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(Gatcaagtcgatgtcaaagat tgigccaatcaigaaatcaaabAAgt it tegtaccaggatigecatggtAAC
gaaccatgtatcat tGGCegiggtaaaccattccaat tggaaget ttat tegaagecaatcaaaac tcaGl
(acagctaaaattgaaatcaaageticaatcgatggt i taAGCgtigatgt tceeggtategatecaaatgea
rtgecattatatgAACtgtecat tggt tAACggacaacaatatgatat taaatatacatggaatgttecaaaa
attgeaccadACtctgaaaatgtigicgtcactgttaaagtttigggigataatggigttttggectgiget
attgctactcatgetaaaatcegegat
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(Gatcaagtcgatgicaaagat tgigecaateatgaaatcaaatArgt it tggtaccaggatgceatggtAAC
gaaccatgtateat tGGCegtggtaaaccat tecaat tggaaget ttat tegaagecaateaaaac teaGle
(acagctaaaattgaaatcaaagetteaategatggt t taAGCgt tgatgt teecggtategatecaaatgea
rteccattatatgAACigtccat tggt tAACZgacaacaatatgatat taaatatacatggaatgt tecaaaa
attgcaccaaaatctgaaaatgtigtcgteactgttaaagt ttteggteataategtattt tggcetgtect
attgctactcatgctaaaatcCAGeat

JP

2004-521618 A 2004.

ooogo ocoogo

7.

22

10

20

30

40

50



(59) JP 2004-521618 A 2004.7.22

Oo0ooocn

Oo0ooao

goodQf 00000 UDO0U0O00 ODO0O0U0Q0 UDOUDU0U00D Dogo4gQo ggooao
O0ooand

(Gatcaagtcgatgicaaagat tgigecaateatgaaatcaaatArgt it tggtaccaggatgceatggtAAC

gaaccatgtateat tGGCegtggtaaaccat tecaat tggaaget ttat tegaagecaateaaaac teaGle
[acagctaaaattgaaatcaaagettcaategatggtttagaagttgatgt teceggtategatecaaatgea
rteccattatatgAACigtccat tggt tAACZgacaacaatatgatat taaatatacatggaatgt tecaaaa
[attgcaccaAAthtgaaaatgttgtcgtcactgttaaagttttgggtgataatggtgttttggcctgtgct

attgctactcatgctaaaatcCAGeat
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Gatcaagtcgatgtcaaagat tgtgecaatcatgaaatcaaabAAgttttggtaccaggatgccatggtAAC

gaaccatgtatcat tGGCcgtggtaaaccattecaat tegaagetttat tegaagecaatcaaaactcaaaa
(acagctaaaattgaaatcaaagettcaategatggt ttaAGlgt tgatgt teceggtategatecaaataca
rteccattatatgAACigtccat tegt tAACEgacaacaatatgatattaaatatacatggaatgticcaaaa
rattgcaccadACicigaaaatgtigtcgicactgttaaagttt tgggtgataatggtatit iggectgtact

attgctactcatgctaaaatcCAGgat
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gaaccatgtatcaitGGCcgtggtaaaccattccaat tegaagetttat tegaagecaatcaaaac tcaGl
(acagciaaaatigaaatcaaagettcaatcgatggti taAGlegt tgategt teccggtategatecaaateca
rtgccattatatgAACigiccat tegt tAACggacaacaatatgatattaaatatacatggaatgiiccaaaa
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gaaccatgtatcat tGGCegiggtaaaccattccaat tggaaget ttat tegaagecaatcaaaac tcaGl
(acagctaaaattgaaatcaaageticaatcgatggt i taAGCgtigatgt tceeggtategatecaaatgea
rtgecattatatgAACtgtecat tggt tAACggacaacaatatgatat taaatatacatggaatgttecaaaa
attgeaccadACtctgaaaatgtigicgtcactgttaaagtttigggigataatggigttttggectgiget

[gttgctactcatgctaaaatcCAGgat
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(acagctaaaattgaaatcaaagetteaategatggt t taAGCgt tgatgt teecggtategatecaaatgea
rtecAACtatatgaaatgtccat tggt tAACZgacaacaatatgatat taaatatacatggaatgt tecaaaa
[attgcaccaAAthtgaaaatgttgtcgtcactgttaaagttttgggtgataatggtgttttggcctgtgct

attgctactcatgetaaaatecgegat
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(acagctaaaattgaaatcaaagetteaategatggt t taAGCgt tgatgt teecggtategatecaaatgea
rtecAACtatatgaaatgtccat tggt tAACZgacaacaatatgatat taaatatacatggaatgt tecaaaa
attgcaccaaaatctgaaaatgtigtcgteactgttaaagt ttteggteataategtattt tggcetgtect

attgctactcatgctaaaatcCAGeat
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Gatcaagtcgatgtcaaagat tgtgecaatcatgaaatcaaabAAgttttggtaccaggatgccatggtAAC
gaaccatgtatcattcatAGCggtaaaccattecaat tegaagetttat tegaagecaatcaaaac teaGla
[acagctaaaattgaaatcaaagettcaategatggtttagaagt tgatgt teccggtategatccaaatgca
rtecAACtatatgaaatgtccat tegt tAACggacaacaatatgatat taaatatacatggaatgticcaaaa
rattgcaccadACicigaaaatgtigtcgicactgttaaagttt tgggtgataatggtatit iggectgtact

attgctactcatgctaaaatcCAGgat
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(Gatcaagtcgatgtcaaagat tgtgccaatcaigaaatcaaabAAgt it tegtaccaggaigecatggtAAC
gaaccatgtatcaitcatAGCggtaaaccattccaat tggaagetttat tegaagecaatcaaaac tcaGl
[acagctaaaattgaaatcaaagettcaatcgategtttagaagt tgatgt teccggtategatecaaatgca
rtgcAACtatatgaaatgticcat tegt tAACggacaacaatatgatattaaatatacatggaatgiiccaaaa
[attgcaccaAAthtgaaaatgttgtcgtcactgttaaagttttgggtgataatggtgttttggcctgtgct

[gttgctactcatgctaaaatcCAGgat 30
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fGatcaagtcgatgicaaagat tgigecaatcatgaaatcaaatAAgittiggtaccaggatgccatggiica
gaaccatgtatcattcatAGCggtaaaccattccaat tggaaget ttat tegaagecaatcaaaac tcaGl
(acagctaaaattgaaatcaaageticaatcgatggt i taAGCgtigatgt tceeggtategatecaaatgea
rtgcAACtatatgaaatgtecat tggt tAACggacaacaatatgatat taaatatacatggaatgttecaaaa
attgeaccadACtctgaaaatgtigicgtcactgttaaagtttigggigataatggigttttggectgiget

[gttgctactcatgctaaaatcCAGgat
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(Gatcaagtcgatgicaaagat tgigecaateatgaaatcaaaaaagttttggtaccaggatgceatggtAAC
gaaccatgtateatteatAGCggtaaaccattecaat tggaaget ttat tegaagecaateaaaac teaGle
(acagctaaaattgaaatcaaagetteaategatggt t taAGCgt tgatgt teecggtategatecaaatgea
rtecAACtatatgaaatgtccat tggt tAACZgacaacaatatgatat taaatatacatggaatgt tecaaaa
[attgcaccaAAthtgaaaatgttgtcgtcactgttaaagttttgggtgataatggtgttttggcctgtgct

attgctactcatgctaaaatcCAGeat
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ACT AAC GCC TGC AGT ATC AAT GGA AAT GCT CCA GCT GAA ATC GAT TTG CGA CAA ATG CGA 60
ACT GTC ACT ACC ATT CGT ATG CAA GGA GGC TGT GGT TCA TGT TGG GCT TTC TCT GGT GTT 120
GCC GCA ACT GAA TCA GCT TAT TTG GCT GTG CGT AAT CAA TCA TTG GAT CTT GCT GAA CAA 180
GAA TTA GTC GAT TGT GCT TCC CAA CAC GGT TGT CAT GGT GAT ACC ATT CCA GAA GGT ATT 240
GAA TAC ATC CAA CAT AAT GGT GTC GTC CAA GAA AGC TAC TAT CGA TAC GTT GCA CAG GAA 200
CAA TCA TGC CGA CGA CCA AAT GCA CAA CGT TTC GGT ATC TCA AAC TAT TGC CAA ATT TAC 2360
CCA CCA AAT GTA AAC AAA ATT CGT GAA GCT TTG GCT CAA ACC CAC AGC GCT ATT GCC GTC 420
ATT ATT GGC ATC AAA GAT TTA GAC GCA TTC CGT CAT TAT GAT GGC CAG ACA ATC ATT CAA 480
GAA GAT AAT GGT TAC CAA ACC AAC TAT CAC GCT GTC AAC ATT GTT GGT TAC AGT AAC GCA 540
CAA GGT GTC GAT TAT TGG ATC GTA CGA AAC AGT TGG GAT ACC AAT TGG GGT GAT AAT GGT 6CO
TAC GGT TAT TTT GCT GCC AAC ATC GAT TTG ATG ATG ATT GAA GAA TAT CCA TAT GIT GIC 660
ATT CTC 666
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ACT AAC GCC TGC AGT ATC AAT GGA AAT GCT CCA GCT GAA ATC GAT TTG CGA CAA ATG CGA 60
ACT GTC ACT ACC ATT CGT ATG CAA GGA GGC TGT GGT TCA TGT TGG GCT TTC TCT GGT GIT 120
GCC GCA ACT GAA TCA GCT TAT TTG GCT GTG CGT AAT CAA TCA TTG GAT CTT GCT GAA CAA 180
GAA TTA GTC GAT TGT GCT TCC CAA CAC GGT TGT CAT GGT GAT ACC ATT CCA CAG GGT ATT 240
GAA TAC ATC CAA CAT AAT GGT GTC GTC CAA GAA AGC TAC TAT CGA TAC GTT GCA GAA GAA 300
CAA TCA TGC CGA CGA CCA AAT GCA CAA CGT TTC GGT ATC TCA AAC TAT TGC CAA ATT TAC 360
CCA CCA AAT GTA AAC AAA ATT CGT GAA GCT TTG GCT CAA ACC CAC AGC GCT ATT GCC GTC 420
ATT ATT GGC ATC AAA GAT TTA GAC GCA TTC CGT CAT TAT GAT GGC GAA ACA ATC ATT CAA 480
CAG GAT AAT GGT TAC CAA ACC AAC TAT CAC GCT GTC AAC ATT GTT GGT TAC AGT AAC GCA 540
CAA GGT GTC GAT TAT TGG ATC GTA CGA AAC AGT TGG GAT ACC AAT TGG GGT GAT AAT GGT 600
TAC GGT TAT TTT GCT GCC AAC ATC GAT TTG ATG ATG ATT GAA GAA TAT CCA TAT 6TT GTC 660
ATT CTC 666
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ACT AAC GCC TGC AGT ATC AAT GGA AAT
ACT GTC ACT COC ATT CGT ATG CAA GGA
GCC GCA ACT GAA TCA GCT TAT TTG GCT
GAA TTA GTC GAT TGT GCT TCC CAA CAC
GAA TAC ATC CAA CAT AAT GGT GTC GTC
CAA TCA TGC CGA CGA CCA AAT GCA CAA
CCA CCA AAT GTA AAC AAA ATT CGT GAA
ATT ATT GGC ATC AAA GAT TTA GAC GCA
CAG GAT AAT GGT TAC CAA ACC AAC TAT
CAA GGT GTC GAT TAT TGG ATC GTA CGA
TAC GGT TAT TIT GCT GCC AAC ATC GAT
ATT CIC
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ACT AAC GCC TGC AGT ATC AAT GGA AAT
ACT GTC ACT CCC ATT CGT ATG CAA GGA
GCC GCA ACT GAA TCA GCT TAT TTG GCT
GAA TTA GTC GAT TGT GCT TCC CAA CAC
GAA TAC ATC CAA CAT AAT GGT GIC GTC
CAA TCA TGC CGA CGA CCA AAT GCA CAA
CCA CCA AAT GTA AAC AAA ATT CGT GAA
ATT ATT GGC ATC AAA GAT TTA GAC GCA
CAG GAT AAT GGT TAC CAA ACC AAC TAT
CAA GGT GTC GAT TAT TGG ATC GTA CGA

TAC GGT TAT TIT GCT GCC AAC ATC GAT
ATT CTC
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GCT
GGC
GTG
GGT
CAA
CGT
GCT
TTC
CAC
AAC
TTG
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CCA GCT GAA ATC GAT TTG CGA CAA ATG GAA 60
TGT GGT TCA TGT TGG GCT TTIC TCT GGT GTT 120
CGT AAT CAA TCA TTG GAT CIT GCT GAA CAA 180
TGT CAT GGT GAT ACC ATT CCA CAG GGT ATT 240
GAA AGC TAC TAT CGA TAC GTT GCA CAG GAA 300
TTC GGT ATC TCA AAC TAT TGC CAA ATT TAC 360
TTG GCT CAA ACC CAC AGC GCT ATT GCC GTC 420
CGT CAT TAT GAT GGC GAA ACA ATC ATT CAA 480
GCT GTC AAC ATT GTT GGT TAC AGT AAC GCA 540
AGT TGG GAT ACC AAT TGG GGT GAT AAT GGT 600
ATG ATG ATT GAA GAA TAT CCA TAT GTT GTC 660
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G6CT CCA GCT GAA ATC GAT TTG CGA CAA ATG CAG 60
6GC TGT GGT TCA TGT TGG GCT TTC TCT GGT GIT 120
GTG CGT AAT CAA TCA TTG GAT CTT GCT GAA CAA 180
GGT TGT CAT GGT GAT ACC ATT CCA GAA GGT ATT 240
CAA GAA AGC TAC TAT CGA TAC GTT GCA GAA GAA 300
CGT TTC GGT ATC TCA AAC TAT TGC CAA ATT TAC 360
GCT TTG GCT CAA ACC CAC AGC GCT ATT GCC GTC 420
TTC CGT CAT TAT GAT GGC CAG ACA ATC ATT CAA 480
CAC GCT GTC AAC ATT GTT GGT TAC AGT AAC GCA 540
AAC AGT TGG GAT ACC AAT TGG GGT GAT AAT GGT 600
TTG ATG ATG ATT GAA GAA TAT CCA TAT GIT GTC 660

666
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ACT AAC GCC TGC
ACT GTC ACT ACC
GCC GCA ACT GAA
GAA TTA GTIC GAT
GAA TAC ATC CAA
CAA TCA TGC CGA
CCA CCA AAT GTA
ATT ATT GGC ATC
CAG GAT AAT GGT
CAA GGT GTC GAT
TAC GGT TAT TTT

AGT ATC AAT
ATT CGT ATG
TCA GCT TAT
TGT GCT AAC
CAT AAT GGT
CGA CCA AAT
AAC AAA ATT
AAA GAT TTA
TAC CAA ACC
TAT TGG ATC
GCT GCC AAC
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ATT CTC
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ACT AAC GCC TGC AGT ATC AAT
ACT GTC ACT CCC ATT CGT ATG
GCC GCA ACT GAA TCA GCT TAT
GAA TTA GTC GAT TGT GCT AAC
GAA TAC ATC CAA CAT AAT GGT
CAA TCA TGC CGA CGA CCA AAT GCA CAA CGT TTC GGT ATC TCA AAC
CCA CCA AAT GTA AAC AAA ATT CGT GAA GCT TTG GCT CAA ACC CAC
ATT ATT GGC ATC AAA GAT TTA GAC GCA TTC CGT CAT TAT GAT GGC
GAA GAT AAT GGT TAC CAA ACC AAC TAT CAC GCT GTC AAC ATT GIT
CAA GGT GTC GAT TAT TGG ATC GTA CGA AAC AGT TGG GAT ACC AAT
TAC GGT TAT TTT GCT GCC AAC ATC GAT TTG ATG ATG ATT GAA GAA

(65)

GGA AAT GCT CCA GCT
CAA GGA GGC TGT GGT
TTG GCT GTG CGT AAT
CAA CAC GGT TGT CAT
GTC GTC CAA GAA AGC
GCA CAA CGT TTC GGT
CGT GAA GCT TTG GCT
GAC GCA TTC CGT CAT
AAC TAT CAC GCT GTC
GTA CGA AAC AGT TGG
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GAA ATC GAT TTG CGA CAA ATG CGA 60

TCA TGT TGG

GCT TTC TCT GGT GTT 120

CAA TCA TTG GAT CTT GCT GAA CAA 1BO
GGT GAT ACC ATT CCA CGT GGT ATT 240
TAC TAT CGA TAC GTT GCA GAA GAA 300
ATC TCA AAC TAT TGC CAA ATT TAC 360
CAA ACC CAC AGC GCT ATT GCC GTC 420
TAT GAT GGC CAG ACA ATC ATT CAA 480
AAC ATT GTT GGT TAC AGT AAC GCA 540
GAT ACC AAT TGG GGT GAT AAT GGT 600
ATC GAT TTG ATG ATG ATT GAA GAA TAT CCA TAT GTT GTC 660

666
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GGA AAT GCT CCA GCT GAA ATC GAT
CAA GGA GGC TGT GGT TCA TGT 1GG
TT6 GCT GTG CGT AAT CAA TCA TTG
CAA CAC GGT TGT CAT GGT GAT ACC
GIC GTC CAA GAA AGC TAC TAT CGA

TTG CGA CAA ATG GAA 60
GCT TTC TCT GGT GTT 120
GAT CTT GCT GAA CAA 1BO
ATT CCA CGT GGT ATT 240
TAC GTT GCA GAA GAA 300
TAT TGC CAA ATT TAC 360
AGC GCT ATT GCC GTC 420
CAG ACA ATC ATT CAA 480
GGT TAC AGT AAC GCA 540
TGG GGT GAT AAT GGT 600
TAT CCA TAT GIT GTC 660
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ACT AAC GCC
ACT GTC ACT
GCC GCA ACT
GAA TTA GTC
GAA TAC ATC
CAA TCA TGC
CCA CCA AAT
ATT ATT GGC
GAA GAT AAT
CAA GGT GTC
TAC GGT TAT
ATT CTIC
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ACT AAC GCC
ACT GTC ACT
GCC GCA ACT
GAA TTA GTC
GAA TAC ATC
CAA TCA TGC
CCA CCA AAT
ATT ATT GGC
GAA GAT AAT
CAA GGT GTC
TAC GGT TAT
ATT CTC
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TGC AGT ATC AAT GGA AAT GCT
CCC ATT CGT ATG CAA GGA GGC
GAA TCA GCT TAT TTG GCT GIG
GAT TGT GCT AAC CAA CAC GGT
CAA CAT AAT GGT GTC GTC CAA
CGA CGA CCA AAT GCA CAA CGT
GTA AAC AMA ATT CGT GAA GCT
ATC AAA GAT TTA GAC GCA TTC
GGT TAC CAA ACC AAC TAT CAC
GAT TAT TGG ATC GTA CGA AAC
TTT GCT GCC AAC ATC GAT TIG

ooogo ocooog o

gooooo oboao
TGC AGT ATC AAT GGA AAT GCT
ACC ATT CGT ATG CAA GGA GGC
GAA TCA GCT TAT TTG GCT GIG
GAT TGT GCT TCC CAA CAC GGT
CAA CAT AAT GGT GTC GTC CaA
CGA CGA CCA AAT GCA GAT CGT
GTA AAC AAA ATT GAA GAA GCT
ATC aAA GAT TTA GAC GCA TTC
GGT TAC CAA ACC AAC TAT CAC
GAT TAT TGG ATC GTA CGA AAC

(66)

JP 2004-521618 A 2004.7.22

CCA GCT GAA ATC GAT TTG CGA CAA ATG CAG &0
TGT GGT TCA TGT TGG GCT TTC TCT GGT GTT 120
CGT AAT CAA TCA TTG GAT CTT GCT GAA CAA 180
TGT CAT GGT GAT ACC ATT CCA CGT GGT ATT 240
GAA AGC TAC TAT CGA TAC GTT GCA CAG GAA 300
TTC GGT ATC TCA AAC TAT TGC CAA ATT TAC 360
TTG GCT CAA ACC CAC AGC GCT ATT GCC GTC 420
CGT CAT TAT GAT GGC GAA ACA ATC ATT CAA 480
GCT GTC AAC ATT GTT GGT TAC AGT AAC GCA 540
AGT TGG GAT ACC AAT TGG GGT GAT AAT GGT 600
ATG ATG ATT GAA GAA TAT CCA TAT GIT GIC 660

oo ooo4o0 oooooo oooooao

O

666

CCA GCT AGC ATC GAT TTG CGA CAA ATG CGA 60

TGT GGT
CGT AAT
TGT CAT
GAA AGC
TTC GGT
1TG GCT
CGT CAT
GCT GTC
AGT TGG

TCA
CAA
GGT
TAC
ATC
CAA
TAT
AAC
GAT

TGT TGG GCT TTC TCT GGT GTT 120
TCA TTG GAT CTT GCT GAA CAA 180
GAT ACC ATT CCA GAA GGT ATT 240
TAT CGA TAC GTT GCA CAG GAA 300
TCA AAC TAT TGC CAA ATT TAC 360
ACC CAC AGC GCT ATT GCC GTC 420
GAT GGC CAG ACA ATC ATT CAA 480
ATT GTT GGT TAC AGT AAC GCA 540
ACC AAT TGG GGT GAT AAT GGT 600

TTT GCT GCC AAC ATC GAT TIG ATG ATG ATT GAA GAA TAT CCA TAT GTT GTC 660
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ACT AAC GCC
ACT GTIC ACT
GCC GCA ACT
GAA TTA GTC
GAA TAC ATC
CAA TCA TGC
CCA CCA AAT
ATT ATT GGC
CAG GAT AAT
CAA GGT GTC
TAC GGT TAT
ATT CTC
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ACT AAC GCC
ACT GTC ACT
GCC GCA ACT
GAA TTA GTC
GAA TAC ATC
CAA
CCA
ATT

TCA TGC
CCA AAT
ATT GGC
GAA
CAA
TAC
ATT

GAT AAT
GGT GTC
GGT TAT
CTC

oo
uoad

TGC
ACC
GAA
GAT
CAA
CGA
GTA
ATC
GGT
GAT
TTT

TGC
ACC
GAA
GAT
CAA
CGA
GTA
ATC
GGT
GAT

AGT ATC
ATT CGT

AAT
ATG
TCA GCT
TGT GCT
CAT AAT
CGA CCA
AAC AA
AAA GAT
TAC CAA
TAT TGG
GCT GCC

TAT
TCC
GGT
AAT
ATT
TTA
ACC
ATC
AAC

(67)

GGA AAT GCT CCA GCT AGC ATC GAT
CAA GGA GGC TGT GGT TCA TGT TGG
TTG GCT GTG CGT AAT CAA TCA TTG
CAA CAC GGT TGT CAT GGT GAT ACC
GTC GTC CAA GAA AGC TAC TAT CGA
GCA GAT CGT TTC GGT ATC TCA AAC
CAG GAA GCT TTG GCT CAA ACC CAC
GAC GCA TTC CGT CAT TAT GAT GGC
AAC TAT CAC GCT GTC AAC ATT GTT
GTA CGA AAC AGT TGG GAT ACC AAT
ATC GAT TTG ATG ATG ATT GAA GAA

TTG
GCT
GAT
ATT
TAC
TAT
AGC
GAA
GGT
TGG

TAT-CCA TAT
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CGA CAA
TTC TCT
CTT GCT
CCA CAG
GTT GCA

ATG CGA 60
GGT
GAA

GGT

GTT 120

CAA 180
240

300

ATT
GAA GAA

TGC CAA ATT TAC 360
420
480

540

GCT ATT GCC CTC
CAA

GCA

ACA ATC
TAC AGT
GGT GAT

ATT
AAC
AAT
GTT

GGT
GTC

600
660
666

AGT ATC AAT GGA AAT GCT
ATT CGT ATG CAA GGA GGC

CCA GCT
T6T G6GT
TCA GCT TAT TTG GCT GTG
TGT GCT TCC CAA CAC GGT
CAT AAT GGT GTC GTC CAA

CGT AAT
TGT CAT
GAA AGC
CGA CCA AAT GCA GAT CGT
AAC AAA ATT GAA GAA GCT
AAm GAT TTA GAC GCA TTC

TTC GGT
TTG GCT
CGT CAT
TAC CAA ACC AAC TAT CAC GCT GTC
TAT TGG ATC GTA CGA AAC AGT TTT
GCT GCC AAC ATC GAT TTG ATG ATG

ooog0o oboob0 oobogao
oo bOboooad

gooooao

AGC ATC GAT TTG CGA CAA ATG CGA
TCA TGT TGG GCT TTC TCT 66T GTT

60
120
CAA TCA TTG GAT CTT GCT GAA CAA
GGT GAT ACC ATT CCA GAA GGT ATT
TAC TAT CGA TAC GTT GCA CAG GAA

180
240
300
ATC TCA AAC TAT TGC CAA ATT TAC
CAA ACC CAC AGC GCT ATT GCC GTC 420
TAT GAT GGC CAG ACA ATC ATT CAA 480
AAC ATT GTT GGT TAC AGT AAC GCA 540
GAT ACC AAT TGG GGT GAT AAT GGT 600
ATT GAA GAA TAT CCA TAT GTT GTIC 660
666
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(68) JP 2004-521618 A 2004.7.22

ACT AAC GCC TGC AGT ATC AAT GGA AAT GCT CCA GCT AGC ATC GAT TIG CGA CAA ATG CGA 60
ACT GTC ACT ACC ATT CGT ATG CAA GGA GGC TGT GGT TCA TGT TGG GCT TTC TCT GGT GTT 120
GCC GCA ACT GAA TCA GCT TAT TTG GCT GIG CGT AAT CAA TCA TTG GAT CTT GCT GAA CAA 180
GAA TTA GTC GAT TGT GCT TCC CAA CAC GGT TGT CAT GGT GAT ACC ATT CCA CAG GGT ATT 240
GAA TAC ATC CAA CAT AAT GGT GTC GTC CAA GAA AGC TAC TAT CGA TAC GTT GCA GAA GAA 300
CAA TCA TGC CGA CGA CCA AAT GCA GAT CGT TTC GGT ATC TCA AAC TAT TGC CAA ATT TAC 360
CCA CCA AAT GTA AAC AAA ATT CAG GAA GCT TTG GCT CAA ACC CAC AGC GCT ATT GCC GTC 420
ATT ATT GGC ATC AAA GAT TTA GAC GCA TTC CGT CAT TAT GAT GGC GAA ACA ATC ATT CAA 480
CAG GAT AAT G6T TAC CAA ACC AAC TAT CAC GCT GTC AAC ATT GTT GGT TAC AGT AAC GCA 540
CAA GGT GTIC GAT TAT TGG ATC GTA CGA AAC AGT TTT GAT ACC AAT TGG GGT GAT AAT GGT 600

TAC GGT TAT TTT GCT GCC AAC ATC GAT TTG ATG ATG ATT GAA GAA TAT CCA TAT GIT GTC 660
ATT CTC 666
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(69)

gecgateteget tacggeccegecaccecagetgecceggecgecggetacacceccgec
[(ADLGY GPAT?PAAP AAGYTTEPA
(acccccgecgecccggccggageagagecageagetaaggcgacgaccgaggageagaag
(T PAAPAGAEP?P AGEATTETEQ QEK
[ctgatcgagaagatcaacgccggcttcaaggcggccttggccgctgccgccggcgtcccg
[ L I EEI NAGTFEAALAAAAGYV T
[ccagcggacaagtacaggacgttcgtcgcaaccttcggcgcggcctccaacaaggccttc
[ P ADEYRTTFVYATTFOGAASNEKA AT
cggagggccicicgggcgageccaageeEcgccgccgaatccage tccaaggccegcecic
[ AEGLSGETPEKEGAAET SSSEAAL
acctccaagctcgacgecgectacaagetcgectacaagacagecgagggcgegacgect
T SELDPAAYELAYZETA AETGA ATTE
gaggccaagtacgacgectacgtegecacegt aagegaggcege tecgeatcategecgge
EAEYDAYVATVYSEALRTITIASG
acccicgaggiccacgecgicaageccgeggecgaggaggticaaggicateeccgecgge
TLEVHAYVEPAAETEVETVYTITPAG
[gagctgcaggtcatcgagaaggtcgacgccgccttcaaggtcgctgccaccgccgccaac
(g 1 Q YIEEVYDAAFEYV AATAAN
[gccgcccccgccaacgacaagttcaccgtcttcgaggccgccttcaacgacgccatcaag
A APANDETFTVFEAATFNDATIEK
lgegageacgggcggegee tacgagage tacaagt tecatcecegece tggaggcegecgtc
A STGGAYESYETFTIPALEA AA AV
laagcagecctacgccgecacegtcgecaccecgccggagetcaagtacactetet t teag
[E Q AYAATVATAPEVETYTT VYTFTE
laccgeactgaaaaaggecatcaccegecatgtcegaageacagaagge tgccaagecegee
[T ALEEKATITAMSEAQEA AATKTEA
[geegetgecacegecacegeaacegeegeegt tggegeggecaccggegecgecacegee
[A A ATATATAAYVGAATGAATA
[gctactggtggctacaaagic
O
(A TGGYEKYVY
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1)

gccgatcteget tacggecccegecaccecagetgecceggecgecggetacaccececgec
[acccccgccgccccggccggageggagecageaggt aaggcgacgaccgaggagcagaag
[cigatcgagaagAAlaacgccggct tcaagecegect iggccgc tgeegecggcgticecg
[ccagcggacaagtacaggacgt tcgtcgeaacct teggegeggec tecaacaaggcect e
[gcggagggcctctcgggcgagcccaagggcgccgccgaatccagctccaaggccgcgctc
[acctccaagctcgacgccgcctacaagctcgcctacaagacagccgagggcgcgacgcct
[gaggccaagtacgacgcctacgtcgccaccgtaagcAGCgcgctccgcatcatcgccggc
[accctcgaggtccacgccgtcaagcccgcggccgaggaggtcaaggtcatccccgccggc
[gagctgcaggtcatcgagaaggtcgacgccgccttcaaggtcgctgccaccgccgccaac
[gccgcccccgccaacgacaagATTaccgtcttcgaggccgccttcaacgacgccatcaag
[gcgagcacgggcggcgcctacgagagctacaagttcatccccgccctggaggccgccgtc
[aagAAAgcctacgccgccaccgtcgccaccgcgccggaggtcaagtacactgtctttgag
[accgcaGAAaaaaaggccatcaccgccatgtccgaagcaAAAaaggctgccaagcccgcc

ccgetgecaccgecaccgeaaccgecgecgt tggecgeggccaceggegecgecaccgee
[gctactggtggctacaaagtc

ugoooaoand
ooagogao

60
120
180
240
300
360
420
480
540
600
660
720
780
840
861

oooob booboob boobooob boooodd

[gccgatctcggt tacggeccegecaccecagetgecceggecgecggetacacceoegee
[accccegecgecceggccggageggagecageage taaggegacgaccgaggagcagaag
[ctgatcgagaagatcaacgecggct tcaaggceggect tggecge tgecgecggegicecs
[ccagcggacaagtacAACacgt tegtegeaacct teggegeggectecaacaaggectic
(Bcggagggee tetcgggegageccaagggegecgecgaatecage tecaaggeegegete
(acctccaagetegacgeegee tacaage tegee tacaagacagecgagggegegacgect
[gaggccaagtacgacgcctacgtcgccaccgtaagcAGCgcgctccgcatcatcgccggc
[accctegaggiecacgecgtcaagecegeggecgaggaggicaaggtcateccegeegge
[gagctgcaggtcatcgagaaggtcgacgccgccttcaaggtcgctgccaccgccgccaac
[gccgcccccgccaacgacaagATTaccgtcttcgaggccgccttcaacgacgccatcaag
[gcgagcacgggcggcgcctacgagagctacaagttcatccccgccctggaggccgccgtc
[aagAAAgcctacgccgccaccgtcgccaccgcgccggaggtcaagtacactgtctttgag
[accgcaGAAaaaaaggccatcaccgccatgtccgaagcaAAAaaggctgccaagcccgcc

ccgctgccaccgccaccgcaaccgccgecgt tggcgcggccaccgececcegccaccgce
[Ectactggtggctacaaagtc

ogoooaoand
ooooao

60
120
180
240
300
360
420
480
540
600
660
720
780
840
861
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(72)

gccgatcteget tacggecccegecaccecagetgecceggecgecggetacaccececgec
[acccccgccgccccggccggageggagecageaggt aaggcgacgaccgaggagcagaag
[cigatcgagaagAAlaacgccggct tcaagecegect iggccgc tgeegecggcgticecg
[ccagcggacaagtacaggacgt tcgtcgeaacct teggegeggec tecaacaaggcect e
[gcggagggcctctcgggcgagcccaagggcgccgccgaatccagctccaaggccgcgctc
[acctccaagctcgacgccgcctacaagctcgcctacaagacagccgagggcgcgacgcct
[gaggccaagtacgacgcctacgtcgccaccgtaagcgaggcgctcAGCatcatcgccggc
[accctcgaggtccacgccgtcaagcccgcggccgaggaggtcaaggtcatccccgccggc
[gagctgcaggtcatcgagaaggtcgacgccgccttcaaggtcgctgccaccgccgccaac
[gccgcccccgccaacgacaagATTaccgtcttcgaggccgccttcaacgacgccatcaag
[gcgagcacgggcggcgcctacgagagctacaagttcatccccgccctggaggccgccgtc
[aagAAAgcctacgccgccaccgtcgccaccgcgccggaggtcaagtacactgtctttgag
[accgcaGAAaaaaaggccatcaccgccatgtccgaagcaAAAaaggctgccaagcccgcc

ccgetgecaccgecaccgeaaccgecgecgt tggecgeggccaceggegecgecaccgee
[gctactggtggctacaaagtc

ugoooaoand
ooagogao

60
120
180
240
300
360
420
480
540
600
660
720
780
840
861

oooob booboob boobooob boooodd

[gccgatctcggt tacggeccegecaccecagetgecceggecgecggetacacceoegee
[accccegecgecceggccggageggagecageage taaggegacgaccgaggagcagaag
[ctgatcgagaagAAAaacgecgget tcaaggcggect tegecge tgecgecggcgicecs
[ccageggacaagtacaggacgticgicgeaacet teggegeggee tecaacaaggeet e
(Bcggagggee tetcgggegageccaagggegecgecgaatecage tecaaggeegegete
(acctccaagetegacgeegee tacaage tegee tacaagacagecgagggegegacgect
[gaggccaagtacgacgcctacgtcgccaccgtaagcgaggcgctccgcAAAatcgccggc
[accctegaggiecacgecgtcaagecegeggecgaggaggicaaggtcateccegeegge
[gagctgcaggtcatcgagaaggtcgacgccgccttcaaggtcgctgccaccgccgccaac
[gccgcccccgccaacgacaagATTaccgtcttcgaggccgccttcaacgacgccatcaag
[gcgagcacgggcggcgcctacgagagctacaagttcatccccgccctggaggccgccgtc
[aagAAAgcctacgccgccaccgtcgccaccgcgccggaggtcaagtacactgtctttgag
[accgcaGAAaaaaaggccatcaccgccatgtccgaagcaAAAaaggctgccaagcccgcc

ccgctgccaccgccaccgcaaccgccgecgt tggcgcggccaccgececcegccaccgce
[Ectactggtggctacaaagtc

ogoooaoand
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(73)

gccgatcteget tacggecccegecaccecagetgecceggecgecggetacaccececgec
[acccccgccgccccggccggageggagecageaggt aaggcgacgaccgaggagcagaag
[cigatcgagaagAAlaacgccggct tcaagecegect iggccgc tgeegecggcgticecg
[ccagcggacaagtacaggacgt tcgtcgeaacct teggegeggec tecaacaaggcect e
[gcggagggcctctcgggcgagcccaagggcgccgccgaatccagctccaaggccgcgctc
[acctccaagctcgacgccgcctacaagctcgcctacaagacagccgagggcgcgacgcct
[gaggccaagtacgacgcctacgtcgccaccgtaagcAGCgcgctccgcatcatcgccggc
[accctcgaggtccacgccgtcaagcccgcggccgaggaggtcaaggtcatccccgccggc
[gagctgcaggtcatcgagaaggtcgacgccgccttcaaggtcgctgccaccgccgccaac
[gccgcccccgccaacCATaagttcaccgtcttcgaggccgccttcaacgacgccatcaag
[gcgagcacgggcggcgcctacgagagctacaagttcatccccgccctggaggccgccgtc
[aagAAAgcctacgccgccaccgtcgccaccgcgccggaggtcaagtacactgtctttgag
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R 16; 1988v, 24-mer 5'-GGCAACTGGTGATGGAGGATCCAT

Fig. 1 Fig. 3
P 2 z P S =
EREES ML TRV ERBROA T RILAFRTFAT—, £ Bet v 1ZROE
ERESERILFFRICTHRESIV:, et v 3]
1(a-c)
Bet v 1 t«"/X 5'= AATTATGAGACTGAGACCACCTCTGPTATCCCAGCAGCTCG -3
hat GGTGTG'L“I‘TAATTBTGAGACTGAG)\CC&CCTCTGTTATCCCAGCKGCICGRCTG".‘TEJ\I\G 60
Bec v 1 JEER 31~ TTAATACTCTGACTCTGGTGGAGACAATAGGGTCGTCGAGC —5'
= 6 vV FENZYET®E TIPS VI PAARTIELTEK 20
U RFSLT— 51 TGAGACCCCCTCTGTTATCCCAG -3
o > — 3= ATACTCTGACTCTGGGEGAGACA =57
FEIRTSA17 & 9 (a-6) 2(a-¢) 2(a-C)
GCCTT A TARCC AAGGTTGCACCCCAAGCCATTAGCAGT 120
DDDD A F I LD-GG DN-TL F PEK-@V A P Q A I S5 S 40
Fig. 2 3({GA-TC) 7 (AA-TC) 2(6-C) §(GA~TC)
GTTGAAAACATTGAAGGAAR' D] G: AGCTTTCCCGAA 180
- = N e N - ~
Bet v 1(No.2801) DEUBFRNERERD-ODA)IRILAFRIS(7— vV E W IE-SGN-SG G P 6 T I KK-NI § F PE-S 80
5 (CA-TG)
M : - = CGATCAG
2tUR 1: 183Bv, 15-mex 5'-GTTGCCAA GGCCTCCCTTICAAGTACGTGAAGGACAGAGTTGATGAGGTGGACCACACARACTTCAAA 240
o :ol - 1T CCCCCTCTGTTATCCCAG
N A2 2: 1848V, 237mex 5'-TGAGA G LPFKYVKDRYDTEVDHTANF K 80
1 FEtR 3: 185Bv, 23-mex 5'-ACAGAGGGGGTCTCAGTCTCATA
2 ‘t’“/;{ 4:186Bv, 3l-mer 51 ~GATACCCTCTTTCCACAGGTTGCACCCCAAG
s B -mer 5'-ACK AAGAGGG' Ci AGGA
2 FEUR S: 187Bv, 3imer < TACAATTACAGCGTGATCGAGGGCGGTCCL GGCGACAC AGATCTCCAAC 300
p : . 23 51 -ARCATTTCAGGARATGGAGGECC
3 TR 6: 186Bv, 23-mez * ¥y NY §VIEGG?®P?TIGDTTILETZKTILSHN 100
3 R 7: 189Bv, 23-mer 5'-TTTCCTGAAATGTTTTCAACACT
P 8: 190Bv, 23-mar 51 ~TTARGRACATCAGCTTTCCCGAA
4 R 10 (GAG-CAC) 8 (CCC-TGG)
4 R §: 191Bv, 23-mer 5'-AGCTGATGTTCTTAATGGTTCCA
GAGATAAAGATAGTGGCARCCCC TGATGGAGGATCCATCTTGAAGATCAGCARCARGTAC 360
5 t‘/Z 10: 192Bv, 23-mer 5! ~GGACCATGCAAACTTCARRTACA —
E I K1 VvV A TP6D 6 6 85 I L XK I 8 N K Y 120
5 R 11: 1938v, 23-mer 5'-AGTTTGCATGGTCCACCTCATCA
6 R 12: 194Bv, 23-mer 5'-TTTCCCTCAGGCCTCCCTTTCAR
CACACCAAAGGTGACCATGAGGTGAAGGCAGAGCAGGTTAAGGCAAGT; Gi TGGGC 420
6 FEEUR 13: 195Bv, 23-mer 5'-RGGCCTGAGGGAAAGCTGATCIT "ARAGAAA!
H T K G D HE V KAETJGQUV KA S KEMG 140
T ‘t‘/z 14: 196Bv, 24-mer 51 ~TGAAGGATCTGGAGGGCCTGCRAC
7 FELA 15: 197Bv, 24-mexr 5'-CCCTCCAGATCCTTCAATGTITIC
GAGACACTTTTGAGGGCCGTTGAGAGCTACCTCTTGGCACACTCC ACTAA 480
8
[

4R 17: 189Bv, 24-mer 5'-CCATCACCAGTTGCCACTATCITE ETLLRAYVESZYZLLAZHRKSDBAY NZLyZ 159

£IELR 18: 200Bv, 15-mer 5'-CATGCCATCCGTRAG
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Fig.1ll

Ves v sgiftl\ﬁbtﬁm\#*Eiﬁ%ﬁqz—u:‘x7b K —
FRIEEIHILAFRIZFRESIL AT

ves v 5 TR{K 1 (x72n)

ves v 5 LR ACCACAGCCTCCAGCGARGARTATGREARATTTGETATGEA ~3
ves v 5 JEHUR TGGTGTCGGASCTCOCTTCPTATACTTTTTANACCATACCT -5
T RTS5A4T— CCAGCGECTRATATGARARAT -
FEIRTZIT— GTCGGAGETCGCIGRTTATAC -5
ves v 5 TER{K 2 (¥968)
ves v 5 BUR 5°- GGCTAATCARTGTCARTATGGTCACGATACTTGCAGGGATG -3
ves v 5 JEEUR 37— CCGATTAGTTACAGTTATACCAGIGCTATGAACGTCCCTAC -5°
13:/;{7’5,{7_ ‘ TGTCARGCTGGTCACGATACT -3
o RTSA<— TTAGTTACAGTTCGACCAGTS -5

goodaano

Fig. 12

Ves v SOBMIBRNEREROIHOAVIRILAFRTSAT—

24U R 1 xholBRIAMA, 38-mer:

Ecakl

§°-CCGCT AGAR AARTARALTG
L_E ¥ R
Kex 2 D] WTER{L
1 BrYAR 1: K72As 21-mex ' ~CCAGCGGCTARTRTGAARAAT
- FEtX 2: K72Rha 21-ner 5 ~CATATTAGCCGCTGGAGECTS
LI 7 3 3: Y96AS 21-mer TCAAGCTGGTCACGATACT
2 . : 21- GACCAGCTTGACATTGATT
z bR 4: Y96ha l-mer T

£IELR 7: CT-pPICZ0A, 2l-mer 5" -ATTCATCAGCTGCGAGATAGE
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541
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601
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I GCTARATACGRTGATCCAGTTARACTAG

ARCAATTATTGTAAARTARRATGTTTGARAGGAGGTGT CCATACTGCCTGUARATATGEA
N N Y T KI KCLKGGVYHTATCTIKTYE®G

AGTCTTARACCGARTTGCGGTAATARGGTAETGGTATCCTATGGTTTAACGARRCARGAG
s L K P NCGNZEKVV VS Y GLT

APACARGACATCTTRRAGGAGCACARTGRCTT TAGACARARRRT TG CA CGASGATTCGAG
K K BE H N DF® R QEKTIRARGTILE

1[K72A] (RAG~GCT)
ACTAGAGGTAATCCTGGACCACACCCTECAGEGARGAAT? A“GI\AAAATT”GGTM‘GC ARC
T RGN PGP QEF P AKENMEKN N

2[Y98A] (TA~GC)
SACGAGTTAGCTTATS xT"GL\_CA}\a’TGTGqGC'}N&TCAI\TC’LC?\,'\'“RT"‘GTCACL:F\'S‘AC"
DEL A YV AQV WA Qg ¢ @ ¥ 6 H D T

TGCAGGGATGTAGCARARTATCAGGTTGGACAARATGTAGCCTTAACACGTAGCACGGCT
¢ R DV AKTZYOQV QN V ALTGSTA

I AARATGTGGEARGATGAAGTCARAGATTAT
A K Y O DEBV KLV K®M®®ELEV KDY

ARTCCTAAGARAPAGTTTTCGGGARRCGACTTTCTGARARCCGGLCATTACACTCARATG
N P K K KF s 6N DFILXTGHYTGQgHM

GTTTGEGCTARCACCARGEAAGTTGSTTGTGGAAGTATAAARTACATICAAGAGAARTSG
v ¥ AN TEKG BV G C 6 S I KY I g EKW

CACARACATTACCTTGTATGTARTTATSGACCCAGCGGRARCTTTAAGAATGAGGARCTT
H K8 Y L Vv CNY G P? 8§ GG NTFKDNEELIL

TATCARACAPAGTAA
Too1 K ApyF
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DNA Bl ' i
- 1 I
Der p 2 (P2vS 32 NoP4927 8SWISSPROTD S R4 5 BBL1-DNAEZS) 3 | |
®op >
iR =
1 cacaaattct tetttettee ttactactga teattaatet gaaaacaaaa ccaaacaaac :’f
81" cattcaaaat gatgtacaaa alttigtgte tttcattgtt ggtcgcagcee gttgetegty {
121 alcaagicga igtcaaagat tglgecaatc atgaaatcaa aazagtittg gtaccaggat H
181 gceatggttc agaaccatgt atcatteate gtggtaaace attccaattg gaageegttt ;L
241 tcgaagceaa ccaaaacaca eaaacggcta aaattgaaat caaagectca atcgatggtt &
301 tagaagttga tgticceggt atcgatccaa atgeatgeca ttacatgaaa tgoccatigg gé
361 ttaaaggaca aceatatgat attaaatata catggaatgt tccgaaaatt gcaccasaat 7 W . w
421 tgtegteact togotgatga tggtotittg gectotgeta : i i~ ‘ °lIQ
481 ttgctacica tgctaasate cgcgatteaa tcaaacaaaa ittattgait tigtaatcac | N NN
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NOVEL MUTANT ALLERGENS
FIELD OF THE INVENTION

The present invention relates to novel recombinant
allergens, which are mutants of naturally occurring
allergens. Also, the invention relates to a composition
comprising a mixture of the novel recombinant mutant
allergens. Further, the invention relates to a method of
preparing such recombinant mutant allergens as well as to
pharmaceutical compositions, including vaccines,
comprising the recombinant mutant allergens. In further
embodiments, the present invention relates to methods of
generating immune responses in a subject, vaccination or
treatment of a subject as well as processes for preparing
the compositions of the invention.

BACKGROUND OF THE INVENTION

Genetically predisposed individuals become sensitised
(allergic) to antigens originating from a variety of
environmental sources, to the allergens of which the
individuals are exposed. The allergic reaction occurs
when a previously sensitised individual is re-exposed to
the same or a homologous allergen. Allergic responses
range from hay fever, rhinoconductivitis, rhinitis and
asthma to systemic anaphylaxis and death in response to
e.g. bee or hormet sting or insect bite. The reaction is
immediate and can be caused by a variety of atopic
allergens such as compounds originating from grasses,
trees, weeds, insects, food, drugs, chemicals and
perfumes.

However, the responses do not occur when an individual is
exposed to an allergen for the first time. The initial

adaptive response takes time and does usually not cause

JP 2004-521618 A 2004.7.22
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any symptoms. But when antibodies and T cells capable of
reacting with the allergen have been produced, any
subsequent exposure may provoke symptoms. Thus, allergic
responses demonstrate that the immune response itself can
cause significant pathological states, which may be life

threatening.

The antibodies involved in atopic allergy belong
primarily to immunoglobulins of the IgE class. IgE binds
to specific receptors on the surface of mast cells and
basophils. Following complex formation of a specific
allergen with IgE bound to mast cells, receptor cross—
linking on the cell surface results in signalling through
the receptors and the physiological response of the
target cells. Degranulation results in the release of
i.a. histamine, Theparin, a chemotactic factor for
eosinophilic leukocytes, leukotrienes C4, D4 and E4,
which cause proleonged constriction of the bronchial
smooth muscle «cells. The resulting effects may be

systemic or local in nature.

The antibody-mediated hypersensitivity reactions can be
divided into four classes, namely type I, type II, type
III and type IV. Type I allergic reactions is the classic
immediate hypersensitivity reaction occurring within
seconds or minutes following antigen exposure. These

symptoms are mediated by allergen specific IgE.

Commonly, allergic reactions are observed as a response
to protein allergens present e.g. in pollens, house dust
mites, animal hair and dandruff, venoms, and food
products.

In order to reduce or eliminate allergic reactions,
carefully controlled and repeated administration of

allergy vaccines is commonly used. Allergy vaccination is

JP 2004-521618 A 2004.7.22
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traditionally performed by parenteral, intranasal, or
sublingual administration in increasing doses over a
fairly long period of time, and results in
desensitisation of the patient. The exact immunological
mechanism is not known, but induced differences in the
phenotype of allergen specific T cells is thought to be

of particular importance.
Allergy vaccination

The concept of vaccination is based on two fundamental
characteristics of the immune system, namely specificity
and memory. Vaccination will prime the immune system of
the recipient, and upon repeated exposure to similar
proteins the immune system will be in a position to
respond moré rigorously to the challenge of for. example a
microbial infection. Vaccines are mixtures of proteins
intended to be used in vaccination for the purpose of
generating such a protective immune response in the
recipient. The protection will comprise only components

present in the vaccine and homologous antigens.

Compared to other types of vaccination allergy
vaccination is complicated by the existence of an ongoing
immune response in allergic patients. This immune
response is characterised by the presence of allergen
specific IgE mediating the release of allergic symptoms
upon exposure to allergens. Thus, allergy vaccination
usi_ng allergens from natural sources has an inherent risk
of side effects being in the utmost consequence life

threatening to the patient.

Approaches to circumvent this problem may be divided in
three categories. In practise measures from more than one
category are often combined. First category of measures

includes the administration of several small doses over

JP 2004-521618 A 2004.7.22
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prolonged time to reach a substantial accumulated dose.
Second category of measures includes physical
modification of the allergens by incorporation of the
allergens into gel substances such as aluminium
hydroxide. Aluminium hydroxide formulation has an
adjuvant effect and a depot effect of slow allergen
release reducing the tissue concentration of active
allergen components. Third category of measures include
chemical modification of the allergens for the purpose of
reducing allergenicity, i.e. IgE binding.

The detailed mechanism behind successful allergy
vaccination remains controversial. It is, however, agreed
that T cells play a key role in the overall regulation of
immune responses. According to current consensus the
relation between fwo extremes of T cell phenotypes, Thl
and Th2, determine the allergic status of an individual.
Upon stimulation with allergen Thl cells secrete
interleukines - dominated by interferon-y leading to

protective immunity and the individual is healthy. Th2 .

cells on the other hand secrete predominantly interleukin
4 and 5 leading to IgE synthesis and eosinophilia and the
individual is allergic. In witro studies have indicated
the possibility of altering the responses of allergen
specific T cells by challenge with allergen derived
peptides containing relevant T cell epitopes., Current
approaches to new allergy vaccines are therefore largely
based on addressing the T cells, the aim.being to silence
the T cells (anergy induction) or to shift the response

from the Th2 phenotype to the Thl phenotype.

2ntibody-binding epitopes {B-cell epitopes)

X~ray crystallographic analyses of Fyp-antigen complexes
has increased the wunderstanding of antibody-binding

epitopes. According to this type of analysis antibody-
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binding epitopes can be defined as a section of the
surface of the antigen comprising atoms from 15-25 amino
acid residues, which are within a distance from the atoms
of the antibody enabling direct interaction. The affinity
of the antigen-antibody interaction can not be predicted
from the enthalpy contributed by van der Waals
interactions, hydrogen bonds or ionic bonds, alone. The
entropy associated with the almost complete expulsion of
water molecules from the interface represent an energy
contribution similar in size. This means that perfect fit
between the contours of the interacting molecules is a
principal factor underlying antigen-antibody  high
affinity interactions.

In WO 97/30150 (ref. 1), a population of protein
molecules is claimed, which protein molecules have a
distribution of specific mutations in the amino acid
sequence as compared to a parent protein.  From the
description, it appears that the invention is concerned
with producing analogues which are modified as compared
to the parent protein, but which are taken up, digested
and presented to T cells in the same manner as the parent
protein (naturally occurring allergens). Thereby, a
modified T cell response is obtained. Libraries of
modified proteins are prepared using a technique denoted
PM (Parsimonious Mutagenesis) .

In WO 92/02621 (ref. 2), recombinant DNA molecules are
described, which molecules comprise a DNA coding for a
polypeptide having at least one epitope of an allergen of
trees of the order Fagales, the allergen being selected
from Aln g 1, Cor a 1 and Bet v 1. The recombinant
molecules described herein do all have an amino acid
sequence or part of an amino acid sequence that
corresponds to the sequence of a naturally occurring
allergen.
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WO 90/11293 (ref. 3) relates i.a. to isolated allergenic
peptides of ragweed pollen and to modified ragweed pollen
peptides. The peptides disclosed therein have an amino
acid sequence corresponding either to the seguence of the
naturally occurring allergen or to naturally occurring

isoforms thereof.

Chemical modification of allergens

Several approaches to chemical modification of allergens
have been taken. Approaches of the early seventies
include chemical coupling of allergens to polymers, and
chemical cross-linking of allergens using formaldehyde,
etc., producing the so-called ‘allergoids’. The rationale
behind these approaches was random destruction of IgRE
binding epitopes by attachment of the chemical Ligand
thereby reducing IgE-binding while retaining
immunogenicity by the increased molecular weight of the
complexes. Inherent disadvantages of ‘allergoid’
production are linked to difficulties in controlling the
process of chemical cross-linking and difficulties in
analysis and standardisation of the resulting high
molecular weight complexes. ‘Allergoids’ are currently in
clinical use and due to the random destruction of IgE
binding epitopes higher doses can be administered as
compared to conventional vaccines, but the safety and
efficacy parameters are mnot improved over use of

conventional vaccines.

More recent approaches to chemical modification of
allergens aim at a total disruption of the tertiary
structure of the allergen thus eliminating IgE binding
assuming that the essential therapeutic target is the
allergen specific T cell. Such vaccines contain allergen

sequence derived synthetic peptides representing minimal
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T cells epitopes, longer peptides representing linked T
cells epitopes, longer allergen sequence derived
synthetic peptides representing regions of immunodominant
T cell epitopes, or allergen molecules cut in two halves
by recombinant technigue. Another approach based on this
rationale has been the proposal of the use of "low IgE
binding™ recombinant isoforms. In recent years it has
become clear that natural allergens are heterogeneous
containing isoallergens and variants having up to
approximately 25% of their amino acids substituted. Some
recombinant iscallergens have been found to be less
efficient in IgE binding possibly due to irreversible
dendturation and hence total disruption of tertiary
structure.

In vitro mutagenesis and allergy vaccination

Attempts to reduce allergenicity by in witro site
directed mutagenesis have been performed using several
allergens including Der f 2 (Takai et al, ref. 4), Der p
2 (Smith et al, ref. 5), a 39 XDa Dermatophagoides
farinae allergen (Aki et al, ref. 6), Dbee venom
phospholipase A2 (Forster et al, ref. 7), Ara h 1 (Burks
et al, ref. 8), Ara h 2 (Stanley et al, ref. 9}, Bet v 1
(Ferreira et al, ref. 10 and 11), birch profilin
(Wiedemann et al, ref. 12), and Ory s 1 (Blvarez et al,
ref. 13).

The rationale behind these approaches, again, 1is
addressing allergen specific T cells while at the same
time reducing the risk of IgE mediated side effects by
reduction or elimination of IgE binding by disruption of
the tertiary structure of the recombinant mutant
allergen. The rationale behind these approaches does not
include the concept of dominant IgE binding epitopes and
it does not include the concept of initiating a new
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protective immune response which also involves B-cells

and antibody generation.

The article by Ferreira et al (ref. 11) describes the use
of site directed mutagenesis for the purpose of reducing
IgE binding. Although the three-dimensional structure of
Bet v 1 is mentioned in the article the authors do not
use the structure for prediction of solvent exposed amino
acid residues for mutation, half of which have a low
degree of solvent exposure. Rather they use a method
developed for prediction of functional residues in
proteins different from the concept of structure based
identification of conserved surface areas described here.
Although the authors do discuss conservation of a-carbon
backbone tertiary structure this concept is not a part of
the therapeutic strategy but merely included to assess in
vitro IgE binding. Furthermore, the evidence presented is
not adeguate since normalisation of CD-spectra prevents
the evaluation of denaturation of a proportion of the
sample, which is a common problem. The therapeutic
strategy described aim at inducing tolerance in allergen
specific T cells and initiation of a new immune response
is not mentioned.

The article by Wiedemann et al. (ref. 12) describes the
use of site directed mutagenesis and peptide synthesis
for the purpose of monoclonal antibody epitope
characterisation. The authors have knowledge of the
tertiary structure of the antigen and they use this
knowledge to select a surface exposed amino acid for
mutation. The algorithm used can be said to be opposite
to the one described by the present inventors since an
amino acld differing from homologous sequences is
selected. The study demonstrates that substitution of a
surface exposed amino acid has the capacity to modify the

binding characteristics of a monoclornal antibody, which
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is not surprising considering common knowledge. The
experiments described are not designed to assess
modulation in the binding of polyclonal antibodies such
as allergic patients’ serum IgE. One of the experiments
contained do apply serum IgE and although this exzperiment
is not suitable for gquantitative assessment, IgE binding
does not seem to be affected by the mutations performed.

The article by Smith et al. (ref. 5) describes the use of
site directed mutagenesis for the purpose of monoclonal
antibody epitope mapping and reduction of IgE binding.
The authors have no knowledge of the tertiary structure
and make no attempt to assess the conservation of o-
carbon backbone tertiary structure. The algorithm used
does not ensure that amino acids selected for mutation
are actually exposed to the molecular surface. Only one
of the mutants described lead to a substantial reduction
in IgE binding. This mutant is deficient in binding of
all antibodies tested indicating that the tertiary
structure is disrupted. The authors do not define a
therapeutic strategy and initiation of a new immune

responge 1s not mentioned.

The article by Colombo et al. (ref. 14) describes the
study of an IgE binding epitope by use of site directed
mutagenesis and peptide synthesis. The authors use a
three dimensional computer model structure based on the
crystal structure of a hcomologous protein to illustrate
the presence of the epitope on the molecular surface. The
further presence of an epitope on a different allergen
showing primary structure homology is addressed using
synthetic peptides representing the epitope. The
therapeutic strategy 1s based on treatment using this
synthetic peptide representing a monovalent IgE binding
epitope. Conserved surface areas between homologous

allergens as well as the therapeutic Céncept of
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initiating a new protective immune response are not

mentioned.

The article by Spangfort et al. (ref. 15) describes the
three-dimensional structure and conserved surface exposed
patches of the major birch allergen. The article does not
mention major IgE binding epitopes nor site directed
mutagenesis, neither is therapeutic application

addressed.

In none of the studies described above is . IgE binding
reduced by substitution of surface exposed amino acids
while conserving a-carbon backbone tertiary structure.
The rationale behind above-mentioned approaches does not
include the concept of dominant IgE binding epitopes and
it does not include the therapeutic concept of initiating
a new protective immune response.

WO 99/47680 discloses the introduction of artificial
amino acid substitutions inte defined critical positions
while retaining the a-carbon backbone tertiary structure
of the allergen. In particular, WO 99/47680 discloses a
recombinant allergen, which is a non-naturally occurring
mutant derived from a naturally occurring allergen,
wherein at least one surface-exposed, conserved amino
acid residue of a B cell epitope is substituted by
another residue which does not occur in the same position
in the anino acid seguence of any known homologous
protein within the taxzonomic oxrder from which said
naturally occurring allergen originates, said mutant
allergen having essentially the same a-carbon backbone
tertiary structure as said naturally occurring allergen,
and the specific IgE pinding to the mutated allergen
being reduced as compared to the binding to said
naturally occurring allergen.
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The recombinant allergen disclosed in WO 99/47680 is
obtainable by a) identifying amino acid residues in a
naturally occurring allergen which are conserved with
more than 70% identity in all known homologous proteins
within the taxonomic order from which said naturally
occurring allergen originates, b) defining at least one
patch of conserved amino acid residues being coherently
connected over at least 400 A’ of the surface of the
three-dimensional of the allergen molecule as defined by
having a solvent accessibility of at least 20%, said at
least one patch comprising at least one B cell epitope,
and c¢) substituting at least one amino acid residue in
said at least one patch by another amino acid being non-
conservative in the particular position while essentially
preserving the overall o-carbon Dbackbone tertiary

structure of the allergen molecule.
BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows mutant-specific oligonucleotide primers
used for Bet v 1 mutant number 1. Mutated nucleotides are

underlined.

Figure 2 shows two generally applicable primers (denoted
"all-sense" and "all non-sense"), which were synthesised

and used for all mutants.

Figure 3 shows the DNA and amino acid sequence of the
naturally occurring allergen Bet v 1 as well as a number
of Bet v 1 mutations.

Figure 4 shows the inhibition of the binding of
biotinylated recombinant Bet v 1 to serum IgE from a pool
of allergic patients by non-biotinylated Bet v 1 and by
Bet v 1 Glu45Ser mutant.
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Figure 5 shows the inhibition of the binding of
biotinylated recombinant Bet v 1 to serum IgE from a pool
of allergic patients by non-biotinylated Bet v 1 and by
Bet v 1 mutant Asn28Thr+Lys32Gln.

Figure 6 shows the inhibition of -the binding of
biotinylated recombinant Bet v 1 to serum IgE from a pool
of allergic patients by non-biotinylated Bet v 1 and by
Bet v 1 Prol08Gly mutant.

Figure 7 shows the inhibition of the binding of
biotinylated recombinant Bet v 1 to serum IgE from a pool
of allergic patients by non-biotinylated Bet v 1 and by
Bet v 1 Glu60Ser mutant.

Figure 8 shows the CD spectra of recombinant and
Triple-patch mutant, recorded . at close to equal

concentrations.

Figure 9 shows the inhibition of the binding of
biotinylated recombinant Bet v 1 to serum IgE from a pool
of allergic patients by non-biotinylated Bet v 1 and by
Bet v 1 Triple-~patch mutant.

Figure 10 shows solvent accessibility of indiﬁidually
aligned antigen 5 residues and alignment of Vespula
antigen 5 sequences (left panel). On the right panel of
Figure 10 is shown the molecular surface of antigen 5
with conserved areas among Vespula antigen 5:s.

Figure 11 shows the sequence of the primer corresponding
to the amino terminus of Ves v 5 derived from the sense
strand. The sequence of the downstream primer is derived
from the non-sense strand.

Figure 12 shows two generally applicable primers (denoted

JP 2004-521618 A 2004.7.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(116)

WO 02/40676 PCT/DK01/00764

10

20

25

30

35

13

“all sense” and “all non-sense”, which were synthesised

and used for all mutants.

Figure 13 shows the DNA and amino acid sequence of the
naturally occurring allergen Ves v 5 as well as two Ves v

5 mutations.

Figure 14 shows the inhibition of the binding of
biotinylated recombinant Ves v 5 to serum IgE from a pool
of allergic patients by non-biotinylated Ves v 5 and by
Ves v 5 Lys72Ala mutant. V

Figure 15 'shows a theoretical model of the reaction
between an allergen and mast cells by IgE cross-linking.

Figure 16 shows the DNA and amino acid sequence of the

naturally occurring allergen Der p 2.

Figure 17 shows schematically the primers used to create
the mutations. (I) shows the sense and antisense primers.
(II) shows the final recombinant protein harbouring
mutations at the indicated positions.

Figure 18 shows an illustration of the construction of
Bet v 1 mutants and a listing of the primers used. The

mutants contain from five to nine amino acids.

Figure 19 shows introduced point mutations at the surface
of Bet v 1 (2628) and Bet v 1 (2637). In mutant Bet v 1
(2628), five primary mutations were introduced in one
half of Bet v 1 leaving the other half unaltered. In
mutant Bet v 1 (2637), five primary and three secondary
mutations were introduced in the other half, leaving the
first half unaltered.

Figure 20 shows the circular dichroism (CD) spectra of
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recombinant Bet v 1.2801 (wild type) and the Bet v 1
{2637) mutant recorded at nearly identical

concentrations.

Figure 21 shows the inhibition of the binding of
biotinylated recombinant Bet v 1.2801 (wild type) to
serum IgE from a pool of allergic patients by non-
biotinylated Bet v 1.2801 and by Bet v 1 (2628), Bet v 1
(2637), and a 1:1 mix of Bet v 1 (2628) and Bet vl
(2637) .

Figure 22 shows histamine release in human basophil cells
of Bet v 1.2801 (wild type), Bet v 1 (2628), and Bet v 1
(2637) .

Figure 23 shows histamine release in human basophil cells
of Bet v 1.2801 (wild type), Bet v 1 (2628), and Bet v 1
(2637) .

Figure 24 shows point mutations at the surface of Bet v 1
(2744) .

Figure 25 shows point mutationms at the surface of Bet v 1
(2753) .

Figure 26 shows point mutations at the surface of Bet v 1
(2744) and Bet v 1 (2753).

Figur 27 shows circular dichroism (CD) spectra of Bet v
1.2801 (wild type) and Bet v 1 (2744), recorded at nearly

equal concentrations.

Figur 28 shows histamine release in human basophil cells
of Bet v 1.2801 (wild type), and mutant Bet v 1 (2744).

Figur 29 shows histamine release in human basophil cells
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of Bet v 1.2801 (wild type), and mutant Bet v 1 (2744).

Figur 30 shows point mutations at the surface of Bet v 1
(2733) .

Figure 31 shows primers used for site-directed

mutagenesis of Der p 2.

Figure 32 shows a sequence alignment of Der p 2 with
other group 2 house dust mite allergens.

Figure 33 shows surface contours of Der p 2 from four

different angles.

Figure 34 shows surface contours of a Der p 2 mutant from
four different angles.

Figure 35A and B shows a sequence alignment of Der p 1

with other group 1 house dust mite allergens.

Figure 36 shows surface contours of Der p 1 from four

different angles.

Figure 37 shows surface contours of a Der p 1 mutant from
four different angles.

Figure 38A-D shows a sequence alignment of Phl p 5 with
other group 5 grass allergens.

Figure 39A and B shows surface contours of Phl p 5 Model
A and Model B, respectively, from four different angles.

Figure 40A and B shows surface contours of a Phl p &
mutant Model A and B, respectively, from four different

angles.
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Figure 41 shows the proliferation of Peripheral Blood
Lymphocytes expressed as Stimulation Index (SI) for
various Bet v 1 preparations.

Figure 42-44 show the cytokine profile of T cells
stimulated with various Bet v preparations. Figure 42
shows a patient with a ThO profile, Figure 43 a Thl
profile and Figure 44 a Th2 profile.

OBJECT OF THE INVENTION

Rationale behind the present invention

The current invention is based on a unigue rationale.
According to this rationale the mechanism of successful
allergy vaccination is not an alteration of - the ongoing
Th2-type immune response, but rather a parallel
initiation of a new immune response involving tertiary
epitope recognition by B-cells and antibody formation. It
is believed that this new immune response is partly a
Thl-type immune response. This model is supported by the
observation that levels of specific IgE are unaffected by
successful vaccination treatment, and that successful
treatment is often accompanied by a substantial rise in
allergen specific IgG4. In addition, studies of mnasal
biopsies before and after allergen challenge do not show
a reduction in T cells with the Th2-like phenotype, but
rather an increase in Thl-like T cells are observed. When
the vaccine (or pharmaceutical compositions) is
administered through another route than the airways, it
is hypothesised, that the new immune response evolves in
a location physically separated from the ongoing Th2
response thereby enabling the two responses to exist in
parallel.

Another important aspect of the immunological system is
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the assertion of the existence of so-called dominant IgE
binding epitopes. It is proposed that these dominant IgE
binding epitopes are constituted by tertiary structure
dependent coherent surface areas large enough to
accommodate antibody binding and conserved  among
isvallergens, variants, and/or homologous allergens from
related species. The existence of cross-reactive IgE
capable of binding similar epitopes on homologous
allergens is supported by the clinical observation that
allergic patients often react to several closely related
species, e.g. alder, birch, and hazel, multiple grass
species, or several species of the house dust mite genus
Dermatophagoides. It is furthermore supported by
laboratory experiments demonstrating IgE cross-reactivity
between homologous allergens from related species and the
capacity of one allergen to inhibit the binding of IgE to
homologous allergens ({Ipsen et al. 1992, ref. 16). It is
well known that exposure and immune responses are related
in a dose dependent fashion. Based on the combination of
these observations it 1is hypothesised that conserved
surface areas are. exposed to the immune system in higher
doses than non-conserved surface areas resulting in the
generation of IgE antibodies with higher affinities,

hence the term ‘dominant IgE binding epitopes’.

According to this rationale it is essential that the
allergen has an a-carbon backbone tertiary structure
which essentially is the same as that of the natural
allergen, thus ensuring conservation of the surface
topology of areas surrounding conserved patches
representing targets for mutagenesis aimed at reducing
IgE binding. By fulfilling these criteria the allergen
has the potential to be administered in relatively higher
doses improving its efficacy in generating a protective
immune response without compromising safety.
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Furthermore, the invention is based on the finding that
allergic symptoms are triggered by the cross-linking of
allergen with two specific IgE's bound to the surface of
effector cells, i.e. mast cells and basophils, wvia the
high affinity IgE receptor, FceRI. For illustration, we
refer to Fig. 15, which depicts a theoretical model of an
allergen with IgE binding epitopes. Induction of mediator
release from the mast cell and hence allergic symptoms is
effected by allergen-mediated cross-linking of IgE bound
to the surface of the mast cell, cf. Fig 15A. In the
situation shown in Fig. 15B two of the epitopes have been
mutated so as to reduce their IgE binding ability, and
hence the allergen-mediated cross—linking is prevented.
In this connection it should be noted that allergens
usually comprise more than three B «cell epitopes.
However, from the theoretical situation depicted in Fig.
15 it may be assumed that the more epitopes, which have
been mutated so as to eliminate or reduce their IgE
binding ability, the lower the risk of allergen-mediated
cross-linking and resulting allergic symptoms.

However, in order for a mutated allergen to be able to
raise the new immune response, including the IgG
response, the allergen must comprise at least one intact
epitope. Preferably, the intact epitope is a dominant
epitope, since such a mutated allergen will provide an

improved protection when used for vaccination.

In conclusion, the inventive idea of the present
invention is based on the recognition that a mutated
allergen having IgE binding reducing mutations in
multiple B cell epitopes, and at least one intact
epitope, would on the one hand reduce the allergen-—
mediated cross-linking and on the other hand allow the
raising of an IgG response with a binding ability
competitive with that of IgE. Thus, the said mutated
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allergen would constitute a highly advantageous allergen
in that the risk of anaphylactic xreactions would be

strongly reduced.

Also, the present invention is based on the recognition
that a vaccine comprising a mizxture of different such
mutated allergens, wherein ideally many or all epitopes
are represented as intact, would be equally efficient in
its ability to induce protection against allergic
symptoms as the natural occurring allergen from which the

mutated allergens are derived.
SUMMARY OF THE INVENTION

The present invention relates to the introduction of
artificial amino acid substitutions into a number of
defined critical positions, i.e. IgE binding epitopes,
with the object of reducing the specific IgE binding
capability of each mutated epitope.

The invention provides a recombinant allergen,
characterised in that it is a mutant of a naturally
occurring allergen, wherein the mutant allergen has at
least four primary mvtations, which each reduce the
specific IgE binding capability of the mutated allergen
as compared to the IgE binding capability of the said
naturally occurring allergen, wherein each primary
mutation is a substitution of one surface-exposed amino
acid residue with another residue, which does not occur
in the same position in the amino acid sequeﬁce of any
known homologous protein within the taxonomic species
from which said naturally occurring allergen originates,
wherein each primary mutation is spaced from each other
primary mutation by at least 15 A, and wherein the
primary mutations are placed in such a manner that at

least one circular surface region with a area of 800 A2

JP 2004-521618 A 2004.7.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(123)

WO 02/40676 PCT/DK01/00764

10

15

20

25

30

35

20

comprises no mutation.

Without being bound by theory it is believed that the B
cell epitopes can be distributed over almost the entire
surface of the allergen. Furthermore, there is
experimental evidence that at least some epitopes
constitute a part of a cluster of epitopes comprising a
large number of overlapping epitopes. Therefore, the
theoretical basis for the present invention is that any
surface-exposed amine acid constitutes a potential site
of mutation, which may result in a reduced capability to
bind specific IgE.

Accordingly, the primary mutations are defined by their
location in respect to each other, i.e. they are spaced
apart, to ensure that they are mutations in separate

clusters of epitopes.

The present invention also provides a composition
comprising two or more recombinant mutant allergen
variants according to claim 1, wherein each variant is
defined by having at least one principal mutation, which
is absent in at least one of the other variants, wherein
for each variant no secondary mutation is present within
a radius of 15 A from each absent primary mutation. The
composition preferably comprises 2-12, more preferably 3-

10, more preferably 4-8 and most preferably 5-7 variants.

The present invention also provides a method of preparing
the recombinant allergen according to claim 1,
characterised in

a) identifying a number of amino acid residues in a
naturally occurring allergen, which has a solvent

accessibility of at least 20 %
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b) selecting at least four of the identified amino acid
residues in such a manner that each selected amino acid
is spaced from each other selected amino acid by at least
15 A, and that the selected amino acids are placed in
such a manner that at least one circular surface region
with a area of 800 A’ comprises no selected amino acid;

and

¢} effecting for each of the selected amino acids a
primary mutation, which reduce the specific IgE binding
capability of the mutated allergen as compared to the
binding capability of the said naturally occurring
allergen, wherein each primary mutation is a substitution
of a selected amino acid residue with another amino acid,
which does not occur in the same position in the amino
acid sequence of any known homologous protein within the
taxonomic species from which said naturally - occurring
allergen originates.

In an alternative aspect the invention relates to a
nethod of preparing a recombinant allergen according to
the invention, characterised in that the allergen is
produced from a DNA sequence obtained by DNA shuffling
(molecular breeding) of the DNA encoding the
corresponding naturally occurring.

Furthermore, the invention relates to a recombinant
allergen according to claim 1 for use as a

pharmaceutical.

Also, the invention relates to use of the recombinant
allergen according to claim 1 for preparing a
pharmaceutical for preventing and/or treating allergy.

Furthermore, +the invention relates to the composition

according to claim 37 for use as a pharmaceutical.
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Also, the invention relates to the use of a composition
according to claim 37 for preparing a pharmaceutical for
preventing and/or treating allergy.

Further, the invention relates to a pharmacentical
composition, characterised 4in that it comprises a
recombinant allergen according to «claim 1 or a
composition according to «claim 37, optionally in
combination with a pharmaceutically acceptable carrier
and/or excipient, and optionally an adjuvant. The
pharmaceutical composition according to the invention may
be in the form of a vaccine against allergic reactions
elicited by a naturally occurring allergen in patients
suffering from allergy.

Also, the invention relates to a method of generating an
immune response in a subject comprising administering to
the subject a recombinant allergen according te claim 1,
a composition according to claim 37 or a pharmaceutical

composition according to claim 41-42 or 46.

Further, the invention relates to vaccination or
treatment of a subject comprising administering to the
subject a recombinant allergen according to claim 1, a
composition according to claim 37 or a pharmaceutical
composition according to claim 41-42 or 46.

Also, the invention relates to a process for preparing a
pharmacevtical composition according to claim 41 or 42
comprising mixing a recombinant allergen according to
claim 1 or a composition according to claim 37 with
pharmaceutically acceptable substances and/or excipients.

FPurther, the invention relates to a pharmaceutical
composition obtainable by the process according to claim
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45,

Also, the invention relates to a method £for the
treatment,  prevention or alleviation of allergic
reactions in a subject comprising administering to a
subject & recombinant allergen according to claim 1, a
composition according to claim 37 or a pharmaceutical

composition according to claims 41-42 or 46.

Further, the invention relates to a DNA sequence encoding
an allergen according to inventiom, a derivative thereof,
a partial sequence thereof, a degenerated sequence
thereof or a sequence, which hybridises therete under
stringent conditions, wherein said derivative, partial
sequence, degenerated sequence or hybridising sequence

encodes a peptide having at least one B cell epitope.

Also, the invention relates to an expression vector
comprising the DNA according to the invention.

Furthermore, the invention relates to a host cell
comprising the expression vector according to the

invention.

Additionally, the invention relates to a method of
producing a recombinant mutant allergen comprising the
step of cultivating the host cell according to the
invention.

Finally, the invention relates to a recombinant allergen
according to the invention or encoded by the DNA sequence
according to the invention comprising at least one T cell
epitope capable of stimulating a T cell clone or T cell
line specific for the naturally occurring allergen.

The mutants according to invent should preferable be able
to stimulate allergen specific T-cell lines in a similar
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manner/degree as measured by the T-cell stimulation

index.
DETAILED DESCRIPTION OF THE INVENTION

In a preferred embodiment of the invention, the primary
mutations are spaced 20 A, preferably 25 A and most
preferably 30 A.

It is believed that an allergen comprises a number of
potential binding regions for specific IgB's, wherein
each region approximately has a size of 800 A%, each
surface region comprising a large number of overlapping
epitopes. Thus, an allergen has a number of potential
primary mutations of the surface area divided by 800 Az,

Preferably, the recombinant allergen according to the
invention comprises from 5 to 20, preferably from 6 to
15, more preferably from 7 to 12, and most preferably

from § te 10 primary mutations.

In a preferred embodiment of the invention, the surface
region comprising no mutation has an area of 700 A%
preferably 600 A%, more preferably 500 A? and most
preferably 400 A%,

In a preferred embodiment of the invention, the
recombinant allergen comprises a number of secondary
mutations, which each reduce the specific IgE binding
capability of the mutated allergen as compared to the
binding capability of +the said naturally occurring
allergen, wherein each secondary mutation is a
substitution of one surface-exposed amino acid residue
with another residue, which does not occur ih the same
position in the amino acid sequence of any known

homologous protein within the taxonomic species from
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which said naturally occurring allergen originates,
wherein the secondary mutations are placed outside the
saild circular region.

The secondary mutations may be located close to a primary
mutation, i.e. a secondary mutation may well be an
additional mutation for the same epitope, which is
mutated by the primary mutation.

In a preferred embodiment of the invention, at least one
of the surface-exposed amino acids to be substituted in
the naturally occurring allergen has a solvent
accessibility of above 20 %, preferably above 30 %, more
preferably above 40 % and most preferably above 50 %.

In another preferred embodiment of the invention, at
least one of the surface-exposed amino acids to be
substituted in the naturally occurring allergen is
conserved with more than 70 %, preferably 80 % and most
preferably 90 % identity in all known homologous proteins
within the species from which said naturally occurring

allergen originates.

Preferably, the recombinant allergen according to
invention essentially has the same a-~carbon backbone
tertiary structure as said naturally occurring allergen.

When comparing the a-carbon backbone tertiary structures
of the mutant and the naturally occurring allergen
molecules, the average root mean square deviation of the

atomic coordinates is preferably below 2A.

In a preferred embodiment of the recombinant allergen of
the invention, each amino acid residue to be incorporated
into the mutant allergen does not occur in the same

position in the amino acid sequence of any known
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homologous protein within the taxonomic genus, preferably
the subfamily, more preferably the family, more
preferably the superfamily, more preferably the legion,
more preferably the suborder and most preferably the
order from which said naturally occurring allergen

originates.

In a preferred embodiment of the invention the
recombinant mutant allergen according to the invention is

a non-naturally occurring allergen.

Specific IgE binding to the mutated allergen 1is
preferably reduced by at least 5%, preferably at least
10% in comparisen to naturally-occurring iscallergens or
similar recombinant proteins in an immuno assay with sera
from source-specific IgE reactive allergic patients or
pools thereof.

Another way of assessing the reduced IgE binding and the
reduced ability of mediating cross-linking of the mutant
are the capability of the mutant to initiate- Histamine
Release (HR). The release of Histamine can be measured in
several Histamine releasing assays. The reduced Histamine
release of the mutants originates from reduced affinity
toward the specific IgE bound to the cell surface as well
as their reduced ability to facilitate cross-linking. HR
is preferably reduced by 5-100%, more preferably 25-100%,
more preferably 50-100% and most preferably 75-100% for
the mutants of the invention 1in comparison to the

naturally occurring allergens.
Typically, the circular surface region with an area of
800 A* comprising no mutation comprises atoms of 15-25

amino acid residues.

A preferred recombinant allergen according to the
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invention is characterised in that the surface-exposed
amino acid residues are ranked with respect to solvent
accessibility, and that one or more amino acids among the
more solvent accessible ones are substituted.

A further preferred recombinant allergen according to the
invention 1s characterised in that the surface-exposed
amino acid residues are ranked with respect to degree of
conversation in all known homologous proteins within the
species from which said naturally occurring allergen
originates, and that one or more amino acids among the

more conserved ones are substituted.

Preferably, the recombinant allergen according to the
invention comprises from 1 to 4 secondary mutations per

primary mutation.

A preferred embodiment of the invention is characterised
in that one or more of the substitutions is carried out
by site-directed mutagenesis.

Another preferred embodiment of the invention is
characterised in that one or more of the substitutions is

carried out by random mutagenesis.

A further preferred embodiment of the invention is
characterised in that one or more of the substitutions is
carried out by DNA shuffling.

Recombinant allergens according to the invention may
suitably be a mutant of an inhalation allergen
originating i.a. from trees, grasses, herbs, fungi, house
dust mites, cockroaches and animal hair and dandruff.
Important pollen allergens from trees, grasses and herbs
are such originating from the taxonomic orders of
Fagales, Oieales and Pinales including i.a. birch
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(Betula), alder (alnus), hazel (Corylus), hornbeam
(Carpinus) and olive (0lea), the order of Poales
including i.a. grasses of the genera Lolium, Phleum, Poa,
Cynodon, Dactylis and Secale, the orders of Asterales and
Urticales including i.a. herbs of the genera Ambrosia and
Artemisia. Important inhalation allergens from fungi are
i.a. such originating from the genera Alternaria and
Cladosporium. Other important inhalation allergens are
those from house dust nites of tﬁe genus
Dermatophagoides, those from cockroaches and those from
mammals such as cat, dog and horse. Further, recombinant
allergens according to the invention may be mutants of
venom allergens including such originating from stinging
or biting insects such as those from the taxonomic order
of Hymenoptera including bees (superfamily Apidae), wasps
(superfamily Vespidea) , and ants (supexrfamily

Formicoidae) .

Specific allergen components include e.g. Bet v 1 (B.
verrucosa, birch}, A&lin g 1 (&lnus glutinosa, alder), Cor
a 1 (Corylus avelana, hazel) and Car b 1 (Carpinus
betulus, hornbeam) of the Fagales order. Others are Cry j
1 {(Pinales), Amb a 1 and 2, Art v 1 (Asterales), Par j 1
(Urticales), Ole e 1 (Oleales), Ave e 1, Cyn d 1, Dac g
1, Fesp 1, Hol 1 1, Lol p 1 and 5, Pas n 1, Phl p 1 and
5, Poap l, 2 and 5, Sec ¢ 1 and 5, and Sor h 1 (various
grass pollens), Alt a 1 and Cla h 1 (fungi), Der £ 1 and
2, Der p 1 and 2 (house dust mites, D. farinae and D.
pteronyssinus, respectively), Lep d 1 and 2
(Lepidoglyphus destructor; storage mite), Bla g 1 and 2,
Per a 1 (cockroaches, Blatella germanica and Periplaneta
americana, respectively), Fel d 1 (cat), Can £ 1 (dog),
Equ ¢ 1, 2 and 3 (horse), Apis m 1 and 2 (honeybee), Ves
v 1, 2 and 5 Pol a 1, 2 and 5 {all wasps) and Sol i 1,
2, 3 and 4 (fire ant).
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In one embodiment, the recomhinant allergen is a mutant
of Bet v 1. Bmino acids potentially suitable for
substitution comprise amino acids V2, D72, B87, K-129, E-
60, N-47, K-65, p-108, N-159, D-93, K-123, K-32, D-125,
R-145, D-109, B-127, 0-36, E-131, 1-152, E-6, E~96, D-
156, P-63, H-76, E-8, K-134, E-45, T-10, V-12, K-20, S~
155, H-126, P-50, N-78, K-119, V-2, L-24, BE-42, N-4, A-
153, 1I1-44, E-138, G-61, A-130, R-70, N-28, P-35, S-149,
K-103, Y-150, H-154, N-43, A~106, K-115, P-14, Y¥-5, K-
137, E-141, E-87 and E-73. One or more of the primary and
secondary substitutions may be selected from the group
consgisting of V2F, V2L, V2I, V2M, Y5V, T10P, T10A, K20N,
D25E, N28T, K320, Q36A, Q36K, E428, E45S, N47S, K55N,
K65N, D72H, D72Q, D72N, T77a, N78K, E87G, B96L, K97S,
K103V, P108G, D109N, K123I, DI125Y, KI129N, KI34E, RI4EE,
S149R, S149T, D1i56H and +160N, wherein + means that an

additional amino acid is incorporated.

Examples of Bet v 1 mutants according to the present
invention are as follows (parentheses, when used,

indicate primary and secondary mutations):

Mutant A:
(Asn28Thr, Lys32Gln), (Asn78Lys, Lysl03Val), Argld5Glu,
(Aspl56His, +160Asn).

Mutant B:
Tyr5val, Glud2Ser, Glu45Ser, Asn78Lys, Lysl03val,
Lysl23Ile, Lys134Glu, Asplb56His.

Mutant 2595 (Example 2):
N28T, K32Q, E45S, P108G

Mutant 2628 (Example 4):
Tyr5val, Glu45Ser, Lys65Asn, Lys97Ser, Lysl34Glu.
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Mutant 2637 (Example 4):
Alal&Pro, (Asn28Thr, Lys32Gln), Lysl03Thr, Proi08Gly,
{Leul52Lys, Alal53Gly, Serl55Pro).

Mutant 2724:
N28T, K32Q, N78K, K103V, P1l08G, R145E, D156H, +160N.

Mutant 2733 (Example 4):

(Tyr5Val, Lysl34Glu), (Asn28Thr, Lys32Gln), Glud45Ser,
Lys65Asn, {Asn78Lys, Lysl03Val), Lys97Ser, Prol08Gly,
Argld5Glu, (Aspl56His, +160Asn)

Mutant 2744: (Tyr5val, Lys134Glu), (Glud2Ser, GludbSer),
(Asn78Lys, Lysl03Val), Lysl23Ile, (AsplS56His, +160Asn).

Mutant 2753 (Example 4):

(Asn28Thr, Lys32Gln), Lys65Asn, (Glu%26Leu, Lys97Ser),
(Prol08Gly, Aspl08Asn), (Aspl25Tyr, Glul278er),
Argl45Glu.

Mutant 2744 + 2525:
Y5V, N28T, K320, E428, E45s, N78K, K103V, P108G, K123I,
K134E, D156H, +160N.

Mutant 2744 + 2628:
Y5V, E42S, E453, K65N, N78K, K975, K103V, K123I, KI134E,
D156H, +160N.

Mutant 2744 + 2595 + 2628:
Y5V, N28T, K320, E428, EA45S, K65N, N78K, K97s, K103V,
P108G, K123I, K134E, D156H, +160N.

Furthermore, all of the above mutants comprising one or
more of the following substitutions: V2F, V2L, V2I, V2M,
T10A, K20N, Q36A or Q36K, D72H, D72Q, D72N, E87G, K129N
and S149R or S149T.
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In another embodiment, the recombinant allergen is
derived from a venom allergen from the taxonomic order of

Vespidae, Apidae and Formicoidae.

In a further embodiment, the recombinant allergen is
derived from Ves v 5. Amino acids potentially suitable
for substitution comprise amino acids BAmino acids
potentially suitable for substitution comprise amino
acids K-16, K-185, K~11, K-44, K-210, R-63, K-13, F~6, K-
149, K-128, B-184, K-112, F-157, E-3, K-28, N-203, N-34,
K-78, K-151, L-15, L-158, Y-102, W-186, K-134, D-87, K-~
52, T-67, T-125, K-150, Y-40, Q-48, L-65, K-81, Q-101, o-
208, K-144, N-8, N-70, H—~104,‘Q—45, K-137, K-159, E-205,
N-82, A-111, D-131, K-24, V-36, N-7, M-138, T-209, V-84,
K-172, v-19, D-56, P-73, G-33, T-106, N-170, L-28, T-43,
Q-114, c-10, K-60, N-31, K-47, E~5, D-145, Vv-38, A-127,
D-156, E-204, P~71, G-26, Y¥-129, D-141, F-201, R-68, N-
200, D-49, $-153, K-35, sS-39, Yy-25, V-37, G-18, W-85 and
I-182. One or more of the primary and secondary
substitutions may be selected from the group consisting
of K29A, T67A, K78A, V84S, Y102A, K112S5, Kl44a, K202M and
N203G.

In a further embodiment, the recombinant allergen is
derived from Der p 2. Anino acids potentially suitable
for substitntion comprise amino acids R-128, D-129, H-11,
K-30, $-1, K-77, ¥-75, R-31, K~82, K-6, K-96, K-48, K-55,
K-89, Q-85, W-92, I-97, HB-22, V-65, $-24, H-74, K-126, L~
61, P-26, N-923, D-64, I-28, K-14, K-100, E-62, I-127, E-
102, E-25, P-66, L-17, G-60, P-95, E-53, V-81, K-51, N-
103, ©-2, N-46, E-42, T-91, D-87, N-10, M-111, C-8, H-
124, 1-68, P-79, K-109 and R-128, D-129, H-11, H-30, s5-1,
X-77, ¥-75, R-31, K-82, K-6, K-96, K-48, K-55, K-89, Q-
85, wW-9%92, 1-97, H-22, V-65, S-24, H-74, K-126, L-61, P-
26, N-93, D-64, I-28, K-14,. K-100, E-62, I-127, E-102, B-
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25, P-66, L-17, G-60, P-95, E-53, Vv-81, K-51, N-103, Q-2,
N-46, E-42, T-91, D-87, N-10, M-111, C-8, H-124, I-68, P-
79, K-109, K-15. One or more of the primary and secondary
substitutions may be selected from the group consisting

of K6R, N10S, KISE, S24N, H30N, K48A, E628, HT4N, K77N,

K82N, K100N and R128Q.

Examples of Bet v 1 mutants according to the present

invention are as follows:

Mutant A:
K6A, K158, H30N, E62S.

Mutant B:
K6A, K15E, H30N, B62S, H74N, KB2N.
Mutant C:

K6A, N108, KI15E, S24N, H30N, KA4BA, B62S, H74N, K77N,
K82N, K100N and R128Q

Vaccines

Preparation of vaccines is generally well known in the
art. Vaccines are typically prepared as injectables
either as liquid solutions or suspensions. Such vaccine
may also be emulsified or formulated so as to enable
nasal administration as well as oral, including buccal
and sublingual, administration. The immunogenic component
in gquestion (the recombinant allergen as defined herein)
may suitably be mixed with excipients which are
pharmaceutically acceptable and further compatible with
the active ingredient. Examples of suitable excipients
are water, saline, dextrose, glycerol, ethanol -and the
like as well as combinations thereof. The vaccine may
additionally contain other substances such as wetting
agents, emulsifying agents, buffering agents or adjuvants

enhancing the effectiveness of the vaccine.
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Vaccines are most frequently administered parenterally by
subcutaneous or intramuscular injection. Formulations
which are suitable for administration by another route
include oral formulations and suppositories. Vaccines for
oral administration may suitably be formulated with
excipients normally employed for such formulations, e.g.
pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharine, cellulose,
magnesium carbonate and the like. The composition can be
formulated as solutions, suspensions, emulsions, tablets,
pills, capsules, sustained release formulations,

aerosols, powders, or granulates.

The vaccines are administered in a way sc as to be
compatible with the dosage formulation and in such amount
as will be therapeutically effective and immunogenic. The
guantity of active component contained within the vaccine
depends on the subject to be treated, i.a. the capability
of the subject’s immune system to respond to the
treatment, the route of administration and the age and
weight of the subject. Suitable dosage ranges can vary
within the range from about 0.0001 pg to 1000 pg.

As mentioned above, an increased effect may be obtained
by adding adjuvants to the formulation. Examples of such
adjuvants are aluminum hydroxide and phosphate (alum) or
calcium phosphate as a 0.05 to 0.1 percent solution in
phosphate buffered saline, synthetic polymers of sugars
or polylactid glycolid (PLG) wused as 01425 percent
solution. Mixture with bacterial cells such as C. parvum,
endotoxins or lipopolysaccharide components of gram-—
negative bacteria, emulsion in physiclogically acceptable
0il vehicles such as mannide monoaleate (Aracel A) or
emulsion with 20 pefcent solution of a perfluorocarbon
(e.g. Fluosol-DA) used as a block substitute may also be
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employed. O0il emulsions, such as MF-59 may also be used.
Other adjuvants such as Freund’s complete and incomplete
adjuvants as well as saponins, such as QuilA, Qs-21 and
ISCOM, and RIBI may also be used.

Most often, multiple administrations of the vaccine will
be necessary to ensure an effect. Freguently, the vaccine
is administered as an initial administration followed by
subsequent inoculations or other administrations. The
number of vaccinations will typically be in the range of
from 1 to 50, usually not exceeding 35 vaccinations.
Vaccination will normally be performed from biweekly to
bimonthly for a period of 3 months to 5 years. This is
contemplated to give desired level of prophylactic or
therapeutic effect.

The recombinant allergen may be used as a pharmaceutical
preparation, which is suitable for providing a certain
protection against allergic responses during the period
of the year where symptoms occur (prophylaxis). Uswvally,
the treatment will have to be repeated every year to
maintain the protective effect. Preparations formulated
for nasal, oral and sublingual application are particular
suited for this purpose.

Method of preparing a recombinant allergen according te

the invention

As mentioned above, the present invention also relates to
a method of preparing the recombinant mutant allergen of
the invention, cf. claim 48.

The surface-exposed amino acids suitable for substitution

in accordance with the present invention may be
identified on the basis of information of their solvent

(water) accessibility, which expresses the extent of
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surface exposure. A preferred embodiment of the method of
the invention is characterised in ranking the said
identified amino acid residues with respect to solvent
accessibility and substituting one or more amino acids

among the more solvent accessible ones.

A second parameter, which may contribute to the
identification of surface-exposed amino acids suitable
for substitution in accordance with the present invention
is the extent in which an amino acid is conserved in all
known homologous proteins within the species from which
said naturally occurring allergen originates.
Alternatively, the extent din which in all known
homologous proteins within the taxonomic genus,
subfamily, family, superfamily, legion suborder or order
from which said naturally occurring allergen originates

is used as such a second parameter.

Accordingly, a preferred embodiment of the method of the

invention is characterised in selecting identified amino .

acid residues, which are conserved with more than 70 %,
preferably more than 80 % and most preferably more than
90 % identity in all known homologous proteins within the
species from which said naturally occurring allergen

originates.

Forthermore, a particularly preferred embodiment of the
method of the invention is characterised in ranking the
said identified amino acid residues with respect to
degree of conversation in all known homologous proteins
within the species from which said naturally occurring
allergen originates and substituting one or more amino
acids among the more conserved ones.

A further preferred . embodiment of the method of the

invention comprises selecting the identified amino acids
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so as to form a mutant allergen, which has essentially
the same a-carbon backbone tertiary structure as said

naturally occurring allergen.

Another preferred embodiment of the method of the
invention is characterised in that the substitution of
amino acid residues is carried out by site-directed

mutagenesis.
An alternative preferred embodiment of the method of the
invention is characterised in that the substitution of

amino acid residues is carried out by DNA shuffling.

Criteria for substitution

For molecules for which the tertiary structure has been
determined (e.g. by x-ray crystallography, or NMR
electron microscopy), the mutant carrying the substituted
amino acid{s) should preferably fulfil the following

criteria:

1. The overall o-carbon backbone tertiary structure of
the melecule is préferably conserved. Conserved 1is
defined as an average root mean sguare deviation of the
atomic coordinates comparing the structures below 2A.
This is important for two reasons: a) It is anticipated
that the entire surface of the natural allergen
constitutes an overlapping continuum of potential
antibody-binding epitopes. The majority of the surface of
the molecule is not affected by the substitution(s), and
thus retain its antibody-binding inducing properties,
which is important for the generatiocn of new protective
antibody specificities being directed at epitopes present
alse on the natural allergen. b) Stability, both
concerning shelf-life and upon injection into body
fluids.
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2. The amino acids to be substituted are preferably
located at the surface, and thus accessible for antibody-
binding. Amino acids located on the surface in the three-
dimensional structure usually have a solvent (water)
accessibility of at least 20%, suitably 20-80%, more
suitably 30-80%. Solvent accessibility is defined as the
area of the molecule accessible to a sphere with a radius

comparable to a solvent (water, r = 1.4 A) molecule.

3. Each of the substituted amino acids is preferably
located in conserved patches having an area larger than
400 A2. Conserved patches are defined as coherently
connected areas of surface-exposed conserved amino acid
residues and backbone. Conserved amino acid residues are
defined by sequence alignment of all known (deduced)
amino acid sequences of homologues proteins within the
same taxonomic  species, genus, subfamily, family,
superfamily, legion, suborder or order. Amino acid
positions having identical amino acid residues in more
than 70% of the sequences are considered conserved.
Conserved patches are expected to contain epitopes to
which the IgE of the majority of patients is directed.

Conservation of a-carbon backbone tertiary structure is
best determined by obtaining identical structures by x-
ray crystallography or NMR before and after mutagenesis.
In absence of structural data describing the mutant
indistinguishable CD-spectra or immunochemical data, e.g.
antibody reactivity, may render conservation of o-carbon
backbone tertiary structure probable, if compared to the
data obtained by analysis of a structurally determined

molecule.

4. Within the conserved patches amino acids for
mutagenesis should .preferentially be selected among the
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most solvent (water) accessible ones located preferably

near the centre of the conserved patch.

5. Preferentially, a polar amino acid residue 1is
substituted by another polar residue, and a non-polar
amino acid residue is substituted by another non-polar

residue.

With an object of essentially retaining the three;
dimensional structure of the allergen, the amino acid to
be incorporated may be selected on the basis of a
comparison with a protein, which is a structural
homologue to the allergen, e.g. a protein, which belongs
to the same taxonomic order as the allergen, and which

does not have any cross-reactivity with the allergen.

DNA according to the invention

In a preferred embodiment, the DNA sequence of the
invention is a derivative of the DNA seguence encoding

the naturally occurring allergen.

Preferably, the DNA derivative is obtained by site-
directed or random mutagenesis of the DNA encoding the

naturally occurring allergen.

In a first particularly preferred embodiment, the DNA
sequence is a derivative of the sequence shown in Fig. 3,
wherein the DNA sequence is mutated so as to encode an
allergen having at least four mutations selected from the
group consisting of K-129, E-60, N-47, K-65, P-108, N-
159, D-93, K-123, K-32, D-125, R-145, D-109, E-127, Q-36,
E-131, L-152, E-6, E-96, D-156, P-63, H-76, E-8, K-134,
E-45, T-10, V-12, K-20, S-155, H-126, P-50, N-78, K-119,
V-2, L-24, B-42, N-4, A-153, I-44, E-138, G-61, A-130, R-
70, N-28, P-35, $-149, K-103, Y-150, H-154, N-43, A-106,
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K-115, pP-14, Y-5, K-137, E-141, E-87, E-73.

In a second particularly preferred embodiment, the DNA
sequence is a derivative of the sequence shown in Fig.
13, wherein the DNA seqguence is mutated so as to encode
an allergen having at least four mutations selected from
the group consisting of K-16, X-185, K-11, K-44, K-210,
R-63, X-13, F-6, K-149, K-128, E-184, K-112, F-157, E-3,
K-29, N-203, N-34, K-78, K-151, L-15, L-158, Y-102, W-
186, K-134, D-87, K-52, T-67, T-125, K-150, Y-40, 0Q-48,
1-65, K-81, ©-101, Q-208, K-144, N-8, N-70, H-104, 0Q-45,
K-137, K-159, E~-205, N-82, A-111, D-131, K-24, V-36, N-7,
M-138, T-209, v-84, K-172, V-19, D-56, P-73, G-33, T-106,
N-170, L-28, T-43, Q-114, Cc-10, K-60, N-31, K-47, E-5, D~
145, v-38, A-127, D-156, E-204, P-71, G-26, ¥Y-129, D-141,
7201, R-68, N-200, D-49, S5-153, K-35, §-3%, Y-25, V-37,
G-18, W-85 and I-182.

In a third particularly preferred embodiment, the DNA
sequence is a derivative of the sequence shown in Fig.
16, wherein the DNA seguence is mutated so as to encode
an allergen having at least four mutations selected from
the group consisting of R-128, D-129, H~-1l1l, H-30, S-1, K-
77, Y-75, R-31, K-82, K-6, K-96, K-48, K-55, K-8%, Q-85,
W-92, I-97, H-22, V-65, S-24, H-74, K-126, L-61, P-26, N-
93, D-64, I-28, K-14, K-100, E-62, I-127, E-102, E-25, P~
66, L-17, G-60, P-95, E-53, v-81, K-51, N-103, Q-2, N-46
E-42, T-91, D-87, N-10, M-111, C-8, H-124, I-68, P-79, K-
109 and k-128, D-129, H-11, H-30, S-1, K~77, ¥-75, R-31,
K-82, K-6, K-96, K-48, K-55, K-89, (Q-85, w-92, I-97, H-
22, vV-65, S-24, H-74, K-126, L-61, P-26, N-93, D-64, I~
28, K-14, K-100, E-62, I-127, E-102, E-25, P-66, L-17, G-
60, P-95, E-53, Vv-81, K-51, N-103, QO-2, N-46, E-42, T-91,
D-87, N-10, M-111, C-8, H-124, I-68, P-79, K-109, K-15.

DNA shufflin
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The recombinant mutant allergen according to the present
invention may be produced using a DNA sequence obtained
by DNA shuffling (molecular breeding) of the
corresponding naturally DNA. DNA shuffling may be carried
out according to the procedures disclosed in the article
by Punnonen et al. (ref. 25) as well as the procedures
disclosed in the articles mentioned therein, which are

all included herein by this reference.

Diagnostic assay

Furthermore, the recombinant mutant allergens according
to the invention have diagnostic possibilities and
advantages. Prior art allergy vaccines are based on
extracts of the naturally occurring allergen source, and
thus represent a wide variety of isoforms. The allergic
individual has initially been sensitised and has IgE to
one or some of the isoforms present. Some of the isoforms
may be relevant with respect to the allergic reactions of
tﬁe allergic individual due to homology and subsequent
cross-reactivity with the isoform to which the individual
is allergic, whereas other isoforms may be irrelevant as
they do not harbour any of the IgE binding epitopes to
which the allergic individual has specific IgE. Due to
this heterogeneity of <the specificities of the IgE
population, some isoforms may therefore be safe to
administer, i.e. they do mnot result in an allergic
response via IgE, whereas other isoforms may be harmful

causing undesirable side-effects.

Thus, the rﬂutants of the invention and the compositions
of the invention intended to be administered
therapeutically may also be used for an in vivo or in
vitro diagnostic assay to monitor the relevance, safety

or outcome of a treatment with such mutants or
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compositions. Diagnostic samples to be applied include

body samples, such as sera.

Thus, the invention also relates to a diagnostic assay
for assessing relevance, safety or outcome of ﬁherapy of
a subject using a recombinant mutant allergen according
to the dinvention or a composition according to the
invention, wherein an IgE containing sample of the
subject is mixed with said mutant or said composition and
assessed for the level of reactivity between the IgE in
said sample and said mutant. The assessing of the level
of reactivity between the IgE in the sample and the

nutant may be carried out using any known immunoassay.
Definitions

In connection with the present invention the expression
"reduce the specific IgE binding capability as compared
to the IgE binding capability cf the said‘ natural-
occurring allergen” means that the reduction is
measurable in a statistically significant manner (p
<0.05) in at least one immunoassay using serum from a
subject allergic to the natural-occurring allergen.
Preferably, the IgE binding capability is reduced by at
least 5 %, more preferably at least 10 %.

The expression "surface-exposed amino acid” means that
the amino acid residue is located at the surface of the
three-dimensional structure in such a manner that when
the allergen is in solution at least a part of at least
one atom of the amino acid residue is accessible for
contact with the surrounding solvent. Preferably, the
amino acid residue in the three-dimensional structure has
a solvent (water) accessibility of at least 20%, suitably
at least 30 &, more suitably at least 40 % and most
preferably at least 50 %. '
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The expression "solvent accessibility" is defined as the
area of the molecule accessible to a sphere with a radius

comparable to a solvent (water, r = 1.4 A) molecule.

The expressions "surface-exposed” and "solvent-exposed"
are used interchangeably.

The expression "the taxonomic species from which said
naturally occurring allergen originates" means species in

the taxonomic system.

Furthermore, the expression "said mutant allergen having
essentially the same o-carbon backbone ;Eertiary structure
as said naturally occurring allergen" means that when
comparing the structures, the average root mean square

deviation of the atomic coordinates is below 2 A.

In connection with the present invention the expression
“substitution” means the deletion, substitution or
addition of an amino acid in comparison to the amino acid
sequence of the naturally occurring allergen.

The present invention is further illustrated by the

following non-limiting examples.
EXAMPLES
EXAMPLE 1

Example 1 describes the preparation of recombinant nutant
allergens with one and three primary mutations.
Recombinant  mutant allergens according to the invention,
i.e. allergens comprising at least four -primary
mutations, may be prepared using the same procedures.
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Identification of common epitopes within Fagales pollen

allergens

The major birch pollen allergen Bet v 1 shows about 90%
amino acid sequence identity with major allergens from
pollens of taxomomically related trees, i.e Fagales (for
instance hazel and hornbeam) and birch pollen allergic
patients often show clinical symptoms of allergic cross-
reactivity towards these Bet v 1 homologous proteins.

Bet v 1 also shows about 50-60% sequence identity with
allergic proteins present in certain fruits (for instance
apple and cherry) and vegetables (for instance celery and
carrot) and there are clinical evidence for allergic
cross-reactivity between Bet v 1 and these food related

proteins.

In addition, Bet v 1 shares significant sequence identity
(20-40%) with a group of plant proteins called
pathogenesis-related proteins (PR-10), however  there are
no reports of allergic cross-reactivity towards these PR-

10 proteins.

Molecular modelling suggests that the structures of
Fagales and food allergens and PR-10 proteins are close
to being identical with the Bet v 1 structure.

The structural basis for allergic Bet v 1 cross—
reactivity was reported in (Gajhede et al 1996, ref. 17)
where three patches on the molecular surface of Bet v 1
could be identified to be common for the known major tree
pollen allergens. Thus, any IgE recognising these patches
on Bet v 1 would be able to cross-react and bind to other
Fagales major pollen allergens and give rise to allergic
symptoms. The identification of these common patches was

performed after alignment of all known amino acid
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sequences of the major tree pollen allergens in
combination with an analysis of the molecular surface of
Bet v 1 revealed by the o-carbon backbone tertiary
structure reported in ref. 17. In addition, the patches
were defined to have a certain minimum size (>400 A%

based on the area covered by an antibody upon binding.

Selection of amino aclid residues for site-directed

mitagenesis

Amino acid residues for site~directed mutagenesis were
selected among residues present in Bet v 1 specific areas
and the common patches since modifications of these is
expected to affect the binding of serum IgE from the
majority of patients showing clinical tree pollen

allergic cross-reactivity.

The relative orientation and percentage of solvent-
exposure of each amino acid residue within respective
patch was calculated based on their atomic coordinates.
Residues having a low degree of solvent exposure (<20%)
were not regarded relevant for mutagenesis due to the
possible disruption of the structure or lack of antibody
interaction. The remaining residues were ranked according
to their degree of solvent-exposure.

Seguence alignment

Sequences homologous to the query sequence (Bet v 1 No.
2801, WHO 1IUIS Nomenclature Subcommittee on Allergens)
were derived from GenBank and EMBL sequence databases by
a BLAST search (Bltschul et al., ref. 18). All sequences
with BLAST reported probabilities less than 0.1 were
taken into consideration and one list were constructed
containing a non-redundant ‘list of homologous sequences.

These were aligned by CLUSTAL W (Higgins et al., ref. 19)
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and the percentage identity were calculated for each
position in the sequence considering the complete list or
taxonomically related species only. A total of 122
sequences were homologous to Bet v I No. 2801 of which 57

sequences originates from taxonomically related species.

Cloning of the gene encoding Bet v 1

RNA was prepared from Betula verrucosa pollen (Allergon,
Sweden) by phenol extraction and LiCl precipitation.
0ligo{dT)-cellulose affinity chromatography was performed
batch-wise in Eppendorph tubes, and double-stranded cDNA
was synthesised wusing a commercially available kit
(Amersham) . DNA encoding Bet v 1 was amplified by PCR and
cloned. In brief, PCR was performed using cDNA as
template, and primers designed to match the sequence of
the cDNA in positions corresponding to the amino terminus
of Bet v 1 and the 3'-untranslated region, respectively.
The primers were extended in the 5'-ends to accommodate
restriction sites (Ncol and HindIII) for directional

cloning into pKK233-2.

Subcloning into pMAL-c

The gene encoding Bet v 1 was subsequently subcloned into
the maltose binding protein fusion vector pMAL-c (New
England Biolabs). The gene was amplified by PCR and
subcloned in frame with malE to generate maltose binding
protein (MBP)-Bet v 1 protein fusion operons in which MBP
and Bet v 1 were separated by a factor X, protease
clevage site positioned to restore the authentic
aminoterminal sequence of Bet v 1 upon cleavage, as
described in ref. 15. In brief, PCR was performed using
pKK233-3 with Bet v 1 inserted as template and primers
corresponding to the amino- and carboxyterminus of the

protein, respectively. The promoter proximal primer was
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extended in the 5'-end to accommodate 4 codons encoding
an in frame factor X, protease cleavage site. Both
primers were furthermore extended in the 5'-ends to
accommodate restriction sites (KpnI) for cloning. The
Bet v 1 encoding genes were subcloned using 20 cycles of
PCR to reduce the frequency of PCR artefacts.

In vitro mutagenesis

In wvitro mutagenesis was performed by PCR using
recombinant pMAL-c with Bet v I inserted as template.
Each mutant Bet v 1 gene was generated by 3 PCR reactions
using 4 primers.

Two  mutation-specific oligonucleotide primers were
synthesised accommodating each mutation, one for each DNA
strand, see Figs. 1 and 2. TUsing the mutated
nucleotide(s) as starting point both primers were
extended 7 nucleotides in the 5'-end and 15 nucleotides
in the 3'-end. The extending nucleotides were identical
in sequence to the Bet v I gene in the actual region.

Two generally applicable primers (denoted "all-sense" and
"all non-sense" in Figure 2) were furthermore synthesised
and used for all mutants. These primers were 15
nucleotides in length and correspond in sequence to
regions of the pMAL-c vector approximately 1 kilobase
upstream and downstream from the Bet v I. The sequence of
the upstream primer is derived from the sense strand and
the sequence of the downstream primer is derived from the

non-sense strand, see Fig. 2.

Two independent PCR reactions were performed essentially
according to standard procedures (Saiki et al 1988, ref.
20) with the exception that only 20 temperature cycles
were performed in order to reduce the frequency of PCR
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artefacts. Each PCR reaction used pMAL-c with Bet v I
inserted as template and one mutation-specific and one

generally applicable primer in meaningful combinations.

Introduction of the four amino acid substitutions
(Asn28Thr, Lys32Gln, Glu45Ser, Prol08Gly) in the Triple-
patch mutant were performed like described above in a
step by step process. First the Glu45Ser mutation then
the Prol08Gly mutation and last the Asn28Thr, Lys32Gln
mutations were introduced using pMAL-c with inserted Bet
v 1 No. 2801, Bet v 1 (Glué45Ser), Bet v 1 (Glu45Ser,
Prol086ly) as templates, respectively.

The PCR products were purified by agarose gel
electrophoresis and electro-elution followed by ethanol
precipitation: A third PCR reaction was performed using
the combined PCR products from the first two PCR
reactions as template and both generally applicable
primers. Again, 20 cycles of standard FCR were used. The
PCR product was purified by agarcose gel electrophoresis
and electro~elution followed by ethanol precipitation,
cut with restriction enzymes (BsiWI/EcoRI), and ligated
directionally into pMAL-c with Bet v 1 inserted
restricted with the same enzymes.

Figure 3 shows an overview of all 9 Bet v 1 mutations,

which are as follows

Thrl0Pro, Asp25Gly, Asn28Thr + Lys32Gln, Glu45Ser,
Asnd7Ser, Lys55Asn, Glu60Ser (non-patch), Thr77Ala and
Prol08Gly. An additional mutant with four mutations was
also prepared (Asn28Thr, Lys32Gln, Glud5Ser, Prol08Gly).
Of these, five mutants were selected for further testing:
Asn28Thr + Lys32Gln, GludSSer, Glu60Ser, Prol08Gly and
the Triple-patch mutant Asn28Thr, Lys32Gln, GludSSer,
Prol08Gly.
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Nucleotide segquencing

Determination of the nucleotide sequence of the Bet v 1
encoding gene was performed before and after subcloning,

and following in vitro mutagenesis, respectively.

Plasmid DNA's from 10 ml of bacterial culture grown to
saturation overnight in LB medium supplemented with 0.1
g/l ampicillin were purified on Qiagen-tip 20 columns and
sequenced using the Sequenase version 2.0 DNA sequencing
kit (USB) following the recommendations of the suppliers.

Expression and purification of recombinant Bet v 1 and

mutants

Recombinant Bet v 1 ({Bet v 1 No. 2801 and mutants) were
over—expressed in Escherichia coli DH 5a fused to
maltose~binding protein and purified as descriked in ref.
15. Briefly, recombinant E.coli cells were grown at 37°C
to an optical density of 1.0 at 436 nm, whereupon
expression of the Bet v 1 fusion protein was induced by
addition of IPTG. Cells were harvested by centrifugation
3 hours post-induction, re-suspended in lysis buffer and
broken by sonication. After sonication and additional
centrifugation, recombinant fusion protein was isolated
by amylose affinity chromatography and subsequently
cleaved by incubation with Factor Xa (ref. 15). After F
Xa cleavage, recombinant Bet v 1 was isolated by
gelfiltration and 1f found necessary, subjected to
another round of amylose affinity chromatography in order
to remove trace amounts of maltose-binding protein.

Purified recombinant Bet v 1 was concentrated by
ultrafiltration to about 5 mg/ml and stored at 4 °C. The
final yields of the purified recombinant Bet v 1
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preparations were between 2-5 mg per litre E. coli cell
culture.

The purified recombinant Bet v 1 preparations appeared as
single bands after silver-stained SDS-polyacrylamide
electrophoresis with an apparent molecular weight of 17.5
kDa. N-terminal sequencing showed the expected sequences
as derived from the cDNA nucleotide sequences and
quantitative amino acid analysis showed the expected

amino acid compositions.
We have previously shown (ref. 15) that recombinant Bet v
1 No. 2801 is immunochemically indistinguishable from

naturally occurring Bet v 1.

Immunoelectrophoresis using rabbit polyclonal antibodies

The seven mutant Bet v 1 were produced as recombinant Bet
v 1 proteins and purified as described above and tested
for their reactivity towards polyclonal rabbit antibodies
raised against Bet v 1 isolated from birch pollen. When
analysed by immunoelectrophoresis (rocket-line
immunoelectrophoresis) under native conditions, the
rabbit antibodies were able to precipitate all mutants,
indicating that the mutants had conserved a-carbon

backbone tertiary structure.

In order to analyse the effect on human polyclonal IgE-
response, the mutants Glud45Ser, Prol08Gly,
Asn28Thr+Lys32Gln and Glu60Ser were selected for further

analysis.

Bet v 1 Glu4d5Ser mutant

Glutamic acid in position 45 show a high degree of
solvent-exposure (40%) and 1is located in a molecular
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surface patch common for Fagales allergens (patch I). A
serine residue was found to occupy position 45 in some of
the Bet v 1 homologous PR-10 proteins arguing for that
glutamic acid can be replaced by serine without
distortion of the o~carbon backbone tertiary structure.
In addition, as none of the known Fagales allergen
sequences have serine in position 45, the substitution of
glutamic acid with serine gives rise to a non-naturally

occurring Bet v 1 molecule.

T cell proliferation assay using recombinant Glud5Ser Bet

v_1 mutant

The analysis was carried out as described in Spangfort et
al 1996a. It was found that recombinant Bet v 1 Glu45Ser
mutant was able to induce proliferation in T cell lines
from three different birch pollen allergic patients with
stimulation indices similar to recombinant and naturally

occurring.

Crystallisation and structural determination of
recombinant Glu45Ser Bet v 1

Crystals of recombinant Glu45Ser Bet v 1 were grown by
vapour diffusion at 25°C, essentially as described in
(Spangfort et al 1996b, ref. 21). Glud45Ser Bet v 1, at a
concentration of 5 mg/ml, was mixed with an equal volume
of 2.0 M ammonium sulphate, 0.1 M sodium citrate, 1%
(v/v) dioxane, pH 6.0 -and eguilibrated against 100x
volume of 2.0 M ammonium sulfate, 0.1 M sodium citrate,
1% (v/v) dioxane, pH 6.0. After 24 Thours of
equilibration, crystal growth was induced by applying the
seeding technique described in ref. 21, using crystals of

recombinant wild-type Bet v 1 as a source of seeds.

After about 2 months, crystals were harvested and
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analysed using X-rays generated from a Rigaku rotating
anode as described in ref. 21 and the structure was

solved using molecular replacement.

Structure of Bet v 1 Glud45Ser mutant

The structural effect of the mutation was addressed by
growing three-dimensional Bet v 1 Glu45Ser protein
crystals diffracting to 3.0 A resolution when analysed by
X-rays generated from a rotating anode. The substitution
of glutamic acid to serine in position 45 was verified by
the Bet v 1 Glu45Ser structure electron density map which
also showed that the overall a-carbon backbone tertiary

structure is preserved.

IgE-binding properties of Bet v 1 Glu45Ser mutant

The IgB-binding properties of Bet v 1 Glu45Ser mutant was
compared with recombinant Bet v 1 in a fluid-phase IgE-
inhibition assay using a pool of serum IgE derived from
birch allergic patients.

Recombinant Bet v 1 no. 2801 was biotinylated at a molar
ratio of 1:5 (Bet v 1 no. 280l:biotin). The inhibition
assay was performed as follows: a serum sample (25 nl)
was incubated with solid phase anti IgE, washed, re-
suspended and further incubated with a mixture of
biotinylated Bet v 1 no. 2801 (3.4 nM) and a given mutant
{0-28.6 nM). The amount of biotinylated Bet v 1 no. 2801
bound to the so0lid phase was estimated from the measured
RLU after incubation with acridinium ester labelled
streptavidin. The degree of inhibition was calculated as
the ratio between the RLU's obtained using buffer and

mutant as inhibitor.

Figure 4 shows the dinhibition of the binding of
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biotinylated recombinant Bet v 1 to serum IgE from a pool
of allergic patients by non-biotinylated Bet v 1 and by
Bet v 1 Glu45Ser mutant.

There is a clear difference in the amount of respective
recombinant proteins necessary to reach 508 inhibition of
the binding to serum IgE present in the serum pool.
Recombinant Bet v 1 reaches 50% inhibition at about 6.5
ng whereas the corresponding concentration for Bet v 1
Glu45sSer mutant is about 12 ng. This show that the point
mutation introduced in Bet v 1 Glud45Ser mutant lowers the
affinity for specific serum IgE by a factor of about 2.

The maximum level of inhibition reached by the Bet v 1
Glud58er mutant is clearly lower compared to recombinant
Bet v 1. This may indicate that after the Glu4dSSer
substitution, some of the specific IgE present in the
serum pool are unable to recognise the Bet v 1 GludSSer

mutant.

Bet v 1 mutant Asn28Thr+Lys32Gln

Aspartate and lysine in positions 28 and 32, respectively
show a high degree of solvent-exposure (35% and 50%,
respectively) and are located in a molecular surface
patch common for Fagales allergens (patch II). In the
structure, -aspartate 28 and lysine 32 are located close
to each other on the molecular surface and most likely
interact via hydrogen bonds. A threonine and a glﬁatamate
residue were found to occupy positions 28 and 32,
respectively in some of the Bet v 1 homologous PR-10
proteins arguing for that aspartate and lysine can be
replaced with threonine and glutamate, respectively
without distortion of the o-carbon backbone tertiary
structure. In addition, as none of the naturally
occurring 1isocallergen sequences have threonine and

glutamate in positions 28 and 32, respectively, the
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substitutions gives rise to a non-naturally occurring Bet

v 1 molecule.

IgE-binding properties of Bet v 1 mutant
Asn28Thr+lys32Gln

The IgE-binding properties of mutant Asn28Thr+Lys32Gln
was compared with recombinant Bet v 1 in a fluid-phase
IgB~-inhibition assay using the pool of serum IgE derived
from birch allergic patients described above.

Figure 5 shows the inhibition of the binding of
biotinylated recombinant Bet v 1 to serum IgE from a pool
of allergic patients by non-biotinylated Bet V 1 and by
Bet v 1 mutant Asn28Thr+Lys32GIn.

There is a clear difference in the amount of respective
recombinant proteins necessary to reach 50% inhibition of
the binding to serum IgE present in the serum pool.
Recombinant Bet v 1 reaches 50% inhibition at about 6.5
ng whereas the corresponding concentration for Bet v 1
mutant Asn28Thr+Lys32GIn is about 12 ng. This show that
the point mutations introduced in Bet v 1 mutant
Asn28Thr+Lys32Gln lowers the affinity for specific serum
I1gE by a factor of about 2.

The maximum level of inhibition reached by the Bet v 1
nutant Asn28Thr+Lys32Gln mutant is clearly lowei compared
to recombinant Bet v 1. This may indicate that after the
Asn28Thr+Lys32G1ln substitutions, some of the specific IgE
present in the serum pool are unable to recogﬁise the Bet
v 1 mutant Asn28Thr+Lys32Gln.

Bet v 1 mutant Prol08Gly

Proline in position 108 show a high degree of solvent-
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exposure (60%) and is located in a molecular surface
patch common for Fagales allergens (patch III). A glycine
residue was found to occupy position 108 in some of the
Bet v 1 homologous PR~10 proteins arguing for that

proline can be replaced with glycine without distortion

of the a~carbon backbone tertiary structure. In addition,
as none of the naturally occurring isoallergen seguences
have glycine in position 108, the substitution of proline
with glycine gives rise to a non-naturally occurring Bet

v 1 molecule.

IgB~binding properties of Bet v 1 Prol08Gly mutant

The IgE-binding properties of Bet v 1 Prol08Gly mutant
was compared with recombinant Bet v 1 in a fluid-phase
IgE-inhibition assay using the pool of serum IgE derived
from birch allergic patients described above.

Figure 6 shows the inhibition of the binding of
biotinylated recombinant Bet v 1 to serum IgE from a pool
of allergic patients by non-biotinylated Bet v 1 and by
Bet v 1 ProlD8Gly mutant.

There 1s a clear difference in the amount of respective
recombinant proteins necessary to reach 50% inhibition of
the binding to serum IgE present in the serum pool.
Recombinant Bet v 1 reaches 50% inhibition at about 6.5
ng whereas -the corresponding concentration for Bet v 1
Prol08Gly is 15 ng. This show that the single point
mutation introduced in Bet v 1 Prol08Gly lowers the

affinity for specific serum IgE by a factor of about 2.

The mazimum level of inhibition reached by the Bet v 1
Prol08Gly mutant is somewhat lower compared to
recombinant Bet v 1. This may indicate that after the
Prol08Gly substitution, some of the specific IgE present
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in the serum pool are unable to recognise the Bet v 1
Prol08Gly mutant.

Bet v 1 mutant Glu60Ser (non-patch mutant)

Glutamic acid in position 60 show a high degree of
solvent-exposure (60%) however, it is not located in a
molecular surface patch common for Fagales allergens. A
serine residue was found to occupy position 60 in some of
the Bet v 1 homologous PR-10 proteins arguing for that
glutamic acid can be replaced with serine without
distortion of the a-carbon backbone tertiary structure.
In addition, as none of the naturally occurring
isoallergen sequences have serine in position 60, the
substitution of glutamic acid with serine gives rise to a

non-naturally occurring Bet v 1 molecule.

IgE-binding properties of Bet v 1 Glu60Ser mutant

The IgE-binding properties of Bet v 1 Glu60Ser mutant was
compared with recombinant Bet v 1 in a fluid-phase IgE-
inhibition assay using the pool of serum IgE derived from
birch allergic patients described above.

Figure 7 shows the inhibition of the binding of
biotinylated recombinant Bet v 1 to serum IgE from a pool
of allergic patients by non-biotinylated Bet v 1 and by
Bet v 1 Glu60Ser mutant. In contrast to the Glud5Ser,
Prol08Gly and Asn28Thr+Lys32Gln mutants, the substitution
glutamic acid 60 to serine, does not shown any
significant effect on the IgE-binding properties of. This
indicates that substitutions outside the defined Fagales
common patches only have a marginal effect on the binding
of specific serum IgE supporting the concept that
conserved allergen molecular surface areas harbours

dominant IgE-binding epitopes.
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Bet v 1 Triple-patch mutant

In the Triple-patch mutant, the point mutations

(Glud58er, Asn28Thr+Lys32Gln and Prol08Gly) introduced in
the three different common Fagales patches, described
above, were simultaneously introduced in creating an

artificial mutant carrying four amino acid substitutions.

Structural apalysis of Bet v 1 Triple-patch mutant

The structural integrity of the purified Triple-patch
mutant was analysed by circular dichroism {CD)
spectroscopy. Figure 8 shows the CD spectra of
recombinant and Triple-patch mutant, recorded at close
to equal concentrations. The overlap in peak amplitudes
and positions in the CD spectra from the two recombinant
proteins shows that the two preparations contain equal
amounts of secondary structures strongly suggesting that
the a-carbon backbone tertiary structure is not affected

by the introduced amino acid substitutions.

IgE-binding properties of Bet v 1 Triple-patch mutant

The IgE-binding properties of Bet v 1 Triple-patch mutant
was compared with recombinant Bet v 1 in a fluid-phase
IgE-inhibition assay using the pool of serum IgE derived

from birch allergic patients described above.

Figure 9 shows the inhibition of the binding of
biotinylated recombinant Bet v 1 to serum IgE from a pool
of allergic patients by non-bictinylated Bet v 1 and by
Bet v 1 Triple-patch mutant. In contrast to the single
mutants described above, the inhibition curve of the
Triple-patch mutant 1s no longer parallel relative to
recowbinant. This shows that the substitutions introduced
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in the Triple-patch mutant has changed the IgE-binding
properties and epitope profile compared to recombinant.
The lack of parallellity makes it difficult to guantify
the decrease of the Triple-patch mutant affinity for

specific serum IgE.

Recombinant Bet v 1 reaches 50% inhibition at about 6 ng
whereas the corresponding concentration for Bet v 1
Triple-patch mutant is 30 ng, i.e a decrease in affinity
by a factor 5. However, in order to reach 80% inhibition
the corresponding values are 20 ng and 400 ng,
respectively, i.e a decrease by a factor 20.

T cell proliferation assay using recombinant Bet v 1

Triple-patch mutant

The analysis was carried out as described in réf. 15. It
was found that recombinant Bet v 1 Triple-patch mutant
was able to induce proliferation in T cell lines from
three different birch pollen allergic patients with
stimulation indices similar to recombinant and naturally
occurring. This suggests that the Triple-patch mutant can
initiate the cellular immune response necessary for

antibedy production.
EXAMPLE 2

Example 2 describes the preparation of recombinant mutant
allergens with one primary mutation. Recombinant mutant
allergens according to the invention, i.e.  allergens
comprising at least four primary mutations; may be

prepared using the same procedures.

Identification of common epitopes within Vespula vulgaris

venom major allergen antigen 5
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Antigen 5 is one of the three vespid venom proteins,
which are known allergens in man. The vespids include
hornets, yellow-jacket and wasps. The other two known
allergens of vespid venoms are phospholipase A; and
hyaluronidase. Antigen 5 from Vespula vulgaris (Ves v 5)
has been cloned and expressed as recombinant protein in
the yeast system (Monsalve et al. 1999, ref. 22). The
three-dimensional crystal structure of recombinant Ves v
5 has recently been determined at 1.8 A resolution (in
preparation). The main features of the structure consist
of four P-strands and four o-helices arranged in three
stacked layers giving rise to a “o-B-o sandwich”. The
sequence identity between Antigen 5 homelogous allergens
from different Vespula species is about 90% suggesting
presence of conserved molecular surface areas and B cell

epitopes.

The presence and identification of common patches was
performed after alignment of all known amino acid
sequences, as previously described for tree pollen
allergens, of the Vespula antigen 5 allergens in
combination with an analysis of the molecular surface of
Antigen 5 revealed by the three-dimensional structure of
Ves v 5. Figure 10 shows solvent accessibility of
individually aligned antigen 5 residues and alignment of
Vespula antigen 5 sequences (left panel). On the right
panel of figure 10 is shown the molecular surface of
antigen 5 with conserved areas among Vespula antigen 5:s

coloured.

Selection of amino acid residues for site-directed

mutagenesis

Bmino acid residues for site-directed mutagenesis were
selected among residues present the patches common for
Vespula since modifications of these is expected to
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affect the binding of serum IgE from the majority of
patients showing clinical Vespula allergic cross-—

reactivity.

The relative orientation and percentage of solvent-
exposure of each amino acid residue within respective
patch was calculated based on their atomic coordinates.
Residues having a low degree of solvent exposure were not
regarded suitable for mutagenesis due to the possible
disruption of the structure or lack of antibody
interaction. The remaining residues were ranked according

to their degree of solvent-~exposure.

Cloning of the gene encoding Ves v 5

Total RNA was isolated from venom acid glands of Vespula
vulgaris vespids as described in (Fang et al. 1988, ref.
23). )

First-strand cDNA synthesis, PCR amplification and
cloning of the Ves v 5 gene was performed as described in

(Lu et al. 1993, ref. 24)

Subcloning into pPICZAA

The gene encoding Ves v 5 was subseqguently sub-cloned
into the pPICZaA vector (Invitrogen) for - secreted
expression of Ves v 5 in Pichia pastoris. The gene was
amplified by PCR and sub-cloned in frame with the coding
sequence for the a~factor secretion signal of
Saccharomyces cerevisiae. In this construct the a-factor
is cleaved off, in vivo, by the Pichia pastoris Kex2

protease system during secretion of the protein.

In brief PCR was performed using Ves v 5 as template and
primers corresponding to the amino- and carboxyterminus
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of the protein, respectively. The primers were extended
in the 5°-end to accommodate restriction sites for
cloning, BEcoRI and XbalI, respectively. Nucleotides
encoding the Kex2 cleavage site was in this construct
positioned 18 nucleotides upstream to the aminb terminus
of the protein, resulting in the expression of Ves v 5
with six additional amino acids, Glu-Ala-Glu-Ala-Glu-Phe,
at the amino terminus.

Insertion of pPICZoA-Ves v 5 into P. pastoris

The pPICZaA vectors with the Ves v 5 gene inserted was
linearised by Sac I restriction and inserted into the
AOX1 locus on the Pichia pastoris genome. Insertion was
performed by homologous recombination on Pichia pastoris
KM71 cells following the recommendations of Invitrogep,

In vitro mutagenesis

In vitre mutagenesis was performed by PCR using
recombinant pPICZaA with Ves v 5 inserted as template.
EBach mutant Ves v 5 gene was generated by 3 PCR reactions
using 4 primers.

Two mutation-specific oligonucleotide primers were
synthesised accommodating each mutation, one for each DNA
strand, see Figures 11 and 12. Using the mutated
nucleotide (s) as starting point both primers were
extended 6-7 nucleotides in the G5'-end and 12-13
nucleotides in the 3'-end. The extending nucleotides were
identical in sequence to the Ves v 5 gene in the actual
region. ‘

Two generally applicable primers (denoted “all sense” and
Mall non-sense” in Figure 12) were furthermore

synthesised and wused for all mutants. To insure
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expression of Ves v 5 mutants with authentic amino
terminus, one primer corresponding to the amino terminus
of the protein was extended in the 5'-end with a Xho I
site. Upon insertion of the Ves v 5 mutant genes into the
pPICZoA vector, the Kex2 protease cleavage site was

regenerated directly upstream to the amine terminus of

Ves v 5. The second primer was corresponding in sequence
to a region of the pPICZaA vector positioned
approximately 300 bp downstream from the Ves v 5 gene.
The sequence of the primer corresponding to the amino
terminus of Ves v 5 is derived from the sense strand and
the sequence of the downstream primer is derived from the

non-sense strand, see Figure 11.

Two independent PCR reactions were performed essentially
according to standard procedures (Saiki et al 1988} with
the exception that only 20 temperature cycles were
performed in order to reduce the frequency of PCR
artefacts. Each PCR reaction used pPICZoA with Ves v 5
inserted as template and one mutation-specific and one
generally applicable primer in meaningful combinations.

The PCR products were purified by using “Concert, Rapid
PCR Purification System” (Life Technologies). A third PCR
reaction was performed using the combined PCR products
from the first two PCR reactions as template and both
generally applicable primers. Again, 20 cycles of
standard PCR were used. The PCR product was purified with
the “Concert, Rapid PCR Purification System”. (Life
Technologies), cut with restriction enzymes (XhoI/Xbal),
and ligated directionally into pPICZoA vector restricted
with the same enzymes. Figure 13 shows an overview of all
Ves v 5 mutations.

Insertion of pPICZoA-Ves v 5 mutants into P. pastoris
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The pPICZaA vectors with the Ves v § mutant genes
inserted were linearised by Sac I restriction and
inserted into the AOX! locus on the Pichia pastoris
genome. Insertions were performed by homologous
recombination on Pichia pastoris KM71 cells following the
recommendations of Invitrogen.

Nucleotide sequencing

Determination of the nucleotide sequence of the Ves v 5
encoding gene was performed before and after subcloning,
and following in vitro mutagenesis, respectively.

Plasmid DNA's from 10 ml of bacterial -culture grown to
saturation overnight in LB medium supplemented with 0.1
g/l ampicillin were purified on Qiagen-tip 20 columns and
sequenced using the Sequenase version 2.0 DNA sequencing
kit (USB) following the recommendations of the suppliers.

Expression and purification of recombinant Ves v 5

Recombinant yeast cells of Pichia pastoris strain KM71
were grown in 500 ml bottles containing 100 ml of pH 6.0
phosphate buffer containing yeast nitrogen basé, biotin,
glycerol and histidine at 30°C with orbital shaking at
225 rpm until BAge nm of 4-6. Cells were collected by
centrifugation and re-suspended in 10 ml of similar
buffered medium containing methanol in place of glycerol.
Incubation was continued at 30°C for 7 days with daily
addition of 0.05 ml methanol.

Cells were harvested by centrifugation and the collected
culture fluid was concentrated by ultrafiltration. After
dialysis against 50 mM ammonium acetate buffer, pH 4.6,
the sample was applied to a FPLC (Pharmacia) SE-53 cation
exchange column equilibrated in the same buffer. The
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column was eluated with a 0~1.0 M NaCl, 50 mM ammonium
acetate liue;r gradient. The recombinant Ves v 5 peak
eluting at about 0.4 M NaCl was collected and dialysed
against 0.02 N acetic acid. After concentration to about

10 mg/ml, the purified Ves v 5 was stored at 4°C.

Crystallisation of recombinant Ves v 5

Crystals of Ves v 5 was grown by the vapour diffusion
technique at 25°C. For crystallisation, 5 pl of 5 mg/ml
Ves v 5 was mixed with 5 pl of 18% PEG 6000, C.1 M sodium
citrate, pH 6.0 and equilibrated against 1 ml of 18% PEG
6000, 0.1 M sodium citrate, pH 6.0.

¥-ray diffraction data was collected at 100K from native
Ves v 5 crystals and after incorporation of heavy-atom
derivatives and wused to solve the three-dimensional
structure of Ves v 5, see Figure ;D {manuscript in

preparation) .

Immunoelectrophoresis using rabbit polyclonal antibodies

The two Ves v 5 mutants were produced as recombinant Ves
v 5 proteins and tested for their reactivity towards
polyclonal rabbit antibodies raised against recombinant
Ves v 5. When analysed by rocket immunoelectrophoresis
under native conditions, the rabbit antibodies were able
to precipitate recombinant Ves v 5 as well as both
mutants, indicating that the mutants have conserved o-
carbon backbone tertiary structure.

Inhibition of specific serum IgE

The IgE-binding properties of Ves v 5 mutants were
compared to recombinant Ves v 5 in a fluid-phase IgE-
inhibition assay using a pool of serum IgE derived from
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vespid venom allergic patients.
The inhibition assay was performed as described above
using biotinylated recombinant Ves v 5 instead of Bet v

1.

Ves v 5 Lys728la mutant

Lysine in position 72 show a high degree of solvent-
exposure (70%) and is located in a molecular surface
patch common for Vespula antigen 5. The relative
orientation and high degree of solvent exposure argued
for that lysine 72 can be replaced by an alanine residue
without distortion of the o-carbon backbone tertiary
structure. In addition, as none of the naturally
occurring isoallergen sequences have alanine in position
72, the substitution of lysine with alanine givés rise to

a non-naturally occurring Ves v 5 molecule.

IgE-binding properties of Ves v 5 Lys72Ala mutant

The IgE-binding properties of Ves v 5 Lys72Ala mutant was
compared with recombinant Ves v 5 in a fluid-phase IgE-
inhikbition assay using the pool of serum IgE derived from
birch allergic patients described above.

Figure 14 shows the inhibition of the binding of
biotinylated recombinant Ves v 5 to serum IgE from a pool
of allergic patients by non-biotinylated Ves v 5 and by
Ves v 5 Lys72Ala mutant.

There is a clear difference in the amount of respective
recombinant proteins necessary to reach 50% inhibition of
the binding to serum IgE present in the serum pool.
Recombinant Ves v 5 reaches 50% inhibition at about 6 ng

whereas the corresponding concentration for Ves v 5
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Lys72Ala mutant is 40 ng. This show that the single point
nutation introduced in Ves v 5 Lys72Ala mutant lowers the
affinity for specific serum IgE by a factor of about 6.
The maximum level of inhibition reached by the Ves v 5
Lys72Ala mutant significantly lower compared to
recombinant Ves v 5. This may indicate that after the
Lys72Ala substitution, some of the specific IgE present
in the serum pool are unable to recognise the Ves v 5
Lys72Ala mutant.

Ves v 5 Tyr96Ala mutant

Tyrosine in position 96 show a high degree of solvent-
exposure (65%) and is located in a molecular surface
patch common for Vespula antigen 5. The relative
orientation an high degree of solvent exposure argued for
that tyrosine 96 can be replaced by an alanine residue
without distortion of the three-dimensional structure. In
addition, as none of the naturally occurring isoallergen
sequences have alanine in position 96, the substitution
of tyrosine with alanine gives rise to a non-naturally

occurring Ves v 5 molecule.

IgE-binding properties of Ves v 5 Tyr96Ala mutant

The IgE-binding properties of Ves v 5 Tyr96Ala mutant was
compared with recombinant Ves v 5 in a fluid-phase IgE-
inhibition assay using the pool of serum IgE derived from

birch allergic patients described above.

Figure 14 shows the dinhibition of the binding of
biotinylated recombinant Ves v 5 to serum IgE from a pool
of allergic patients by non-biotinylated Ves v 5 and by
Ves v 5 Tyr96Ala mutant.

There is a clear difference in the amount of respective
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recombinant proteins necessary to reach 50% inhibition of
the binding to serum IgE present in the serum pool.
Recombinant Ves v 5 reaches 50% inhibition at about 6 ng
whereas the ,corresponding concentration for Ves v 5

Tyr96Ala mutant is 40 ng.

This show that the single point mutation introduced in
Ves v 5 Tyr96ala mutant, lowers the affinity for specific

sexrum IgE by a factor of about 6.

The maximum level of inhibition reached by the Ves v 5
Tyr96Ala  mutant significantly lower compared to
recombinant Ves v 5. This may indicate that after the
Tyr96Bla substitution, some of the specific IgE present
in the serum pool are unable to recognise the Ves v 5
Tyr96Ala mutant.

EXAMPLE 3

Identification and selection of amino acids for

substitution

The parameters of solvent accessibility and conservation
degree were used to identify and select surface-exposed
amino acids suitable for substitution for the allergens
Bet v 1, Der p 2 and Ves v 5.

Solvent accessibility

Solvent accessibility was calculated using the software
InsightII, version 97.0 (MSI) and a probe radius of 1.4 A
{Connolly surface) .

Internal cavities were excluded from the analyses by
filling with probes using the software PASS (Putative

Active Sites with Spheres). Probes on the surface were
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subsequently removed manually.

Conservation

Bet v 1:

3-D structure is based on accession number 280104
(1bvl.pdb) .

38 other Bet v 1 sequences included in the analysis of
conserved residues comprise accession numbers:
P15494=X15877=260106, 280101, AJ002107, 2Z7242%, AJ002108,
780105, 280100, Z80103, AJ001555, 780102, AJ002110,
772436, P43183=X77271, 272430, AJ002106, P43178=X77267,
P43179=X77268, P43177=X77266, 772438, P43180=X77269,
AJ001551, P43185=X77273, AJO01557, 7Z72434, AJ001556,
772433=P43186, AJO01554, X81972, 272431, P45431=X77200,
P43184=X77272, ©P43176=X77265, 8547250, 547251, 272435,
772439, 772437, S547249.

Der p 2:

3-D structure is based on accession number P49278
(lagv.pdb) . .

6 other Der p 2 seguences included in the analysis of
conserved residues comprise the following substitutions:
ALK-G: V40L, T478, M111L, DI114N.

ALK-101: M76V.

ATLK-102: V40L, T47S.

BALK-104: T47S, M111I, D114N.

ALK-113: T47s.

ALK-120: V40L, T478, D11l4N.

Ves v 5:

3-D structure is based on accession number Q05110 (pdb
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coordinates unpublished) .

Another Ves v 5 sequence in the analysis of conserved

residues contains one amino acid substitutiom: M202K.

Results

Bet v 1

59 amino acids highly solvent exposed:

K-129, E-60, N-47, K-65, P-108, N-159, D-93, K-123, K-32,
D-125, R-145, D-109, T~77, B-127, Q-36, E-131, L-152, B-
6, E-96, D-156, P-63, H-76, E-8, K-134, E-45, T-10, V-12,
K-20, L-62, sS-155, H-126, P-50, N-78, K-119, V-2, L-24,
E-42, N-4, A-153, I-44, E-138, G-61, A-130, R-70, N-28,
P-35, 5-149, K-103, Y-150, H-154, N-43, A-106, K-115, P-
14, Y-5, K-137, B-141, B-87, E-73.

57 amino acids highly solvent exposed and conserved
(>70%) :

K-129, E-60, N-47, K-65, P-108, N-159, D-93, K-123, K~32,
D-125, R-145, D-109, E-127, Q-36, E-131, L-152, E-6, E~-
96, D-156, P-63, H-76, E-8, K-134, E-45, T-10, V-12, K-
20, s-155, ®B-126, P-50, N-78, K-118, Vv-2, L-24, E-42, N-
4, A-153, I-44, E-138, G-61, A-130, R-70, N-28, P-35, S-
149, K-103, Y-150, H~154, N-43, A-106, K-115, P-14, Y-5,
K-137, ®B-141, E-87, E-73.

23 mutations performed:

Y5v, T10pP, D25E, N28T, K32Q, E425, E455, N47s, K55N,
K65N, T77R, N78K, E96L, K97S, K103V, P108G, DI1OSN, K123I,
D125Y, KIL34E, R145E, D156H, +160N.

Table 1 shows a listing in descending order of solvent
exposure of Bet v 1 amino acids. Column 1 lists the amino
acid number starting from the amino-terminal, column 2

JP 2004-521618 A 2004.7.22
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lists the amino acid in one letter abbreviation, column 3

lists the normalised solvent exposure index, column 4

lists the percent of known sequences having the concerned

amino acid in this position.

Table 1:

NO AA

128K
B0E
47N
65K
108P
158N
23D
123K
32K
125D
145R
109D
77T
127€
36Q
121E
152L

6E
96E
156D
as3p
76H

8E
134K
45E
10T
i2v
20K
62L
1558
126H
50P
78N
118K

2V
24L
42E

4N
153A
441
138E
681G

Bet v 1

Salv_exp Cons %

1,000
0,986
0,979
0,978
0,929
0,869
0,866
0,855
0,855
0,821
0,801
0,778
0,775
0,760
0,749
0,725
0,718
0,712
0,696
0,693
0,692
0,683
0,638
0,630
0,623
0,613
0,502
0,584
0,575
0,568
0,551
0,541
0,538
0,529
0,528
0,528
0,519
0,517
0,513
0,508
0,496
0,488

a0
o7
100
100
100
100
100
100
100
74
90
82
56
100
95
100
97
100
100
97
97
90
97
100
100
a7
100
100
5
97
95
100
100
100
100
100
100
95
100
97
100
100
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130A
70R
28N
5P
1498
103K
150Y
154H
43N
106A
115K
14P
5Y
137K
141E
87E
73E
16A
79F
3F
158Y
105v
101E
64F
86|
398
124G
72D
142T
68Y
55K
T
408
25D
135A
68K
97K
466G
27D
1G
1131
51G
292G
80K
110G
107T
94T
41V
48G
o1l
31P
75D
a3V

0,479
0,474
0,469
0,467
0,455
0,447
0,438
0,436
0,412
0,411
0,411
0,410
0,410
3,396
0,387
0,385
0,384
0,367
0,362
0,355
0,346
0,336
0,326
0,325
0,322
0,314
0,310
0,308
0,203
0,289
0,268
0,279
0,274
0,271
0,267
0,262
0,247
0,235
0,232
0,227
0,225
0,220
0,218
0,212
0,211
0,203
0,202
0,201
0,198
0,182
0,188
0,188
0,183

97
100

100

100

70

(173)
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409G
17R
998
89G
531
121H
a7
74V
132Q
575
148E
82N
128V
1178
90P
1161
122T
13¢M
95L
54K
146A
58P
157A
133V
88G
140G
37A
81y
231
1041
15A
58F
281
19F
100N
22F
v
111G
131
18L
114L
118
151L
144L
827
84S
118N
1021
21A
26G
30F
34A
a8l

0,176
0,172
0,158
0,154
0,154
0,153
0,150
0,148
0,146
0,137
0,135
0,133
0,125
0,124
0,117
0,112
0,107
0,104
0,104
0,006
0,005
0,088
0,088
0,077
0,068
0,053
0,042
0,041
0,036
0,036
0,036
0,029
0,028
0,027
0,022
0,021
0,014
0,014
0,014
0,014
0,014
0,007
0,007
0,007
0,007
0,007
0,007
0,007
0,000
0,000
0,000
0,000
0,000

100
100
684
100
100
100
72
97
72
49
100
41

87
67
100
100

a7
100
100
o7
100

100
85
95

100
g5
92
97

100

100

100
97
97

100

100

100
97

100

100
97
90

100

97
100
97
97
44
100
87

7
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72
561 0,000 100
87V 0,000 97
69p 0,000 62
83Y 0,000 905
85V 0,000 72
28] 0,000 85
1128 0,000 77
120Y 0,000 95
1268 0,000 67
1431 0,000 100
147V 0,000 100
Der p 2

15

20

25

55 amino acids highly solvent exposed:

R-128, D-129, H-11, H-30, s-1, K-77, Y-75, R-31, K-82, K-
6, K-96, K-48, K-55, K-89, -85, W-92, I-97, H-22, V-65,
s-24, B-74, K-126, L-61, P-26, N-93, D-64, 1-28, K-14, K-
100, E-62, I1-127, E-102, E-25, P-66, D-114, L-17, G-60,
P-95, E-53, v-81, K-51, N-103, 0-2, N-46, E-42, T-91, D-
87, N-10, M-111, C-8, H-124, I-68, P-79, K-109, K-15.

54 amino acids highly solvent exposed and conserved
(>70%) :

Rr-128, D-129, ®H-11, H-30, $-1, K-77, ¥-75, R-31, K-82, K-
6, K-96, K-48, K-55, K-8%9, -85, W-92, I-97, H-22, V-65,
s-24, H-74, K-126, L-61, P-26, N-93, D-64, I-28, K-14, K-
160, E-62, I1-127, BE-102, E-25, P-66, L-17, G-60, P-95, E-
53, V-81, K-51, N-103, Q-2, N-46, E-42, T-91, D~87, N-10,
M-111, c-8, H-124, I-68, P-79%, K-109, K-15.

6 mutations performed:
K6A, KI15E, H30N, E62S8, H74N, K82N

Table 2 shows a listing in descending order of solvent
exposure of Der p 2 amino acids. Column 1 lists the amino
acid number starting from the amino-terminal, column 2
lists the amino acid in one letter abbreviation, column 3

lists the normalised solvent exposure index, column 4

JP 2004-521618 A 2004.7.22
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lists the percent of known sequences having the concerned
amino acid in this position.

Table 2:

NO AA
128R
129D

11H
30H
18
77K
75Y
31R
82K
6K
96K
48K
55K
goK
85Q
92w
971
22H
asv
248
74H
126K
61L
26P
93N
64D
28l
14K
100K
62E
1271
102E
25E
66P
114D
174
680G
95P
53E
81V
51K
103N
2Q
46N
42E

Der p 2

Solv_exp Cons %

1,000
0,965
0,793
0,712
0,700
0,694
0,681
0,677
0,658
0,645
0,643
0,642
0,641
0,627
0,624
0,610
0,581
0,568
0,559
0,557
0,542
0,542
0,539
0,516
0,513
0,508
0,504
0,493
0,489
0,454
0,439
0,428
0,428
0,427
0,418
0,412
0,390
0,388
0,377
0,377
0,370
0,369
0,366
0,360
0,357

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

57
100
100
100
100
100
100
100
100
100
100

3

(176)
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T
87D
10N
1M

124H
68|
9P
109K
15K
49T
44N
113D
63V
105V
19P
84Q
76M
7D
116V
78C
36Q
45Q
40V
575
38E
69D
9A
7iN
98A
115G
131
1237
4P
4D
206G
107T
12E
94V
1211
83G
70P
73C

35F
58D
29|
23G
541
5V
1018
72A
27C

0,340
0,334
0,323
0,325
0,323
0,315
0,313
0,307
0,307
0,302
0,202
0,281
0,200
0,286
0,280
0,270
0,264
0,262
0,251
0,244
0,228
0,235
0,233
0,223
0,212
0,205
0,203
0,196
0,190
0,188
0,180
0,179
0,179
0,178
0,157
0,150
0,143
0,137
0,137
0,136
0,128
0,128
0,120
0,116
0,111
0,009
0,008
0,085
0,075
0,075
0,074
0,069
0,060

100
100
100

7
100
100
100
100
100
100
100
100
100
100
100
100
100

100
100
100
100
100

57
100
100
100

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

74

(177)
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75
32G 0,059 100
9P 0,058 100
86Y 0,056 100
16V 0,052 100
50A 0,040 100
oY 0,039 100
18V 0,035 100
33K 0,033 100
521 0,029 100
581 0,029 100
104V 0,024 100
112G 0,023 100
21C 0,023 100
88l 0,023 100
7L 0,016 100
56A 0,011 100
41F 0,011 100
120A 0,006 100
118C 0,006 100
67G 0,005 100
122A 0,005 100
37L 0,000 100
39A 0,000 100
43A 0,000 100
47T 0,000 29
80L 0,000 100
108V 0,000 100
108V 0,000 100
1oV 0,000 100
118A 0,000 100
125A 0,000 100
Ves v 5

10

15

89 amino acids highly solvent exposed:

K-16, K-185, K-11, K-44, K~210, R-63, K~13, F-6, K-149,
K-128, E-184, K-112, K-202, F-157, E-3, K-29, N-203, N-
34, K-78, K-151, 1L-15, L-158, Y-102, W-186, K-134, D-87,
K-52, T-67, T-125, K-150, Y-40, (Q-48, L-65, K-81, Q-101,
0-208, K-144, N-8, N-70, H-104, Q-45, K-137, K-159, E-
205, N-82, A-111, D-131, K-24, Vv-36, N-7, M-138, T-209,
v-84, K-172, v-19, D-56, P-73, G-33, T-106, N-170, L-28,
T-43, Q-114, C-10, K-60, N-31, K-47, E~5, D-145, V-38, A-
127, D-156, E-204, P-71, G-26, Y-129, D-141, F-201, R-68,
N-200, D-49, $~153, K-35, $-39, ¥-25, V-37, G-18, W-85,
I-182.

JP 2004-521618 A 2004.7.22
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15

20

25

76

88 amino acids highly solvent exposed and conserved
(>70%) :

K-16, K-185, K-11, K-44, X-210, R-63, K-13, F-6, K-143,
K-128, E-184, K-112, F-157, B-3, K-29, N-203, N-34, K-78,
K-151, L-15, 1L-158, Y-102, W-186, K-134, D-87, K-52, T-
67, T-125, K-150, Y-40, 0-48, L-65, K-81, ©-101, Q-208,
K~144, N-8, N-70, H-104, Q-45, K-137, K-159, E-205, N-82,
A-111, D-131, K-24, V-36, N-7, M-138, T-209, V-84, K-172,
v-19, D-56, P~73, G-33, T-106, N-170, L-28, T-43, Q-114,
c-10, K-60, N~31, K-47, E-5, D-145, Vv-38, A-127, D-156,
E-204, P-71, G-26, Y-129, D-141, F-201, R-68, N-200, D-
49, s5-153, K-35, $-39%, Y-25, v-37, G-18, W-85, I-182.

9 mutations performed:
K29A, T67A, K78A, V84S, Y102A, K112sS, K144A, K202M, N203G

Table 3 shows .a listing in descending order of solvent
exposure of Ves v 5 amino acids. Column 1 lists the amino

acid number starting from the amino-terminal, column 2

‘lists the amino acid in one letter abbreviation, column 3

lists the normalised solvent exposure index, column 4
lists the percent of known sequences having the concerned

amino acid in this position.

Table 3: Ves v 5 .

NO AA Solv_exp
16K 1,000 100
185K 0,989 100
11K 0,978 100
44K 0,978 100
210K 0,962 100
63R 0,956 100
13K 0,951 100
oF 0,868 100
149K 0,868 100
128K 0,857 100
184E 0,841 100
112K 0824 100

JP 2004-521618 A 2004.7.22
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202K
157F
3E
29K
203N
34N
78K
151K
15L
158L
102Y
186W
134K
87D
52K
67T
128T
150K
40Y
48Q
651
81K
101Q
208Q
144K
8N
70N
104H
45Q
137K
188K
205E
82N
T11A
131D
24K
36V
7N
138M
200T
84V
172K
19v
56D
3P
33G
1067
170N
28L
43T
114Q
10C
60K

0,824
0,819
0,802
0,797
0,797
0,775
0,775
0,753
0,714
0,714
0,687
0,665
0,654
0,621
0,615
0,610
0,610
0,604
0,503
0,502
0,503
0,588
0,577
0,566
0,560
0,555
0,549
0,549
0,538
0,528
0,533
0,511
0,500
0,500
0,495
0,489
0,489
0,484
0,473
0,473
0,462
0451
0,445
0,445
0,440
0,420
0429
0,429
0,423
0,423
0,423
0,412
0,407

50
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

100
100
100
100
100
100
100
100
100
100

77

(180)
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31N
47K

145D
38V
127A
156D
204E
7P
266
128y
141D
201F
88R
200N
48D
1538
35K
398
25Y
37v
18G
a5w
1821
46E
126A
88E
76P
79N
1248
3P
123G
162H
183Q
121
197P
130D
148P
180K
23C
75P
113Y
108R
188K
1L
58Q
121L
1227
154G
53E
72G
41G
86N

0,396
0,396
0,390
0,390
0,379
0,579
0,379
0,374
0,363
0,352
0,352
0,341
0,341
0,335
0,308
0,302
0,302
0,297
0,291
0,280
0,280
0,275
0,275
0,275
0,264
0,253
0,247
0,236
0,236
0,236
0,231
0,231
0,231
0,231
0,225
0,225
0,220
0,214
0,214
0,208
0,209
0,200
0,203
0,203
0,198
0,198
0,198
0,198
0,192
0,170
0,170
0,165
0,165

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

78
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147N
173E
278
94Q
187H
142E
84G
17G
133V
42L
185N
§5N
a1y
689G
103G
1988
108D
207Y
9BW
161G
140E
162F
80M
117Q
4A
32C
90A
206L
22A
110V
148Y
14C
9Y
62A
132P
57F
22Q
100C
199G
T7A
105D
11ov
20H
83L
120A
139W
176C
1788
181Y
95V
115V
116G
165Q

9,165
0,165
0,169
0,159
0,159
0,154
0,148
0,143
0,137
0,121
0,121
0,115
0,115
0,110
0,110
0,110
0,083
0,082
0,077
0,077
0,071
0,071
0,066
0,066
0,060

0,055

0,055
0,055
0,049
0,044
0,044
0,038
0,033
0,033
0,033
0,027
0,027
0,027
0,027
0,022
0,022
0,022
0,016
0,016
0,016
0,016
0,016
0,016
0,016
0,011
0,011
0,011
0,011

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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80 '
169A 0,011 100
189H 0,011 100
G6E 0,005 100
74Q 0,005 100
8oL 0,005 100
92v 0,005 100
98N 0,005 100
118N 0,005 100
168W 0,005 100
21T 0,000 100
501 0,000 100
54H 0,000 100
58R 0,000 100
61l 0,000 100
93A 0,000 100
97A 0,000 100
107C 0,000 100
135L 0,000 100
138V 0,000 100
143V 0,000 100
1607 0,000 100
163Y 0,000 100
164T 0,000 100
168M 0,000 100
167V 0,000 100
17T 0,000 100
174V 0,000 100
1756 0,000 100
177G 0,000 100
1781 0,000 100
190Y 0,000 100
1911 0,000 100
192V 0,000 100
193G 0,000 100
194N 0,000 100
195Y 0,600 100
196G 0,000 100
EXAMPLE 4

10

This Example describes preparation and characterisation
of recombinant mutant Bet v 1 allergens according to the
invention, i.e. allergens with diminished IgE-binding
affinity comprising at least four primary mutations.

Selection of amino acid residues for site-directed

mutagenesis of Bet v 1

JP 2004-521618 A 2004.7.22
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Solvent accessibility of amino acid residues of Bet v 1

_is shown in Example 3, table 1. The rate of amino acid

conservation is based on sequence alignment performed at
the ExPasSy Molecular Biology Server
(http://www.expasy.ch/) using the ClustalW algorithm on a
BLAST search where the Bet V 1.2801 wild type amino acid
sequence 1is used as input sequence. The alignment
includes 67 allergen sequences (39 Bet v 1 sequences, 11
Car b 1 seguences, 6 Cor a 1 sequences, and 13 Aln g 1
sequences) from species within the order Fagales {Bet v
1: Betula verrrucosa; Car b 1: Carpinus betulus; Cor a L:
Corylus avellana; Aln ¢ 1: alnus glutinosa). In respect
to the mutated recombinant Bet v 1 allergens shown in
the examples, target residues for substitution was based

on 295% amino acid identity.

As described in Bxample 1, amino acid residues with a
high degree of . solvent-exposure and a high degree of
conservation between pollen allergens from related
species, were selected for site-directed mutagenesis.
Residues having a low degree of solvent exposure (<20%)
were not regarded relevant for mutagenesis due to the
possible disruption of the tertiary structure or lack of

antibody interaction.

The introduced residues were all present in corresponding
positions in isoforms of a group of plant proteins called
pathogenesis related (PR-10) proteins. Molecular
modelling suggests that the tertiary structures of
Fagales allergens and PR-10 proteins are close to being
identical. Bet v 1 shares significant sequence identity
(20-40%) with PR-10 proteins. However, there are no
reports of allergic cross-reactivity towards these PR-10
proteins. Thus, exchange of a highly conserved and
solvent exposed amino acid from Bet v 1 with an amino

acid in the corresponding position in a PR-10 protein,

JP 2004-521618 A 2004.7.22
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results in a mutated Bet v 1 protein with an unaltered o-
carbon backbone tertiary structure but with diminished

IgE-binding affinity.

In vitro mutagenesis

In vitro mutagenesis was performed by PCR using
recombinant pMAL-c with Bet v 1 inserted as template.
Preparation of recombinant mutant allergens comprising
five to nine primary mutations included two PCR steps;
step I and II. First, each single mutation (or several
mutations if located closely together in the DNA
sequence) was introduced into sequential DNA sequences of
Bet v 1.2801 or Bet v 1.2801 derivatives using sense and
anti-sense mutation-specific oligonucleotide. primers
accommodating each mutation(s) along with sense and anti-
sense oligonucleotide primers accommodating either
upstream or downstream neighbour mutations or the N-
terminus/C-terminus of Bet v 1, respectively as
schematically illustrated in Figure 17 (I). Secondly, PCR
products from PCR reaction I were purified, mixed and
used as templates for an additional PCR reaction (II)
with oligonucleotide primers accommodating the N-terminus
and C-terminus of Bet v 1 as schematically illustrated in
Figure 17 (II). The PCR products were purified by agarose
gel electrophoresis and PCR gel purification (Life
Techhnologies) followed by ethanol precipitation, cut
with restriction enzymes (SacI/EcoRI) or (Sacl/ Xbal),
and ligated directionally into pMAL-c restricted with the
same enzymes.

Figure 18 shows synthesised oligonucleotide primers and
schematically: illustrations for the construction of Bet v
1 mutants with five to nine primary mutations. The
mutated amino acids were preferably selected from the

grovp consisting of amino acids that are characterised by
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being highly solvent exposed and conserved as described
in Example 3. The Bet v 1 mutants are the following

primary and secondary mutations stated in parenthesis:

Mutant Bet v 1 (2628): Tyr5Val, Glué45Ser, Lys65Asn,
Lys97Ser, Lysl34Glu.

Mutant Bet v 1 (2637): Alalé6Pro, (Asn28Thr, Lys32Gln},
Lys103Thr, Prol08Gly, (Leul52Lys, Alal53Gly, Serl55Pro).

Mutant Bet v 1 (2733): {Tyr5Val, DLys134Glu), (Asn28Thr,
Lys32Gln), Glu4b5Ser, Lys65Asn, (Asn78Lys, Lys103Val),
Lys$7Ser, Prol08Gly, Argl45Glu, (AsplS6His, +160Asn)

Mutant Bet v 1 (2744): (Tyr5Val, Lysl34Glu), {(Glud2Ser,
Glu45Ser), (Asn78Lys, Lysl03Val), Lysl23Ile, (Aspl56His,
+160Asn) .

Mutant Bet v 1 (2753): (Asn28Thr, Lys32Gln}, Lys65Asn,
(Glu96Leu, LysBTSer), (Prol08Gly, AsplO09Asn), (Rspl25Tyr,

Glul27Ser), Argl45Glu.

Nucleotide sequencing

Determination of the nucleotide sequence of the Bet v 1
encoding gene was performed before and after subcloning,

and following in vitro mutagenesis, respectively.

Plasmid DNA's from 10 ml of bacterial culture grown to
saturation overnight in LB medium supplemented with 0.1
g/l ampicillin were purified on Qiagen-tip 20 celumns and
sequenced using the Ready reaction dye terminator cycle
sequencing kit and a Fluorescence Seguencer AB PRISM 377,
both from (Perkin Elmer), following the recommendations
of the suppliers. '
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Expression and purification of recombinant Bet v 1 and

mutants

Recombinant Bet v 1 (Bet v 1.2801 and mutants) were over-—
expressed in Escherichia coli DH 5a fused to maltose—
binding protein and purified as described in ref. 15.
Briefly, recombinant E.coli cells were grown at 37°C to
an optical density of 0.8 at 600 nm, whereupon expression
of Bet v 1 fusion protein was induced by addition of
IPTG. Cells were harvested by centrifugation 3 hours
post-induction, re-suspended in lysis buffer and broken
by sonication. After sonication and additional
centrifugation, recombinant fusion protein was isolated
by amylose affinity chromatography and subsequently
cleaved by incubation with Factor Xa (ref. 15). After F
Xa cleavage, recombinant Bet v 1 was isolated by
gelfiltration and subjected to another round of amylose
affinity chromatography in order to remove trace amounts

of maltose-binding protein.

Purified recombinant Bet v 1 was concentrated by
ultrafiltration to about 5 mg/ml and stored at 4.°C. The
final yields of the purified recombinant Bet v 1
preparations were between 2-5 mg per litre E. coli cell

culture.

The purified recombinant Bet v 1 preparations appeared as
single bands after silver-stained SDS-polyacrylamide
electrophoresis with an apparent molecular weight of 17.5
kDa.

We have previously shown (ref. 15) that recombinant Bet v
1 No. 2801 is immunochemically indistinguishable from

naturally occurring Bet v 1.

Bet v 1 (2628) and Bet v 1 {2637) mutants
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Figure 19 shows introduced point mutations at the
molecular surface of Bet v 1 (2628) and Bet v 1 (2637).
In mutant Bet v 1 (2628) five primary mutations were
introduced in one half of Bet v 1 leaving the other half
unaltered. In mutant Bet v 1(2637) five primary and three
secondary mutations were introduced in the other half
leaving the first half unaltered. In this way, mutations
in mutant Bet v 1 (2628} and mutant Bet v 1(2637) affects

different halves of the Bet v 1 surface, respectively.

Crystallisation and structural determination of

recombinant Bet v 1{2628) mutant protein.

Crystals of recombinant Bet v 1 (2628) were grown by
vapour diffusion at 25°C, essentially as described in
(Spangfort et al 1996b, ref. 21). Bet v 1 (2628), at a
concentration of 5 mg/ml, was mixed with an equal volume
of 2.2 M ammonium sulphate, 0.1 M sodium citrate, 1%
(v/v) dioxane, pH 6.3 and equilibrated against 100x
volume of 2.2 M ammonium sulfate, 0.1 M sodium citrate,
1% (v/v) =~ dioxane, pH 6.3. After 24 hours of
equilibration, crystal growth was induced by applying the
seeding technigue described in ref. 21, using crystals of
recombinant wild-type Bet v 1 as a source of seeds.

After about 4 months, crystals were harvested and
analysed using ¥X-rays generated from a Rigaku rotating
anode as described in ref. 21 and the structure was

solved using molecular replacement.

Structure of Bet v 1 (2628) mutant

The structural effect of the mutations was addressed by
growing three-dimensional Bet v 1 (2628) protein crystals
diffracting to 2.0 A resolution when analysed by X-rays
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Tyr5Val, Glu45Ser, Lys65Asn, DLys97Ser, Lysl34Glu were
verified by the Bet v 1 (2628) structure electron density
map which also showed that the overall o-carbon backbone

tertiary structure is preserved.

Structural analysis of Bet v 1 (2637) mutant

The structural integrity of the purified Bet v 1 (2637)
mutant  was analysed by circular dichroism (CD)
spectroscopy. Figure 20 shows the CD spectra of
recombinant Bet v 1.2801 (wildtype) and Bet v 1 (2637)
mutant, recorded at close to egual concentrations. The
overlap in peak amplitudes and positions in the CD
spectra from the two recombinant proteins shows that the
two preparations contain equal amounts of secondary
structures strongly suggesting that the o-carbon backbone
tertiary structure is not affected by the introduced
amino acid substitutions.

IgE-binding preoperties of Bet v 1 (2628) and Bet v 1
(2637) mutants.

The IgE-binding properties of Bet v 1 (2628) and Bet v 1
{2637) as well as a 1:1 mix of Bet v 1 (2628) and Bet v 1
(2637) was compared with recombinant wild type Bet v
1.2801 in a fluid-phase IgE-inhibition assay using a pool
of serum IgE derived from birch allergic patients.

As described in Example 1, recombinant Bet v 1.2801 was
biotinylated at a molar ratio of 1:5 (Bet v 1 no.
2801:biotin) . The inhibition assay was performed as
follows: a serum sample (25 pl) was incubated with solid
phase anti IgE, washed, re-suspended and further
incubated with a mixture of biotinylated Bet v 1.2801 and

a given mutant or 1:1 mix of the two mutants. The amount
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of biotinylated Bet v 1.2801 bound to the solid phase was
estimated from the measured RLU after incubation with
acridinium ester labelled streptavidin. The degree of
inhibition was calculated as the ratio between the RLU's

obtained using buffer and mutant as inhibitor.

Figure 21 shows the inhibition of the binding of
biotinylated recombinant Bet v 1.2801 to serum IgE from a
pool of allergic patients by non-biotinylated Bet v
1.2801 and by Bet v 1 (2628), Bet v 1 (2637) and & 1:1
mix of Bet v 1 (2628) and Bet v 1 (2637).

There is a clear difference in the amocunt of respective
recombinant proteins necessary to reach 50% inhibition of
the binding to serum IgE present in the serum pool.
Recombinant Bet v 1.2801 reaches 50% inhibition at about
5 ng whereas the corresponding concentration for Bet v 1
(2628) mutant is about 15-20 ng. This show that the point
mutation introduced in the Bet v 1 (2628) mutant lowers
the affinity for specific serum IgE by a factor of about
3~4. '

The maximum level of inhibition reached by the Bet v 1
(2628) mutant protein is clearly lower compared to
recompinant Bet v 1.2801. This may indicate that some of
the specific IgE present in the serum pool are unable to
recognise the Bet v 1 (2628) mutant protein due to the
introduced point mutations.

Bet v 1 (2637) reaches 50% inhibition at about 400-500 ng
showing that the point mutation introduced in the Bet v 1
(2637) mutant lowers the affinity for specific serum IgE
by 80 to 100-fold compared to Bet v 1,2801, The large
difference in IgE-binding is further supported by a clear
difference in inclination of the inhibition curve

obtained with Bet v 1(2637) mutant protein compared to
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the inhibition curve for Bet v 1.2801. The different
inclination provide evidence that the reduction in Igk-
binding is due to a distinctly different epitope pattern
of the mutant compared to Bet v 1.2801.

In addition to the inhibition assays with single modified
allergens a 1:1 mix of Bet 1 (2628) and Bet v 1 (2637)
having same molar concentration of Bet v 1 as each of the
samples with Bet 1 (2628) or Bet v 1 (2637), respectively
was tested and showed full (100%) capacity to inhibit
Igk-binding to rBet v 1.2801.. The capacity to fully
inhibit IgE-binding is a clear indication that all
reactive epitopes present on Bet v 1.2801 were present in
the 1:1 allergen mix. Further support comes from the
comparable inclination of the two inhibition curves for
Bet v 1.2801 and the allergen mix. Reduced IgE-reactivity
of the mixed allergen sample 1s demonstrated by the need
of a four-fold higher concentration of the allergen mix,
when compared to Bet v 1.2801, for obtaining 50%
inhibition of IgE-binding.

T cell proliferation assay using mutated recombinant Bet
v 1 allergens.

The analysis was carried out as described in ref. 15. Bet
v 1 (2628) and Bet v 1(2637} mutant protein were both
able to induce preoliferation in T cell lines from birch
pollen allergic patients with stimulation indices similar
to recombinant and naturally cccurring. This suggests
that both of Bet v 1 (2628) and Bet v 1 (2637) mutant
protein can each initiate the cellular immune response

necessary for antibody production.

Histamine release assays with human basophil.

Histamine release from basophil leucocytes was performed
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as follows. Heparinized blood (20 ml) was drawn from each
birch pollen patient, stored at room temperature, and
used within 24 hours. Twenty-five microlitres of
heparinized whole blood was applied to glass fibre coated
microtitre wells {Reference ILaboratory, Copenhagen,
Denmark) and incubated with 25 microlitres of allergen or
anti-IgE for 1 hour at 37°C. Thereafter the plates were
rinsed and interfering substances were removed. Finally,
histamine Dbound to the microfibres was measured
spectrophotofluometrically.

Histamine release properties of Bet v 1 (2628) and Bet v
1 (2637) mutant protein.

Histamine release data is shown in Figure 22 and Figure
23. The potency of Bet v 1 (2628) and RBet v 1 (2637)
mutant protein to induce histamine release in human
basophil from two birch pollen allergic patients has been
tested. In both cases the release curve of the mutated
allergens to induce histamine release is clearly shifted
to the right compared to the release curve of Bet v
1.2801. The shift indicate that the potency of Bet v 1
(2628) and Bet v 1 (2637} is reduced 3 to 10-fold.

Mutant Bet v 1 (2744) and mutant Bet v 1 (2753)

Bet v 1 (2744) and Bet v 1 (2753) was likewise
constructed for use as a mixed allergen vaccine. In these
mutated allergens point mutations were distributed in an
all surface arranged fashion as shown in Figure 24 and
Figure 25 and was again designed to affect different
surface areas in the two molecules, respectively, as
shown in Figure 26. However these modified allergens
might individually be used as single allergen vaccines as
well.
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Structural analysis of Bet v 1 (2744) mutant protein

The structural integrity of the purified Bet v 1 (2744)
mutant was analysed by circular dichroism {CD)
spectroscopy. Figure 27 shows the CD spectra of
recombinant Bet v 1.2801 (wildtype) and Bet v 1 (2744)
mutant, recorded at close to equal concentrations. The
overlap in peak amplitudes and positions in the CD
spectra from the two recombinant proteins shows that the
two preparations contain equal amounts of secondary
structures strongly suggesting that the a-~carbon backbone
tertiary structure is not affected by the introduced
amino acid substitutions.

Histamine release properties of Bet v 1 (2744)

Histamine release data from five experiments with

basophil leucocytes from five different birch pollen

allergic patients is shown in Figure 28 and Figure 29A-D.
The potency of Bet v 1 (2744) mutant protein to induce
histamine release in human basophil has been tested. The
release curves of the mutated allergens are clearly
shifted to the right compared to the release curve of Bet
v 1.2801 indicating that the potency of Bet v 1 (2744) to
release histamine is reduced 3 to 5-fold.

Mutant Bet v 1 (2733)

2 Mutant Bet v 1 (2733) with nine primary mutations has
been constructed and recombinantly expressed. The
distribution of point mutations in Bet v 1 (2733} leave
several surface areas constituting >400A® unaltered.
Figure 30 show introduced point mutations at the
molecular surface of Bet v 1 (2733).

EXAMPLE 5
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This Example describes cloning of the gene encoding Der p
2 from Dermatophagoides pteronyssinus and construction of

mutants with reduced IgE-binding affinity.

PCR amplified products from first strand cDNA synthesis
of Dermatophagoides pteronyssinus total RNA was obtained
from Dr. Wendy-Anne Smith and Dr. Wayne Thomas (TVW
Telethon Institute for Child Health Research, 100 Roberts
Rd, Subiaco, Western Australia 6008) . During the
amplification of the first strand cDNA library, Der p 2
had been selectively amplified using Der p 2 specific
primers. PCR fragments were subsequently cloned into the
Bam HI site of pUCle? (New BEngland Biolabs). DNA
sequencing of Der p 2 was performed using vector specific
sense (5 ~GGCGATTAAGTTGGGTAACGCCAGGG-3') and anti-sense
(57 ~GGAARCAGCTATGACCATGATTACGCC-3") primers.

A total of seven unigue Der p 2 isoforms designated ALK-
101, ALK-102, ALK-103, ALK-104, ALK-113, ALK-114, and
ALK120 were identified. The clone entitled ALK-114 was
chosen as starting point for generation of low-affinity
IgE-mutants because of its high sequence identity with
the Der p 2 NMR structure with the data base accession
number 1A9V. Compared to ALK-114, the 6 other naturally
occurring isoforms comprise the following substitutions:
ALK-101: M76V. )

ALK-102: V40L, T47S.

ALK-103: M111L, D114N.

ALK-104: T47s, M111I, D114N.

ALK-113: T478.

ALK-120: V40L, T47S, D114N.

Insertion of Der p 2 into pGAPZx-A
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The gene encoding Der p 2 (ALK-114) was subsequently
inserted into the pGAPZx-A vector (Invitrogen}) for
secreted expression of Der p 2 in the yeast, Pichia
pastoris. The gene was amplified using sense primer OB27
(57— GGAATTCCTCGAGARAAGAGATCAAGTCGATGTCARAGATTGTGCC-3")
and anti-sense primer oB28 (5" —
CGTTCTAGACTATTAATCGCGGATTTTAGCATGAGTTGC-3") corresponding
to the amino- and the carboxytermi of the Der p 2
polypeptide, respectively. The primers were extended in
the 5'-end to accomodate the restriction sites Xho I and
Xba I, respectively. The Xho I restriction site fuses the
first codon of Der p 2 in frame with the nucleic acid
sequence encoding the KEX2 cleavage site (LYS-ARG) of
pGAPZx-A. A single round of PCR amplification was
performed in a 100 microliter (pl) volume: 0.1 mg of
template ALK-114 DNA, 1 X Expand polymerase buffer
(available from Boehringer Mannheim), 0.2 millimolar (mM)
each of the four dNTPs, 0.3 micromolar (pM) each of the
sense and anti-sense priwmers and 2.5 Units of Expand
polymerase (available from Boehringer Mannheim). The DNA
was amplified following 25 cycles of: 95°C for 15
seconds, 45°C for 30 seconds, 72°C for 1 minute, followed
by 1 cycle of 72°C for 7 minutes. The resulting 475 base
pair ALK-114 PCR fragment was purified using a QIAquick
spin purification procedure (available from Qiagen). The
purified DNA fragment was then digested with Xho I and
Xba I, gel purified and ligated into similarly digested
pGAPZa-A. The ligation reaction was trasformed into

E.ceoli strain DH5«, resulting in plasmid, pCBo06.

The nucleotide sequence of Der p 2 was confirmed by DNA
sequencing before and after cloning and following in

vitro mutagenesis (see below).
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Der 2 seguences

SEQ ID NO 1 corresponds to the nucleic acid sequence of
Der p 2 (ALK-114):

1 gakcaagtegatgtcaaagattgtgocaatcatgaaatcaaaaaagttttggtaccagga
61 tgccatggttoagaaccatgtatcattcatcgtggtaaaccattccaattggaageegtt
121 ttecgaagccaaccaaamcacaaaaaccgctaaaattgaaatcaaagecteaategatggt
181 ttagaagttgatgttcccggtatcgatccaaatgeatgocattacatgaaatgcccattyg
241 gttaaaggacaacaatatgatattaaatatacatggaatgttccgaaaattgeaccaaaa
301l tctgaaaatgttgtcgtcactgttaaagttatgggtgatgatggtgttttggectgtget
361 attgctactcatgctaaaatcegegattaa

SEQ ID NO 2 corresponds to the deduced amino acid
sequence of Der p 2 (ALK-114}):

1 dgvdvkdcanheikkvlvpgchgsepciihrgkpfqleavfeangntktakieikasidy
61  levdvpgidpnachymkeplvkggaydikytwnvpkiapksenvvvtvkvmgddgvlaca
121 iathakird

Insertion of pGAPZo—-A-Der p 2 inte P. pastoris

The vector, pCBo06  was linearized -using Avr II
restriction enzyme and transformed into competent P.
pastoris strain, X-33, as described in the Invitrogen
manual. Recombinant cells resistant to 100 micrograms per
milliliter (pg/ml) of Zeocin were selected, and colony

purifed on fresh YPD plates containing 100 pg/ml Zeocin.

Expression and purification of recombinant Der p 2

A 250 ml of YPD medium (1% yeast extract, 2% peptone, 2%
glucose) containing 100 ug/ml Zeocin was inoculated with
an overnight culture of recombinant yeast cells
expressing Der p 2. The culture was grown at 30°C for 72
hours to obtain optimal Der p 2 expression. Cells were
harvested by centrifugation and the resulting culture
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supernatant was saturated with 50% ammonium sulfate.
Following centrifugation at 3000x ¢ for 30 minutes, the
supernatant was saturated with 80% ammonium sulfate.
Following centrifugation, the pellet was resuspended in
150 millimolar (mM) NHHCOs and fractionated on a
guperdex 75 gel filtration column, equilibrated with the
same buffer. Der p 2 was eluted as a major peak
corresponding to its expected molecular weight. The
elution of Der p 2 was monitered both by -SDS page
electrophoresis, followed by silver staining and by
jmmunoblot analysis using Der p 2 specific polyclonal
antibodies.

Selection of amino acid residues for site-directed

mutagenesis

Selection of amino acid residues for mutagenesis was
based on identification of residues that are highly
solvent exposed and highly conserved among allergens from
House Dust Mites (Der p 2/f 2 and EBur m 2) and storage
mites (Tyr p 2, Lep d 2, Gly d 2). Highly solvent exposed
amino acid residues were identified visually by analysis
of the molecular surface of the Der p 2 NMR structure
(#1.9, 1A9V.pdb). Twelve amino acid residues were
selected for mutagenesis: K6AR, N10S, KI15E, S24N, H30N,
K48A, E62S, H74N, K77N, K82N, K100N and R128Q.

Site-directed mutagenesis

Construction of recombinant mutant allergens with single
primary mutations and multiple combinations thereof, are

described in the following.

Bxpression plasmids encoding Der p 2 mnutants were
produced using pCBo06 as DNA template. PCR reactions were

performed using sense and anti-sense primers
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incorporating the specified mutations. Primer pairs used
in the PCR reactions to generate the specified mutations
are listed in Figure 31. The mutations are designated in
bold and the restriction sites used in the subsequent
cloning step are underlined in the figure. For the
construction of mutants K6A, KI5E, H30N, H74N and K82N,
PCR reactions were performed essentially as described in
the section “Cloning of Der p 2 into pGAPZa-A’. The
purified PCR fragments were digested with the designated
restriction enzyme sites (see Figure 31), gel purified,
ligated into similarly digested pCBo06 and transformed
into E.coli DHS5a.

The mutation E62S was generated using an alternative PCR
mutagenesis methodology described for the generation of
Bet v 1 mutants in Example 1. Two mutation specific
oligonucleotide primers were synthesized covering the
specified mutations (OB47 and OB48, listed in Figure 31).
TWO additional primers used for the secondary
amplification step were OB27 and OB28 as described in the
secticn: “Insertion of Der p 2 into pPGAPZx-A" .

The mutant allergens produced are characterised using the
same methods as described in example 4, e.g. circular
dichroism (CD) spectroscopy, crystallisation,
measurements of IgE binding properties, histamin-release,

T-cell proliferation stimulation capacity, etc.

EXAMPLE 6

Mutated recombinant mite allergens (Der p 2) with

improved safety for specific allergy wvaccination

in this example the application of the concept of the

current invention on house dust mite allergens is
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exemplified- by one allergen, Der p 2. Manipulation of
other house dust mite allergens may be performed by

equivalent procedures.

Design of mutated recombinant Der p 2 molecules.

SEQ ID NO. 3 shows the nucleotide and deduced amino acid
sequence of Der p 2-ALK-G clone, which is a wild type

isoform.

SEQ ID NO. 3: Nucleotide and deduced amino acid sequence
of Der p 2-ADLK-G.

GAT CAA GIC GAT GTC ARA GAT TGT GCC AAT CAT GAA ATC AAA ARA 45
D Q v D v K D c A N H B I X K i5

GIT TTG GTA CCA GGA TGC CAT GGT TCA GAAR CCA TGT ATC ATT CAT 20
v L v P G c H G 5 3 P c I I H 30

CGT GGT AARA CCA TTC CAA TTG GAA GCT TTA TTC GAR GCC AAT CAA 135
R G K P F Q L E A L F E A N Q 45

ARC TCA 3AA ACA GCT ARA ATT GAA ATC AAA GCT TCA ATC GAT GGT 180
N 8 X T A XK I E I XK A S5 I D & 60
TTA GAR GTT GAT GIT CCC GGT ATC GAT CCA AAT GCA TGC CAT TAT 225
L B v D v P G I D P N A c H Y 75

ATG ABRA TGT CCA TTG GIT AAA GGA CAA CAA TAT GAT ATT BAR TAT 270
M K c P L v K G Q o) Y D I K Y 80

ACA TGG AAT GIT CCA AAA ATT GCA CCA ARA TCT GAA AAT GTIT GTC 315
T w N Vv P K I A P K 4 E N VvV vV 105

GTC ACT GTT ARA GTT TTG GGT GAT AAT GGT GTT TIG GCC TGT GCT 360
v T v K v L G D N G v L A c A 120

ATT GCT ACT CAT GCT AAA ATC CGC GAT 287
I A T H A K I R D 129

Fig. 32 shows a sequence alignment performed at the
ExPaSy Molecular Biology Server (htip://www.expasy.ch/)
using the ClustalW algorithm on a BLAST search using the
Der p 2-ALK-G amino acid seguence shown in SEQ ID NO. 3
as input sequence. The alignment includes sequences from
house dust mite species, i.e. Der p 2, Der £ 2 and Bur m
2. In Fig. 32 amino acid residues identical to amino

@cids in the same position in the Der p 2-ALK~G protein
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seguence are highlighted using black letters on grey
background. Non~identical amino acids are printed in

black on a white background.

Surface structure images

Amino acid sequences representing the house dust mite
group 2 allergens have a similarity greater than 85 % and
some of the molecular surface is conserved (grey-coloured

zones), see Fig. 33.

Fig. 33 shows surface contours viewed from 4 different
angles when superimposing the Der p 2-ALK-G protein
sequence on to the published PDB:1A9V NMR structure,
structure number 1 of 10 contained in the PDB file.

Conserved and highly solvent exposed amino acid spatially
distributed over the entire surface within distances in
the range of 25-30 A are selected for mutation. In the
sections below the following information is given: A list
of amino acids considered to be appropriate for mutation
(), a list of the mutants designed (B) and the DNA
sequences representing the mutants designed (C). Fig. 34
shows surface contours of mutant number 1 as an example.
Grey colour indicates conserved amino acid residuves.
Black colour indicates amino acid residues selected for

nutation.

A. List of amino acids selected for mutation

K15, 524, H30, R31, K48, E62, H74, K77, K82, K100, R128

B. List of mutants designed

Mutant 1:
K15E, 524N, H30G, K48A, E625, K77N, K82N, K100N
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Mutant 2;
Ki5E, S$24N,

Mutant 3:
K15E, 524N,

Mutant 4:
K15E, S24N,

Mutant 5:
K15E, H30G,

Mutant 6:
S24N, H30G,

Mutant 7:
K15E, S24N,

Mutant 8:
K15E, S24N,

Mutant 9:
K15E, S24N,

Mptant 10:
K15E, S24N,

Mutant 11:
KI5E, R31S,

Mutant 12:
824N, R31S,

H30G,

H30G,

H30G,

K48A,

K48A,

R315,

R31S,

R31s,

R31S,

K48a,

K483,

K48A,

K48A,

E62S,

B623,

E623,

K483,

K482,

K483,

E62S3,

E628,

E625,

98

E625,

K77N,

K7TN,

K77N,

K77N,

E625,

E62S,

H74N,

H74N,

H74N,

H74N,

K77N,

K82N,

K82N,

K82N,

K82N,

H74N,

H74N,

KB2N,

K82N,

K82N,

K82N,

C. Nucleotide sequence of mutants

KB2N,

K100N,

K100N,

KiooN,

K100N,

K82N,

K82N,

K100N,

K100N,

K100N,

K100N,

(201)

PCT/DK01/00764

R128Q
R128Q
R128Q
R128Q
R128Q

K100N

R1280
R128Q
R1280
Rlzsg

R128Q
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Mutant 1:
K15E, S24N, H30G, K48A, E625, K77N, K82N, K100N

GatcaagtcgatgtcaaagattgtgeccaatcatgaaatcaaaGhAAgttttggtacca
ggatgeccatggtBACgaaccatgtatcattGGCegtggtaaaccattecaattggaa
gctttattcgaageccaatcaaaactcaGCGacagetaaaattgaaatcaaagettca
atcgatggtttaaAGCgttgatgtteccggtategatecaaatgecatgecattataty
AACtgtccattggEtAAngacaacaatatgatattaaatatacatggaatgttcca
aaaattgcaccaBACtctgaaaatgttgtegtcactgttaaagttttgggtgataat
ggtgttttggectgtgetattgetactoatgetaaaatecegegat

Mutant 2:
K15E, S24N, H30G, K4BA, E62S, K7TN, K82N, R128Q

GatcaagtcgatgtcaaagattgtgccaatcatgaaatcaaaGAAgttttggtacca
ggatgecatggtRACgaaccatgtatcattGGCegtggtaaaccattecaattggaa
gctttattcgaagecaatcaaaactcaGCGacagetaaaattgaaatcaaagetica
atcgatggtttaAGCgttgatgtteccggtatcgatccaaatgecatgecattatatyg
AACtgtccattggttAACggacaacaatatgatattaaatatacatggaatgttcca
amaattgcaccaaaatctgaaaatgttgtcgtcactgttaaagttttgggtgataat
gotgttttggectotgetattgetacteatgetaaaatcCAGgat

Mutant 3:
K15E, S24N, HB0G, K48A, K77N, K82N, K100N, R128Q

GatcaagtcgatgtcaaagattgtgoccaatcatgaaatcaaaGhAngtittggtacea
ggatgecatggtARCgaaccatgtatcattGGCegtggtaaaccattccaattggaa
getttattcgaagecaatcaaaactcaGCGacagectaaaattgaaatcaaagettca
atcgatggtttagaagttgatgttcccggtatcgatccaaatgcatgécattatatg
AACtgtccattggttAACggacaacaatatgatattaaatatacatggaatgtteca
aaaattgcaccaAAthtgaaaatgttgtcgtcactgttaaagttttgggtgataat
ggtgttttggectgtygctattgetactecatgectazaatcCAGgat
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Mutant 4:
K15E, S24N, H30G, E62S, K77N, K82N, K100N, R128Q

GatcaagtcegatgtcaaagattgtgecaatecatgaaatcaaaGhAgttttggtaceca
ggatgccatggtAACgaaccatgtatcattGGCegtggtaaaccattecaattggaa
gctttattcgaageccaatcaaaactcaaaaacagectaaaattgaaatcaaagettea
atcgatggtttahGlgtitgatgttceceggtategatccaaatgoatgecattatatg
AActgtccattggftAAngacaacaatatgatattaaatatacatggaatgttcca
aaaattgcaccaAAthtgaaaatgttgtcgtcactgttaaagttttgggtgataat
ggtgttttggectgtgetattgetactecatgectaaaatcCAGgat

Mutant 5:
K15E, H30G, K48A, E62S, K77N, K82N, K100N, R128Q

GatcaagtcgatgtcaaagattgtgccaatcatgaaatcaaaGAngttttggtacca
ggatgeccatggtteagaaccatgtatecattGGCegtggtaaaccattocaattggaa
gctttattegaagecaatcaaaactcaGCGacagetaaaattgaaatcaaagettea
atcgatggtttaAGCgttgatgtteceggtategatecaaatgeatgecattataty
AACtgtcecattggttAACggacaacaatatgatattaaatatacatggaatgtteca
aaaattgcaccaBACtctgaaaatgttgtegtecactgttaaagttttgggtgataat
ggtgttttggectgtgetattgetactecatgetaaaatcChAGgat

Mutant 6:
824N, H30G, K48A, E62S, K77N, K82N, K100N, R128Q

Gatcaagtcgatgtcaaagattgtgccaatcatgaaatcaaaaaagttttggtacca
ggatgccatggtAACgaaccatgtatcattGGCegtggtaaaccattccaattggaa
gctttattcgaageccaatcaaaactcaGCGacagectaaaattgaaatcaaagettca
atcgatggtttaAGCgttygatgttececggtategatccaaatgecatgecattatatyg
AACtgtccattggttAACggacaacaatatgatattaaatatacatggaatgttcca
aaaattgcaccaBACtctgaaaatgttotegtecactgttaaagttttgggtgataat
ggtgttttggectgtgetattgetacteatgetaaaatcCAGgat
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Mutant 7:
K15E, S24N, R31S, K48A, E625, H74N, K82N, K100N

GatcaagtcgatgtcaaagattgtgecaatcatgaaatcaaaGhhAgttttggtacca
ggatgccatggtABCgaaccatgtatcattcatAGCyggtaaaccattecaattggaa
getttattcgaagecaatcaaaactcaGCGacagetaaaattgaaatcaaagottca
atcgatggtttalAGCgttgatgttcceggtategatccaaatgeatgeAACtataty
aaatgtccattggttAACggacaacaatatgatattaaatatacatggaatgtteca
aaaattgcaccaBACtctgaaaatgttgtegtcactgttaaagttitgggtgataat
ggtgttttggeetgtgctattgetactecatgectaaaatecgegat

Mutant 8:
K15E, $24N, R31S, K48A, E625, H74N, KB2N, R128Q

GatcaagtcgatgtcaaagattgtgccaatcatgaaatcaaaGArgttttggtacca
ggatgccatggtAnCgaaccatgtatcattcatAGCggtaaaccattccaattggaa
getttattcgaagecaatcaaaactcaGCGacagetaaaattgazsatcaaagettea
atcgatggtttaAcCgttgatgttcccggtategateccaaatgcatgehACtataty
aaatgtccattggttAACggacaacaatatgatattaaatatacatggaatgttcca
asaattgcaccaaaatctgaasaatgttgtcgtcactgttaaagttttgggtgataat
ggtgttttggectgtgctattgetactcatgectaaaatcCAGgat

Mutant 9:
K15E, S$24N, R31S, K48A, H74N, KB2N, K100N, R128Q

GatcaagtcgatgtcaaagattgtgecaatcatgaaatcaaaGhAgtittggtacca
ggatgccatggtAACgaaccatgtatecattcatAGCggtaaaccattccaattggaa
getttattogaagecaatcaaaactcaGCGacagetaaaatigaaatcaaagettea
atcgatggtttagaagttgatgtteccggtatecgateccaaatgcatgciACtataty
aaatgtccattggttAACggacaacaatatgatattaaatatacatggaatgttcea
aasattgcaccaBRACtctgaaaatgtitgtcgtcactgttaaagttttgggtgataat
ggtogttttggectgtgctattgectactcatgetaaaatcCAGgat
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Mutant 10:
K15E, S24N, R31S, E62S, H74N, K82N, K100N, R128Q

GatcaagtcgatgtcaaagattgtgccaatcatgaaatcaaaGhAgttttggtacca
ggatgecatggtAACgaaccatgtatcattcatAGCggtaaaccattecaattggaa
gctttattcgaagccaatcaaaactcaGCGacagectaaaattgaaatcaaagettca
atcgatggtttagaagtitgatgttccecggtategatecaaatgecatgehaCtataty
aaatgtccattggttAnCggacaacaatatgatattaaatatacatggaatgttcca
aaaattgcaccaRACtctgaaaatgtigtegteactgttaaagttttgggtgataat
ggtgttttggectgtgectattgetactecatgctaaaatcCAGgat

Mutant 11:
K15E, R31S, K48A, E623, H74N, K82N, K100N, R128Q

GatcaagtegatgtcaaagattygtgecaatcatgaaatcaaaGhAgttttggtacca
ggatgccatggttcagaaccatgtatcattcatAGCggtaaaccattccaattggaa
gctttattcgaagccaatcaaaactcaGCGacagectaaaattgaaatcaaagettca
atcgatggtttaAGCgtigatgttcccggtategatecaaatgeatgchACtataty
aaatgtccattggttAhCggacaacaatatgatattaaatatacatggaatgtteca
aaaattgcaccaBACtctgaaaatgttgtcgtcactgttaaagttttgggtgataat
ggtgttttggcctgtgctattgetactecatgetaaaatcChAGgat

Motant 12:
S24N, R31S, K48A, E62S, H74N, K82N, KLOON, R128Q

Gatcaagtcgatgtcaaagattgtgecaatcatgaaatcaasaaaagttttggtacca
ggatgccatggtAACgaaccatgtatecattcatAGCggtaaaccattecaattggaa
getttattcgaagecaatcaaaactocaGCGacagetaaaattgaaatcaaagettca
atcgatggtttaAGCgttgatgttcceggtategatccaaatgeatgcAACtatatyg
aaatgtccattggttAACygacaacaatatgatattasatatacatggaatgticca
aaaattgcaccaBACtctgaaaatgttgtegteactgttaaagttttgggtgataat
gogtgttttggectgtgctattgetactcatygctaaaatcCAGgat
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EXAMPLE 7

Mutated recombinant mite allergens (Der p 1) with

improved safety for specific allergy vaccination

In this example the application of the concept of the
current invention on house dust mite allergens is
exemplified by one allergen, Der p 1. Manipulation of
other house dust mite allergens may be performed by

equivalent procedures.

Design of mutated recombinant Der p 1 molecules.

SEQ ID NO. 4 shows the nucleotide and deduced amino acid
sequence of Der p 1-ALK clone, which 1is a wild-type

isoform.

SEQ ID NO. 4: Nucleotide and deduced amino acid sequence
of Der p 1-ALK

ACT ARC GCC TGC AGT ATC AAT GGA ART GCT CCA GCT GAA ATC GAT 45
T N A C § I N 6 N A P A E I D 15
TPG CGA CRA ATG CGA ACT GTC ACT CCC ATT CGT ATG CRA GGA GGC 90
¥ R ¢ M R T ¥V T B I R M ¢ 6 & 30
TGT GET TCA TGT TE® GOT TTC TCT 66T GTT GCC GCA ACT GAA TCR 135
c & § ¢ W A F § 6 VvV B A T E S 45
GCT TAT TTG GCT TAC CGT AAT CAA TCA TTG GAT CTT GCP GAA CAA 180
A Y L A ¥ R N @ s L D L A E Q 60
GAR TTA GIC GAT TGT GOT TCC CAA CAC GGT TGT CAT GGT GAT ACC 225
E L vV D ¢ A S§ @ H 6 € H G D T 75
ATT CCA CGT GGT ATT GAA TAC RTC CARA CAT AAT GGT GIC GIC CAA 270
I 4 R & I E Y I ¢ H N & ¥ vV Q0 20
GRA PEC TAC TAT CGA TAC GTT GCA CGA GRA CRA TCA TGC CGA CGA 315
E 8 ¥ Y R ¥ ¥V R R E © 8 C R R 105
CCA ART GCA CAA CST TPC GGT ATC TCA RAC TAT TGC CAA ATT TAC 360
P ¥ A Q@ R F & I s N X c 9 I ¥ 120
CCA CCA ABT GTA AAC AAA ATT CGT GAA GCT TTG GCT CAA ACC CAC 405
P P N V N K I R E A L A Q@ T H 135
AGC GOT ATT GCC GTC ATT ATT 8GC ATC AAA GRT TTA GAC GCR TTC 450
§ A 1 A v I I @ I XK D L D A F 150
CET CAT TAT GAT GGC CGA ACA ATC ATT CAR CGC GAT AAT GGT TAC 498
R H Y D 6 R I I Q R D N 6 Y 185
CAR CCA AARC TAT GAC GCT GTC AAC ATT GTT GGT TAC AGT AAC GCA 540
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2 P N Y H A V N I Y & Y 5 N A 180
CRA GGT GTC GAT TAT TGE BIC GIA CGA AAC AGT TGS GAT ACC AAT 588
5 ¢ ¢ v D Y W I Vv kK N § W D T N 195
TGG GGT GAT AAT GGT TAC GGT TAT TTT GCT GCC AAC ATC GAT TTG 630
w 6 D N G Y & Y F A N I D L 210

20

25

35

40

ATG RTG AIT GAA GAA TAT CCA TAT GIT GTC ATT CTC 666
M E E Y P Y v Vv I L

Fig. 35 shows a sequence alignment performed at the
ExPaSy Molecular Biology Server (http://www.expasy.ch/)
using the ClustalW algorithm on a BLAST search using the
Der p 1-ALK amino acid sequence shown in SEQ ID NO. 4 as
input segquence. The alignment includes seqguences from
house dust mite species, i.e. Der p 1, Der £ 1 and Eur m
1. In PFig. 35 amino acid residues identical to amino
acids in the same position in the Der p 1-ALK protein
sequence are highlighted using black letters on grey
background. Non-identical amino acids are printed in
black on a white background.

Surface structure images

Anino acid sequences representing the house dust mite
group 1 allergens are similar to a certain degree and
some of the molecular surface is conserved (grey-coloured
zones), see Fig. 36. TFig. 36 shows surface contours
viewed from 4 different angles when superimposing the Der
P 1-ALK protein seguence on to a Der p 1 molecular

structure model.

Conserved and highly solvent exposed amino acid spatially
distributed over the entire surface within distances in
the range of 25~30 A are selected for mutation. In the
sections below the following information is given: A list
of amino acids considered to be appropriate for mutation
(A}, a list of the mutants designed (B) and the DNA
seguences representing the mutants designed (¢y. Pig. 37

.shows surface contours of mutant number 11 as an example.
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Grey colour indicates conserved amino acid residues.
Black cclour indicates amino acid residues selected for

mutation.

A. List of amino acids selected for mutation

E13, P24, R20, Y50, S67, R78, RS9, 0109, R128, R1S56,
R161, Pl67, Wi92

B. List of mutants designed

v

Mutant 1:
P24T, Y50V, R78E, R99Q, R156Q, R161E, P167T

Mutant 2:
P24T, Y50V, R78Q, R9%E, R156E, R161Q, P167T

Mutant 3:
R20E, Y50V, R78Q, R99Q, R156E, R161E, PL67T

Mutant 4:
R20Q, Y50V, R78E, R99E, R156Q, R161Q, P167T

Mutant 5:
P24T, Y50V, S87N, RO9E, R156Q, R161Q, PLl67T

Mutant 6:
R20E, Y50V, S$67N, R99E, R156Q, R161E, P167T

Mutant 7:
R20Q, Y50V, S67N, R92Q, R156E, R161E, P167T

Mutant 8:
E13S, P24T, Y50V, R7SE, R99Q, 0109D, R128E, R156Q, R1G1E,
PL67T
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Mutant 9:
E13S, P24T, Y50V, R78Q, R9SE, (109D, Ri28Q, R1S56E, R161Q,
P167T
5 Mutant 10:

E135, P24T, Y50V, R78E, R99Q, Q109D, R128E, R156Q, RI161E,
P167T, W19ZF
Mutant 11:

10 E133, P24T, Y50V, R78Q, R99E, Q109D, R128Q, R156E, R161Q,
P167T, W192F
C. Nucleotide sequences of mutants

15  Mutant 1:
P24T, Y50V, R78E, R9%Q, R156Q, R161E, P1&7T
ACT AAC BCC TGC AGT ATC AAT GGA AAT GCT CCA GCT GAA ATC GAT TTG CGA CAR BTG CGA 60

20 ACT GTC ACT ACC ATT CGT ATG CAA GSA GGBC TGT GGT TCA TGT T6G GCT TTC TCT GGT GTT 120
GCC GCA ACT GAA TCA GCT TAT TTG GCT BTG CGT AAT CAA TCA TTG GAT CTT GCT GAAR CRA 180
GAA TTA GTC GAT TGT GCT TCC CAR CAC GGT TGT CAT GET GAT ACC ATT CCA GAR GGT ATT 240
SAA TAC ATC CAR CAT AAT GGT GTC GTC CAA GAA AGC TAC TAT CGA TAC GIT GCA CAG GAA 300
CAA TCA TGC CGA CGA CCA AAT GCA CAA CGT TTC GGT ATC TCA AAC TAT TGC CAA ATT TAC 360

25 CCA CCA AAT GTA AAC BRAA ATT CGT GAA GCT TTG GCT TAA ACC CAC AGC GCT ATT BCC GTC 420
ATT ATT GGC ATC AAAR GAT TTA GAC GCA TTC CGT CAT TAT GAT GGC CAG ACA AIC ATT CAA 480
GAA GAT AAT GGT TAC CAR ACC AARC TAT CAC GCT GTC AAC ATT GIT GGT TAC AGT AAC GCA 540
GRR. GGT GTC GAT TAT 'TEE ATC GTA CGA AAC AST TGS GAT ACC RAT TGG GGT GAT AAT GGT 600
TAC GE@T TAT TIT GCT GCC ARC ATC GAT TTE ATG ATG ATT GRA GAA TAT CCA TAT GIT GTC 660

30 ATT CTC 668
Mutant 2:
P24T, Y50V, R78Q, R99E, R156E, R161Q, P167T

35

(209)

ACT RAC GCC TEC AGT ATC AAT GGA AAT GCT CCA GCT GRA ATC GAT TTG CGA CAR ATG CEA 60
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ACT GIC ACT ACC

GCC GCA ACT GAA

GAA TTA GIC GAT

GAAR TAC ATC CRR

ATT

TCA

TGT

CAT

CGR

CCA CCA RAT GTA RAC

ATT ATT GGC ATC RAA

CAG GRT AAT GGT
CAR GGT GIC GAT

TAC GGT TAT TTT

Mutant 3:

TAC

TAT

GCT

BCT
gor
ART
oA
ARR
GAT

CAR

GCC

ATG

TAT

TCC

aaT

BAT

ATT

TTA

AcC

ATC

ARC

IT6

GrC

GCR

caT

GAC

AAC

BTC

GGA

GCT

CAC

[cus]

R20E, Y50V, R78Q, R29Q,

ACT GTC ACT CCC
GCC GCA ACT GAR
GAA TTA GTC GAT
GAR TAC ATC CAR
CAA TCA TGC CGA
CCA CCA ART GTR
ATT ATT BGC ATC

CAG GAT RAT GET

TAC GGT TAT TTT

ATT CTC

Mutant 4:

R20Q, Y50V,

AGT

ATT

TCR

TGT

CAT

CGAR

BAC

RAR

TAC

TAT

e

R78E,

ATC

sCT

GCT

ART

CCA

BRAR.

GAT

66

Gee

ART

ATG

ToC

BART

ATT

TTA

ACC

ATC

ARC

GGA

CAA

TTG

CAA

GTC

GCA

[scig

GRC

AnC

GTA

ATC

AAT

GGA

GoT

CAC

GIC

GPR

GCA

TAT

CGA

GAT

R99E,

[

cre

ceT

et

caeT

GCT

TTC

CAC

AAT

TTE

R156E,

GCT

[=clad

are

GGT

CAR

CGT

GCT

TIC

CAC

ARC

TTG

R156Q,

107

TTC

TIG

oaT

GCT

AGT

TGT

©aT

TET

GAR

TTC

Te

cET

GCT

AsT

ATG

GGT

AART

cRT

AGC

GET

GCT

CAT

Gre

GG

ATG

GCT

GGT

ART

CAT

GCT

CAT

GTC

TGG

TG

TCA TGT

@BT GAT
TAC TAT
ATC TCA
CAR ACC
TAT GAT
AAC PIT
GAT ACC

ATT GAA

R161E,

GAA ARIC

TCA TGT

CRR TCA

GGT GAT

TRC TAT

ATC TPCA

CPA ACC

BAC ATT

GAT ACC

ATT GAA

R161Q,

TGG GCT

TTG GAT

ACC ATT

CGA TAC

ARC TAT

CAC AGC

GGC GAA

GIT GGT

PAT TGG

GRA TAT

(210)
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TEC TCT

CCA CAG
GIT GCA
TGS CAR

GCT ATT

TAC 26T

GGT GAT

P1l67T

GAT TIG

TGE GCT

TTG GAT

BCC ATT

TGA TAC

AAC TAT

CAC PGC

GGC GAA

@TT 66T

ART TGG

BBA TAT

CTGA CAR

TTC TCT

CCA CAG

GIT GCA

TGC CAR

GCT ATT

ACA RIC

TAC AGT

GGT GAT

TR TAT

P167T

GGT

GRA

GGT

ATT

BCC

ARC

AAT

ATT

ARG

AART

&TT

GTT

CRA

ATT

TAC

GrC

AR

GeT

arc

GTT

RTT

TAC

GTT

@ca

BT

gre

iz0

180

300

360

480

540

600

660

120

189

240

300

360

ACT ARC GGC TGC AGT ATC AAT GGA AAT GCT CCA GCT GRA ATC GAT TTG CGA CRA ATG CAG &0

ACT GTC ACT CCC ATT CGT ATG CAA GGA GGC TGT GGT TCA TGT TGG GCT TIC TCT 6ET GIT 120

GCC GCA ACT GRA TCA GCT TAT TTG GCT GTG CGT AAT CAA TCA TTG GAT CTT GCT GAA CAR 180
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GAR

GAR.

TTA

TAC

TCA

ATT

GAT

BT

GTC

ATC

TGC

AAT

GEC

ART

GTC

TAT

GAT

CAR

CGA

GIA

ATC

GAT

TTT

Mutant 5:

P24T,

ACT

AAC

TTA

TAC

TCA

ATT

GAT

GGT

&ET

cre

Y50V,

acc

ACT

BCT

8TC

ATC

TGS

RAT

GEC

ART

6TC

TAT

TGC

ACC

GAA

GAT

CAA

CGR

GTA

ATC

GET

GAT

T

Mutant 6:

R20E, Y50V,

TGT

CRT

CGR

ApC

ARR

TAC

TAT

&CT

AGT

ARC

ARA

TRC

GCT

GCT

RAT

CCA

RRA

GAT

CAA

TGE

GCe

ATC

cET

GCT

RAA

GAT

CRA

Gce

TCC

GGT

2AAT

ATT

TTA

Ace

ATC

AAC

S6TN,

AAT

RAIG

TAT

ARC

GGT

ART

ATT

Acc

ATC

ARG

CAR

6TC

ceT

GAC

ARC

GTA

ATC

GGA

CAR

GCA

<eT

GAC

RAC

GTA

ATC

CAC

Grc

CAR

GAA

GCA

TAT

GRT

RO9E,

ART

ey

S67N, RI99E,

ACT AAC GCCT TGC AGT ATC BAT GGA AAT

ACT GFC ACT CCC ATT CGT ATG CAR GGR

GCC GCA ACT GAA TCA GCT TAT TTG GCT

GAA TTA GTC BGAT TGT GUT AAC CAA CAC

BAR TRC ATC CAA CAT AAT GGT GIC GTC

GET

CAR

CeT

GcT

cAC

PRC

R156Q,

@eT

GEC

GTe

&ET

CARA

GCT

TTC

CaC

AAC

TTE

R156Q,

108

TGT

GAA

TTC

TTG

CGT

GCr

AGT

AT

GRA

TG

TG

6T

AGT

ATG

CAT

AGC

GGT

[cleid

CAT

6IC

TGG

ATG

GCT

&GT

RAT

CAT

RGC

aaT

GCT

CAT

GTC

TGG

BGGT GAT

TAC TAT

ATC TCR

CRA RCC

TAT GAT

ARC AIT

GAT ACC

ATT GRA

R161Q,

GRAB ATC

TCA. TGT

CRA TCR

GGT GAT

TAC TAT

ATC TCR

CAA RCC

TAT GAT

RAC ATT

GAT ACC

ATT GRA

R161E,

GCT CCA GCT GAR RTC

GGC TP GET TCA TET

GIG CGT RAT CAA TCA

GGT TGT CAT GGT GAT

CAA GRA RGC TAC TAT

ACC ATT
CGA TAC
ARC TAT
CAC AGC
GGC CAG
GIT GGT
ART TGG

GRA TAT

CCcA

GTT

TEC

GCT

ACA

TAC

GeT

cen

P167T

GAT TTE&

TGE GCT

TG GAT

ACC ATT

CGA TAC

ARC TAT

CAC AGC

GTT GET

AAT TEG

GAA TAT

CGA

TTC

CTT

CCA

GTT

TGO

6CT

ACA

TAC

6B

CCA

P167T

GAT TTG
T8G GCT
TTG GAT
ACC ATT

CEA TAC

ceR

e

CTT

CCR

GTT

(211)
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GAR

GCA

CRA

RTT

RGT

GAT

TAT

CAR

TCT

66T

ATT

[civle}

ATT

RAT

GrY

ATG

GGT

ATT

ARC

AAT

GTT

ATG

66T

AT

TAC

e8]

GCA
GGT

[

CeR

GTT

TAC
GIT
CRA
GCR
GGT

GIC

GAR

GTT

CAR

ATT

GRA

240

300

420
480
540

50O

240
300
380
420
480
540
600

660

120

180

240

300
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CAA TCA TGC CGR CGA CCA AAT GCA CRA
CCA CCA AAT GTA AAC ARA ATT CGT GAR
ATT ATT GGC ATC RAA GAT TTA GAC BCA

GAA GAT BAT GGT TAC CRA ACC RAC TAT

109

CGT TTC GRT ATC TCA

GCT TTE GCT CRA ACC

TTC CGT CAT TAT GAT

CRC GCT GTC AAC ATT

CAR GGT GTC GAT TAT TGG ATC GIA CGA RAAC AGT TGE GAT ACC

TAC GGT TAT TTT GCT BCC AAC ATC GAT

Mutant 7:
R20Q, Y50V, S67N, R99Q,

ACT ARC &CC TGC AGT ‘ATC AAT GGA AAT
AGT GTC ACT CCC RIT CGT ATG CAA GGA
GCC GCA ACT GAAR TCA GCT TAT TT& GCT
GAA TPA GEC GAT TGT GCT AAC CRA CAC
GAR TAC ATC CAA CAT ART GGT GTC GTC
CAA TCA TGC CGA CGA CCA AAT GCA CAA
CCA CCA RAT GTA ARC AAR ATT CGT GAR
ATT ATT GGC ATC ARA BAT TTA GRC GCA
GRA GRT AAT GGT TAC CAR ACC ARC TAT
CAR GGT GTC GAT TAT TGG ATC GTA CGAR

TAC GET TAT TTT GOT GLC AAC ATC GAT

Mutant 8:

E138, P24T, Y50V, RT8E,
P167T

BACT RAC GCC TGC AGT ATC BAT GGA AAT
ACT GTC ACT ACC ATT CGT ATG CRA GGA
GCC GCA ACT GRA TCA GCT TAT TTG GCT
GPA TTA GTC GAT TGT ‘G‘CT TCC CAA CAC
GAR TAC RTC CASZ UAT AAT GGT GTC GIC

CRR TCA TGC CGA CBA CCA AAT GCA GAT

TTG ATG ATG ATT GAR

R156E, R161E,

GCT

[l

CGT

[elel ]

TTC

CAC

BAC

TTG

GCT

AGT

ATE

R99Q,

GoT

GGC

GTG

GGT

CAR

caT

ccA

caT

TET

GAA

T

GCT

[

ART

CAT

AGC

GGT

&CT

CAT

GTC

ATG

GBR

TCA

CAR

G6T

TAC

ATC

CRA

TAT

ARC

AT

ATT

ATC

TET

GAT

TAT

TCA

GAT

ATT

ACCT

GAA

Q109D,

GCT REC ATC

GGT TCA TGT

AAT CAA TCA

CAT GGT GAT

AGC TAC TAT

GET ATC TCA

RAC TAT

CAC RGC

GGC CAG

GTT GGT

ART TG

GAA TAT

(212)
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TGC CRA

GCT ATT

ACA ATC

TAC AGT

GGT GAT

CCA TAT

P167T

GRT TT6

TTG GAT

ACC ATT

CGA TAC

AAC TAT

CAC AGC

GGC GAA

@rT BET

AAT TGG

CGA CAA

TTC TCT

CIT GoT

[ ecud

GTT GCA

TGC CRA

GCT ATT

ACA ATC

TAC RGT

GGT GAT

CCA TRT

ARC

ART

GTT

66T

GAR

CAG

ATT

ace

AIT

RRC

AAT

GTT

R128E, R1560Q,

GRT TTG
766 GCT
TPG GAT
RCC ATT
CGA TAC

ARC TAT

CGA CARA

TrC TCT

CIT GCT

GCR GRR

GTT GCA

TGC CAR

ATG
aaT

GAA

D
&
5

CAG

ATT

TAC

are

GCA

GET

GIC

CRG

&IT

ATT

TAC

BTC

CRA

GCA

Gar

6TC

R161E,

[a=

arr

cra

ATT

GAR

TAC

420

480

540

1z0

180

240

300

360

420

480

540

600

660

€66
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CCA CCA AAT GTA ARC APA ATT GAR GAR
ATT ATT GGC ATC RAR GAT TTA GAC GCA
GAA GAT AAT GGT TAC CAR ACC ARC TAT
CAR GGT GIC GAT TAT TGE ATC GTA CGA
TAC GGT TAT TTT GCT GCC AAC ATC GAT

ATT CTC
Mutant 9:

E13S, P24T, Y50V, R78Q,
P167T

ACT ARC GCC TGC AGT ATC RAT GGA RAT
ACT G6TC ACT ACC ATT CGT ATG CAA GGA
GCC GCA ACT GAA TCA GCT TAT TTG GCT
GAR TTA GTC GAT TGT GCT TCC CAR CAC

GRA TAC ATC CAAR CAT AAT GGT GIC GTC

CCA CCA AAT GTA AAC ARA ATT CAG GAA
ATT ATT GGC ATC ARA GAT TTA GAC GCA
CAG GAT AAT GGT TACT CAA ACC AAC TAT
CAR BGT GTC GAT TAT TGE ATC GTA CBA

TAC GGT TAT TTT GCT GCC ARC ATC GAT

Mutant 10:

B13S, P24T, Y50V, RT8E,
P167T, W192F

ACT AARC GCC TGC AGT ATC ARAT GGA AAT
ACT GIC BCT ACC ATT CGT ATG CRA GGA
GCC GCA ACT GAA TCR GCT TAT TTG GCT
GAA TTA GTC GAT TGT GCT TCC CRA CAC
GAA TAC ATC CAA CAT ART GGT GTC GTC

CAA TCA TGC CGA CGA CCAR AAT GCA GAT

110

GCT TTG
TTC CGT
CAC aCT
ARC AGT

TTG ATE

RIOE,

GCT CCA
8GC TET
GTG CGT
GET TET
CRA GAR
OGT TTC
GCT TTG
TTC COT
CAC GCT
ARC AGT

TG ATG

RS9Q,

GCT CCA
GGT TGT
GTE CET
GGT TET
CAA GRA

CGT TTC

GCT

CAT

&TC

TGE

ATE

CRA ACC

TAT GAT

AAC ATT

GAT ACC

ATT GAA

Q109D,

GGT

GCT

CAT

RGC ATC

TCA TGT

CAA TCA

BGT GAT

TAC TAT

ATC TCA

TAA ACC

TAT GAT

AAC ATT

GAT ACC

ATT GAA

Q109D,

acT

GGT

ART

CAT

AGC

6GT

RGC ATC

TCA TGT

CRAR TCA

GGT GAT

TAC TAT

ATC TCA

(213)
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CAC AGC GCT ATT

GGC CTAG RACA ATC

GTT GGT TAC AGT

AART TEG GGT GAT

GAA TAT CCA TAT

ARC

ART

GTT

R128Q, R156E,

GAT TTG CGA CAR
TGG GCT TTC TCT
TTE GRT CIT GCT
ACC RTT CCR CAG
CGGR TAC GIT GCA
AAC TAT TGC CRA
CAC BGC GCT ATT
BGC GRR ACA ATC
BTT GGT TAC AGT
ART TGE GET GAT

@AAR TAT CCA TAT

ATG

GGT

GTT

R128E, R156Q,

GAT TTG CGA CAA

TGE GCT TTC TCT

ATG

GGT

are

GCA

GGT

GIC

R161Q,

can

GTT

ATT

TAC

are

AR

RIGI1E,

CGA

GTT

TTG GAT CTT GCT GAA CAA

ACC ATT CCA GAA

CGAR TAC GTT GCA

ARC TAT TGC Cpa

GGT

CAG

ATT

ATT

GAR

TAC

420

480

60

300
360
420
480
540
600

660

60
120

180
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CCA CCA RAT GIA ARC AAAR ATT GAA GPA GCT TTG GCT CAR ACC CAC AGC GCT ATT GCC GTC 420
ATT ATT GGC ATC BRA GAT TTA GAC GCA TTC CGT CAT TAT GAT GGC CAG ACA ATC ATT CRR 480
GRA GRT ART GGT TAC CAR ACC RAC TAT CRC GCT GIT AAC ATT GIT GET TAC RGBT AAC GCA 540
CaA GGT GIC GAT TAT TGG ATC GIA CGA AAC AGT TTT GAT ACC AAT TEG @ST GAT ART G&T 600
TAC GGT TAT TTT GCT GCC ARC ATC GAT TTG ATG ATG ATT GAA GAA TAT CCA TAT @TT GTC 660

ATT CTC 566

Mutant 11:

E13S, P24T, Y50V, R78Q, R99E, Q109D, R128Q, R156E, R1610Q,
P167T, W192F

ACT AAC GCC TGC AGT ATC AAT GGA ART GCT CCA GCT AGC ATC GAT TTG CGR CAR ATG CGR 60
ACT GTC ACT ACC ATT CGT ATG CAA GGA GGC TGT GGT TCA TGT TGG GOT TTC TCT GGT GTT 120
GCC GCA ACT GAA TCA GCT TAT TTG GCT GT® CGT AAT CAB TCA TIG GAT CTT GCT GAR CAA 180
GRA TTA GFC GAT TGT GCT TCC CAA CAC GBT TGT CAT GGT GAT ACC BIT CCA CAG GGT ATT 240
GAA TAC ATC CAR CAT ART GGT GFC GTC CAA GAR AGC TAC TAT TGA TAC GIT GCA GAA GAA 300
CAA TCA TGC CGA CGA CCA RAT GCA GAT CGT TTC GGT ATC TCA RAC TAT TGC CAA ATT TAC 360
CCA CCR AAT GTA RARC ARA ATT CAG GAR GCT TTG GCT CRA ATC CAT AGC GCT ATT GCC GIC 420
ATT ATT GGC ATC AAA GAT TTR GAC GCA TTC CGT CAT TAT GAT SEC GAA ACA ATC ATT CAA 480
CAG GAT AAT GET TAC CAA ACC AAC TAT CAC GCT GTIC AAC ATT GTT GGT TAC RGT ARC GUA 540
CPAA 66T GTC GAT TAT TG& ATC GTA CGA AAC AGT TTT GAT ACC AAT TGG GET GAT ART GGT &00

TAC GET TAT TTT GCT GCC AAC ATC GAT TTG AT@ ATG ATT GAA GAR TAT CCA TAT GIT GTC 660

EXAMPLE 8

Mutated recombinant grass allergens (Phl - p 5) with

improved safety for specific allergy vaccination

In this example the application of the concept of the
current invention on grass pollen allergens is
exemplified by one allergen, Phl p 5. Manipulation of
other grass pollen allergens may Dbe performed by

equivalent procedures.
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Design of mutated recombinant Phl p 5 molecules

PCT/DK01/00764

SEQ ID NO. 5 shows the nucleotide and deduced amino acid

sequence of the Phl p 5.0103 clone, which is a wild-type

isoform.

SBEQ ID NO. 5: Nucleotide and deduced amino acid sequence

of Phl p 5.0103.

gecgatcteggttacggeeecegecaceccagatgococcggecgeecggetacacocecgee
A DL GY 6 P ATPAATPAATGYT?PA
acccocgecgecoeggecggageggagecageaggtaaggegacgacegaggageagaag
T P AA P A GAEZ®AGZ XATTEE QK
ctgatcgagaagatcaacgccggetteaaggeggecttggeecgetgecgecggegteeeg
L I E K I N A GTF XK AALAAAAG ,V P
ccageggacaagtacaggacgttogtegeaaceticggegeggectecaacaaggectte
P ADEKYRTVFVATTFGAASUDNIE KABATF
geggagggcectotogggecgageecaagggegeegecgaatecageteccaaggecgogete
A E 6L 8 ¢ EP KGAAES S S XK Aahal
acctccaagotogacgecgectacaagetecgectacaagacagecgagggegegacgect
T S K L D AAY X LAY KTWAZEGHARTTF
gaggecaagtacgacgcectacgtegccacegtaagegagygcgetoogeatecategeegge
E A K Y DAY VATV S5 EALRTITIARGEG
accectegaggtccacgecgtcaageecgeggeagaggaggteaaggteatcececgeegge
T L EV #H AV KPAAZEZEVI KV VIZPAG
gagctgeaggteategagaaggtegacgcecgecttcaaggtegetgocacegeegeraac
EL Q VIEZKVDAATFIZ KVAW-ATAA- AN
geegececegecaacgacaagtteacegtettegaggccgecttcaacgacgecatcaag
A A PANDIE KU PFPTVF EAAaTFUNDATIHK
gegageacgggeggegectacgagagetacaagtteatececgeactggaggeegoegte
A2 8 T G 6 A Y E S Y K F I P A L E A AV
aagcaggcectacgeegecaccgtegecacegegecggaggtcaagtacactgtetttgag
XK ¢ A Y aaAaTVATAZPEEVIKYTV F R
accgcactgaaaaaggeccatecaccegecatgtoegaageacagaaggctgooaagocegee
T A L K KA1 TAMSEA AU QI XKW AATEKPA
geecgetgecaccgocaccgoaaccgecgecgtiggegeggecacaggegecgecacegeo
A A ATATATAAYV GAATGAATLA
getactggtggctacaaagte

A T G G Y K V
'

280
861
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Fig. 38 shows a seguence alignment performed at the
ExPaSy Molecular Biology Server (http://www.expasy.ch/)
using the ClustalW algorithm on a BLAST search using the
Phl p 5.0103 amino acid sequence shown in SEQ ID NO. 5 as
input sequence. The alignment includes group 5 allergen
sequences from grass species, i.e. Phl p 5, Poa p 5, Lol
p 5 Hol 1 5, Pha a 5, Hor v 9 and Hor v 5. In Fig. 38
amino acid residues identical to amino acids in the same
position in the Phl p 5.0103 protein sequence are
highlighted using black letters on grey background. Non-
identical amino acids are printed in black on a white

background.

Surface structure images

Amino acid sequences representing the grass pollen group
5 allergens are similar to a certain degree and some of
the molecular surface is conserved (grey-coloured zones),
see Fig. 39. Fig. 39 shows surface contours viewed from 4
different angles when superimposing the Phl p 5.0103
protein sequence on to a Phl p 5 molecular .structure
model. The structure model encompass the molecule in two
halves, Model A (amino acid 34-142) shown in Fig. 39A,
and Model B (amino acid 149-258) shown in Fig. 39B.

Highly solvent exposed amino acid spatially distributed
over the entire surface within distances in the range of
25-30 A are selected for mutation. In the sections below,
the following information is given: A list of amino acids
considered to be appropriate for mutation (A), a list of
the nmutants designed (B) and the DNA sequences
representing the mutants designed (C). Fig. 40 A and B
shows surface contours of mutant number 1 Model A and
Model B, respectively, as an example. Grey colour
indicates conserved amino acid residues. Black colour

indicates amino acid residues selected for mutation.
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A: List of amino acids selected for mutation

145, R66, E133,
0254

P232, L243,

R136,

1137, Di8s,

B. List of mutants designed

Mutant 1:
I45K, E1338,

Mutant 2:
R66N, E133S,

Mutant 3:
I45K, R136s,

Mutant 4:
I45K, I137K,

Mutant S5:
145K, E133S,

Mutant 6:
145K, B1338,

Mutant 7:
145K, E133S,

Mutant 8:
I45K, E133s,

Mutant 9:
R66N, R1365,

Mutant 10:

F1881,

F1881I,

F188I,

F188I,

D186H,

Q222K,

F1881,

Fr1881,

F1881,

222K,

Q222K,

Q222K,

0222K,

Q222K,

P232G,

P214G,

K211N,

Q222K,

L243E,

L243E,

L243E,

L243E,

L243E,

L243E,

L243E,

L243E,

L243E,

Fl88, K211, P214, Q222,

0254K

0254K

Q254K

Q254K

Q254K

Q254K

Q254K

Q254K

Q254K

JP 2004-521618 A 2004.7.22
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REEN, I137K, F188I, Q222K, L243E, Q254K

Mutant 11:
145K, B133S, D1B6H, P214G, L243E, Q254K

Mutant 12:
145K, E1338, D186H, K211N, L243E, Q254K

Mutant 13:
I45K, B1338, P214G, P232G, L243E, Q254K

Mutant 14:
I45K, E133S; K211N, P232G, L243E, Q254K

C. Nucleotide sequence of mutants

Mutant 1:

145K, B133S, F188I, Q222K, L243E, Q254K:

gecgatcoteggttacggeccegocaceccagetgocceggocgecggetacaceceegee
accccogecgocceggooggageggagecageaggtaagycgacgacegaggagoagaag
ctgatcgagaaghAhaacgecggettcaaggeggectiggeegetgaecgeeggegteceyg
ccageggacaagtacaggacgttegtegeaacctteggegeggectecaacaaggectte
gcggagggectetegggegageccaagggegeegecgaatceagctecaaggecgegete
acctecaagetegacgecygcetacaagetegactacaagacagecgaggygegegacgeet
gaggccaagtacgacgectacgtegecacegtaagehGCgegeteegeatcategecyge
accctegaggtecacgecgteaagocaegeggecgaggaggteaaggtecatcccegecgge
gagctgeaggteategagaaggtcgacgecgectteaaggtegetgecacegeegecaac
gregeocacgocaacgacaagATTacegtettegaggeegecttcaacgacgecateaay
gcgageacgggceggegectacgagagetacaagttecatececyccctggaggecgeecgte
aaghhhgectacgeogecacogtegocaccgegecggaggteaagtacactgtetitgag
accgcaGARaaaaaggecatcacegecatgteegaageaAdfaaggctgecaagececgee
gecgetgecacegecaccgcaacegecgecgttggegeggocacoggogocgccaccgec
gctactggtyggetacaaagtc

Mutant 2:

R66N, E133S, F188I, Q222K, LZ243E, Q254K:

gecgatcteggttacggeccegeeaccacagetgecceggeegecggetacaceccegee
acccccgecgeccoggccggageggagacagoaggtaaggegacgacegaggagoagaag
ctgatcgagaagateaacgecggettcaaggoggecttggecgetgecyecggegteceg
ccageggacaagtacAACacgttegtegoaacctteggegeggectecaacaaggectie
gcggagggcctctcgggcgagcccaaggchccgccgaatccagctccaaggccgcgctc
acctccaagetegacgecgectacaagetcgectacaagacagecgagggegegacgect

PCT/DK01/00764

G0
120
180
240
300
360
420
480
540
600
660D
720
780
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gaggccaagtacgacqcctacgtcgccaccgtaagcAGCqcgctccgcatcutngccggc
accctcgaggtccacgccgtcaagcccgcggccgaggaggtcaaggtcatacccgccggc
gagctgcaggtcategagaaggtogacgecgecticaaggtegetgeccaccgeegccaac
gccgecccegacaacgacaagATTaccgtettegaggeegecttcaacgacyceateaag
gegagcacgggeggegecta cgagagetacaagttoatcoocgecctggaggecgeogte
aagAAAgcctacgccgccaccgtcgccaccgcgccggaggtcaagtacactgtctttgag
accgcaGAAaaaaaggccatcacegecatgteegaageabhhaaggetgecaagecegee
geegotgocacagecacegeaaccgaocgeegttggogeggecaceggegecgecaccgee
gctactggtggctacaaagte

Mutant 3:

I45K, R136S, F188I, Q222K, L243E, 0Q254K:

gccgatcteggttacggeocoegecaccecagetgeoceccggeegeeggetacacccoegee
accceeogecgoccoggecggageggagecageaggtaaggecgacgaccgaggagecagaad
ctgategagaaghARaacgecggcttoaaggeggecttggecgetgeegecggegteceg
ccageggacaagtacaggacgttogtegcaacctteggegeggectecaacaaggectte
gcggagggcctctcgggcgagcccaagggcgccgccgaatccagctccaaggccgcgctc
acctccaagetegacgecgectacaagotogectacaagacageegagggegegacgect
gaggccaagtacgacgcctacgtcgccaccgtaagcgaggcgctcAGCatcatcgccggc
accctegaggtocacgoegtcaagaecegeggocgaggaggtcaagytocateceegeogge
gagctgeaggtcategagaaggtegacgeegecticaaggtegotgecacegecgeraac
geegeoccegecaacgacaagATTacegtettegaggecgoottcaacgacgecatcaag
gcgageacgggeggegectacgagagetacaagtteateenegeectggaggecgeegte
aagBAAgcctacgecgocacegtegocaccgegecggagyteaagtacactgtottigag
accgcaGARaaaaaggccatcacegecatgtecgaagecaAhhaaggctgecaagccecygee
gcegrtgoracegecaccgcaacegecgeegttggegoggecaccggegaegecaccgos
getactggtggctacaaagte

Mutant 4:

145K, I137K, F188I, 0222K, L243E, Q254K:

geegateteggttacggceacgecaccecagetgeoceggecygecggetacacceecgee
accceegecgecceygecggaguggagecageaggtaaggegacgacegaggagoagaag
ctgatcgagaagAhAaacgecggettoaaggeggecttgyeegetyeegeeggegteeeg
ccageggacaagtacaggacgttegtegeaacetteggegeggectecaacaaggectte
geggagggectotogggegageccaagggegeegecgaatccagetocaaggeegegete
acctccaagotegacgecgactacaagetegectacaagacagecgagggogegacgect
gaggecaagtacgacgectacgtegecacegtaagegaggegeteegehhhategocgge
accctogaggtecacgecgtcaagocacgeggecgaggaggtoaaggteateececgecgge
gagcetgcaggteategagaaggtegacgecgecttecaagytogetgecacegecgocaac
gecegcccocgecaacgacaagATTaccgtocttegaggecgeetteaacgacgecatcaag
gcgagcacgggeggcgectacgagagetacaagtteateceegecetggaggecgecgtc
aagARAgcctacgcogeraceghegecacegegecggaggtecaagtacactgtetitgag
accgcaGhBaaaaaggeocateacegocatgtccgaagocaAbhaaggoetgocaageeegec
gcecgetgecacegocaccgeaacegecgecgttggegeggocaccggegecgecaccgoe
gectactggtggetacaaagte

Mutant 5:

I45K, E133S, D186H, 0Q222K, L243E, 0254K:

geegatcteggttacggeccegoeaceccagetgeccoggeagecggctacaccoacgee
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acccccgocgecoeggecggageggagecagoaggtaaggegacgacegaggageagaag
ctgatcgagaagAAdaacgecggettcaaggeggecttggecgetgoecgecggegtoeag
ccagcggacaagtacaggacgttegtegeaacctteggegeggectecaacaaggectta
gcggagggcctctcgggcgagcccaagggcgccgccgaatccagctccaaggccgcgctc
acctccaagetegacgocgectacaagetegectacaagacagecgagggegegacgent
gaggccaagtacgacgcctacgteogecacegtaagohGCygeycteogoatcategacgge
accctegaggtecacgecgteaagecegeggecgaggaggtcaaggteateccegecgge
gagctgeaggtcatocgagaaggtogacgecgecttcaaggtegetgecacegocgecaac
gcogeoeceogecaacCATaagtteaccgtettegaggecgectteaacgacgccatcaag
gegageacgggeggcgectacgagagetacaagtteateccegecctyggaggecgecghe
aagAAAgcectacgecgoceacegtegocacegegceggaggtcaagtacactgtetttgag
accgcaGABaaaaaggccatcaccgecatgtecgaageaAbAaaggotgecaageecegee
gecegetgecacegecacegeaacegecgecgttggegeggecaccggegoagecacegen
gctactggtggctacaaagte

Mutant 6:

I45K, E1338, Q222K, P232G, L243E, Q254K:

gecgateteggttacggeceegecaccceagetgecocecggeecgecggctacaccoceecgec
accecegecgoaeceggocggageggagecageaggtaaggegacgacegaggageagaag
ctgatcgagaaghhhaacgeaggcttoaaggeggecttggecgotgecgecggegteoey
creageggacaagtacaggacgttegtogeaacctteggegeggectecaacaaggectte
geggagggeototegggegageocaagggegecgecgaateccagetecaaggecgegete
acctccaagetegacgcegectacaagetegectacaagacagecgagggcgegacgect
gaggecaagtacgacgectacgtegecacegtaageAGCgogotecegeateategeogge
accctegaggtecacgecgteaagecegeggecgaggaggtcaaggtecateccegecgge
gagctgeaggtecategagaaggtegacgecgecttcaaggtegotgocaccgecgocaac
gcogeocecgocaacgacaagticacegtecttegaggecgecttcaacgacgecatcaag
gegageacgggeggegcctacgagagetacaagttcateccegecetggaggeecgeegte
aagARAgcctacgccgocaccgtogecacegegGGlyaggtcaagtacactgtetttgag
accgcaGAAaaaaaggcecateaccgocatgteccgaagoaAAhaaggetgocaageocagee
gcegetgecacegecacegcaaccgccgecgtiggegoggecaceggogocgooacegeo
gctactggtggetacaaagte

Mutant 7:

I45K, E1333, F188I, P214G, L243E, Q254K:

geegateteggttacggoceogacaccceagetgecooggeogocggctacacaccagac
accccegecgecceggacggageggagecageaggtaaggegacgaccgaggageagaag
ctgatcgagaagAhdaacgcoggottoaaggeggocttggcegotgoegeaggegtaceg
ccageggacaagtacaggacgttogtegeaacctteggegeggectecaacaaggeatte
geggagggectetegggegageccaagygcgcegeegaatccagetacaaggcegegete
acctecaagetegacgecgectacaagetecgectacaagacagecgagggegegacgect
gaggccaagtacgacgectacgtogecaccgtaageAbCycgetcegcateategecgge
accetegaggtecacgecgtecaageccgeggcegaggaggtoaaggteateacccgeagge
gagctgeaggteatocgagaaggtegacgeegecticaaggtegetgecacegecgecaac
gcegeececgocaacgacaaghTTacegtettegaggeegecttcaacgacyccatcaag
gegageacgggeggegectacgagagetacaagttcateGGCgecctggaggecgecgte
aagcaggectacgecgecacegtegacacegegoeggaggtcaagtacactgtetttgag
accgcaGhAasaaaggccatcacegecatgteecgaagcaAhbaaggetgccaageaages
gccgctgccaccgccaccgcaaccgccgccgttggcgcggccaccggcgccgccaccgcc
gctactggtggetacaaagte

Mutant 8:

PCT/DK01/00764

120
180
240
300
360
420
480
540
600
660
720
780
840
861

60
120
180
240
300
360
420
480
540
600
660
720
780
340
861

60
120
180
240
300
360
420
480
540
600
660
720
760
840
86l

JP 2004-521618 A 2004.7.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 02/40676

10

15

20

25

40

45

50

55

(221)

118

T45K, E133s, F188I, K211N, L243E, Q254K:

gecegatcteggttacggeceegecaceccagetgecceggeegeecggetacacoccegee
accccegecgacceggecggageggagecageaggtaaggegacgaccgaggagcagaag
ctgatcgagaaghABaacgceggctteaaggeggecttggeegetgecgeeggegteeeg
ccageggacaagtacaggacgttegtcgeaacctteggegeggectocaacaaggectte
geggagggectotogggegageccaagggegecgecgaatecagetocaaggecgegeta
acctcoaagctcgacgecgectacaagetegoctacaagacagecgagggegegacgect
gaggccaagtacgacgactacgtegecaccgtaagcAGCgegeteegeateategengye
accctegaggtecacgecgteaageccgeggecgaggaggtoaaggtecateeccegecgge
gagctgcaggtcateogagaaggtogacgeegectteaaggtegetgocacegeogecaac
geegcecccgecaacgacaagATTacegtettegagygecgeocticaacgacyecateaag
gogageacgggcggeygcctacgagagetachAACttcatecccegecctggaggecgecgte
aagcaggcctacgccgecacegtegecaccgegecggaggtoaagtacactgtettigag
accgcaGAAaaaaaggccatcacegecatgtecgaagear®haaggetgecaagocegee
geegetgecacegecaccgeaacegecgecgttggegeggecaceggegecgeoacegec
gctactggtggetacaaagte

Mutant 9:

R66N, R136S, F188I, Q222K, L243E, Q254K:

geegatceteggttacggececgccaccccagetgeoceeggecgecggetacacceccgee
accceogecgocccggecggageggagecageaggtaaggegacgaccgaggageagaay
ctgategagaagatcaacgecggctteaaggeggecttggecgetgecgeeggegtecey
ccagcggacaagtachACacgttegtegcaaccttoggogeggectecaacaaggaectte
geggagggectetogggegageceaagggegeegocgaatecagetecaaggeegegete
acctccaagctegacgccgactacaagetegectacaagacagecgagggegegacgect
gaggccaagtacgacgcctacgtogecacegtaagegaggegetcAGCateategocgge
accctegaggtecacgocgteaagecegoggecgaggaggtcaaggtecatececcgecgge
gagctgecaggtcatcogagaaggtcgacgcegecttcaaggtegetgecacegecgacaac
geegececcgecaacgacaagAlTacegtettegaggeegectteaacgacgecatcaag
gcgageacgggeggegectacgagagetacaagttcateccegecctggaggecgecgte
aagAABdgcctacgeecgocacegtegecaccgegecggaggtcaagtacactgtetitgag
accgcaGAAaaaaaggceatcaccgocatgtecgaagecaRARaaggetgecaageccgee
geagetgocaccgecacegeaacegecgecgttggegoggeeaccggogocgecaccged
gctactggtggctacaaagte

Mutant 10:

R66N, I137K, F188I, Q222K, L243E, 0Q254K:

geegateteggttacggeceegecaccecagetgecceggecgecyggetacaceeoagec
acccecegocgecceggecggageggagecageaggtaaggegacgaccgaggageagaag
ctgatcgagaagatcaacgecggetteaaggeggecttggeegetgecgecggegtecey
ccageggacaagtacAACacgttegtegeaacctteggegeggectecaacaaggeette
geggagggectetcgggegageccaagggegeagecgaatccagetecaaggecgegete
acctecaagetegacgocgectacaagetegectacaagacagecgagggegegacgect
gaggccaagtacgacgectacgtegecaccgtaagegaggegetcegeAhfategeegge
accetegaggtcocacqecgteaagecegeggecgaggaggtoaaggtecatececgoogge
gagctgcaggteategagaaggtegacgocgectteaaggtegetgacacegoogccaac
gecgecccegecaacgacaagATTaccgtottegaggccgecttcaacgacgecatcaay
gedageacgggeggegectacgagagetacaagttecateceegeoctggaggeegeegte
aaghAAgoctacgccgecacegtogecacogegecggaggtcaagtacactgtetttgag
accgcaGARaaaaaggccateaccgecatgtocgaageahhhaaggetgoccaageeegee
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gecgotgecacegamacegeaacegecgecgttggegoggecaccggegeogecaccgee
gectactggtggetacaaagte

Mutant 11:

I45K, E1338, D186H, P214G, L243E, Q254K:

googateteggttacggeceegecacceeagetgecceggeogecggetacaceceegee
accccegecgecceggecggageggagccageaggtaaggegacgaccgaggageagaag
ctgatcgagaaghAhhaacgecggettoaaggeggecttggeegetgaecgecggegtecey
ceageggacaagtacaggacgttegtegoaaccticggcgeggectecaacaaggectie
gcggagggectetegggegagoccaagggegecgecgaatceagetecaaggecgegete
acctcezagetegacgcegootacaagetegectacaagacagecgagggegegacgect
gaggccaagtacgacgactacgtogecacegtaagedGCyegetecgeateategeegge
accctegaggtccacgeegtcaagcecgeggcoegaggaggtcaaggteatocccogeegge
gagctgeaggtcategagaaggtocgacgeogecttcaaggtegetgecacogoogecaas
gocgecccegacaacCATaagttecaccgtettegaggecgectteaacgacgecatcaag
gegageacgggeggegectacgagagetacaagttcateGGyeactyggaggocgecgte
aagcaggectacgccgecacegtegecacegegeeggaggtcaagtacactgtettitgag
accgcaGhAaaaaaggecateaccgecatgtecgaagcadAhaaggctgccaageccygee
gcogetgecacegecacegraacegecgecgttggegeggccaceggegecgecaccgee
getactggtggetacaaagte

Mutant 12:

145K, E133S, DI186H, K211N, L243E, Q254K:

gecgateteggttacggeccegecaccecagotgececggocgecggetacacceecgee
accccegecgaccoggccggageggagecagcaggtaaggegacgacegaggageagaag
ctgatc ARAaacgccg aggcggecttggecgetgeegeeggegteeeg
ceagoggacaagtacaggacgttegtogeaaccttaeggegeggectecaacaaggeetie
geggagggectatcgggegageccaagggegecgeegaateccagetecaaggeogegete
accteocaagetegacgecgectacaagetegectacaagacagecgagggegegacgect
gagygccaagtacgacgectacgtegecaccgtaageAGCgegetecgeatcatecgecgge
accctegaggtocacgecgtcaagecegeggeegaggaggtcaaggtcatecocogengge
gagctgcaggtoategagaaggtcgacgeogectteaaggtogotgocacegacgecaac
gecgeccccgecaacCATaagttecacegtettegaggoegecttcaacgacgccateaag
gegageacgggcggcgaectacgagagetachACttcateccegoectggaggoegeegte
aagcaggectacgecgecacegtegocacogegecggaggtcaagtacactgtetttgag
accgcaGhAaaaaaggecatcaccgocatgtecgaageadhhaaggctgeeaagecegee
geeogetgecacegccaccgecaaccgecgecgtiggegeggecaceggegeagacaceges
gctactggtggctacaaagte

Mutant 13:

145K, E133S, P214G, P232G, L243E, Q254K:

gcegateteggttacggeccegecaccceagetgocceggecgecggetacaceeccgee
acceceogecgecccggocggagoggagecageaggtaaggegacgacegaggageagaag
ctgatcgagaaghARaacgecggetteaaggeggecttggocgetgecgecggagtooey
ccagcggacaagtacaggacgttegtegeaacctteggegeggcctccaacaaggeetie
geggagggectetegggegageccaaggyogecgeogaatecagetecaaggecgegete
acctecaagetcgacgcocgectacaagctegectacaagacagecgagggcgegacgeet
gaggoccaagtacgacgcctacgtogecacegtaageAGCycgeteegeateatcgecgge
accctegaggtecacgecgtcaageccgeggecgaggaggtcaaggtecateceaagecgge
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gagctgcaggteategagaaggtegacgcegecttcaaggtegotgecacegecgecaac 540
googeccoccgecaacgacaagttcacegtottcgaggeegeottcaacgacgcocatcaag 600
gegagcacgggeggegectacgagagetacaagttoateGeCgocctggaggecgecgte 660
aagcaggectacgcogecacegtogecacogegtGCyaggteaagtacactgtettigag 720

5 accgcaGARaaaaaggccatcacegecatgtecgaageaAhAaaggetgecaageccgee 780
geegetgocaccgecacegoaacegecgeegttggegeggecaccggegeegecacegee 840
Mutant 14:

10 145K, E133s, K211N, P232G, L243E, 0254K:
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geegatceteggttacggeccegecaccocagetgcceeggecgccggetacacooecgeo 50
accccegocgacccygaaggageggagecageaggtaaggogacgacegaggagcagaag 120
ctgatcgagaaghhBaacgecggettcaaggeggecttggoegetgeegecggogtecog 180
ceageggacaagtacaggacgttegtegoaacettoggegeggectecaacaaggectie 240
geggagggoctotegggegageccaagggegecgeegaataecagokcoaaggeegogete 300
acctccaagetegacgecgectacaagetegectacaagacagecgagggcgegacgect 360
gaggocaagtacgacgoctacgtegecaccgtaageAGCycgatecgeatcategecgge 420
accctogaggtccacgcegteaageccgeggecgaggaggtcaaggtcateccegocgge 480
gagctgeaggteatcgagaaggtegacgeogecttecaaggtegetgocaccgeogecaac 540
gccgoocccgecaacgacaagttcaccgtottegaggecgectteaacgacgecatcaag 600
gcgageacgggeggegectacgagagetachACtteatececgeectggaggecgoegte 660
aagcaggectacgeegecacegtegocacogegGtCgaggteaagtacactgtctitgag 720
accgecaGARaaaaaggccatcacegecatgtcocgaagecaAdhaaggetgecaageecgen 780
geegekgecacegecacegeaaccgecgecgtiggegeggecaccggogeegecacegaee 840
gctactggtggetacaaagte . 861
EXAMPLE 9

T-cell reactivity of recombinant and mutant Bet v 1:

Purpose:

To investigate an in vitro T-cell response to the mutated
allergens in ‘terms of proliferation and cytokine

production.
Methods:

PBL (Peripheral blood lymphocytes) from allergic patients
were used in the following investigation.

Eight bet v 1 specific T-cell lines were established from

the PBL with naturally purified bet v 1 in order to
¥
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sustain the variety of bet v 1 isoforms the T-cells are
presented to, as described in a previously published
protocol (26).

Ten PBL and eight T-cell lines were stimulated with birch
extract (Bet v), naturally purified bet v 1. (nBet v 1),
recombinant Bet v 1 (rBet v 1 or wt; 27) and four
different mutated forms of rBet v 1 (described
elsewhere): 2595, 2628, 2637, 2744, 2773. The 2637 mutant
was later found to be partly unfolded and will not be

discussed.

In brief: In a round-bottomed 96 well plate PBL were
added in 2 x 10° per well. The different birch samples
were added in three different concentrations in
quadroplicates and allowed to grow for 6 days. At day 6
cell half of volume (100 pl) from each well with the
highest concentration of birch were harvested for
cytokine production. Radioactive labelled thymidine was
added to the wells. Next day {day 7) the cells were
harvested on a filter. Scintilation fluid was added to
the filter and the radiocactivity was measured in a
scintilation counter.

Likewise in a 26 well round-bottomed 96 well plate T-
cells were added in 3x10° T-cells per well and stimulated
with irradiated autologous PBL (1x10° cells/well) and 3
different concentrations of the different birch samples.
After 1 day cells from each well with the highest
concentration birch were harvested for cytokine
production.  Radiocactive labelled thymidine were added to
the wells. At day 2 the cells were harvested onto a

filter and counted as described for PBL.

Supernatant from the quadroplicates were pooled and

cytokines were measured using a CBA (cytokine bead array)
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kit from Becton Dickinson.
Results:

Ten PBL cultures showed specific stimulation to birch. In
general proliferation of the PBL to the different birch
samples were :similar, although variations could be seen.
In 3 PBL, nBet v 1 stimulated proliferation better than
rBet v 1 and the mutants. The mutant birch samples
stimulated PBL almost identical to rBet v 1 (Fig. 41).
Fig. 41 shows the Stimulation Index for the above-
mentioned Bet v 1 preparations. The Stimulation Index
(SI) is calculated as proliferation (cpm: count per
minute) of the stimulated sample {(highest concentration)
divided with the proliferation (cpm) of the medium
control. PPD designates purified protein derivative from
mucobacterium tuberculosis, which serves as a positive

control.

Cytokine production was dominated by IFN-gamma and
increased proportionally with PBL proliferation. No signs
of a Thl/Th2 shift were apparent (Fig. 42-44). Figure 42
shows a patient with a ThO profile, Figure 43 a Thl
profile and Figure 44 a Th2 profile. Cytokine production
is measured in pg/ml indicated as the bars and the ratio
between IL-5/IFN-gamma is the lower dashed line (Y-axis
to the right). Proliferation is measured in cpm seen on
the Y-axis to the right as a solid line measured in cpm.
Medium and MBP (maltose bindlg protein) are included as

background controls.

Eight T-cell lines established on nBet v 1 and all,
except one, proliferated equally well to all birch
samples. Four T-cell lines were secreting Th0 like
cytokines based on the IL-5 and IFN-gamma ratio (Th2 > 5,
5 > ThO > 0.2, 0.2 > Thl). Three T-cell lines were
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secreting Thl cytokines and one T-cell line was secreting
Th2 cytokines. The IL-5/IFN-gamma ratio was not affected
by the different birch samples.

Conclusion:

All PBL cultures and 7/8 T-cell lines that showed
specific stimulation to nBet v 1 did also respond to rBet
v 1 and the mutants. These data suggests that for T-cell
stimulation a single isoform of Bet v 1 or these 4
mutants can substitute for the mixture of individual
isoforms found in the natural allergen preparations.
Thus, vaccines based on recombinant allergens or these ¢
mutants will &ddress the existing Bet v 1 specific T-cell
population.

EXBMPLE 10

Induction of Bet v 1 specific IgG antibodies and blocking

antibodies following immunization with recombinant and

mutant Bet v 1 proteins:

In this section the term "blocking antibodies" is defined
as antibodies, different from human IgE antibodies, that
are able to bind to an antigen and prevent the binding of

human IgE antibodies to that antigen.

The ability of recombinant Bet vl 2227 wild type protein
(rBet v 1) and Bet v 1 2595, 2628, 2744 and 2773 mutant
proteins to induce Bet v 1 specific IgG antibodies and
blocking antibodies was tested in immunization

experiments in mice.

BALB/cA mice (8 in each group) were immunized by
intraperitoneal injections with recombinant Bet vl 2227

wild type protein or the four mutant proteins. The mice
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were immunized four times with a dose interval of 14
days. The different proteins were conjugated to 1,25
mg/ml Alhydrogel, (Aluminium Hydroxide gel, 1,3 % pH 8.0
-~ 8.4, Superfos Biosector). The mice were immunized with
either 1 ug protein/dose or 10 ug protein/dose. Blood
samples were drawn by orbital bleed at day 0,14,35, 21,
49 and 63.

Specific IgG antibody levels was analyzed by direct ELISA
using rBet v 1 coated microtiterplates and biotinylated
rabbit anti mouse IgG antibodies (Jackson) as detection
antibody. Immunization with recombinant Bet vl 2227 wild
type protein or the four mutant proteins induced a strong
r Bet v 1 ©specific IgG vresponse. This finding
demonstrates that the four mutated proteins are able to
induce antibodies that are highly cross reactive to the
Bet v 1 2227 wild type protein

To assess the induction of blocking antibodies, serum
samples from birch pollen allergic patients were
incubated with paramagnetic ©beads*® coated with a
monoclonal — mouse anti-human IgkE antibody. After
incubation, the beads were washed and resuspended in
buffer or diluted samples (1:100) of mouse serum from un-
immunized mice (control) or mice immunized as described
above. Biotinylated r Bet v 1 was then added to this
mixture of peads and mouse serum antibodies. After
incubation, the beads were washed and bound biotinylated
rBet v 1 was detected wusing acridinium labeled
streptavidine. Incubation of beads with serum from un-
immunized mice did not change the binding of r Bet v 1 to
the beads. In contrast, incubation of the beads with
serun from mice immunized with the recombinant Bet vl
2227 wild type protein or the four mmtant proteins
significantly reduced binding of r Bet v 1 to the beads
demonstrating the presence of Bet v 1 specific blocking
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antibodies in the serum samples. Thus, at day 63 one or
more serum samples from all high dose (10 ug/dose)
immunization groups were able to reduce binding of r Bet
vl to the beads with more than 80%. These findings
demonstrate that the four mutated proteins are able to
induce antibodies that can act as Bet v 1 specific

blocking antibodies.
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CLAIMS

1. A recombinant allergen, characterised in that it is a
mutant of a naturally occurring allergen, wherein the
mutant allergen has at least four primary mutations,
which each reduce the specific IgE binding capability of
the mutated allergen as compared to the IgE binding
capability of the said naturally occurring allergen,
wherein each primary mutation is a substitution of one
surface-exposed amino acid residue with another residue,
which does not occur in the same position in the amino
acid sequence of any known homologous protein within the
taxonomic species from which said naturally occurring
allergen originates, wherein each primary mutation is
spaced from each other primary mutation by at least 15 A,
and wherein the primary mutations are placed in such a
manner that at least one circular surface region with a

area of 800 A% comprises no mutation.

2. A recombinant allergen according to claim 1, wherein
the primary mutations are spaced 20 A, preferably 25 A
and most preferably 30 A.

3. A recombinant allergen according to claim 1 or 2
comprising a number of secondary mutations, which each
reduce the specific IgE binding capability of the mutated
allergen as compared to the binding capability of the
said naturally occurring allergen, wherein each secondary
mutation is a substitution of one surface-exposed amino
acid residue with another residue, which does not occur
in the same position in the amino acid sequence of any
known homologous protein within the taxonomic species
from which said naturally occurring allergen originates,
wherein the secondary mutations are placed outside the

saild circular region.
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4. A recombinant allergen according to any of claims 1-3,
wherein at least one of the surface-exposed amino acids
to be substituted in the naturally occurring allergen has
a solvent accessibility of above 20 %, preferably above
30 %, more preferably above 40 % and most preferably
above 50 %.

5. A recombinant allergen according to any of claims 1-4,
wherein at least one of the surface-exposed amino acids
to be substituted in the naturally occurring ailergen is
conserved with more than 70 %, preferably 80 % and most
preferably 90 % identity in all known homologous proteins
within the species from which said naturally occurring

allergen originates.

6. A recombinant allergen according to any of claims 1-5,
which essentially has the same a-carbon backbone tertiary
structure as said naturally occurring allergen.

7. A recombinant allergen according to any of claims 1-6,
wherein each amino acid residue to be incorporated into
the mutant allergen does not occur in the same position
in the amino acid seguence of any known homologous
protein within the taxonomic genus, preferably the
subfamily, more preferably the family, more preferably
the superfamily, more preferably the legion, more
preferably the suborder and most preferably the order
from which said naturally occurring allergen originates.

8. A recombinant allergen according to any of claims 1-
7, characterised in that the specific IgE binding to the
mutated allergen is reduced by at least 5%, preferably at
least 10%.

9. A recombinant allergen according to claim 6,

characterised in that when comparing the o-carbon
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backbone tertiary structures of the mutant and the
naturally occurring allergen molecules, the average root
mean sguare deviation of the atomic coordinates is below

2A.

10. B recombinant allergen according to any of claim 1-9,
characterised in that said circular surface region

comprises atoms of 15-25 amino acid residues.

11. B recombinant allergen according to any one of claims
1~10, characterised in that the surface-exposed amino
acid residues are ranked with respect to solvent
accessibility, and that one or more amino acids among the

more solvent accessible ones are substituted.

12. A recombinant allergen according to any one of claims
1~11, characterised in that the surface-exposed amino
acid residues are ranked with respect to degree of
conversation in all known homologous proteins within the
species from which said naturally occurring allergen
originates, and that one or more amino acids among the
more conserved ones are substituted.

13. A recombinant allergen according to any of claims 1-
12, wherein the mutant allergen is a non-naturally

occurring allergen.

14. A recombinant allergen according to any of claims 1-
13 comprising from 5 to 20, preferably from 6 to 15, more
preferably from 7 to 12, and most preferably from 8 to 10
primary mutations.

15. A recombinant allergen according to any one of claims
1-14 characterised in that the mutant allergen comprises

from 1 to 4 secondary mutations per primary mutation.
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16. A recombinant allergen according to any one of claims
1-15, characterised in that one or more of the
substitutions is carried out by site-directed muta-

genesis.

17. A recombinant allergen according to any one of claims
1-16, characterised in that one or more of the

substitutions is carried out by DNA shuffling.

18. A recombinant allergen according to any one of claims
1-17 characterised in that it is a muotant of an

inhalation allergen.

19. A recombinant allergen according to claim 18,
characterised in that it 1is a mutant of a pollen

allergen.

20. A recombinant allergen according to claim 19
characterised in that it is a mutant of a pollen allergen
originating from the taxonomic order of Fagales, Qleales

or Pinales.

21. A recombinant allergen according to claim 20,

characterised in that it is a mutant of Bet v 1.

22. A recombinant allergen according to claim 21,
characterised in that one or more of the substitutions is
selected from the group consisting of V2, D72, E87, K-
129, B-60, N-47, K-65, P-108, N-159, D-93, K-123, K-32,
D-125, R-145, D-109, E-127, 0-36, E-131, L-152, E-6, E-
96, D-156, P-63, H-76, E-8, K~134, E-45, T-10, Vv-12, K-
20, s-155, H-126, P-50, N-78, K-119, V-2, L-24, E-42, N-
4, A-153, I-44, E-138, G-61, A-130, R-70, N-28, P-35, §-
149, K-103, Y-150, H-154, N-43, A-106, K-115, P-14, Y-5,
K-137, E-141, E-87 and E-73.
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23. A recombinant allergen according to claim 19,
characterised in that it is a mutant of a pollen allergen

originating from the taxonomic order of Poales.

24. A recombinant allergen according to claim 19,
characterised in that it is a mutant of a pollen allergen
originating from the taxonomic order of Asterales or

Urticales.

25. A recombinant allergen according to claim 18,
characterised in that it is a mutant of a house dust mite

allergen.

26. A recombinant allergen according to claim 25,
characterised in that it is a mutant of a mite allergen

originating from Dermatophagoides.

27. A recombinant allergen according to claim 18,
characterised in that it is a mutant of a cockroach
allergen.

28. A recombinant allergen according to claim 18,
characterised in that it is a mutant of an animal

allergen.

29. B recombinant allergen according to claim 28,
characterised in that it is a mutant of an animal
allergen originating from cat, dog or horse. -

30. A recombinant allergen according to any one of claims
1-17 characterised in that it is a mutant of a venom

allergen.

31. A recombinant allergen according to claim 30,
characterised in that it is a mutant of a venom allergen
originating from the taxonomic oxder of Hymenoptera.
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32. A recombinant allergen according to claim 31,
characterised in that 1s a mutant of a venom allergen
from the taxonomic order of Vespidae, Apidae and

Formicoidae.

33. A recombinant allergen according to any one of claims
30-32 characterised in that it is a mutant of Ves v 5.

34. A recombinant allergen according to «claim 33
characterised in that one or more of the substitutions is
selected from the group consisting of K-16, K-185, K-11,
K-44, ¥K-210, R-63, K-13, F-6, K-149, K-128, E-184, K-112,
F-157, E-3, K-29, N-203, N-34, K-78, K-151, L-15, L-158,
Y-102, W-186, K-134, D-87, K-52, T-67, T-125, K-150, Y-
40, Q-48, L-65, K-81, (-101, (-208, K-144, N-8, N-70, H-
104, Q-45, ¥K-137, K-159, E-205, N-82, A-111, D-131, K-24,
--y-36, N-7, M-138, T-208, V-84, K-172, V-19, D-56, P-73,
G-33, T-106, N-170, L-28, T-43, Q~114, C-10, K-60, N-31,
K-47, E-5, D-145, v-38, A-127, D-156, E-204, P-71, G-26,
Y~129, D-141, F-201, R-68, N-200, D-49, S5-153, K-35, 8-
39, Y-25, v-37, G~18, W-85 and I-182.

35, A recombinant allergen according to any of claims 1-

34 for use as a pharmaceutical.

36. Use of the recombinant allergen according to any of
claims 1-34 for preparing a pharmaceutical for preventing

and/or treating allergy.

37. A composition comprising two or more recombinant
mutant allergen variants according to any of claims 1-34,
wherein each variant is defined by having at least one
primary mutation, which is absent in at least one of the
other variants, wherein for each variant no 'secondary
mutation is present within a radius of 15 A from each
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absent primary mutation.

38. A composition according to claim 37 comprising 2-12,
preferably 3-10, more preferably 4-8 and most preferably
5-7 wvariants.

39. A composition according to claim 37 or 38 for use as

a pharmaceutical.

40. Use of a composition according to claim 37 or 38 for
preparing a pharmaceutical for preventing and/or treating
allergy.

41. A pharmaceutical composition, characterised in that
it comprises a recombinant allergen according to any one
of claims 1-34 or a composition according to claim 37 or
38, opticnally in combination with a pharmaceutically
acceptable carrier and/or excipient, and optionally an

adjuvant.

42. A pharmaceutical composition according to claim 41,
characterised in that it is in the form of a vaccine
against allergic reactions elicited by a naturally

occurring allergen in patients suffering from allergy.

43. A method of generating an immune response in a
subject comprising administering to the subject a
recombinant allergen according to any one of claims 1-34,
a composition according to «claim 37 or 38 or a

pharmaceutical composition according to claims 41 or 42.

44. Vaccination or treatment of a subject comprising
administering to the subject a recombinant allergen
according to any one of claims 1-34, a composition
according to «claim 37 or 38 or a pharmaceutical

composition according to claims 41 or 42.

JP 2004-521618 A 2004.7.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(240)

WO 02/40676 PCT/DK01/00764

10

15

20

25

30

33

137

45. A process for preparing a pharmaceutical composition
according to c¢laim 41 or 42 comprising mixing a
recombinant allergen according to any one of claims 1-34
or a composition according to claim 37 or 38 with
pharmaceutically acceptable substances and/or excipients.

46. A pharmaceutical composition obtainable by the
process according to claim 45.

47. A method for the treatment, prevention or alleviation
of allergic reactions in a subject comprising
administering to a subject a recombinant ' allergen
according to any one of claims 1-34, a composition
according to «claim 37 or 38 or a pharmacentical

composition according to any one of claims 41-42 or 46.

48. A method of preparing a recombinant allergen
according to any one of claims 1-34, characterised in

a) identifying a number of amino acid residues in a
naturally occurring allergen, which has a solvent

accessibility of at least 20 %

b) selecting at least four of the identified amino acid
residues in such a manner that each selected amino acid
is spaced from each other selected amino acid by at least
15 A, and that the selected amino acids are placed in
such a manner that at least ome circular surface region
with a area of 800 A’ comprises no selected amino acid;

and

c) effecting for each of the selected amino acids a
primary mutation, which reduce the specific IgE binding
capability of the mutated allergen as compared to the
binding capability of the said naturally occurring
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allergen, wherein each primary mutation is a substitution
of a selected amino acid residue with another amino acid,
which does not occur in the same position in the amino
acid sequence of any known homclogous protein within the
taxonomic species from which sald naturally occurring

allergen originates.

49. A method according to claim 48, characterised in
ranking the said identified amino acid residues with
respect to solvent accessibility and substituting one or

more amino acids among the more solvent accessible ones.

50. A method according to claim 48 or 49, characterised
in selecting identified amino acid residues, which are
conserved with more than 70 % identity in all known
homologous proteins withinm the species from which said
naturally occurring allergen originates.

51. A method according to claim 50, characterised in
ranking the said identified amino acid residues with
respect to degree of conversation in all known homologous
proteins within the species from which said natuvrally
occurring allergen originates and substituting one or

more amino acids among the more conserved ones.

52. A method according to any of claims 48-51 comprising
selecting the identified amino acids so as to form a
mutant allergen, which has essentially the same a-carbon
backbone tertiary structure as said naturally occurring
allergen.

53. A method according to any of claims 48-52
characterised in that the substitution of amino acid

residues is carried out by site-directed mutagenesis.

54. A method of preparing a recombinant allergen

JP 2004-521618 A 2004.7.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(242)

WO 02/40676 PCT/DK01/00764

20

25

30

35

139

according to any one of claims 1-34, characterised in
that the allergen is produced from a DNA sequence
obtained by DNA shuffling (molecular breeding) of the DNA
encoding the corresponding naturally occurring.

55. A DNA sequence encoding a recombinant allergen
according to any of claims 1-34, a derivative thereof, a
partial sequence thereof, a degenerated sequence thereof
or a sequenéé; which hybridises thereto under stringent
conditions, wherein said derivative, partial sequence,
degenerated sequence or hybridising sequence encodes a

peptide having at least one B cell epitope.

56. A DNA seguence according to claim 55, which is a
derivative of the DNA sequence enceding the naturally

occurring allergen.

57. A DNA sequence according to claim 56, wherein the
derivative is obtained by site-directed mutagenesis of
the DNMA encoding the naturally occurring allergen.

58. A DNA sequence according to any of claims 55-57,
wherein the sequence is a derivative of the seguence
shown in Fig. 3, wherein the DNA sequence is mutated so
as to encode an allergen having at least four mutations
selected from the group consisting of V2, D72, E87, K-
129, E-60, N-47, K-65, P-108, N-159, D-93, K-123, K-32,
D-125, R~145, D-109, E-127, Q-36, E-131, L-152, E-6, E-
96, D-156, P-63, H-76, E-8, K-134, E-45, T-10, Vv-12, K-
20, s-155, ®~-126, P-50, N-78, K-119, V-2, L-24, E-42, N-
4, A-153, 1-44, R-138, G-61, A-130, R-70, WN-28, P-35, S~
149, K-103, Y-150, H-154, N-43, A-106, K-115, P-14, ¥-5,
K-137, E-141, E-87 and E-73.

59. A DNA sequence according to any of claims 85-57,
wherein the sequence is a derivative of the sequence
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shown in Fig. 13, wherein the DNA sequence is mu’;ated so
as to encode an allergen having at least four mutations
selected from the group consisting of K-16, K-185, K-11,
K-44, ¥K-210, R-63, K-13, F-6, K-149, K-128, BE-184, K-112,
F-157, E-3, K-29, N-203, N-34, K-78, K-151, L-15, L-158,
Y-102, W-186, K-134, D-87, K-52, T-67, T-125, K-150, Y-
40, Q-48, L-65, K-81, 0-101, Q-208, K-144, N-8, N-70, H-
104, 0~45, K-137, K-159, BE-205, N-82, A-11l, D-131, K-24,
v-36, N-7, M-138, T-209, V-84, K-172, Vv-19, D-56, P-73,
G~33, T~106;" N-170, L-28, T-43, 0-114, C-10, K-60, N-31,
K~47, E-5, D-145, Vv-38, A-127, D-156, B-204, P~71, G-26,
¥-129, D~141, F-201, R-68, N-200, D-49, 85-153, K-35, &~
39, Y-25, v-37, G-18, W-85 and I-182.

60. A DNA sequence according to any of claims 55-57,
wherein the set;{uence is a derivative of the sequence
shown in Fig. 16, wherein the DNA sequence is mutated so
as to encode an allergen having at least four mutations
selected from the group consisting of R-128, D-129, H-11,
H~30, 8-1, K-77, Y-75, R-31, K-82, K-6, K-96, K-48, K-55,
K-89, -85, W-92, 1-97, H-22, V-65, S-24, H-74, K-126, I~—
61, P-26, N-93, D~64, I-28, K-14, K-100, E-62, I-127, E-
102, E~25, P-66, L-17, G-60, P-95, E-53, V-81, K-51, N-
103, Q-2, N-46, E~42, T-91, D-87, N-10, M-111, C-8, H-
124, 1-68, P-79, K-109 and R-128, D-129, H-11, H-30, s-1,
K-77, Y-75, R-31, K-82, K-6, K-96, K-48, K-55, K-89, Q-
85, W-92, I1-97, H-22, V-65, S5-24, H-74, K-126, L-61, P-
26, N-93, D-64, I-28, K-14, K-100, E-62, I-127, B-102, E-
25, p~66, L-17, G-60, P-95, E-53, V-8l, K-51, N-103, Q-2,
N-46, E-~42, T7-91, D-87, N-10, M~111, C-8, H-124, I-68, P-
79, K-102 and K-15.

6l. BAn expression vector comprising the DNA according to
any of claims 55-50. )

62. A host cell comprising the expression vector of claim
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61.

63. A method of producing a recombinant mutant allergen
comprising the step of cultivating +the host cell

according to claim 62.

64. A recombinant allergen according to any of claims 1-
34 or encoded by the DNA sequence according to any of
claims 55-60 comprising at least one T cell epitope
capable of stimulating a T cell clone or T cell line

specific for the naturally occurring allergen.

65. A diagnostic assay for assessing relevance, safety or
outcome of therapy of a subject using a recombinant
mutant allergen according to any of claims 1-34 or a
composition according to claim 37 or 38, wherein an' IgE
containing sample of the subject is mixed with said
mutant or said composition and assessed for the level of
reactivity between the IgE in said sample and said

mutant.
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Fig. 1

Mutant-specific oligonucleotide primers used for mutant
number 1. Mutated nucleotide underlined.

Bet v 1 sense 5'- DATTATGAGACTGAGACCACCTCTGTTATCCCAGCAGCTCE -3
Bet v 1 non-sense 3'- TTAATACTCTGACTCTGGT! A GTCGAGC —5'
sense primer 8- TGAGACCCCCTCTGTTATCCCAG -3
non-sense primer 3= ATACTCTGACTCTGGEGGAGACR -5
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Oligonucleotide primers for site directed mutagenesis of

Bet v 1 (No.

®
P
=

sense

sense

non-sense

sense

non-sense

sense

non-sense

sense

non~sense

sense

L B e A N

non-sense

Y

sense

non-sense

sense

non-sense

sense

@ @ N e

non-sense

all non-sense

2801}).

1: 183Bv,
2: 184Bv,
3:

4

5: 187Bv,
6: 18BBv,
T: 189Bv,
8: 1S0Bv,
9: 1S1Bv,
10: 192Bv,
11: 193Bv,
12: 194Bv,
13: 195Bv,
14: 186Bv,
15: 197Bv,
16: 18BBv,
17: 199Bv,
18: 200Bv,

15-mexr

23-mex

31-mer
23-mex
23-mex
23-mer
23-mer
23-mer
23-mer
23-mex
23~mexr
24-mexr
24-mex
24-mer
24-mer

15~mex

51 -GTTGCCAACGATCAG

51 ~TGAGACCCCCTCTGTTATCCCAG

185Bv, 23-mer 5'-~-ACAGAGGGGGTCTCAGTCTCATA

1186Bv, 3l-mer 5'-GATACCCTCTTTCCACAGGTTGCACCCCAAG

§ ' ~ACCTGTGGAAAGAGGGTATCGCCATCARGGA
51 ~AACATTTCAGGAARTGGAGGGCC
51 ~TTTCCTGAAATGTTTTCAACACT
5" ~TTAAGAACATCAGCTTTCCCGAR
5 ' ~AGCTGATGTTCTTAATGGTTCCA
5' -GGACCATGCAAACTTCARATACA
5 -AGTTTGCATGGTCCACCTCATCA
51 -TTTCCCTCAGGCCTCCCTTTCAR
51 -AGGCCTGAGGGAAAGCTGATCTT
81 -TGAAGGATCTGGAGGGCCTGGAAC
5! ~CCCTCCAGATCCTTCAATGTTTTIC

5 ¢ ~GGCAAC CAT

5 ' =CCATCACCAGTTGCCACTATCTTT

5! ~CATGCCATCCGTAAG
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Fig. 3

Overview of all Bet v 1 mutations

1(a-cy

GGTGTGTTTAAT TGAGACCACCTC TATCCCAGCAGCTCGACTGTTCARG

G VvV F N Y ETETTPS V I P A ARILF K

9 (A-6) 2(A-C) 2(a-C)
GCCTTTATCCTTGATGGCGATAACCTCTTTCCAAAGGTTGCACCCCARGCCATTAGCAGT
A F I LDGG DN-TL F PK-QV 32 P Q A I s §

3{GA-TC) 7 (AA-TC) 4(G-C) 6 {GA-TC)
GTTGAAARCATTGAAGCARATGCAGGGCCTGGAACCATTAAGRAGATCAGCTTTCCCGRA
V E N IE-SGEGN-SG ¢ P ¢ T I KE-NI 8§ F P E-S

5 (CA-TG)
GGCCTCCCTTTCAAGTACCTGAAGGACAGAGTTGATGAGCTGGACCACACRAACTTCARR
6 L P F K ¥ V XKD RV D E VD HTAN F K

TACAATTACAGCGTGATCGAGGGCGGTCCCATAGGCGACACAT TGGAGAAGATCTCCAAC

¥ N Y $S VI EG 6 P I 6D TTILEZEXKTI SN

10 {GAG-~CAC) 8{CCC-T6aE)

GAGATAA AACCCC CATCTTGARAGATCAGCAACRAGTAC

E I K I VvV A TPeD 6 G 8 I L ¥ I & N K ¥

CACACCAA CC; A AGAGC ‘TAAGGCAAGTRAAGARAATGGGC

H T K GGDHE V KAEGQQYV KASKEWMGCG

GAGACACTT CGIT TACCTCTTGGCACACTCCGATGCCTACAACTAA

E T L LRAVESZYTLILAUHRSTDA Y Nstop
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Figure 10

Conserved residues among
Vespula antigen 5
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Figure 10 (cont.)
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Mutant-specific oligonucleotide primers used for Ves v 5
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Mutated nucleotides underlined.

Ves v 5 mutant 1 (K723)

Ves v 5 sense

Ves v 5 non-sense

5
3
sense primer 57
3

non-sense primer

ACCACAGCCTCCAGCGARGAATATGARA TTGGTAT
TGETCTCGCRAGGTCGCTTCTTATACTTTTTARACCATACCT
CCAGCGGCTARTATGARARAT

GTCGGRGETCGCCGATTATAC

mutants.

Ves v 5 mutant 2 (Y9€A)

Ves v 5 sense
Ves v 3 non-sense

5
3
sense primer 57
3

non-sense primer

GECTAATCARTGTCAATATGGTCACGATACTT GCAGGGRTG
CCGATTAGTTACAGTTATACCAGTECTATGAACGTCCCTAC
TGETCRAGCTGGTCACGATACT

TTAGTTACAGTTCGACCAGTE

-5
—3°
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Fig. 12
Oligonucleotide primers for site directed mutagenesis of
Ves v 5
all sense 1: Xhol start, 38-mer:

EcoRT
5 -CCGCTCGAGAARAGAARCAATTATTGTAAAATAAAATG
E X R N N ¥ < K I K
kel cleavags sife amino Terminis of Ves v §

1 sense 1: K722s 21l-wer 5’ -CCAGCGGCTAATATGARAAAT
1 non-sense 2: K72Ra 21l-mex 5 ~CATATTAGCCGCTGGAGGCTG
2 sense 3: Y96As 21-mer 57 -TGTCAAGCTGGTCACGATACT
2  non-sense 4: Y96ARa 21-mer 5 -GTGACCAGCTTGACATTGATT
all non-sense 7: CT-pPICZOA, 2l-mer 5" ~ATTCATCAGCTGCGAGATAGE
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Fig. 13

Overview of Ves v 5 mutations

1 AACPATTATTGTARBATAAAATGTTTGAAAGGAGGTGTCCATACTGCCTGCAAATATGGA 60
1 N N Y €K I KOCIL XG GGV HTATCTZ KTY G 20

61 AGTCTTAARCCGAATTGCGGTAATARGGTAGCTGGTATCCTATGCTCTAACGARACRAGAG 120
2 § L K P N CGDNI KV VYV S Y GL T KOQE 40

121 AAACAAGACATCTTAAAGGAGCACAATGACTTTAGACAAAARATTGCACGAGCATTGGAG 180
41 K @ p I L K B HN D F R Q K I ARG L E 60

1[K72A] (AAG-GCT)
181 ACTAGAGGTAATCCTGGACCACAGCCTCCAGUGAAGAATATGAARAATTTGGTATGGAAC 240
61 T R G N P 6 P @ P P A K N M KN L V W N 80

2[Y96A] (TA-GC)

241 GACGAGCTTAGCTTATGTCGCCCARGTCTGEECTARTCARTGTCARTATGGTCACGATACT 300
81 D E L A Y V A Q V W A N Q C Q Y 6 HDT 100

301 TGCAGGGATGTAGCAAAATATCAGGTTGGACAAAACGTAGCCTTAACAGETAGCACGGCT 360
0l ¢ R D V A K Y ¢ V 6 ¢ N VA L T G § T A 120

361 GCTAARATACGATGATCCAGTTAAACTAGTTARARATGTGGGARGATGARGTGARAGATTAT 420
122 A X Y P P PV KLY KMUW¥WETDEV KDY 140

421 AATCCTAAGARAPAGTTTTCGGEARRCGACTTTCTGAARACCEGCCATTACACTCARATG 480
14T N P K K K F 8 6 N D F L K T 6 H Y T g M 160

481 GTTTGGGCTAACACCAAGGAAGTTGCTTGTGCAAGTATAAAATACATT CAAGAGARATGE 540
161 Vv W A N T K B vV ¢ ¢ 6 8 I K Y I ©Q E K W 180

541 CACAAACATTACCTTGTATGTAATTATGGACCCAGCGGAAACTTTARGAATGAGGAACTT 600

181 H K H Y L VvV ¢ X Y G P 8 ¢ N F K N E E & 200
601 TATCAPACAARGTAA 612
200 Y @ T K stop 204
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Fig. 16

DNA SEQUENCE

Der p 2 (DNA sequence referred to in notes in accession No. P49278 SWISSPROT)
ORIGIN

1 cacaaattct tetitctice ttactactga teattaatct gaaaacaaaa ccaaacaaac

61" cattcaaaat gatgtacaaa atitigigte tttcatigtt ggtegeagec gttgetegty

121  atcaagtcga tgtcaaagat tgtgccaate atgaaatcaa aaaagttitg gtaccaggat
181  gceatggttc agaaccatgt atcaticaic giggtaaacc attccaatty gaageegtit

241 tegaagccaa ceamaacaca aaaacggcta aaatigaaat caaagectca atcgatggtt
301 tagaagttga tgttcecggt ategatceaa atgeatgeca ttacatgaaa tgeccatigg

361 ttaaaggaca acaatatgat aftasatata catggaatgt tccgaaaatt geaccaaaat
421  ctgaaaatgt tgtegtcact gttaaagtta tyggtgatga tggtgttttg gectgtgeta

481 tigctactea tgctaaaate cgegatiaaa tcaaacaaaa itattgatt tigtaatcac

541 aaatgattga tittctttcc anaaaasaaa taaataaaat titgggaatt ¢

AMINQ ACID SEQUENCE
Der p 2 (Accession No. P49278 SWISSPROT; includes signal peptide 1-17)
1 - mmykilelst fvaavardqv dvkdcanhei kkvivpgehg sepciihrgk pfoleavfea

61  ngntktakie ikasidglev dvpgidpnac hymkeplvkg qqydikytwn vpkiapksen
121 vwwivkvmgd dgviacaiat hakird .
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Figure 19
Bet v 1(2628) ‘ Bet v 1 (2637)

K134E A153G

Molecular surface of Bet v 1.

Left side: Bet v 1 (2628), Right side: Bet v 1 (2637)

Grey: Backbone + amino acids 95-100% conserved among Fagales
Black: Introduced point mutations.
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FIG. 33: Derp 2
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FIG. 34: Der p 2 mutant
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Figure 35B (Der p 1)
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Figure 35B (Der p 1) (cont.)
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FIG. 36: Derp 1
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FIG. 37: Der p 1 mutant
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FIG. 38A (Phl p 5) (cont.)
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FIG. 38A (Phl p 5) (cont.)
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FIG. 38B (Phl p 5) {cont.)
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Present claim 55 (and dependent claims 56-64) relate to an extremely
large number of possible compounds. Support within the meaning of Article
6 PCT and/or disclosure within the meaning of Article 5 PCT is to be
found, however, for only a very small proportion of the compounds
claimed. In the present case, the claims so lack support, and the
application so lacks disclosure, that a meaningful search over the whole
of the claimed scope is impossible. Consequently, the search has been
carried out for those parts of the claims which appear to be supported
and disclosed, namely those parts relating teo the compounds specifically
described in the examples.

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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