
Gly
Val
Cys
Gln
Gln
Asp
Asn
Ser
Asp
Ile
302

Tyx
Glu
Leu
Ser
Ala
Ile
aly
Glu
Glu
Asp
Val
Arg
Ile
Thr
Ala
Gly
Asn
Thr
Asp

SEQ ID NO:4

His
Phe
Tyr
Ala

Asn

Ile
Ala
Ser
Ser
Ala
Glu
Asp
Gly
Ser
Gln
Thr
GIn
Arg
Ty
His
Phe
Tyr
ala
Asn

Leu

Ser
Arg
Gln
Gln
Trp
Met

Lys
Thxr
Val
Asp
Glu
Thy
Leu
Cys
Ala
Glu
Ile
Glu
Pro
Pro

Ser

Gln
Gln
Trp
Met

Ala
His
Pro
Gly
Gly
Met

Thxr
Phe
Lys
Leu
Ala
Asn
Arg
Gly
Tyr
Leu
Pro
ser
Asn
Pro
Ala
His
Pro
Gly
aly
Met

Ile
Tyr
Asn
Val
Asp
Ile

Phe
Glu
Tyr
Ser
Phe
Ala
Gln
Ser
Leu
val
Arg
Tyr
Ala
Asn
Ile
TyY
Asn
val
Asp
Ile

Ala

Tyx
Asp
Asn
Glu

alu
Asp
val
Leu
Glu
Arg
Met
Cys
Ala
Asp
Gly
Tyr
Gln
Val
Ala
hsp

Asp
Asn
Glu

val
Gly
His
Tyr
Gly
Glu

Glu
Glu
Gln
Asp
His
Ser
Arg
Trp
TYr
Cys
Ile
Arg
Arg
Asn
val
Gly
His
Tyr
aly
Glu

Ile
Arg
Ala
Trp
Tyr
Tyr

Tyr
Glu
Ser
Glu
Leu
Ile
Thr
Ala

Ala
Glu
Tyr
Phe
Lys
Ile
Arg
Ala
Trp
Tyr
Tyr

Ile
Thr
Val
Ile
Gly

Pro

Lys
Ala
Asn
Phe
Lys
Asn
val
Phe
Asn
Ser
Tyr
val
Gly
Ile
Ile
Thr
val
Ile
aly

Pro

Lys
Ala
Gly
Lys
Thr
Gly

Sexr
Gln
Gln
Ile
Ala
Ile
Arg
Gly
Ile

Asn

Tyr
Tyr

Ile
Ile
Ile
Arg
Phe
val

Ile
Ile
Ile
Arg
Phe
val

1 CGECCGAGCTCCATTAAGACCTTCGAGGAATACAAGAAAGCCTTCAACAA

51 GAGCTATGCCACCTTCGAGGACCAGGAGECCACGCGCAAGAACTTCCTEE

101
151
201
251

AAAGCGTGARATACGTGCAGAGCAACGECGEGGCTATAAATCACCTGTCC
GACCTGTCTTTAGACCAGTTCAAGAACCGGTTCCTGATGAGCGCCCAGGC
TTTCGAACACCTTAAGACCCAGTTTGATCTCAACGCGGAGACCAACGCCE

EAGTATCAACGGCAATGCCCCCGCTGAGATTGATCTGCGCCAGATGAGG

42

(82)

PCT/EP02/09122
Lys 225
Gln 240
val 255
Asn 270
Ala 285
Val 300
Phe 15
Lys 30
Ala 45
Arg 60
Phe 75
Ala 20
Iile 105
Val 120
Leu 135
gly 150
His 165
Glu 180
Asn 195
Ala 210
Lys 225
Gln 240
val 255
Asn 270
Ala 285
Val 300
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301
351
401
451
501
551
601
651
701
751
801
851
901

ACCGTGACTCCCATCCGCATGCARGGCGECTECAGETCTTGTTEGGCCTT
TTCAGGCGTGGCCGCGACAGAGTCGGCATACCTCCGCGTATCGGAATCAGA
GCCTGGACCTCGCTGAGCAGGAGCTCEGTTGACTGCGCCTCCCAACACGGA
TETCATGEGGATACGATTCCCAGAGGTATCGAATACATCCAGCATAATGE
CETCGTGCAGGAAAGCTATTACCEGATACGTAGCTAGGGAGCAGTCCTACTC
GCCGTCCTAACGCACAGCECTTCGGCATTTCCAARTTATTGCCAGATCTAC
CCCCCTAATGCCAACAAGATCAGCGAGGCCCTEGCECAGACECACAGCGC
CATCGCTGTCATCATCGGAATCAAGGATCTGGACGCATTCCGGCACTATG
ACGGGCGCACARTCATCCAGCGCGACAACGGATATCAGCCAARCTACCAC
GCGGTCAACATCGTGEGCTTACTCCAACGCCCAGGEGGTCCACTACTGGAT
CGTGAGRAACAGTTGGGACACTAACTGGGECEACAACGGCTACGGCTACT
TCGCCGCCAACATCCACCTGATGATGATCCAGGAGTACCCGTACGTEETE
ATCCTGTAA

SEQ ID NO:5

Pro Ser Ser Ile Lys Thr Phe Glu Glu Tyr Lys Lys Ala
Lys Ser Tyr Ala Thr Phe Glu Asp Glu Glu Ala Ala Arg
Phe Leu Glu Ser Val Lys Tyr Val @Gln Ser Asn Gly Gly
Asn His Leu Ser Asp Leu Ser Leu Asp Glu Phe Lys Asn
Leu Met Ser Ala Glu Ala Phe Glu His Leu Lys Thr Gln
Leu Asn Ala Glu Thr Asn Ala Cys Ser Ile Asn Gly Asn
Ala Glu Ile Asp Leu Arg Gln Met Arg Thr Val Thr Pro
Met Gln Gly Gly Axg Gly Ser Cys Trp Ala Phe Sex Gly
Ala Thr Glu Ser Ala Tyr Leu Ala Tyr Arg Asn Gln Ser
Leu Ala Glu Gln Glu Leu Val Asp Cys Ala Ser Gln His
His Gly Asp Thr Ile Pro Arg Gly Ile Glu Tyr Ile Glon
Gly Val Val Gln Glu Ser Tyr Tyr Arg Tyr Val Ala Arg
Ser Cys Arg Arg Pro Asn Ala Gln Arg Phe Gly Ile Ser
Cys Gln Ile Tyr Pro Pro Asn Val Asn Lys Ile Arg Glu
Ala Gln Thr His Ser Ala Ile Ala Val Ile Ile Gly Ile
Leu Asp Ala Phe Arg His Tyr Asp Gly Arg Thr Ile Ile
Asp Asn Gly Tyr Gln Prc Asn Tyr His Ala Val Asn Ile
Tyr Ser Asn Ala Gln Gly Val Asp Tyr Trp Ile Val Arg
Trp Asp Thr Asn Trp Gly Asp Asn Gly Tyr Gly Tyr Phe
Asn Ile Asp Leu Met Met Ile Glu Glu Tyr Pro Tyr Val
Leu 302

43

(83)

PCT/EP02/09122
Phe 15
Lys 30
Ala 45
Ary 60
Phe 75
ala 20
Ile 105
Val 120
Leu 135
Gly 150
His 165
Glu i80
Asn 195
Ala 210
Lys 225
GIn 240
val 255
Asn 270
Ala 285
val 300
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SEQ ID NO:6

1
51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
201

CGGCCGAGCTCCATTAAGACCTTCGAGGRATACAAGAARGCCTTCAACAA
GAGCTATGCCACCTTCGAGGACGAGCGAGGCCACGCGCAAGAACTTCCTGG
AAAGCGTGAAATACGTGCAGAGCARCGGCGEGEGCTATABATCACCTIGTCC
GACCTGTCTTTAGACGAGTTCAAGAACCGETTCCTGATGAGCGCCEAGEC
TTTCGARCACCTTARGACCCAGTTTGATCTCAACGCGEAGACCARCGCCT
GCAGTATCAACGGCAATGCCCCCGCTGAGATTGATCTGCGCCAGATGAGE
ACCGTGACTCCCATCCCECATCCAAGGCEBCCETCEETCTTETTGGGCCTT
TTCAGGCETEECCACGACACGAGTCEGCATACCTCGCGTATCGGAATCAGA
GCCTGGACCTCECTGAGCAGCAGCTCGTTGACTGCGCCTCCCARCACGGA
TGTCATGGEGATACGATTCCCAGAGGTATCGAATACATCCAGCATAATGG
CETCGTGCAGGARAGCTATTACCGATACGTAGCTAGGGAGCAGTCCTGCC
GCCATCCTARCGCACAGCECTTCGGCATTTCCAATTATTGCCAGATCTAC
CCCCCTAATGCCAACAAGATCAGGGAGGCCCTGRCGCAGACGCACAGCGT
CATCGCTETCATCATCGGAATCAARGGATCTGEGACGCATTCCGGCACTATG
ACGGEECGCACAATCATCCAGCECGACAACGEATATCAGCCAARCTACCAC
GCGGTCAACATCGTGGEGTTACTCGAACGCCCAGGEGGTGEACTACTGGAT
CGTGAGAAACAGTTGGCACACTAACTGCCECEACAACGGCTACGGCTACT
TCECCACCAACATCEGACCTGATGATGATCCGAGGAGTACCCATACGTCATE
ATCCTGTAR

SEQ ID NO:7

Arg

Asp

Pro Ser Ser Ile Lys Thr Phe Glu Glu Tyr Lys Lys Ala
Lys Ser Tyr Ala Thr Phe Glu Asp Glu Glu Ala Ala Arg
pPhe Leu Glu Ser Val Lys Tyr Val Gln Ser Asn Gly Gly
Asn His Leu Ser Asp Leu Ser Leu Asp Glu Phe Lys Asn
Leu Met Ser Ala Glu Ala Phe Glu His Leu Lys Thr Gln
Leu Asn Ala Glu Thr Asn Ala Cys Ser Ile Asn Gly Asn
Ala Glu Ile Asp Leu Arg Gln Met Arg Thr Val Thr Pro
Met Gln Gly Gly Cys Gly Ser Cys Trp Ala Phe Ser Gly
Ala Thr Glu Ser Ala Tyr Leu Ala Tyr Arg Asn Gln Ser
Leu Ala Glu Gln Glu Leu Val Asp Arg Ala Ser Gln His
His Gly Asp Thr Ile Pro Arg Gly Ile Glu Tyr Ile Gln
Gly Val val Gln Glu Ser Tyr Tyr Arg Tyr Val Ala Arg
Ser Cys Brg Arg Pro Asn Ala Gln Arg Phe Gly Ile Sexr
Cys @ln Tle Tyr Pro Pro Asn Val Asn Lys Ile Arg Glu
Ala Gln Thr His Ser Ala Ile Ala Val Tle Ile Gly Ile
Leu Asp Ala Phe Arg His Tyr Asp Gly Arg Thr Ile Ile

44-

(84)

PCT/EP02/09122
Phe 15
Lys 30
Ala 45
Arg 60
Phe 75
Ala 90
Ile 105
val 120
Leu 135
Gly 150
His 165
Glu 180
Asn 195
Ala 210
Lys 225
Gln 240
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Arg
Gly
Ser

Ile

Asp Asn Gly Tyr Gln Prc Asn Tyr His Ala Val Asn Ile

Tyr Ser Asn Ala Gln Gly Val Asp Tyr Trp Tle Val Arg Asn
Trp Asp Thr Asn Trp Gly Asp Asn Gly Tyr Gly Tyr Phe Ala

Asn Ile Asp Leu Met Met Ile Glu Glu Tyr Pro Tyr Val
Leu 302

SEQ ID NO:8
1 CGGCCGAGCTCCATTAAGACCTTCGAGGAATACAAGAAAGCCTTCAACAA

51

101
151
201
251
301
351
401
451
501
551
601
851
701
751
801
851
201

GAGCTATGCCACCTTCCACGCACGAGGAGGECCGCECGCAAGAACTTCCTGG

AARGCGTGARATACGTGCAGAGCAACGECEGEECTATAAATCACCTGTCC
GACCTGTCTTTAGACGAGTTCAAGAACCGGTTCCTGATGAGCGCCGAGGC
TTTCGAACACCTTAAGACCCAGTTTGATCTCAACGCGGAGACCAACGCCT
GCAGTATCAACGGCAATGCCCCCGCTGAGATTCGATCTGCGCCACATGAGG
ACCGTGACTCCCATCCGCATGCAAGGCEECTECGGETCTTGTTGEGCCTT
TTCAGGCGTEGCCCCGACAGAGTCEGECATACCTCCGCGTATCGGARTCAGA
GCCTGGACCTCGCTGAGCAGGAGCTCATTGACCETGCCTCCCARCACGGA
TGTCATGGEGATACCATTCCCAGAGGTATCGAATACATCCAGCATARTGG
CGTCGTGCAGGAAAGCTATTACCGATACGTAGCTAGGGAGCAGTCCTGCC
GCCGTCCTAACGCACAGCECTTCAGCATTTCCAATTATTGCCAGATCTAC
CCCCCTAATGCCAACAAGATCRAGGCAGGCCCTGECECAGACGCACAGCGT
CATCGCTGTCATCATCGGAATCAAGGATCTGCACGCATTCCGGCACTATG
ACGGECECACAATCATCCAGCGCGACAACGGATATCAGCTCARACTACCAC
GCGETCAACATCGTGCGGTTACTCGAACGCCCAGGEGGTCGACTACTGCGAT
CGTGAGAAACAGTTGGGACACTARCTGGEGGCGACARCGGCTACGGCTACT
TCGCCGCCAACATCGACCTGATGATGATCGAGGAGTACCCGTACGTGGTG
ATCCTGTAA

SEQ ID NO:9.

Arg
Asn
Asn
Ile
Phe

Pro Ser Ser Ile Lys Thr Phe Glu Glu Tyr Lys Lys Ala
Lys Ser Tyr Ala Thr Phe Glu Asp Glu Glu Ala Ala Arg
Phe Leu Glu Ser Val Lys Tyr Val Gln Ser Asm Gly Gly
Asn His Leu Ser Asp Leu Ser Leu Asp Glu Phe Lys Asn
Leu Met Ser Ala Glu Ala Phe Glu His Leu Lys Thr Gin
Leu Asn Ala Glu Thr Asn Ala Cys Ser Ile Asn Gly Asn
Ala Glu Ile Asp Leu Arg Gln Met Arg Thr Val Thr Pro
Met Gln Gly Gly Cys Gly Ser Cys Trp Ala Phe Ser Gly
Ala Thr Glu Ser Ala Tyr Leu Ala Tyr Arg Asn Gln Ser

-45-

(85)

PCT/EP02/09122

Val

val

Phe
Lys
Ala
Arg
Phe
Ala
Iile
Val

Leu

255
270
285
301

15
30
45
60
75
90
105
120
135

JP 2005-502339 A 2005.1.27



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

30

35

WO 03/016340

Asp Leu Ala Glu Gln Glu Leu Val Asp Cys Ala Ser Gln His
Arg His Gly Asp Thr Ile Pro Arg Gly Ile Glu Tyr Ile Gln
Asn Gly Val Val Gln Glu Ser Tyr Tyr Arg Tyr Val Ala Arg
@ln Ser Cys Arg Arg Pro Asn Ala Gln Arg Phe Gly Ile Ser
Tyr Cys Gln Ile Tyr Pro Pro Asn Val Asn Lys Ile Arg Glu
Leu Ala Gln Thr His Sex Ala Ile Ala Val Ile Ile Gly Ile
Asp Leu Asp Ala Phe Arg His Tyr Asp Gly Arg Thr Ile Ile
Arg Asp Asn Gly Tyr Gln Pro Asn Tyr His Ala Val Asn Ile
Gly Tyr Ser Asn Ala Gln Gly Val Asp Tyr Trp Ile Val Arg
Ser Trp Asp Thr Asn Trp Gly Asp Asn Gly Tyr Gly Tyr Phe
Ala Asn TIle Asp Leu Met Met Ile Glu Glu Tyr Pro Tyr Val
Ile Deu 302
SEQ ID NO:10

1 CGGCCGAGCTCCATTAAGACCTTCGAGGAATACAAGAAAGCCTTCAACAA
51 GAGCTATGCCACCTTCGAGGACGAGGAGGCCEGCECECAAGARCTTCCTRG
101 ARAGCCTGARATACGTGCAGAGCAACGGCGGGGCTATAAATCACCTETCC
151 GACCTGTCTTTAGACGAGTTCRAGAACCGGTTCCTGATGAGCGCCCAGEC
201 TTTCGAACACCTTAAGACCCAGTTTGATCTCAACGCGGAGACCRACGCCT
251 GCAGTATCAACGGCAATGCCCCCECTCAGATTGATCTGCGCCAGATGAGG
301 ACCGTGACTCCCATCCGCATGCAAGBCGGCTECEEETCTTETTEGEACCTT
351 TTCAGGCGTGGCCGCGACAGAGTCGGCATACCTCECGTATCGEAATCAGA
401 GCCTGGACCTCGCTGAGCAGGAGCTCAETTGACTECCECCTCCCAACACGGA
451 CETCATGGGGATACCATTCCCAGAGGTATCGAATACATCCAGCATAATGE
501 CGTCGTGCAGGAAAGCTATTACCGATACGTAGCTAGGGAGCAGTCCTEGCC
551 GCCETCCTAACGCACAGCGCTTCGGCATTTCCAATTATTGCCAGATCTAC
601 CCCCCTAATGCCAACAAGATCAGGGAGGCCCTGGCACAGACGCACAGCGT
651 CATCGCTGTCATCATCGGAATCAAGGATCTGGACCCATTCCGGCACTATG
701  ACGGGCGCACAATCATCCAGCGCGACAACGEATATCAGCCARACTACCAL
751 GCGOTCAACATCGTGGETTACTCGAACGCCCAGGGGETGGACTACTGEAT
801 CGTGAGAAACAGTTGGGACACTAACTEGECCGACAACGGCTACGECTACT
851 TCGCCGCCAACATCGACCTGATGATGATCGAGGAGTACCCGTACGTGETG
901 ATCCTGTAA
SEQ ID NO:11

(86)

PCT/EP02/09122
Gly 150
His 165
Glu 180
Asn 195
Ala 210
Lys 225
Gln 240
val 255
Asn 270
Ala 285
Val 300

Arg Pro Ser Ser Ile Lys Thr Phe Glu Glu Tyr Lys Lys Ala Phe

Asn Lys Ser Tyr Ala Thr Phe Glu Asp Glu Glu Ala Ala Arg Lys

Asn Phe Leu Glu Ser Val Lys Tyr Val Gln Ser Asn Gly Gly 2Ala

-46-
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Tle
Phe
Asp

Axrg

Asp
Arg

Asn His Leu Ser Asp Leu Ser Leu Asp Glu Phe Lys Asn
Leu Met Sexr Ala Glu Ala Phe Glu His Leu Lys Thr Gln
Leu Asn Ala Glu Thr Asn Ala Cys Ser Ile Asn Gly Asn
Ala Glu Tle Asp Leu Arg Gln Met Arg Thr Val Thr Pro
Met Gln Gly Gly Cys Gly Ser Cys Trp Ala Phe Ser Gly
Ala Thr Glu Sexr Ala Tyr Leu Ala Tyr Arg Asn Gln Ser
Leu Ala Glu Gln Glu Leu Val Asp Cys Ala Ser Gln His
His @ly Asp Thr Ile Pro Arg Gly Ile Glu Tyr Ile Gln
Gly Vval Val Gln Glu Ser Tyr Tyr Arg Tyr Val Ala Arg
Ser Arg Arg Arg Pro Asn Ala Gln Arg Phe Gly Ile Ser
Cys Gln Ile Tyr Pro Pro Asn Val Asn Lys Ile Arg Glu
Ala Gln Thr His Ser Ala Ile Ala Val Ile Ile Gly Ile
Leu Asp Ala Phe Arg His Tyr Asp Gly Arg Thr Ile Ile
Asp Asn Gly Tyr Gln Pro Asn Tyr His Ala Val Asn Ile
Tyr Ser Asn Ala Gln Gly Val Asp Tyr Trp Ile Val Arg
Trp Asp Thr Asn Trp Gly Asp Asn Gly Tyr Gly Tyr Phe
Asn Tle Asp Leu Met Met Ile Glu Glu Tyr Pro Tyr Val

Leu 302

SEQ ID NO:12

1
51
10l
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901

CGGCCGAGCTCCATTAAGACCTTCGAGGAATACAAGAAAGCCTTCARCAA
GAGCTATGCCACCTTCGAGCACGAGGAGECCEGCGCGCARGARCTTCCTGG
AAAGCGTGAARATACATGCACAGCAACGGCCGGGCTATARATCACCTGTCC
GACCTGTCTTTAGACGAGTTCAAGAACCEETTCCTEATCAGCGCCEGACGC
TTTCEGAACACCTTAAGACCCAGTTTGATCTCAACGCGGAGACCAACGCCT
GCAGTATCAACGGCAATGCCCCCECTEAGATTGATCTCCEGCCAGATGAGG
ACCGTGACTCCCATCCGCATECAAGECGECTECGGETCTTGTTGEECCTT
TTCAGGCGTGGCCGCCACAGAGTCCEECATACCTCACGTATCGCAATCAGA
GCCTGCACCTCGCTCAGCAGEGAGCTCETTCACTGCGCCTCCCARCACGGA
TATCATGGGGATACGATTCCCAGAGGTATCGAATACATCCAGCATAATGG
CGTCGTGCAGGAAAGCTATTACCGATACCGTAGCTAGGGAGCAGTCCCGTC
GCCGTCCTAACGCACAGCGCTTCGGCATTTCCAATTATTGCCAGATCTAC
CCCCCTAATGCCAACAAGATC? CTGGCECAGACGCACAGCGT
CATCGCTGTCATCATCGGAATCARGEATCTACACGCATTCCGEGCACTATG
ACGGGCGCACAATCATCCAGCGCGACAACGCGATATCAGCCARACTACCAC
GCGGTCAACATCGTGGGTTACTCCGAACGCCCAGGGGGTGGACTACTGGAT
CGTGAGAAACAGTTGGGACACTAACTGGEGCCGACARCGGCTACGGCTACT
TCGCCGCCAACATCGACCTCATGATGATCGAGGAGTACCCETACGTCETE
ATCCTGTAA

87)

PCT/EP02/09122
Arg 60
Phe 75
Ala 90
Ile 105
val 120
Leu 135
ely 150
His 165
Glu 180
Asn 195
Ala 210
Lys 225
Gln 240
val 255
Asn 270
ala 285
Val 300
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SEQ ID NO:13

Arg
Asn
Asn
Ile
Phe

Pro Ser Ser Ile Lys Thr Phe Glu Glu Tyr Lys Lys Ala
Lys Ser Tyr Ala Thr Phe Glu Asp Glu Glu Ala Ala Axrg
Phe Leu Glu Ser Val Lys Tyr val Gln Ser Asn Gly Gly
Asn His Leu Ser Asp Leu Ser Leu Asp Glu Phe Lys Asn
Leu Met Ser Ala Glu Ala Phe Glu His Leu Lys Thr Gln
Leu Asn Ala Glu Thr Asn Ala Cys Ser Ile Asn Gly Asn
Ala Glu Ile Asp Leu Arg Gln Met Arg Thr Val Thr Pro
Met @Gln Gly Gly Cys Gly Ser Cys Trp Ala Phe Ser Gly
Ala Thr Glu Ser Ala Tyr Leu Ala Tyr Arg Asn Gln Ser
Leu Ala Glu Gln Glu Leu Val Asp Cys Ala Ser Gln His
His Gly Asp Thr Ile Pro Arg Gly Ile Glu Tyr Ile Gln
Gly val Vval Gln Glu Sexr Tyr Tyr Arg Tyr Val Ala Arg
Ser Cys Arg Arg Pro Asn Ala Gln Arg Phe Gly Ile Ser
Arg Glum Ile Tyr Pro Pro Asn Val Asu Lys Ile Arg Glu
Ala Gln Thr His Ser Ala Ile Ala Val Ile Ile Gly Ile
Leu Asp Ala Phe Arg His Tyr Asp Gly Arg Thr Tle Ile
Asp Bsu Gly Tyr Gln Pro Asn Tyr His Ala Val Asn Ile
Tyr Ser Asn Ala Gln Gly Val Asp Tyr Trp Ile Val Arg
Trp Asp Thr Asn Trp Gly Asp Asn Gly Tyr Gly Tyr Phe
Asn Ile Asp Leu Met Met Ile Glu Glu Tyr Pro Tyr Val
Leu 302

SEQ ID NO:14

1
51
101
151
201
251
301
351
401
451
501
551
601

CGGCCGAGCTCCATTARCACCTTCGAGGAATACAAGAAAGCCTTCAACAA
GRGCTATGCCACCTTCGAGCACGAGCAGGCCECGCECAACAACTTCCTCG
AARGCGTGARATACGTGCAGAGCAACGECGGGECTATARATCACCTATCC
GACCTGTCTTTAGACGAGTTCAAGAACCGCTTCCTEGATGAGCECCBAGGC
TTTCGAACACCTTARGACCCAGTTTGATCTCAACGCEGAGACCAACGCCT
GCAGTATCAACGGCAATGCCCCCGCTGAGATTGATC TGCGCCAGATGAGE
ACCGTGACTCCCATCCECATGCAAGGCGGCTGCGEETCTTGTTEGGCCTT
TTCAGGCGTGGCCGCGACAGAGTCGGCATACCTCGCGTATCGGAATCAGA
GCCTGEACCTCECTEACGCAGCAGCTCETTGACTECECCTCCCAACACGAA
TGTCATGEEGATACGATTCCCAGAGGTATCGAATACATCCAGCATAATGG
CGTCGTGCAGGAARAGCTATTACCGATACGTAGCTAGGGAGCAGTCCTGCC
GCCGTCCTAACGCACAGCGCTTCGGCATTTCCAATTATCETCAGATCTAC
CCCCCTAATGCCAACARAGATCAGGGAGACCCTGGCEGCAGRCGCACAGCGC

-48-

(88)

PCT/EP02/09122
Phe 15
Lys 30
Ala 45
Arg 60
Phe 75
Ala 90
ile 105
Val 120
Leu 135
@ly 150
His 165
Glu 180
Asn 195
Ala 210
Lys 225
Gln 240
val 255
Asn 270
Ala 285
Val 300
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CATCGCTETCATCATCEGGAATCAAGCAT CTGGACGCATTCCCGCACTATG
ACGGGCGCACAATCATCCACGCECGACAACGEGATATCAGCCARACTACCAC
GCGGTCAACATCCTGGGTTACTCGAACGCCCAGGGGEGTGGACTACTGCAT
CGTGAGAAACAGTTGGGEACACTAACTEGGEGGCGACAACGECTACGGCTACT

TCGCCGCCARCATCGACCTCATGATCATCGAGGAGTACCCETACETGETE
ATCCTGTAA

-49-

(89)

PCT/EP02/09122
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CLAIMS
1. A recombinant Der phagoides  pter 7 DerP1  or ProDerPl

11.

12.

(DerP1/ProDerP1) protein allergen derivative wherein said allergen derivative has a

significantly reduced allergenic activity compared to that the wild-type allergen.

. A recombinant DerP1/ProDerP1 derivative as claimed in claim 1, wherein said

derivative has been thermally treated.

. A recombinant DerP1/ProDerP1 derivative as claimed in claim 1, wherein said

derivative has been genetically mutated.

. A recombinant DerP1/ProDerP1 mutant as claimed in claim 3, wherein said mutant

comprises one or more of the DerP1 following mutation: a mutation of the cysteine 4
residue, a mutation of the cysteine 31 residue, a mutation of the cysteine 65 residue, a
mutation of the cysteine 71 residue, a mutation of the cysteine 103 residue and a

mutation of the cysteine 117 residue.

. A recombinant mutant allergen having any of the sequences selected from the group

consisting of: SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID
NO: 11, SEQ ID NO: 13.

. An isolated nucleic acid molecule encoding a mutated version of an allergen as

claimed in any one of claims.

. A nucleic acid sequence according to claim 6 wherein the codon usage pattern

resembles that of highly expressed mammalian genes.

. An expression vector containing a nucleic acid of claim 6 or 7.

. A host cell transformed with a nucleic acid sequence of claim 6 or 7 or with a vector

as claimed in claim 8.

. An immunogenic composition comprising a recombinant protein or mutant allergen

as claimed in any one of claims 1 to 5, or an encoding polynucleotide as claimed in
claim 6 to 8, and, optionally, an adjuvant.

An immunogenic composition as claimed in claim 10, wherein the adjuvant is a
preferential stimulator of Thl-type immune responses.

An immunogenic composition as claimed in claim 10 or 11 wherein the adjuvant
comprises one or more of 3D-MPL, QS21, a CpG oligonucleotide, a polyethylene

ether or ester or a combination of two or more of these adjuvants.
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13. An immunogenic composition as claimed in any of claims 10 to 12 wherein the
allergen is presented in an oil in water or a water in oil emulsion vehicle.
14, A immunogenic composition as claimed herein for use in medicine.
15. Use of a recombinant protein or mutant allergen as claimed in any one of claims 1 to
5 5 in the manufacture of a medicament for the treatment of allergy.
16. A method of treating a patient suffering from or preventing a patient susceptible to
allergic responses, comprising administering to said individual an immunogenic

composition as claimed in claims 10 to 13.
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FIG. 1: IgG and IgE-binding reactivity of denatured ProDerP1 expressed in
CHO cells.

ODa10nm

denatured ProDer p 1 (0OD410nm)
e © © © © o o
- (<) w k- < o ~

=)

2.0

IgE

native denatured

IgG

y = 0.7513x
R’ =0.5942 L4

0.2 0.4 0.6 0.8 1
native ProDer p 1 (OD410nm)

2005-502339 A 2005.1.27



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(93) JP 2005-502339 A 2005.1.27

WO 03/016340 PCT/EP02/09122
2/3
FIG, 2: Correlation between the IgE reactivity of MBP-ProDerP1 and natural
DerP1.
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FIG. 3: IgE-binding reactivities of MBP-ProDerPl mutants, carrying the
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FIG. 4:
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Fig. 5: Schematic representation of the animal model of house dust mite allergy.
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175
tte
Phe

ate
Ile

gga
Gly

ate
Ile

gtg
val
255
agt
Ser

aac
Asn

Phe
15

Asn
Asn
Met
Ala
Asp

Arg

tac
Tyxr

gge
Gly

agg
Arg

atc
Ile

cag
Gln
240

ggt
cly

tgg
Trp

ate
Ile

Asn
Phe
His
Ser
Glu

80
Leu

576

720

864

909
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Glu
Val

Ile

Lys
225

TyTr

Asp

Cys
Tyr

130
Ala

Tyx
Ala
Ser
Ala
210
Asp
Asp
Ser

Thr

Leu
290

<210> 6

<211>
<212>
<213>

<220>

<221>
<222>

<223>

<400> 6

cgg
Arg
1

aag
Lys

ctyg
Leu

ctg
Leu

gee
Ala
65

acc
Thr

ceg
Pro

age
Ser

gaa
Glu

tce
Ser
50

gag
Glu

Asn

Trp
115
Arg

Ile
Arg
Asn
185
Leu
Leu
Asn
Asn
Asn

275
Met

909
DNA
Artificial Sequence

cps
(1) ... (206)

age
Ser

tat
Tyr

agc
Ser
35

gac

Asp

gct
Ala

gce
Ala

Ala
Asn
Gln
Gln

Glu
180
Tyr

Ala
Asp
Gly
Ala
260

Trp

Met

tee
Ser

gee
Ala
20

gtg
val

cty
Leu

tte
Phe

tge
Cys

Phe
Gln
His
His
165
Gln
Cys
Gln
Ala
Tyr
245
Gln
Gly

Ile

att
Ile

acc
Thr

aaa
Lys

tet
Ser

gaa
Glu

agt
Ser
85

Ser
Ser
Gly

150
Asn

Gln
Thr
Phe
230
Gln
aly
Asp

Glu

aayg
Lys

tte
Phe

tac

tta
Leu

cac
His
70

atc
Ile

Gly
Leu
135
Cys
Gly
Cys
Iile
His
215
Arg
Pro
Val

Asn

Glu
295

acc
Thr

gag
Glu

gtg
Val

gac
Asp
55

ctt

Leu

aac
Asn

Val
120
Asp

His

val

Tyxr
200
Ser
His
Asn

Asp

Gly
280

C31R mutant of ProDerPl

tte
Phe

gac
Asp

cag
Glo
40

gag
Glu

aag
Lys

gge
Gly

Ala
Leu
Gly
val
Arg
185
Ala
Tyr
Tyr
Tyr
265
Tyr

Pro

gag
Glu

9ag
Glu
25

age

Ser

tte
Phe

acc
Thr

aat
Asn

Ala
Ala
Asp
Gln
170
Pro
Pro
Ile
Asp
His
250
Gly

TYyr

gaa
Glu
10

gag
Glu

aac
Asn

aag
Lys

cag
Gln

gce
Ala
90

Thr
Glu
Thr
155
Glu
Asn
Asn
Ala
Gly
235
Ala
Ile
Tyr

val

tac

Ty

gcc
Ala

ggc
Gly

aac
Asn

ttt
Phe
75

cca

Glu
Gln

140
Ile

Ala
Val
val
220
Arg
Val
Val

Phe

val
300

aag
Lys

geg
Ala

999
Gly

cgg
Arg
60

gat
Asp

get
Ala

Ser
125
Glu
Pro
TyT
Gln
Asn
205
Ile
Thr
Asn
Arg
Ala

285
Ile

aaa
Lys

cge
aArg

gct
Ala
45

ttc
Phe

cte
Leu

gag
Glu

(100)

PCT/EP02/09122

Ala
Leu
Arg
Tyr
Arg
190
Lys
Ile
Ile
Ile
Asn
270

Ala

Leu

gcec
Ala

aag
Lys
30

ata

Ile

ctg
Leu

aac
Asn

att
Ile

Tyx
Val
Gly
Arg
175
Phe
Ile
Gly
Tle
val
255

Ser

Asn

tte

aat
Asn

atg
Met

gecg
Ala

gat
Asp
95

Leu
Asp
Ile
1860
Tyr
Gly
Axg
Ile
Gln
240
Gly
Trp

Ile

aac
Asn

tte
Phe

cac
His

age
Ser

gag
Glu
80

ctg
Leu

48

96

144

240
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cge
Arg

tect
Ser

gcg
Ala

tge
Cys
145

gaa
Glu

gta
Val

att
Ile

gag
Glu

aag
Lys
225

cge

Arg

tac
Tyr

gac
Asp

cag
Gln

tgt
Cys

tat
Tyr
130

gec
Ala

tac
Tyxr

gct
Ala

tec
Ser

gee
Ala
210

gat
Asp

gac
Asp

tcg
Ser

act
Thr

ctg
Leu
290

<210> 7
<211> 302
<212> PRT
<213»> Artificial Sequence

<220>
<223> C65SR mutant of ProDerPl

atg
Met

tgg
Trp
118

cgg
Arg

Ser

ate
Ile

Arg

aat
Asn
195

ctg
Leu

ctg
Leu

aac
Asn

aac
Asn

aac
Asn
275

atg
Met

agg
Arg
100

gee
Ala

aat
Asn

caa
Gln

cag
Gln

gag
Glu
180

tat
Tyx

geg
Ala

gac
Asp

gga
Gly

gee
Ala
260

tog
Trp

atyg
Met

acc
Thr

£ttt
Phe

cag
Gln

cac

cat
His
165

cag
Gln

tgc
Cys

cag
Gln

gca
Ala

tat
Tyr
245

cag

Gln

ggc
Gly

ate
Ile

gtg
val

tea
Ser

aga
Ser

gg9a
aly
150

aat
Asn

tee
Ser

cag
Gln

acg
Thr

tte
Phe
230

cag

Gin

999
Gly

gac
Asp

gag
Glu

act
Thr

gge
Gly

ctg
Leu
135

tgt
Cys

gge
aly

tge
Cys

atc
Ile

cac
Hig
215

cgg
Arg

cca
Pro

gtg
val

aac
Asn

dgag
Glu
285

coe
Pro

gtg
val
120

gac
Asp

cat
His

gte
Val

cge
Arg

tac
Tyr
200

age

Ser

cac
His

aac
Asn

gac
Asp

ggc
Gly
280

tac

atc
Ile
105

gee

Ala

cte
Leu

999
Gly

gtg
Val

cgt
Arg
185

cce

Pro

geo
Ala

tat

tac
Tyx

tac
Tyx®
265

tac

ceg
Pro

cge
Arg

geg
Ala

gct
Ala

gat
Asp

cag
Gln
170

cct
Pro

cct
Pro

ate
Ile

gac
Asp

cac
His
250
tgg
Trp

ggc
Gly

tac
Tyx

atg
Met

aca
Thr

gag
Glu

acg
Thr
155

gaa
Glu

aac
Asn

aat
Asn

get
Ala

999
Gly
235

geg
Ala

ate
Ile

tac
Tyx

gtg
val

caa
Gln

gag
Glu

cag
Gln
140

att
Ile

age
Ser

gca
Ala

gee
Ala

gtc
Val
220

cge
Arg

gte
val

gtg
val

tte
Phe

gty
val
300

gge
Gly

tcg
Ser
125

gag
Glu

cee
Pro

tat
Tyxr

cag
Gln

aac
Asn
205

atc
Ile

aca
Thr

aac
Asn

aga
Arg

gce
Ala
285

ate
Ile

(101)

PCT/EP02/09122
ggc cgt ggg 336
Gly Arg Gly
110
geca tac cte 384
Ala Tyr Leu
cte gtt gac 432
Leu Val Asp
aga ggt atc 480
Arg Gly Ile

160
tac cga tac 528
Tyxr Axg Tyr
175
cge tte gge 576
Arg Phe Gly
190
aag atc agg 624
Lys Ile Arg
atc gga atc 672
Ile Gly Ile
atc ate cag 720
Ile Ile Gln
240
ate gtg ggt 768
Ile Val Gly
255
aac agt tgg 816
Asn Ser Trp
270
gee aac atc 864
Ala Asn Ile
ctg 906
Leu
909

JP 2005-502339 A 2005.1.27
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<400> 7

Arg
145
Glu

Val

Glu
Lys
225
Arg
Tyr
Asp

Asp

Pro
Ser
Glu
Ser
50

Glu
Asn
Gln
Cys
Tyr
130
Ala
Tyr
Ala
Ser
Ala
210
Asp
Asp
Ser

Thy

Leu
290

<210> 8

<211> 909
<212> DNA
<213> Artificial Sequence

<220>

<221>
<222>

<223>

<400> 8

cgg
Axg
1

aag
Lys

ctg

ccg
Pro

age
Ser

gaa

Ser
Tyr
Ser

35
BAsp

Ala
Met
Trp
115
Arg
Ser
Ile
Arg
Asn
195
Leu
Leu
Asn
Asn
Asn

275
Met

CDs
(1) ... (%086}

age
Ser

tat
Tyr

age

Ser
Ala
20

val
Leu
Phe
Cys
Arg
100
Ala
Asn
Gln
Gln
Glu
180
Tyx
Ala
Asp
Gly
Ala
260
Trp

Met

tee
Sexr

gec
Ala
20

gtg

Sex
Glu
Sex
85

Thr
Phe
Gln
His
His
165
Gln
Cys
Gln
Ala
Tyr
245
Gln
Gly

Ile

att
Ile
5

ace
Thr

Lys
Phe
Tyr
Leu
His
Ile
val
Ser
Ser
Gly
150
Asn
Ser
Gln
Thr
Phe

230
Gln

Asp

Glu

aag
Lys

ttc
Phe

tac

Thr Phe
Glu Asp

val Gln
40

Asp Glu

55

Leu Lys

Asn Gly
Thr Pro

Gly Val
120

Leu Asp

135

Cys His

aly val

Cys Arg

Ile Tyr
200

His Ser

215

Arg His

Pro Asn
Val Asp
Asn Gly

280

Glu Tyr
295

C65R mutant of ProDerPl

acc ttc
Thxr Phe

gag gac
Glu Asp

gty cag

Glu
Glu

25
Ser

Thr
Asn
Ile
105
Ala
Leu
aly
val
Arg
185

Pro

Ala

Tyr
Tyr
265
Tyr

Pro

Jag
Glu

gag
alu
25

age

Glu
10

Glu
Asn
Lys
Gln
Ala
S0

Arg
Ala
Ala
Asp
Gln
170

Pro

Ile

His
250
Trp
Gly

Tyt

gaa
Glu
10

gag
Glu

aac

Tyr

Gly
Asn
Phe
75

Pro
Met
Thr
Glu
Thr
155
Glu
Asn
Asn
Ala
Gly
235
Ala
Ile
TyT

Val

tac
Tyr

gee
Ala

Lys
Ala
aly
Arg
60

Asp
Ala
Gln
Glu
Gln

140
Ile

Ala
val
val
220
Axg
Val
val
Phe

Val
300

aag
Lys

gcg
Ala

g9

Lys
Arg
Ala
45

Leu

clu

Ser
125
Glu

Tyr
Gln
Asn
205
Ile
Thr
Asn
Arg
Ala

285
Ile

aaa
Lys

cge
Arg

gct

(102)

PCT/EP02/09122

Ala
Lys
30

Ile
Leu
Asn
Ile
Gly
110
Ala
Leu
Arg
Tyr
Arg
120
Ile
Ile
Ille
Asn

270
Ala

gce
Ala

aag
Lys
30

ata

Phe
15

Asn
Met
ala
Asp
Cys
Tyr
Val
Gly
Arg
175
Phe
Ile
Gly
Ile
Val
255
Ser

Asn

tte

aat

Phe
His
Ser
Glu
80

Leu
Gly
Leu
Asp
Ile
160
Tyr
Gly

Arg

@ln
240
Gly
Trp

Tle

aac

tte
Phe

cac

48

96

144
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ctg
Leu

gce
Ala
€5

ace

Thr

ege

tet
Ser

gcg
aAla

cgt
Arg
145

gaa

Glu

gta
val

att
Ile

gag
Glu

aag
Lys
225

cge
Arg

tac

gac
Asp

Glu

toe
Ser
50

gag
Glu

aac
Asn

cag
Gln

tgt
Cys

tat
Tyr
130

gee

Ala

tac
Tyx

gct
Ala

Ser

gecc
Ala
210

gat
Asp

gac
Asp

teyg
Ser

act
Thr

Ser
35

gac

Asp

get
Ala

gce
Ala

atg
Met

tgg

115

cgg
Arg

tee
Ser

ate
Ile

agg
Brg

aat
Asn
195

ctg
Leu

ctyg
Leu

aac
Asn

aac
Asn

aac
Asn
275

Val

ctg
Leu

tte
Phe

tge
Cys

agg
Arg
100

gee
Ala

aat
Asn

caa
Gln

cag
Gln

gag
Glu
180

tat
Tyr

gcg
Ala

gac
Asp

gga
Gly

gce
Ala
260

tgg
Trp

Lys

tet
Ser

gaa
Glu

agt
Ser
85

acc
Thr

ttt
Phe

cag
Gln

cac
His

cat
His
165

cag
Gln

tge
Cys

cag
Gln

gca
Ala

tat
Tyr
245

cag

Gln

gge
ely

Tyr

tta
Leu

cac
His
70

atc
Ile

gty
Val

tca
Ser

age
Ser

gga
aly
150

aat
Asn

tee
Ser

cag
Gln

acyg
Thr

tte
Phe
230

cag

Gln

999
Gly

gac
Asp

Val

gac
Asp
55

Leu

aac
Asn

act
Thr

ggc
Gly

ctg
Leu
135

tgt
Cys

ggc
Gly

tgc
Cys

ate
Ile

cac
His
215

cgg
Arg

cca
Pro

gtg
val

aac
Asn

Gln
40

gag
alu

aag
Lys

gge
Gly

cec
Pro

gtg
val
120

gac
Asp

cat
His

gtc
val

cge
Arg

tac
Tyr
200

age
Ser

cac
His

aac
Asn

gae
Asp

ggc
Gly
280

Ser

tte
Phe

acc
Thxr

Asn

atc
Ile
105

gcc
Ala

cte
Leu

999
Gly

gtg
Val

cgt
Arg
185

cee
Pro

gee
Ala

tat
TyT

tac
Tyr

tac
Tyr
265

tac
Tyr

Asn

aag
Lys

cag
Gln

gee
Ala
20

cge
Arg

geg
Ala

gct
Ala

gat
Asp

cag
Gln
170

cct

cet
Pro

ate
Tle

gac
Asp

cac
His
250
tgg
Trp

gge
Gly

Gly

aac
Asn

tet
Phe
75

cce
Pro

atg
Met

aca
Thr

gag
Glu

acg
Thr
155

gaa
Glu

aac
Asn

aat
Asn

get
Ala

999
Gly
235

gcg
Ala

ate
Ile

tac
Tyr

ely

cgy
Arg
60

gat
Asp

gct
Ala

caa
Gln

gag
Glu

cag
Gln
140

att
Ile

age
Ser

gca
Ala

gce
Ala

gte
Val
220

cge

Arg

gte
val

gty
val

tte
Phe

Ala
45

tte
Phe

cte
Leu

gag
Glu

gge
Gly

teg
Sexr
125

gag
Glu

ccc
Pro

tat
‘I‘yr

cag
Gln

aac
Asn
205

atc
Ile

aca
Thr

aac
Asn

aga
Arg

gee
Ala
285

(103)

PCT/EP02/09122
Ile Asn His
ctg atg agc 192
Leu Met Ser
aac gcg gag 240
Asn Ala Glu
80
att gat ctg 288
Ile Asp Leu
95
ggc tge ggg 336
Gly Cys CGly
110
gca tac cte 384
Ala Tyr Leu
cte gtt gac 432
Leu Val Asp
aga ggt atc 480
Arg Gly Ile
160
tac cga tac 528
Tyr Arg Tyr
175
cge tte gge 576
Arg Phe Gly
iso
aag atc agg 624
Lys Ile Arg
atc gga atc 672
Ile Gly Ile
ate atc cag 720
Ile Ile Gln
240
atc gtg ggt 768
Ile Val Gly
255
aac agt tgg 816
Asn Ser Txp
270
gcc aac atce 864
Ala Asn Ile
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(104)

gac ctg atg atg atc gag gag tac ccg tac gtg gtg ate ctg
Asp Leu Met Met Ile Glu Glu Tyr Pro Tyr Val Val Ile Leu

taa

290

<210> 9

<211>
<212>
<213>

<220>

<223>

<400> 9

Arg
1
Lys

Ala

Cys
145
elu

Pro
Ser
Glu
Ser
50

Glu

Asn

Cys
Tyr
130
Ala
Tyr
Ala
Ser
Ala
210
Asp
Asp
Ser

Thr

Leu
290

302
PRT
Artificial Sequence

Ser
Tyr
Ser
35

Asp
Ala
Ala
Met
Trp
115
Arg

Ser

Tle

Asn
195
Leu
Leu
Asn
Asn
Asn

275
Met

<210> 10
<211> 908
<212> DNA
<213> Artificial Sequence

<220>

ser
Ala
20

val
Leu
Phe
Cys
Arg
100
Ala
Asn
Gln
Gln
Glu
180
Tyr
Ala
Asp
aly
Ala
260
Trp

Met

Ile
5
Thr
Lys
Ser
Glu
Ser

85

Thr
Phe
Gln
His
His
165
Gln
Cys
Gln
Ala
Tyr
245
Gln
Gly

Ile

Lys
Phe
Tyr
Leu
His

70
Ile

Ser
Sexr
cly
150
Asn
Ser
Gln
Thr
Phe

230
Gln

295

Thr
Glu
val
Asp
Leu
Asn
Thr
Gly
Leu
135
Arg
Gly
Cys
Ile
His
215
Arg
Pro
val
Asn

Glu
295

C71R mutant of ProDerPl

Phe
Asp
Gln
40

alu
Lys
Gly
Pro
Val
120
Asp
His
Val
Arg
Tyr
200
ser
His
Asn
Asp
Gly

280
Tyr

Glu
25

ser
bPhe
Thr
Asn
Ile
105
Ala
Leu
aly
val
Arg
185
Pro
Ala
Tyr
Tyx
Tyr
265
TYyTr

Pro

10

Glu
10

Glu
Asn
Lys
Gln
Ala
20

Arg
Ala
Ala
Asp
Gln
170
Pro
Pro
Ile
Asp
His
250
Trp

Gly

Tyr
Ala
Gly
Asn
Phe
Pro
Met
Thr
Glu
Thr

155
Glu

Asn
ala
Gly
235
Ala
Ile
Tyr

Val

300

Lys
Ala
Gly
Arg
60

Asp
Ala
Gln
Glu
Gln
140
Ile
Ser
Ala
Val
Val
220
Val
val
Phe

Val
300

Lys

Ala
45

Phe
Leu
clu
Gly
Ser
125
Glu

Pro

Gln
Asn
208
Ile
Thr
Asn
Arg
Ala

285
Ile

Ala
Lys
30

Ile
Leu
Asn
Ile
Gly

110
Ala

Arg
Tyx
Arg
190
Lys
Ile
Ile
Ile
Asn
270
Ala

Leu

PCT/EP02/09122

Phe
is5

Asn
Asn
Met
Ala
Asp
Cys
TYT
val
Gly
Arg
175
Phe
Ile
Gly
Ile
val
255

Ser

Asn

Asn
Phe
His
Ser
Glu
80

Leu
Gly
Leu
Asp
Ile
160
Tyr
Gly
Arg
Ile
Gln
240
Gly
Trp

Ile

9206
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<221> CDS
<222> (1)...(806)

<223> C71R mutant of ProDerPl

<400> 10
cgg ceg age

Arg
1

aag
Lys

ctg
Leu

ctg
Leu

gee
Ala
65

acc
Thr

cge
Arg

tet
Sexr

gcg
Ala

tge
Cys
145

gaa

Glu

gta
Vval

att
Ile

gag
Glu

Pro

agc
Ser

gaa
Glu

tee
Ser
50

gag
Glu

Asn

cag
Gln

tagt
Cys

tat
YT
130

gce
Ala

tac
Tyxr

gct
Ala

tce
Ser

gec
Ala
210

ser

tat
Tyr

agc
Ser
35

gac
Asp

gct
Ala

gee
Ala

atg
Met

tag
Trp
115

cgg
Arg

tee
Ser

atc
Ile

agg
Arg

aat
Asn
195

ctg
Leu

tce
ser

gee
Ala
20

gtg
val

ctg
Leu

tte
Phe

tge
cys

agg
Arg
100

gec
Ala

aat
Asn

caa
Gln

cag
Gln

gag
Glu
180

tat
TYyr

geg
Ala

att
Ile

acc
Thr

aaa
Lys

tet
Ser

gaa
Glu

agt
Ser
85

acc

ttt
Phe

cag
Gln

cac
His

cat
His
165
cag

Gln

tgc
Cys

cag
Gln

aag
Lys

tte
Phe

tac
Tyr

tta
Leu

cac
His
70

atc
Ile

gtg
val

tea
Ser

agc
Ser

gga
Gly
150

aat

Asn

tee
Ser

cag
Gln

acg
Thr

acc
Thr

gag
Glu

gtg
Val

gac
Asp
55

ctt
Leu

aac
Asn

act
Thr

gge
aly

ctg
Leu
135

cgt
Arg

gge
Gly

tge
cys

atec
Ile

cac
His
215

tte
Phe

gac
Asp

cag
Gln
40

gag
Glu

aag
Lys

ggc
cly

cce
Pro

atg
val
120

gac
Asp

cat
His

gte
Val

cge
Arg

tac
TYY
200

age
Ser

gag
Glu

gag
Glu
25

agc
Sexr

tte
Phe

acc
Thx

aat
Asn

ate
Ile
105

gce

Ala

cte
Leu

999
Gly

gty
val

cgt
Arg
185

cee
Pro

gee
Ala

11

gaa
Glu
10

gag
Glu

aac
Asn

aag
Lys

cag
Gln

gee
Ala
90

cge
Arg

gecg
Ala

gct
Ala

gat
Asp

cag
Gln
170

cet

Pro

cct
Pro

atc
Ile

tac

Tyr

gee
Ala

ggc
Gly

aac
Asn

ttt
Phe
75

cee
Pro

atg
Met

aca
Thr

gag
Glu

acg
Thr
155

gaa

Glu

aac
Asn

aat
Asn

gct
Ala

aag
Lys

geg
Ala

999
Gly

cgg
arg
60

gat
Asp

get
Ala

caa
Gln

gag
Glu

cag
Gln
140

att
Ile

age
Ser

gea
Ala

gee
Ala

gte
val
220

aaa
Lys

ege

Arg

gct
Ala
45

tte
Phe

cte
Leu

gag
Glu

gge
Gly

tcg
Ser
125

gag
Glu

cce
Pro

tat
Tyr

cag
Gln

aac
Asn
205

ate
Ile

(105)

gec
Ala

aag
Lys
30

ata
ile

ctg
Leu

aac
Asn

att
Ile

ggc
Gly
110

gca
Ala

cte
Leu

aga
Arg

tac
Tyr

cge
Arg
190

aay

Lys

ate
Ile

PCT/EP02/09122
ttc aac 48
Phe Asn

15
aac ttc %6

Asn Phe
aat cac 144
Asn His
atg age 192
Met Ser
gcg gag 240
Ala Glu

80
gat ctg 288
Asp Leu
95

tge ggg 336
Cys Gly
tac ctc 384
Tyr Leu
gtt gac 432
val Asp
ggt atc 480
Gly Ile

160

cga tac 528
Arg Tyr
175
ttc gge 576
Phe Gly
ate agg 624
Ile Arg
gga ate 672
Gly Ile

JP 2005-502339 A 2005.1.27
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Lys
225

cge

arg

tac

gac
Asp

gac
Asp

taa

gat
Asp

gac
Asp

teg
Ser

act
Thr

ctg
Leu
290

ctg
Leu

aac

aac
Asn

aac
Asn
275

atg
Met

<210> 11
<211> 302
<212> PRT
<213»> Artificial Sequence

<220>
<223> C103R

<400> 11
Arg Pro Ser Ser

1
Lys

Leu
Leu
Ala

Thr

Cys
145
Glu
val

ile

Lys
225

Sexr
Glu
Sex
50

Glu
Asn
Gln
cys
TYyT
130
Ala
Tyr
Ala
Ser
Ala
210
Asp

Asp

Tyr
Ser
35

Asp
Ala
Ala
Met
Trp
115
Arg
Ser
Ile
Arg
Asn
195
Leuw

Leu

Asn

gac
Asp

gga
Gly

gce
Ala
260

tgg
Trp

atg
Met

gea
Ala

tat
Tyr
245

cag

eln

ggc
Gly

ate
Ile

tte
Phe
230

cag

Gln

999
Gly

gac
Asp

gag
Glu

cgg
Arg

cca
Pro

gty
val

aac
Asn

gag
Glu
295

cac
His

aac
Asn

gac
Asp

gge
Gly
280

tac
Tyr

mutant of ProDerPl

Ala
20

val
Leu
Phe
Cys
Arg
100
Ala
Asn
Gln
Gln
Glu
180
TyYr
Ala
Asp

Gly

Ile
5
Thr
Lys
Ser
Glu

Sex

Thr

Gln
His
His
165
@ln
Cys
@ln

Ala

Lys
Phe
Tyr
Leu
His
70

Ile
val
Ser
Ser
Gly
150
Asn
Ser
Gln
Thr
Phe

230
Gln

Thr
Glu
val
Asp
Leu
Asn
Thr
Gly
Leu
135
Cys

Gly

Phe
Asp
Gla
40

Glu
Lys
Gly
Pro
val
120
Asp
His
Val
Arg
Tyx
200
Sexr
His

Asn

tat

gac

999

Tyr Asp Gly

tac
Tyr

tac
Tyx
265

tac

cac
His
250

tgg
Trp

gge

235

gcg
Ala

atc
Ile

tac

Tyr Gly Tyr

ccg
Pro

Glu
Glu
25

Ser
She
Thr
Asn
Ile
105
Ala
Leu
Gly
Val
Arg
185
Pro
Ala
Tyr

Tyr
12

tac
Tyr

Glu
Glu
Asn
Lys
Gln
Ala
90

Axg
Ala
Ala
Asp
Gln
170
Pro
Pro
Ile
Asp

His

gtg
val

Ala
Gly
Asn
Phe
75

Met
Thx
Glu
Thr
155
Glu
Asn
Asn
Ala
Gly

235
Ala

cge

gte
val

gty
val

tte
Phe

gtg
Vval
300

Lys
Ala
Gly
Arg
Asp
Ala
Gln
Glu
Gln
140
Ile
Ser
Ala
val
Val
220
Arg

val

aca
Thx

aac
Asn

aga
Arg

gce
Ala
285

ate
Ile

Lys
Arg
Ala
Phe
Leu

Glu

Ser
125
Glu
Pro
Tyr
Gln
Asn
205
Ile
Thr

Asn

(106)

PCT/EP02/09122

atc
Ile

atc
Ile

aac
Asn
270
gee
Ala

ctyg
Leu

Ala
Lys

30
Ile

Asn
Ile
Gly
110
Ala
Leu
Arg
Tyr
Arg
150
Lys
Ile
Ile

Ile

ate
Ile

gtg
val
255
agt
Ser

aac
Asn

Phe
15

Asn
Met
Ala
Asp
95

Cys
Tyxr
Val
cly
Arg
175
Phe
Ile
Gly
Ile

val

cag
Gln
240
ggt
Gly

tgg
Trp

ate
Ile

Asn
Phe
His
Ser
Glu
80

Gly
Leu
Asp
Ile
160
Tyr
Gly
Arg
Ile
Gln

240
aly

720

816

864

909

JP 2005-502339 A 2005.1.27
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245

Tyr Ser Asn Ala Gln Gly Val Asp

Asp Thr Asn Trp Gly Asp Asn Gly
275

260

280

Tyr
265
TyY

Asp Leu Met Met Ile Glu Glu Tyr Pro

290

<210> 12
<211> 909
<212> DNA

<213>

<220>
<221> CDS

<222>

<223> CLO3R

<400> 12

cgg
arg
1

aag

Lys

ctg
Leu

ctg
Leu

gce
ala

65
ace
Thr

cge
Arg

tct
Ser

gcg
ala

tgc

145

ccg age
Pro Ser

agc tat
Ser Tyr

gaa agc
Glu Ser
35

tee gac
Ser Asp
50

gag gct
Glu Ala

aac gcc
Asn Ala

cag atg
Gln Met

tgt tgg
Cys Trp
115

tat cgg
Tyr Arg
130

gce teco

Ala Ser

tac atc

(1) ... (906)

295

Artificial Sequence

mutant of ProDerPl

tece
Ser

gce
Ala
20

gtg
val

ctg
Leu

tte
Phe

tgc
Cys

agg
Arg
100

gec
Ala

aat
Asn

caa
Gln

cag

att
Ile

acc
Thr

aaa
Lys

tet
Ser

gaa
Glu

agt
Ser
85

ace
Thr

ttt
Phe

cag
Gin

cac
His

cat

aag
Lys

tte
Phe

tac
Tyr

tta
Leu

cac
His

70
ate

Ile

gtg
val

tca
Ser

age
Ser

gga
Gly
150

aat

ace
Thr

gag
Glu

gtg
Val

gac
Asp
55

ctt

Leu

aac
Asn

act
Thr

gge
Gly

atyg
Leu
135

tgt
Cys

ggc

tte
Phe

gac
Asp

cag
Gln
40

dJag
Glu

aag
Lys

gge
Gly

cea
Pro

gtg
Val
120

gac
Asp

cat
His

gtec

gag
Glu

gag
Glu
25

age
Sex

ttec
Phe

ace
Thx

aat
Asn

atc
Ile
105

goc

Ala

cte
Leu

999
Gly

gtg
13

250
Trp

cly

Tyr

gaa
Glu
10

gag
Glu

aac
Asn

aag
Lys

cag
Gln

gee
Ala
90

cge
Arg

geg
Ala

get
aAla

gat
Asp

cag

Ile
TYr

val

tac
Tyr

gee
Ala

gge
Gly

aac
Asn

ttt
Phe
75

cce

Pro

atg
Met

aca
Thr

gag
Glu

acg
Thr
155

gaa

val
Phe

Val
300

aag
Lys

gcg
Ala

999
Gly

cgg
Arg
60

gat
Asp

get
Ala

caa
Gln

gag
Glu

cayg
Gln
140

att
Ile

age

Arg

Ala
285
Tle

aaa
Lys

ege
Arg

gct
Ala
45

tte
Phe

cte
Leu

gag
Glu

gge
Galy

teg
Ser
125

gag
Glu

cce
Pro

tat

(107)

PCT/EP02/09122

255

Asn Ser Trp

270

Ala Asn Ile

Leu

gec
Ala

aag
Lys
30

ata

Ile

ctg
Leu

aac
Asn

att
Ile

gge
Gly
110

gca
Ala

cte
Leu

aga
Arg

tac

tte
Phe
is

aac

Asn

aat
Asn

atg
Met

gcg
Ala

gat
Asp

95
tge
Cys

tac

gtt
val

ggt
Gly

cga

aac
Asn

tte
Phe

cac
His

age
Ser

gag
Glu
80

ctg

Leu

999
Gly

ctc
Leu

gac
Asp

ate
Ile
160

tac

48

96

240

288

384

432

528

JP 2005-502339 A 2005.1.27
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Glu

gta
Val

att
Tle

gag
Glu

aag
Lys
225

cge
Arg

tac
Tyr

gac
Asp

gac
Asp

taa

<210> 13

Tyx

get
Ala

Ser

gce
Ala
210

gat
Asp

gac
Asp

teg
Ser

act
Thr

ctyg
Leu
290

Ile

agg
Arg

aat
Asn
135

ctg
Leu

ctg
Leu

aac
Asn

aac
Asn

aac
Asn
275

atg
Met

<211> 302
<212> PRT
«<213> Artificial Sequence

<220>
<223> C117R

<400> 13

arg
1
Lys

Pro
Ser
Glu
Ser
Glu
Asn
Gln

Cys

Ser
Tyr
Ser
35

Asp
Ala
Ala

Met

Trp
115

Gln

dgag
Glu
180

tat
Tyr

gcg
Ala

gac
Asp

gga
Gly

gee
Ala
260

tgg
Trp

atg
Met

His
165
cag

Gln

tge
Cys

cag
aln

gca
Ala
tat
245
cag

Gln

gge
Gly

atc
Ile

Asn

tee
Ser

cag
Gln

acg
Thr

ttc
Phe
230

cag

Gln

g99
Gly

gac
Asp

gag
Glu

Gly

cgt
Arg

ate
Ile

cac
His
215

<gg
Arg

cca
Pro

gtg
Val

aac
Asn

gag
@lu
295

Val

cge
Arg

tac
Tyr
200

agc
Ser

cac
His

aac
Asn

gac
Asp

ggc
Gly
280

tac
Tyr

mutant of ProDerPl

Ser
Ala
val
Leu
Phe
Cys
Arg

100
Ala

Ile Lys Thr

5
Thr

Lys
Ser
Glu
Ser
85

Thr

Phe

Phe
Tyr
Leu
His
Ile
Val

Ser

Glu
Val
Asp
55

Leu
Asn

Thr

Gly

Phe
Asp
Gln

40
@lu

Gly
Pro

val
120

val

cgt
Arg
185

cce

gec
Ala

tat
Tyr

tac
TYT

tac
Tyx
265
tac
Tyr

ceg
Pro

Glu
Glu
Ser
Phe
Thr
Asn
Ile

105
Ala

Gln
170

cct

Pro

cet
Pro

ate
Tle

gac
Asp

cac
His
250
tgg
Trp

ggc
Gly

TYyY

Glu
10

Glu
Asn
Lys
Gln
Ala

20
Arg

Glu

aac
Asn

aat
Asn

get
Ala

999
Gly
235
gcg
Ala

ate
Tle

tac
TYyTr

gtg
val

Tyr
Ala
Gly
Asn
Phe
75

Met

Thr

Ser

gca
Ala

gee
Ala

gte
val
220
cge
Arg

gtec
val

gtg
val

ttc
Phe

gtg
Val
300

Lys

Ala

Arg
60

Asp
ala
Gln

Glu

Tyr

cag
¢ln

aac
Asn
205
ate
Ile

aca
Thr

aac
Asn

aga
Arg

gece
Ala
285

atc
Ile

Lys

Ala
45

Phe
Leu
Glu
Gly

Ser
125

(108)

PCT/EP02/09122

Tyx

cgc
Arg
190
aag
Lys

ate
Ile

atc
Ile

atc
Ile

aac
Asn
270
gce
Ala

ctg
Leu

Ala
Lys
Ile
Leu
Asml
Ile
Gly

110
Ala

Arg
175

tte
Phe

atc
Ile

gga
aly

atc
Ile

gtg
Val
255
agt
ser

aac
Asn

Phe
15
Asn

Met
ala
Asp
95

Tyxr

Tyr

ggc
Gly

agg
Arg

ate
Ile

cag
Gln
240
ggt
Gly

tgg
Trp

atc
Ile

Asn
Phe
His

Ser

624

672

768

209
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Ala
Cys
145
Glu
Val
Ile
Glu

Lys
225

<210>
<211>
<212>
<213>

TyY
130
Ala
TyTY
Ala
Ser
Ala
210
Asp
Asp
Ser

Thx

Leu
290

<220>

<221
<222>

<223>

Arg

Ile
Axrg
Asn
195
Leu
Leu
Asn
Asn
Asn

275
Met

14

209
DNA
Artificial Seguence

CDs
(1) ...

Cl17R

<400> 14
cgg ceg age

Arg Pro Ser
1

aag
Lys

cty
Leu

ctg
Leu

gce
ala
65

acc
Thr

cge

age
Ser

gaa
Glu

tec
Ser
50

gag
Glu

aac
Asn

cag
Gln

tat
Tyr

age
Ser
35

gac

Asp

gct
Ala

gee
Ala

atg
Met

Asn
Gln
Gin
Glu
180
Tyr
Ala
Asgp
Gly
Ala
260
Trp

Met

Gln
His
His
165
Gln
Arg
Gln
Ala
Tyr
245
Gln

aly

Ile

(906)

Ser
cly

150
Asn

Gln
Thr
FPhe
230
Gln
aly
Asp

Glu

Leu
135
Cys
Gly
Cys
Ile
His
215
Arg
Pro
val

Asn

Glu
295

BAsp
His
Val
Arg
Tyr
200
Ser
His
Asn
Asp
aly

280
Tyr

mutant of ProDerPl

teco
Ser

gee
Ala
20

gty
val

ctg
Leu

tte
Phe

tgc
Cys

agy
Arg

att
Ile

ace
Thr

aaa
Lys

tet
Ser

gaa
Glu

agt
Ser
85

ace
Thr

aag
Lys

tte
Phe

tac
Tyr

tta
Leu

cac
His

70
ate

Ile

gtg
val

acc
Thr

gag
Glu

gtg
val

gac
Asp
55

ctt

Leu

aac
Asn

act
Thr

ttc
Phe

gac
Asp

cag
Gln
40

gag
Glu

aag
Lys

ggc
Gly

cec
Pro

Leu
Gly
Val
Arg
185
Pro
Ala
Tyr
Tyr
Tyr
265
Tyxr

Pro

gag
Glu

gag
Glu
25

age
Ser

ttc
Phe

ace
Thr

aat
Asn

atc
Ile

15

Ala
Asp
Gln
170
Pro

Pro

Ile

His
250
Trp

cly

gaa
Glu
10

gag
¢lu

aac
Asn

aag
Lys

cag
Gln
gee

920

cge
Arg

Glu
Thr
155
Glu
Asn
Asn
Ala
aly
235
Ala
Ile
Tyr

val

tac
Tyr

gee
Ala

gge
Gly

aac
Asn

ttt
Phe
75

cce

Pro

atg
Met

Gln
140
Ile

Ala
Val
val
220
Arg
Val
val

Phe

Val
300

aag
Lys

geg
Ala

999
Gly

cgg
Arg
60

gat
Asp

get
Ala

caa
Gln

Glu
Fro
Ty
Gln
Asn
205
Ile
Thr
Asn
Arg
Ala

285
Ile

aaa

cge
Arg

gct
Ala
45

tte
Phe

cte
Leu

gag
Glu

ggc
Gly

(109)

PCT/EP02/09122

Leu
Arg
Tyr
Arg
190
Lys
Ile
Ile
Ile
Asn

270
Ala

gecc
Ala

aag
Lys
30

ata

Ile

ctyg
Leu

aac
Asn

att
Ile

age
Gly

Val
Gly
Arg
175
Phe
Ile
cly
Ile
Val
255

Ser

Asn

tte
Phe
15

aac

aat
Asn

atg
Met

geg
Ala

gat
Asp
95

tge
Cys

Asp
Ile
10
Tyx
Gly
Arg
Ile
Gln

240
Gly

Ile

aac
Asn

tte
Phe

cac
His

agc
Ser

gag
Glu
80

ctg

Leu

gg9g
Gly

48

96

144

288
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tet
Ser

gcg
Ala

tgc
Cys
145

gaa

Glu

gta
val

att
Ile

gag
Glu

aag
Lys
225

cge
Arg

tac

Tyr

gac
Asp

gac
Asp

taa

tgt
Cys

tat
Tyr
130

gec
Ala

tac
Tyr

get
Ala

tee
Ser

gec
Ala
210

gat
Asp

gac
Asp

teg
Ser

act
Thr

ctg
Leu
2380

tgg
Trp
115

cgg
Arg

tea
Ser

atc
Ile

agg
Arg

Asn
195

ctg

Leu

ctg
Leu

Asn

aac
Asn

aac
Asn
275

atg
Met

<210> 15

<211> 108
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 15
ttaagaccca gtttgatcte aacgeggaga ccaacgeceg tatcaacgge aatgoccceg 60

100

gce
Ala

aat
Asn

caa
Gln

cag
Gin

gag
Glu
180

tat
Tvr

gecg
Ala

gac
Asp

gga
Gly

gce
Ala
260

tag
Trp

atg
Met

tte
Phe

cag
Gln

cac
His

cat
His
165

cag
Gln

cgt
Arg

cag
Gln

gca
Ala

tat
TYL
245

cag

Gln

gge
Gly

atc
Ile

tea
Ser

agc
Ser

gga
Gly
150

aat
Asn

tee
Ser

cag
Gln

acg
Thr

tte
Phe
230

cag

Gln

999
aly

gac
Asp

gag
Glu

gge
Gly

ctg
Leu
1358

tgt
Cys

gge
Gly

tge
Cys

atc
Iile

cac
His
215

cgg
Arg

cca
Pro

gtg
Val

aac
Asn

gag
Glu
295

gtg
val
120

gac
Asp

cat
His

gte
val

cge
Arg

tac

Tyx
200

agc
Ser

cac
His

aac
Asn

gac
Asp

ggc
Gly
280

tac
Tyr

gee
Ala

ctc

g99
Gly

gtg
val

cgt
Arg
185

cce
Pro

gce
Ala

tat
Tyr

tac
Tyr

tac
Tyr
265

tac

Tyx

ceg
Pro

16

gcg aca gag teg

Ala

gct
Ala

gat
Asp

cag
Gln
170

cect
Pro

cet
Pro

atc
Ile

gac
Asp

cac
His
250

tgy
Trp

gge
Gly

tac
Tyr

Thr

gag
Glu

acg
Thr
155

gaa
Giu

aac
Asn

aat
Asn

get
Ala

ggg
Cly
235

gcg
Ala

ate
Ile

tac

Tyxr

gtg
val

Glu

cag
Gln
140

att
Ile

age
Ser

gea
Ala

gce
Ala

gte
val
220

cge
Arg

gtc
Vval

gty
val

tte
Phe

gtg
Val
300

Ser
125

gag
Glu

cce
Pro

tat
Tyr

cag
Gln

aac
Asn
205

ate
Ile

aca
Thr

aac
Asn

aga
Arg

gce
Ala
285

ate
Ile

(110)

PCT/EP02/09122
110
gca tac ctc 384
Ala Tyr Leu
ctc gtt gac 432
Leu val Asp
aga ggt atc 480
Arg Gly Ile
160
tac cga tac 528
Tyr Arg Tyr
175
cge tte gge 576
Arg Phe Gly
1s0
aag atc agg 624
Lys Ile Arg
atc gga ate 672
Ile Gly Ile
atc ate cag 720
Ile Ile Gln
240
atc gtg ggt 768
Ile Val Gly
255
aac agt tgg 816
Asn Ser Trp
270
gece aac ate 864
Ala Asn Ile
ctg 2086
Leu
209
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WO 03/016340 PCT/EP02/09122
ctgagattga tctgcgecag atgaggaccg tgactcccat cecgeatge 108
<210> 16
<211> 103
<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 16
cggatgggag tcacggtect catctggege agatcaatet cageggggge attgecgtty 60
atactacggg cgttggtcte cgegttgaga tcgaaactgg gte 103

<210> 17

<211> 92

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 17
caaggeggec gtgggtcttg ttgggecttt tcaggegtgg cegegacaga gteggeatac 60
ctegegtatc ggaatcagag ccotggaccte geo 92

<210> 18

<21l> 929

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 18
tecagcgaggt ccaggetetg attcegatac gogaggtatg cegactetgt cgeggocacg 60
cctgaaaagg cccaacaaga cccacggecg ccttgeatg 99

<210> 19

<211> 83

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 19
tgagcaggag ctegttgace gtgectccca acacggatgt catggggata cgattcccag 60
aggtatcgaa tacatccage ata 83

<210> 20

<211> 77

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 20

ctggatgtat tcgataccte tgggaategt ateccccatg acatccegtgt tgggaggeac 60
ggtcaacgeg ctactge

17
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<210> 21
<211> 29
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 21
actgacaggc ctcggecgag ctcecattaa

<210> 22

<211l> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primex

<400> 22
cagteaceta ggtctagact cgaggggat

<210> 23

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primexr

<400> 23
ggctttegaa caccttaaga cccag

<210> 24

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 24
gctecctage tacgtategg taatage

<210> 25

<211l> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 25
cetegegtat cggcaacaga gectggacce

<210> 26
<211> 29
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

(112) JP 2005-502339 A 2005.1.27

PCT/EP02/09122
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<400> 26
ggtecaggct ctgttgecga tacgegagg

(113)

PCT/EP02/09122

29
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