<110>
<111>
<112>
<113>

<120>
<130>
<141>
<160>

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

<220>
<223>

<400> 1

atgggttcta
ttccgtaaag
agtggtaacc
aatcaattac
ctgaccacga
gttgaccgcc
ggcaacgeocc
accagceggtc
catttgcaga
gatccaggceg
cgcgeaacyg
atcactgata
cagacccacc
gcggacggtg
aaggtictge
ctgatgttcc
gegtecgocgce
ctgggtggta
ctgacgtttyg
actttagcct
acctttgage

Teo,

Xu Ju

2010~
20
1

1242
DNA

codon

<210>
<211>
<212>

2
413
PRT

Ee Ling

nye

09-24

optimized

tcattgatgc
cggttaaaag
tgaactacac
caccgcetgea
ttatggeact
tgctgeegga
gtctgcgcga
tgtcgtacgt
gcgctgagaa
¢ggaatggat
gcttyggacct
tgacgttcaa
gcaactccgco
aagagtgrtt
actctctget
agccggeget
acatcaacta
tcattgcact
gtggcggtcc
ttticcaget
acgcgatcta

SEQUENCE

collier, Steven James

wilson, Robert John

Artificial Ssequence

Cx2-032

LISTING

Improved Lov-D Acyltransferase Mediated Acylation

376247-044us (105192) {cx2-032}

Aspergillus terreus lovD

ggctgeggcec
ccgecagatt
tcgetgettc
ggtggataca
gcagtgcatg
cctgagegeg
acgecgtggt
cttcectgeat
gtttggcatt
Ttatggeget
ggaacagtac
actgcagcag
ggatggtegt
cgggggccag
gaaacgtgac
ggaaccgcyc
tggcggtcca
ggaggatctg
aaacattgrtt

ggaaccgtgg
tgcacagtat

<213> Artificial Seguence

<220>
<223>

<400> 2

Met Gly Ser
1
Met Glu Thr
ile
35

Gly

Ala val

Phe
50
Leu

Cys
Pro GIn
65

Leu

Thr Thr

Ile §1e ASp

Ala phe
20
Met Ala

Ala Arg

val Asp

Arg
Arg
Thr
Thr

Ala Ala

Lys Ala

Asp Cys
40
val Arg
55

Pro Cys

70

ITe Met

85

Ala

Leu Gin

gcggacccgg
ccgggtgetg
ggcgecacgea
ccatgtegtce
gaacgcggec
atgccggtgce
aaaattacgt
cecgetgetge
cagtctcgte
aatctggact
ttgcaggaga
cgtccggata
ctgegetatg
ggcgtgttea
ggcctgttge
ttggaagaac
atgccratgg
gatggtgaga
tggcagattg
aacgacccgg
caacagggct

Ala Ala Ala
0

val
25
Ser

Lys Ser

Gly Asn

Arg Asp Glu
Ala
75

Glu

Arg Leu

Met
90

Cys

Page 1

tggttctgat
ttattatggc
ctgtgegtcg
tggcaagege
tggtagactt
tggaaggctt
tacgccatct
gcgagtatat
tggcgecgec
gggcaggcaa
acatttgcgc
tgctggeacg.
atgactctgt
gcggrccagg
tgcagccaca
aaatgaacca
tcctgegtceg
actggcgtcg
acccgaaagc
tgtgtcgtga
aa

Codon optimized Aspergillus terreus TovD

Asp Pro val

Gln Ile
30

Tyr

Arg

Leu Asn

45

Cys Asn Gln

60

Ser Ala Thr

Arg Gly Leu

ggaaacggct
gcgtgattgt
cgacgagtgc
tactaaatta
ggatgaaact
tgatgatgcc
gctgacacac
ggcccagygt
agctgttaat
attagtggaa
gcegotggge
tcgtgecgac
gtattttege
cagttacatg
aaccgtggat
gcatatggac
cagcttegge
taaaggctcg
gggrctgtgt
cctgactege

val
15
Pro

Leu
Gly
Thr Arg
ey Pro
Leu

80
Asp

LYS

val
95

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1242



Leu Asp Glu
Glu
115

LYS

val Leu

Arg Gly
130
ser Tyr val
145
His Leu Gln

Pro Ala val
Ala
195

Leu

Asp Trp

Glin Tyr
210
Thr Phe
225

Gln

Lys

Thr His

val Tyr Phe

Phe ser Gly

275

Arg Asp Gly
290

Pro Ala

305

Ala

Leu

S5er Pro

Arg Ser Phe

Glu Asn Trp
355
val Trp
370

GIn

Ile

Phe
385
Thr

Leu

Phe Glu

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

<220>
<223> varia

<400> 3

atgggttcta
ttcegtaaag
agtggtaacc
aatcaattac
ctgaccacga
gttgaccgec
ggcaacgcecece
accagcggtc
catttgcaga
gatccaggcg
cgcgcaacgg
atcactgata
cagacccacce
gcggacgytg
aaggttctgc
ctgatgttcc
gegtegocgce

3
1242
DNA

e e B s

Thr val
100
Gly Phe

Ile Thr

Phe Leu

Asp
Asp
Leu

His

Arg Leu
Ala
120
His

ASp

Arg
135

Pro lLeu

150

Ala
165
AsD

ser

Asn
180
Gly Lys

GIn Glu

Leuy GIn

Glu
Pro
Leu
Asn

Gin

Lys Phe

Gly Ala

Glu
200
Cys

val

Ile
215

Arg Pro

230

AsSh
245
Ala

Arg

Arg
260
Pro Gly

Leu Leu

Glu Pro

Ser
AsSp
ser
Leu

Arg

Ala Asp

Gly Glu

Met
280
Pro

Tyr

Gin
295

Leu Glu

310

Ile
325
Leu

His

Gly
340
Arg Arg

Gin Ile

Glu Pro

Asn
Gly
Lys
ASp

Trp

Tyr Gly

Gly 1le

ser
360
Lys

Gly

Pro
375

Asn Asp

390

Ala
405

nt of lovD

teattgatge
cggttaaaag
tgaactacac
caccgctgea
ttatggcact
tgctgecgga
gtctgegega
tgtcgtacgt
gcgctgagaa
cggaatggat
gcttggacct
tgacgttcaa
gcaactccege
aagagtgttt
actctetget
agceggeget
acatcaacta

Ile

Tyr Ala

Artificial sequence

ggctgeggec
ccgecagatt
tcgetgttic
ggtggataca
gcagtgcatg
cctgagegeg
acgcegtggt
cttectgeat
gtttggcatt
ttatggcget
ggaacagtac
actgcageag
ggatggrtcgt
cgggggecag
gaaacgtgac
ggaaccgcge
tggcggtcca

Leu
105
Gly
Leu
Leu
Gly
Glu
185
Arg
Ala
Asp
Gly
Glu
265
Lys
Gln
Glu
Gly
Ile
345
Leu
Ala
Pro

Glin

cx2-032
Pro Asp

Asn Ala

Leuy Thr
Glu
155
GlIn

Arg

Ile
170
Trp Ile

Ala Thr

Pro Leu

Met Leu
235
Arg Leu
250
Cys Phe

val Leu

Thr val

Gin Met
315
Pro Met
330
Ala Leu

Thr pPhe

Gly Leu

val Cys
395
Tyr Glin
410

gcggacccegg
ccgggtgetg
ggcgeacgea
ccatgtegte
gaacgcggee
atgccggtgce
aaaattacgt
ccgetgetge
cagtctegtc
aatctggact
ttgcaggaga
cgteccggata
ctgcgetatg
ggcgtgttea
ggcetgttge
ttggaagaac
atgcetatgy

Page 2

Ala
110
Arg

Leu Ser

Arg Ley
125
His Thr
140
Tyr

Ser

Met Ala

Ser Arg Leu
Ala
190

AsSp

Tyr Gly

Gly Leu
205
Gly 1le Thr
220
Ala

Arg Arg

Arg Tyr Asp
Gin
270

Leu

Gly Gly

His Ser
285

ASp Leu Met

300
Ashn GIn His

Pro Met val

Glu teu
350

Gly

ASp
Gly Gly
365
Cys Thr Leu
380

Arg

Asp Leu

GIn Gly

tggttctgat
trattatgge
ctgtgcgtcg
tggcaagegce
tggtagactt
tggaaggcett
tacgccatct
gcgagtatat
tggcgeegee
gggcaggcaa
acatttgcge
tgctggeacy
atgactctgt
gcggtecagg
tgcagcecaca
aaatgaacca
tcctgegtcy

Met Pro

Glu Arg

Gly Leu

Gln Gly
160
Ala Pro
175
Asn Leu
Leu

ASp Met

Ala Asp
240
ASp Ser
255
Gly val

Leu Lys

Phe Gln

Met Asp
320
Leu Arg
335
Asp Gly

Pro Asn

Ala Phe

Thr Arg
400

ggaaacggct
gcgtgattgt
cgacgagtgce
tactaaatta
ggatgaaact
tgatgatgec
gctgacacac
ggcccagggt
agctgttaat
attagtggaa
gcegetgggc
tegtgecgac
gtattttcge
cagttacatg
aaccgtggat
gcatatggac
cagcttcggce

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020



CX2-032
ctgggtggta tcattgcact ggaggatcty gatggtgaga actggcgtcg tasaggctcg 1080
atgacgttty gtggcggtcc aaacattgtt tggcagatty acccgaaagc gggtctgtgt 1140
actitagcct tTttccaget ggaaccgtgg aacgaccegg tgtgtegtga cctgactcge 1200
accittgagc acgcgatcta tgcacagtat caacaggget aa 1242

<210> 4

<Z211> 413

<212> PRT

<213> Artificial seguence

<220>
<223> variant of TovD

<400> 4
Met Gly Ser Ile §1e Asp Ala Ala Ala Ala Ala Asp Pro val val Leu
1 10 15
Met Glu Thr ééa Phe Arg Lys Ala Vg? Lys Ser Arg Gln Iée Pro Gly
2 3
Ala val §1e met Ala Arg Asp C%s Ser Gly Asn Leu ﬁgn Tyr Thr Arg
5 4
Cys gge Gly Ala arg Thr val Arg Arg Asp Glu ggs Asn GIn Leu Pro
55
Pro Leu Gin val Asp Thr Pro Cys Arg Leu Ala Ser Ala Thr Lys Leu
65 70 75 80
Leu Thr Thr 1le ggt Ala Leu GIn Cys ggt Glu Arg Gly Leu val Asp
a5
Leu Asp Glu Thr val Asp Arg Leu Leu Pro Asp Ley Ser Ala Met Pro
100 105 110
val Leu Glu Gly Phe Asp Asp Ala Gly Asn Ala Arg Leu Arg Glu Arg
115 120 125
Arg Gly Lys Ile Thr Leu Arg His Leu Leu Thr His Thr Ser Gly Leu
130 135 140
Ser Tyr val Phe Leu His Pro Leu Leu Arg Glu Tyr Met Ala Gln Gly
145 150 155 160
His Leu GIn Ser Ala Glu Lys Phe Gly Ile GIn Ser Arg Leu Ala Pro
165 170 175
Pro Ala val Asn Asp Pro Gly Ala Glu Trp Ile Tyr Gly Ala Asn Leu
180 185 190
Asp Trp Ala Gly Lys Leu val Glu Arg Ala Thr Gly Leu Asp Leu Glu
195 200 205
GIn Tyr Leu GIn Glu Asn Ile Cys Ala Pro Leu Gly Ile Thr Asp Met
210 215 220
Thr Phe Lys Leu GIn GIn Arg Pro Asp Met Leu Ala Arg Arg Ala Asp
225 230 235 240
GIn Thr His Arg Asn Ser Ala Asp Gly Arg Leu Arg Tyr Asp Asp Ser
245 250 255
val Tyr Phe Arg Ala Asp Gly Glu Glu Cys Phe Gly Gly GIn Gly val
260 265 270
Phe Ser Gly Pro Gly Ser Tyr Met Lys val Leu His Ser Leu Leu Lys
273 280 285
Arg Asp Gly Leu Leu Leu Gln Pro GIn Thr val Asp Leu Met phe Gln
290 295 300
Pro Ala Leu Glu Pro Arg Leu Glu Glu G1n Met Asn Gln His Met Asp
305 310 315 320
Ala Ser Pro His Ile Asn Tyr Gly Gly Pro Met Pro Met val Leu Arg
325 330 335
Arg Ser Phe Gly Leu Gly Gly Ile ITe Ala Leu Glu Asp Leu Asp Gly
340 345 350
Glu Asn Trp Arg Arg Lys Gly Ser Met Thr Phe Gly GTy Gly Pro Asn
355 360 365
ITe val Trp GIn Ile Asp Pro Lys Ala Gly Leu Cys Thr Leu Ala Phe
370 375 380
Phe GIn Leu Glu Pro Trp Asn Asp Pro val Cys Arg Asp Leu Thr Arg
385 380 395 400
Thr phe Glu His Ala Ile Tyr Ala GIn Tyr Gln GIn Gly
405 410

Page 3



<210> 5
<21il> 1242
<212> DNA

<213> Artificial seguence

<220>
<223> varia

<400> 5

atgggttcta
ttcecgtaaag
agtggtaacc
aatcaattac
ctgaccacga
gtrgaccgcee
ggcaacccge
accagcggtce
catttgcaga
gatccaggcg
cgcgcaacag
atcactgata
cagacccacc
gcggacggtg
aaggttctgc
ctgatgttcce
gcgtegecge
ctgggtggta
atgacgtttg
actttagect
acctitgagce

<210
<211>
<212>
<213>

<220>
<223>

<400> 6
Met Gly
1

Met

6
413
PRT

ser

Glu Thr
Ile
35
Gly

Ala val

Phe
50
Leu

Cys
Pro GIn
65
Leu

Thr Thr

Leu Asp Glu
Glu
115

Lys

val Leu

Gly
130
Tyr

Arg
ser val
145
His Leu Gln

Pro Leu val
Ala

195

Asp Trp

nt of TovD

tcattgatge
cggttaaaag
tgaactacac
caccgcetgea
ttatggcact
tgergecgga
gtctgcgcga
tgtcgtacgt
gcactgagaa
cggaatggat
gettggacct
tgacgttcaa
gcaactccag
aagagrgrrt
actcrctget
agccggeget
acatcaacta
tcattgcact
gtggcggtcc
trttccaget
acgcgatcta

variant of lovD

Ile Ile
5
Phe

Ala

Ala
20
Met

Ala Arg

val Asp

Ile Met
85

Thr val
100
Gly Phe

Ite Thr

Phe Leu

ASp
Al"g
Arg
Thr
Thr
70

Ala
AsSp
ASD
Leu

His

ggctgeggec
ccgeccagatt
tcgetgtttc
ggtggataca
gcagtgcatg
cctgagegeg
acgecegtggt
ctteetgeat
gtttggcatt
ttatggcgcet
ggaacagtac
actgcagceag
cgatggtcgt
cgggggcceag
gaaacgtgac
ggaaccgege
tggcggtcca
ggaggatctg
aaacattgtt

ggaaccgtgg
tgcacagtat

Aartificial sequence

Ala Ala

Lys Ala

Asp Cys
40
val Arg
55
Pro Cys

Leu Gln

Arg Leu
Ala
120
His

Asp

Arg
135

Pro Leu

150

Ala
165
Asp

Ser

Asn
180

Gly Lys

Glu
Pro

Leu

Lys Phe

Gly Ala

Glu
200

val

CX2-032

gcggaccegg
cCgggtgctg
ggcgcacgea
ccatgtegtc
gaacgceggee
atgecggige
aaaattacgt
cegetgetge
cagtctcgtt
tctetggact
ttgcaggaga
cgtcecggata
ctgegctatg
ggcgtgttca
ggcctgttge
ttggaagaac
atgcctatgg
gatggtgaga
tggcagatty
aacgacccgg
caacagggct

Ala Ala
10

Lys

Ala

val
25
ser

Ser

Gly Asn

Arg Asp Glu
Ala
75

Glu

Arg Leu

Met
90
Pro

Cys

Leu
105
Gly

Asp

Asn Pro

Leu Leu Thr
Glu
155

Gin

Leu Arg
Iie
170
Trp

Gly
Glu Ile
185
Arg

Ala Thr

Page 4

tggttctgat
ttattatggce
crgtgegtcg
tggcaagcgc
tggtagactt
tggaaggett
tacgcceatet
gcgagtatat
ttgcgcecgcec
gggcaggeaa
acatttgcgce
tgctggcacg
atgactctgt
gcggtccagg
tgcagccaca
aaatgaacca
tcctgegteyg
actggcgtcyg
acccgaaage
tgtgtcgtga
aa

Asp Pro val
Ile
30

Tyr

Arg Gln

Leu Asn
45
Cys Asn Gln
60
Ser

Ala Thr

Arg Gly Leu
Ala
110

Arg

Leu Ser
Leu
125
Thr

Arg

His
140
Tyr

Ser

Met Ala

ser Arg Phe
Ala
190

ASp

Tyr Gly

Gly Leu

205

ggaaacggct
gcgtgattgt
cgacgagtgc
tactaaatta
ggatgaaact
tgatgatgcec
gctgacacac
ggcccagggt
attagttaat
attagtggaa
geegetggge
tcgtgecgac
gtattttcgc
cagttacatg
aaccgtggat
gcatatggac
cagcttcgge
taaaggercg
gggtctgtgt
cctgactcge

val
i5
pPro

Leu
Gly
Thr Arg
Leu Pro
Leu

80
Asp

Lys

val
95

Met Pro

Glu Arg

Gly Leu

Gln Gly
160

Ala Pro

175
Ser Leu

Leu Glu

60
120
180
240
300
360
420
480
240
600
660
720
780
840
900
960
1020
1080
1140
1200
1242



X2~-032

Gly
220
Ala
Arg
Gly
His
Asp
300
Asn
Pro
Glu
Gly
Cys
380
Arg

GIn

Ile
Arg
Tyr
Gly
ser
285
Leu
Gin
Met
Asp
Gly
365
Thr
Asp

Gly

Thr
Arg
ASp
Gln
270
l.eu
Met
His
val
Leu
350
Gly
Leu

l.eu

GIn Tyr Leu GIn Glu Asn Ile Cys Ala Pro Leu
210 215
Thr pPhe Lys Leu GIn GIn Arg Pro Asp Met Leu
225 230 235
GIn Thr His Arg Asn Ser Ser Asp Gly Arg Leu
245 250
val Tyr Phe Arg Ala Asp Gly Glu Glu Cys Phe
260 265
Phe Ser Gly Pro Gly Ser Tyr Met Lys val Leu
275 280
Arg Asp Gly Leu Leu Leu GIn Pro Glin Thr val
290 295
Pro Ala bLeu Glu Pro Arg Leu Glu Glu GIn Mmet
305 310 315
Ala Ser Pro His Ile Asn Tyr Gly Gly Pro Met
325 330
Arg Ser Phe Gly Leu Gly Gly Ile Ile Ala Leu
340 345
Glu Asn Trp Arg Arg Lys Gly Ser Met Thr Phe
355 360
Tle val Trp GIn Ile Asp Pro Lys Ala G¢ly Leu
370 375
Phe GIn Leu Glu Pro Trp Asn Asp Pro val Cys
385 390 395
Thr phe Glu His Ala ITe Tyr Ala Gin Tyr Gln
405 410
<210> 7
<211> 1242
<212> DNA
<213> Artificial seguence
<220>
<223> variant of lovb
<400> 7
atgggttcta tcattgatgc ggctgcggee goggacccgg
ttccgtaaag cggttaaaag ccgccagatt ccgggtgoty
agtggtaacc tgaactacac tcgctgtttc ggcgcacgea
aatcaattac caccgctgca ggtggataca ccatgtcgtc
ctgaccacga ttatggcact gcagtgcatg gaacgcggec
gttgaccgee tgctgecgga cctgagegeg atgcocggtgc
ggcaacccgc gtctgcgcga acgecgtggt aaaattacgt
accageggtc tgtegtacgt cttcectgcat ccgctgctge
catttygcaga gecgetgagaa grttggeatt cagtctogtt
gatccaggcg cggaatggat ttatggeget tctctggact
cgcgcaacgg gcttggacct ggaacagtac ttgcaggaga
atcactgata tgacgttcaa actgcageag cgtccggata
£agacccace gcaactccag cgatggtcgt ctgogctatg
gcggacggtg aagagtgtit cgggggccag ggegrtgttca
aaggttctge actctctget gaaacgtgac ggocctgttge
ctgatgttcec agcececggceget ggaaccgoge ttggaagaac
gcgtcgecge acatcaacta tggcggtceca atgectargg
ctgggtggta tcattgcact ggaggatctg gatggtgaga
atgacgtitg gtggceggtoe aaacattgtt tggcagattg
actttagcct rtrttccagct ggaaccgrtgg sacgacccgg
acctttgagce acgcgatcta tgcacagtat caacagggct
<210> 8
<211> 413
<212> PRT
<213> Artificial Sequence

<220>
<223> varia

nt of TovD

Page 5

tggttctgat
ttattatgac
ctgtgegtcg
tggcaagege
tggtagactt
tggaaggctt
tacgecatct
gcgagtatat
ttgcgecgec
gggcaggcaa
acatttgcgc
tgctggcacy
atgactctgt
gcagtccagg
tgcagccaca
aaatgaacca
tcctgegtey
actggcgteg
acccgaaage
tgtgtcgtoa
aa

ASp Met

Ala Asp
240
Asp Ser
255
Gly val

Leu Lys

Phe GIn

Met Asp
320
Leu Arg
335
Asp Gly

Pro Asn

Ala Phe

Thr Arg
400

ggaaacggct
gcgtgattgt
cgacgagtgc
tactaaatta
ggatgaaact
tgatgatgcce
gctgacacac
ggcccagggt
attagttaat
attagtggas
gccgetggge
tegtgecgac
gtattttcge
cagttacatg
aaccgtggat
gcatatggac
cagcttcgge
taaaggetcy
gggtctgtgt
cctgactcge

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1029
1080
1140
1200
1242



Cx2-032
<400> 8
Met Gly Ser Ile gie Asp Ala Ala Ala Aga Ala Asp Pro val val Leu
1 1 15
Met Glu Thr géa Phe Arg Lys Ala ggW Lys Ser Arg Gln %ée Pro Gly
Ala val %%e Met Ala Arg Asp g%s ser Gly Asn Leu zgn Tyr Thr Arg
Cys Phe Gly Ala Arg Thr val Arg Arg Asp Glu g%s Asn GIn Leu Pro
50 55
Pro Leu Gln val Asp Thr Pro Cys Arg Leu Ala Ser Ala Thr Lys Leu
65 70 75 80
Leu Thr Thr Ile ggt Ala Leu GIn Cys ggt Glu Arg Gly Leu 521 ASD
Leu Asp Glu Thr val Asp Arg Leu Leu Pro Asp Leu Ser Ala Met Pro
100 105 110
val Leu Glu Gly Phe Asp Asp Ala Gly Asn Pro Arg lLeu Arg Glu Arg
115 120 125
Arg Gly Lys Ile Thr Leu Arg His Leu Leu Thr His Thr Ser Gly Leu
130 135 140
Ser Tyr val Phe Leu His Pro Leu Leu Arg Glu Tyr met Ala GIn Gly
145 150 155 160
His Leu GIn Ser Ala Glu Lys Phe Gly Ile GIn Ser Arg Phe Ala Pro
165 170 175
Pro Leu val Asn Asp Pro Gly Ala Glu Trp Ile Tyr Gly Ala Ser Leu
180 185 190
Asp Trp Ala Gly Lys Leu val Glu Arg Ala Thr Gly Leu Asp Leu Glu
195 200 205
Gln Tyr teu GIn Glu Asn Ile Cys Ala Pro Leu Gly Ile Thr Asp Met
210 215 220
Thr Phe Lys Leu GIn &In Arg Pro Asp Met Leu Ala Arg Arg Ala Asp
225 230 235 240
GIn Thr His Arg Ash Ser Ser Asp Gly Arg Leu Arg Tyr Asp Asp Ser
245 - 250 255
Arg Ala Asp Gly Glu Glu Cys phe Gly Gly GIn Gly val
260 265 270
Phe Ser Ser Pro Gly Ser Tyr Met Lys val Leu His Ser Leu Leu Lys
275 280 285
Arg Asp Gly Leu Leu Leu GIn Pro Gln Thr val Asp Leu Met Phe Gln
290 295 300
Pro Ala Leu Glu Pro Arg Leu Glu Glu Gin Met Asn Gln His Met Asp
305 310 315 320
Ala Ser Pro His Ite Asn Tyr Gly Gly Pro Met Pro Met val Leu Arg
325 330 335
Arg Ser Phe Gly Leu Gly Gly Ile Ile Ala Leu Glu Asp Leu Asp Gly
340 345 350
Glu Asn Trp Arg Arg Lys Gly Ser Met Thr phe Gly Gly Gly Pro Asn
355 360 365
ITe val Trp GIn Ile Asp Pro Lys Ala Gly Leu Cys Thr Leu Ala Phe
370 375 380
Phe GIn Leu Glu Pro Trp Asn Asp Pro val Cys Arg Asp Leu Thr Arg
385 390 395 400
Thr Phe Glu His Ala Ile Tyr Ala GIn Tyr Gln GIn Gly
405 410

val Tyr phe

<210> 9

<211> 1242

<212> DNA

<213> Artificial Sequence

<220>
<223> variant of TovD

<400> 9

atgggticta tcattgatgc ggctgogygee gcggacccgg tggttetgat ggaaacgget 60

ttccgtaaag cggttaaaag ccgccagatt ccgggtgctg ttattatgge gogtgattgt 120

agtggtaacc tgaactacac tcgetgtttc ggcgcacgca ctgtgegtcg cgacgagtge 180

aatcaattac caccgctgca ggtggataca ccatgicgtc tggcaagege tactaaatta 240
Page ©



ctgaccacga
gttgaccgece
ggcaacccge
accagcggrc
catttgcaga
gatccaggeg
cgcgcaacgg
atcactgata
cagacccacce
gcggacggty
aaggtrctgc
ctgatgttcc
gcgtegeoge
ctgggtggta
atgacgtttg
actttragect
acctttgagce

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

<220>
<223>

<400>
Met
1

Met

10
413
PRT

varia

10

Giu Thr
Ile
35

Gly

Ala val

phe
50
Leu

Cys
Pro Gln
65
Leu

Thr Thr

Leu Asp Glu
Glu
115

LYS

val Leu

Arg Gly
130
Ser Tyr
145

His

val

Ley Gln

Pro Leu val
Ala
195

Leu

Asp Trp

Gln Tyr
210
Thr Phe
225

Gin

Lys

Thr His

val Tyr phe

Phe Ser
275

Gly

Ser
Arg Asp
290
Pro Ala

305

Leu

ttatggcact
tgctgecgga
gtctgcgega
tgtcgtacgt
gcgctgagaa
cggaatggat
gcttggacct
tgacgttcaa
gcaactccag
aagagtgttt
actctctgct
agccggeget
acatcaacta
tcattgcact
gtggcggtcc
tttteccaget
acgcgatcta

nt of TovD

Gly ser Ile Ile Asp
5

Ala pPhe
20
met Ala

Ala Arg

val Asp

Ile Met
85

Thr val
100
Gly phe

ITe Thr

Phe Leu

Arg
Arg
Thr
Thr
70

Ala
Asp
Asp
Leu

His

geagtgcaty
cctgagegeg
acgeegtggt
cttcctgeat
gtttggcatt
ttatggcget
ggaacagtac
actgcagceag
cgatggtcgt
cgggggecag
gaaacgtgac
ggaaccgcgce
tggcggtcca
ggaggatctg
aaacattgtt

ggaaccgtgg
tgcacagtat

Artificial Sequence

Ala Ala

Lys Ala

Asp Cys
40
val Arg
55
Pro Cvs

Leu Gln

Arg Leu

Ala
120
His

Asp

Arg
135

Pro Leu

150

Ala
165
Asp

ser

AsSn
180
Gly Lys

Gin Glu

Leu Gin

Glu
Pro
Leu
Asn

Gin

Lys pPhe

Gly Ala

Glu
200
Cys

val

Ile
215

Arg Pro

230

Arg Asn
245
Arg Ala
260
Pro Gly

Leu Leu

Glu Pro

Ser
AsSp
Ser

L.eu

Ar
310

ser Asp

Gly Glu

Met
280
Pro

Tyr

Gln
295

g Leu Glu

Cx2-032

gaacgcgacc
atgccggtgc
aaaattacgt
ccgetgotge
cagaatcgtt
tctctggact
ttgcaggaga
cgteeggata
ctgcgctatg
ggcgtgttca
ggectgttge
ttggaagaac
atgcctatgg
gatggtgaga
tggcagattg
aacgacccyg
caacagggct

Ala Ala
10

Lys

Ala

val
25
ser

Ser

Gly Asn

Arg Asp Glu
Ala
75

Glu

Arg Leu
Met
90
Pro

cys

Leu
105
Gly

ASp

Asn Pro

Leu Leu Thr
Glu
155

Gln

Leu Arg
Ile
170
Trp

Gly
Glu Ile
185
Arg

Ala Thr

Ala Pro Ley

Met Leu
235

Leu

ASD

Gly Arg
250

GTu Cys Phe

265

Lys val Leu

GIn Thr val

Glu GIn Met

315

page 7

tggtagactt
tggaaggctt
tacgccatct
gcgagtatgt
ttgcgecace
gggcaggcaa
acatttgege
tgctggcacg
atgactctgt
gcagtccagg
tgcagccaca
aaatgaacca
tcctgegteg
actggcgtcg
acccgaaage
tgtgtegtga
aa

Asp Pro val
Ile
30

Tyr

Arg Gln

Leu Asn
45
Cys Asn Gln
60
ser

Ala Thr

Arg Gly Leu
Ala
110

Arg

Leu Ser

Arg Leu
125
His Thr
140
Tyr

ser

val Ala

Asn Arg Phe
Ala
190

ASp

Tyr Gly

Gly Leu
205
Gly Ile Thr
220
Ala

Arg Arg

Arg Tyr Asp
Glin
270

Leu

Gly Gly

His Ser
285
Asp Leu
300

Asn

Met

Gln His

ggatgaaact
tgatgatgcee
gctgacacac
tgcccagggt
attagttaat
attagtggaa
gccgetggge
tegtgecgac
gtattttcge
cagttacaty
aaccgtggat
gcatatrggac
cagcttcgge
taaaggctcg
gggtctgtgt
cctgactege

val
15
Pro

Leu
Gly
Thr Arg
Leu Pro
Leu

80
Asp

Lys

val
95
Met Pro

Glu Arg

Gly teu

Gin Gly
160
ala Pro
175
Ser Leu

teu Glu

Asp Met

Ala Asp
240
AsSp Ser
255
Gly val

Leu Lys

Phe Gln

Met Asp

320

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
11490
1200
1242



Ala ser

Arg Ser

Glu Asn

355
val
370
Gin

Ile

Phe
385
Thr

Leu

Phe Glu

<210> 11

<211> 1242
<212> DNA
<213>

<220>
<223> varia

<400> 11

atgggttcta
tteccgtaaag
agtggtaacc
aatcaattac
ctgaccacga
gttgaccgcec
ggcaacccgc
accagcggtc
catttgcaga
gatccaggcg
cgcgcaacgg
atcactgata
cagacccacce
gcggacggtg
aaggttctgce
ctgatgttcc
gcgregeegc
ctgggtggta
atgacgtttg
acttragtct
acctttgagce

12
413
PRT

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

<220>
<223> varia

<400> 12
Met Gly
1

Met

Ser

Glu Thr

Ile
35
Gly

Ala val

Phe
50
Leu

Cys

Pro GIn

65

tey Thr Thr

Leu Asp Glu

Pro
Phe
Trp

Trp

Ile
325
Leu

His

Gly
340
Arg Arg

Gin Ile

Glu Pro

Asn
Gly
Lys
Asp

Trp

Tyr Gly

Gly Ile

Gly ser
360
Pro Lys
375

Asn Asp

390

Ala
405

His

nt of TovD

tcattgatge
cggttgaaag
tgaactacac
caccgetgea
ttatggcact
tgcrgecgoa
grctgegega
tgtcgtacgt
gcgctgagaa
tggaatggat
gcttggacct
tgacgttcaa
gcaactccag
aagagtgttt
actctctgct
agceggeget
acatcaacta
tcattgecact
gtggcggtcc
ttttccaget
acgcgatcta

nt of TovD

Ile
5
rhe

Ile

Ala
20
Met Ala

Ala Arg

val Asp

Ile Met
85

Thr val

Ile

AsSp
Arg
Arg
Thr
Thr
70

Ala

Asp

Tyr Ala

Artificial Sequence

ggcrgtggee
ccgecagatt
tcgetgtite
ggtggataca
gcagtgcatg
cctgagegeg
acgccgtggat
cticctgeat
gtitggcatt
ttatggcgct
ggaacagtac
actgcagcag
cgatggtaaa
cggyggccag
gaaacgtgac
ggaaccgcge
tggeggtcca

ggaggatctg
aaacattgtt

ggaaccgtgg
tgcacagtat

Artificial sequence

Ala Ala

Lys Ala

Asp Cys
40
val Arg
55
Pro Cys

Leu Gln

Arg Leu

CX2~032

Gly Pro Met
330

ITe Ala Leu
345
Met

Thr Phe

Ala Gly Leu

Pro val Cys
395
Glin

Gln Tyr

410

gcggaccegy
ccgggrgety
ggcgeacgea
ccatgtcgte
gaacgcggece
atgccggtac
aaaattacgt
cegetgetge
cagaatcgty
tCtatcgact
ttgcaggaga
cgtccggata
ctgegetaty
ggcgtgtica
ggectgttge
titggaagaac
atgcctatgg
gatggtgaga
tggcagattyg
aacgacccagg
caacagggct

val Ala Ala

vat Glu
25

Ser

Ser

Gly Asn

Arg Asp Glu

Arg Leu Ala

Met Glu
90

Pro

Cys

Leu ASp

Page 8

Pro Met val

Glu Leu
350
Gly

Asp
Gly Gly
365
Cys Thr Leu
380
Arg

Asp Leu

Gln Gly

tggttctgat
ttattatggce
ctgtgegteg
tggcaagege
tggtagactt
tggaaggctt
tacgccatct
gcgagtatgt
ttgcgeegee
gggcaggcaa
acatttgcge
tgctggeacy
atgactctgt
gcagtccagg
tgcagccaga
aaatgaacca
Tcctgegtcg
actggcegtcg
acccgaaage
Tgtgtcgtga
aa

Asp Pro val
Ile
30

Tyr

Arg Gln

Leu Asn

45

Cys Asn Gin

60

Ser Ata Thr

Arg Gly Leu

Leu Ser Ala

Leu
335
ASp

Arg
Gly

Pro Asn

Ala Phe

Thr Arg
400

ggaaacggct
gcgtgattgt
cgacgagtgc
tactaaatta
ggatgaaact
tgatgatgec
gctgacacac
tgeccagggt
attagttaat
attagtggaa
gcegetyggge
tcgtgeecgac
gtattttcge
cagttacatg
aaccgtggat
gcatatggac
cagcttegge
taaaggctcyg
gggtcrgtgt
cctgactege

val
15
Pro

Leu
Gly
Thr Arg
Leu Pro
Leu

80
Asp

Lys
val

Met Pro

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1242



val
Arg
Ser
145
His
Pro
Asp
Gln
Thr
225
Gln
val
Phe
Arg
Pro
305
Ala
Arg
Glu
Ile
Phe

385
Thr

Leu
Gly
130
Tyr
l.eu
Leu
Trp
TYnr
210
Phe
Thr
Tyr
ser
Asp
290
Ala
Ser
Ser
Asn
val
370
Glin

Phe

Glu
115
Lys
val
GIn
val
Ala
195
Leu
Lys
His
Phe
Ser
275
Gly
Leu
Pro
Phe
Trp
355
Trp
Leu

Glu

100
Gly

Ile
Phe
ser
Asn
180
Gly
Gln
Leu
Arg
Arg
260
Pro
Leu
Glu
His
Gly
340
Arg
Gln
Glu

His

Phe
Thr
Leu
Ala
165
ASp
Lys
Glu
GIn
Asn
245
Ala
Gly
Leu
Pro
Ile
325
Leuy
Arg
Ile
Pro

Ala

Asp
Leu
His
150
Glu
Pro
Lau
Asn
Glin
230
Ser
Asp
Ser
Leu
Ar

310
Asn
Gly
Lys
Asp
Trp

390
Ile

Asp
Arg
135
Pro
Lys
Gly
val
Ile
215
Arg
Ser
Gly
Tyr

GlIn
295

g Leu

Tyr
Gly
Gly
Pro
375
Asn

Tyr

Ala
120
His
Leu
Phe
Ala
Glu
200
Cys
Pro
Asp
Glu
Met
280
Pro
Glu
Gly
Ile
Ser
360
Lys
ASp

Ala

105
Gly

Ley
Leu
Gly
Glu
185
Arg
Ala
ASD
Gly
Glu
265
Lys
Glu
Glu
Gly
Ile
345
Met
Ala
Pro

Glin

X2-032

ASH
Leu
Arg
Ile
170
Trp
Ala
Pro
Met
Lys
250
Cys
val
Thr
Gln
Pro
230
Ala
Thr
Gly
val

Tyr

Pro
Thr
Glu
155
GlIn
Ile
Thr
Leu
Leu
235
{eu
Phe
Leu
val
Met
315
Met
Leu
Phe
lLau
Cys

305
Glin

Arg
His
140
Tyr
Asn
Tyl
Gly
Gly
220
Ala
Arg
Gly
His
ASp
300
Ash
Pro
Glu
Gly
Cys
380
Arg

Gin

Leu
125
Thr
val
Arg
Gly
Leu
205
Tle
Arg
Tyr
Gly
Ser
285
Leu
Gln
Met
Asp
Gly
365
Thr
Asp

Gly

110
Arg

ser
Ala
Phe
Ala
190
Asp
Thr
Arg
AsD
Gln
270
Leu
Met
His
val
Leu
350
Gly
Ley

Leu

<210> 13
<211> 1242
<212> DNA

405

<213> Artificial Sequence

<220>
<223> varia

<400> 13

atgggttcta
ttccgtaaag
agtggtcgtc
aatcaattac
ctgaccacga
gttgaccgec
ggcaacccge
accagecggtc
catttgcagg
gatccaggceg
cgcgcaacgyg
atcactgata
atgacccacc
gcggacggtg
aaggttctygc
ctgatgticc
gcgtogeoge
ctgggtggta

nt of TovD

tcattgatgce
cggttgaaag
tgaactacac
caccgctgcea
ttatggcact
tgctgecgga
gtctgegega
tgtcgtacgt
gcgctgagaa
cggaatggat
gcttggacct
tgacgttcaa
gcaactccag
aagagtgttt
actctctget
agceggeget
acatcaacta
tcattgceact

ggctgtggec
cegecagatt
tegetgttte
ggtggataca
gcagtgcatg
cctgagegceg
acgeccgtggt
cttcctgeat
gtttggeatt
ttatggeget
ggaacagtac
actgcagcag
cgatggtaaa
cgggggceag
gaaacgtgac
ggaaccgcge
tggcggtceca
ggaggatcty

410

gcggacccgg
ccgggtgeig
ggcgcacgca
ccatgtegtc
gaacgcggcc
atgccggtgc
aaaattacgt
ccgctgctge
cagaatcgtt
ggcatcgact
ttgcaggaga
cgtccggata
ctgcgctaty
ggcgtgttca
ggcctgttge
ttggaagaac
atgcctatgg
gatggtgaga

Page 9

tggttctgat
ttattatggc
ctgtgegteg
tggcaagcegce
tggtagactt
tggaaggctt
tacgccatct
gcgagtatgt
ttgcgocgee
gggcaggcaa
acatttgegce
tgctggeacy
atgactctgt
gcagtccagy
tgcagccaga
aaatgaacca
tcctgegtcyg
actggcgtcg

Glu Arg

Gly Leu

Gln Gly
160
Ala Pro
175
Sar Ile

Leu Glu

ASp Met

Ala Asp
240
Asp Ser
255
Gly val

Leu Lys

Phe Gn

Met Asp
320
Leu Arg
335
Asp Gly

Pro Asn

val Phe
Thr Arg
400

ggaaacggct
gcgtgattgt
cgacgagtgce
tactaaatta
gyatgaaact
tgatgatgec
gctgacacac
tgcccaggot
attagttaat
attagtggaa
gccgetggge
tegtgecgac
gtattttcge
cagttacatg
aaccgtggat
gcatatggac
cagcttcggce
taaaggctcyg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960
1020
1080



Cx2-032
atgacgtttg gtggcggtcc aaacattatt tggcagattg acccgaaage gggtctgtgt 1140
actttagtct ttttccagct ggaaccgtgg aacgacccgg tgtgtcgtga cctgactcge 1200
acctttgaga aagcgatcta tgcacagtat caacagggct aa 1242

<210> 14

<211> 413

<212> PRT

<213> Artificial Seguence

<220>
<223> variant of lovD

<400> 14
get Gly Ser Ile §1e Asp Ala Ala val iga Ala Asp Pro val val Leu
15
Met Glu Thr géa Phe Arg Lys Ala ¥§1 Giu Ser Arg GIn gge Pro Gly
Ala val %Te Met Ala Arg Asp Cys Ser Gly Arg Leu Aén Tyr Thr Arg
3 40 4
Cys Ege Gly Ala Arg Thr gg1 Arg Arg Asp Glu g%s Asn Gln Leu Pro
Pro Leu GIn val Asp Thr Pro Cys Arg Leu Ala Ser Ala Thr Lys Leu
65 70 75 80
Leu Thr Thr ITe Met Ala Leu Gln Cys Met Glu Arg Gly Leu val Asp
85 90 95
Leu Asp Glu Thr val Asp Arg Leu Leu Pro Asp Leu Ser Ala Met Pro
100 105 116
val Leu Glu Gly Phe Asp Asp Ala Gly Asn Pro Arg Leu Arg Glu Arg
115 120 125
Arg Gly Lys I'le Thr Leu Arg His Leu Leu Thr His Thr ser Gly Leu
130 135 140
Ser Tyr val Phe Leu His Pro Leu Leu Arg Glu Tyr val Ala ¢In Gly
145 150 155 160
His Leu GIn Gly Ala Glu Lys Phe Gly Ile Glin Asn Arg Phe Ala Pro
165 170 175
Pro Leu val Asn Asp Pro Gly Ala Glu Trp Ile Tvr Gly Ala Gly Ile
180 185 190
Asp Trp Ala Gly Lys Leu val Glu Arg Ala Thr Gly Leu Asp Leu Gluy
195 200 205
GIn Tyr Leu Gln Glu Asn Ile Cys Ala Pro Leu Gly Ile Thr Asp Met
210 215 220
Thr Phe Lys teu GIn GIn Arg Pro Asp Met Leu Ala Arg Arg Ala Asp
225 230 235 240
Met Thr His Arg Ash Ser Ser Asp Gly Lys Leu Arg Tyr Asp Asp Ser
245 250 255
val Tyr Phe Arg Ala Asp Gly Glu Glu Cys Phe Gly Gly GIn Gly val
260 265 270
Phe Ser Ser Pro Gly Ser Tyr Met Lys val Leu His Ser Leu Leu Lys
275 280 285
Arg Asp Gly Leu Leu Leu GIn Pro Glu Thr val Asp Leu Met Phe GIn
290 295 300
Pro Ala Leu Glu Pro Arg Leu Glu Glu Gln Met Asn GIn His Met Asp
305 310 315 320
Ala Ser Pro HMis Ile Asn Tyr Gly Gly Pro Met Pro Met val Leu Arg
325 330 335
Arg Ser Phe Gly Leu Gly Gly Ile Ile Ata Leu Glu Asp Leu Asp Gly
340 345 350
Glu Asn Trp Arg Arg Lys Gly Ser Met Thr Phe Gly Gly Gly Pro Asn
355 360 365
Ile Ile Trp Gin Ile Asp Pro Lys Ala Gly Leu Cys Thr teu val phe
370 375 380
Phe GIn Leu Glu Pro Trp Asn Asp Pro val Cys Arg Asp Leu Thr Arg
385 390 395 400
Thr Phe Glu Lys Ala Ile Tyr Ala GlIn Tyr GlIn Gln Gly
405 410

Page 10



CX2-032

tggttctgat
ttattatggc
ctgtgegteg
tggcaagegce
tggtagactt
tggaaggcett
tacgccatct
gcgagtatgt
ttgcgecgec
gggcaggcaa
acatttgegc
tgctggecacg
atgacacggt
gcagtccagg
tgcadccagyg
aaatgaacca
tcectgegteg
actggcecgteg
acccgaaagc
tgtgtcgtga
aa

Asp Pro val

Gln TIle

ggaaacggct
gcgtgattgt
cgacgagrgc
tactaaatta
ggatgaaact
tgatgatgcece
gctgacacac
tgcccagggt
attagttaat
attagtggaa
gcegetggge
tcgtgecegac
gtattttcge
cagttacatg
gaccgtggat
gcatatggac
cagcttcgge
taaaggctcyg
gggtctgtgt
cctgactege

val
15
Pro

Leu

<210> 15

<211> 1242

<212> DNA

<213> Artificial Ssequence

<220>

<223> variant of lovD

<400> 15

atgggttcta tcattgatge ggctgtggec geggaccegg

ttccgtaaag cggtigaaag ccgecagatt ccgggtgcty

agcggltcgic tgaactacac tcgetgtttc ggcgcacgea

aatcaattac caccgctgca ggrggataca ccatgregtc

ctgaccacga ttatggcact gcagtgcatg gaacgcggec

gttgaccgcc tgctgccgga cctgagogeg atgocggtoc

ggcaacccge gtcetgecgega acgecgtggt aaaattacgt

accagcggtc tgtcgtacgt cttcctgcat ccgetgetge

catttgcagg gcgctgagaa gtttggcatt cagaatcgtit

gatccaggcg cggaatggat ttatggcget ggcatcgact

cgcgcaacyy gcttggacct ggaacagrac ttgcaggaga

atcactgata tgacgttcaa actgcagcag cgcccggata

atgacccacc gcaactccag cgatggtaaa ctgcgctatg

gttgacggtg aagagtgttt cgggggccag ggcgtgrtca

aaggttctge actctctget gaaacgtgac ggectgttge

ctgatgttcc agccggcget ggaaccgege tiggaagaac

gcgrcgeege acatcaacta tggeggtcca atgoctatgg

ctgggtggta tcattgcact ggaggatctg gatggtgaga

atgacgtttg gtggcggtcc aaacattatt tggcagattg

actttagtct ttttccagct ggaaccgtgg agtgacccgg

acctttgaga aagcgatcta tgcacagtat caacagggct

<210> 16

<211> 413

<212> PRT

<213> Artificial sequence

<220>

<223> variant of lovD

<400> 16

?et Gly ser Ile %Te Asp Ala Ala val ﬁéa Ala

Met Glu Thr gga rphe Arg Lys Ala val Glu Ser

25

Ala val gge Met Ala Arg Asp g%s Ser Gly Arg

Cys Ege Gly Ala Arg Thr g§1 Arg Arg Asp Glu

Pro Leu Gin val Asp Thr Pro Cys Arg Leu Ala

65 70 75

Ley Thr Thr Ile ggt Ala Leu GIn Cys ggt Glu

Leu Asp Glu Thr val Asp Arg Leu Leu Pro Asp
100 105

val Leu Giu Gly Phe Asp Asp Ala Gly Asnh Pro

1135 120
Arg Gly Lys Ile Thr Leu Arg His Leu Leu Thr
130 135

Ser Tyr val Phe Leu His Pro Leu Leu Arg Glu

145 150 155

His Leu Gln Gly Ala Glu Lys pPhe Gly Ile GlIn

165 170

Pro Leu val Asn Asp Pro Gly Ala Glu Trp Ile
180 185

Asp Trp Ala Gly Lys Leu val Glu Arg Ala Thr

195 200
GIn Tyr Leu Gin Glu Asn Ile Cys Ala Pro Leu

Abg
Ley
Cys
60

Ser
Arg
lL.eu
Arg
His
140
Tyr
Asn
Tyr
Gly
Gly

Page 11

Asn
45

ASh
Ala
Gly
Sep
Leu
125
Thr
val
Arg
Gly
Leu

205
Ile

30
Tyr

GlIn
Thr
l.ey
Ala
110
Arg
Ser
Ala
Phe
Ala
120
AsSp

Thr

Thr
Leu
LYs
va'l
95

Met
Glu
Gly
Gin
Ala
175
Gly
Leu

Asp

Gly
Arg
Pro
Leu
80

ASD
Pro
Arg
Leu
Gly
160
Pro
1le
Glu

Met

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1242



CX2-032

220
Ala

Arg
Gly
His
Asp
300
Asnh
Pro
Glu
Gly
Cys
380
Arg

Glin

Arg
Tyr
Gly
Ser
285
Leu
GlIn
Met
Asp
Gly
365
Thr
ASp

Gly

Arg
Asp
Gln
270
Leu
Met
His
val
Leu
350
Gly
Leu

Leuy

210 215
Thr Phe Lys Leu GIn Gln Arg Pro Asp Met Leu
225 230 235
Met Thr His Arg Asn Ser Ser Asp Gly Lys Leu
245 250
val Tyr Phe Arg val Asp Gly Glu Glu Cys Phe
260 265
Phe Ser Ser Pro Gly Ser Tyr Met Lys val Leu
275 280
Arg Asp Gly Leu Leu Leu Gin Pro Gly Thr val
290 295
Pro Ala Leu Glu Pro Arg Leu GIu Glu Gln Met
305 310 315
Ala Ser Pro His ITe Asn Tyr Gly Gly Pro Met
325 330
Arg Ser Phe Gly Leu Gly Gly Ile Ile Ala Leu
340 345
Glu Asn Trp Arg Arg Lys Gly Ser Met Thr Phe
355 360
ITe ITe Trp Gln Ile Asp Pro Lys Ala Gly Leu
370 375
Phe GIn Leu Glu Pro Trp Ser Asp Pro val Cys
385 390 395
Thr Phe Glu Lys Ala Ile Tyr Ala GIn Tyr Gln
405 410
<210> 17
<211> 1242
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of TovD
<400> 17
atgggttcta acattgatgl ggotgtggec gaggaccegg
ttccgtaaag cggttgaaag ctctcagatt cogggtgetg
agcggtcgte tgaactacac tcgetgtttc ggcgcacgea
aatcaattac caccgctgca ggtggataca ccatgtcgic
ctgaccacga ttatggcact gcagigcatg gaacgcggec
gttgaccgce tgetgccgga cctgagogeg atgoecgotge
ggcaacccge gtctgegcga acgecgtagt aaaattacgt
accagcggtc tgtcgtacgt cttcectgcat cegotgetge
catttgcagg gcgcectgagaa gtttggcatt cagaatcgtt
gatccaggeg cggaatggat tratggegct ggcatcgact
cgcgcaacgg gettggacct ggaacagtac ttgcaggaga
atcactgata tgacgttcaa actgcagcag cgcccggata
atgacccacc gcaactccag cgatggtaaa ctgcgctatg
catgacggtg aagagtgttt cgggggccag ggcegtgttca
aaggttctge actctctget gaaacgtgac ggectgttac
ctgatgttce agecggeget ggaaccgegt ttggaagaac
gecgtecgeege acatcaacta tggcggtcca argectatgg
ctgggtggta tcattgcact ggaggatctg gatggtgaga
atgacgtttyg gtggcggtcc aaacattatt tggcagattg
actttagtct tittccagct ggaaccgtgg agtgacccgg
acctttgaga aagcegatcta tgcacagtat caacagggcet
<210> 18
<211> 413
<212> PRT
<213> Artificial Sequence
<220>
<223> variant of lovb
<400> 18

tggttctgat
ttattatgge
crgtgegteg
tggcaagege
tggtagactt
tggaaggctt
tacgecatct
gcgagtatgt
ttgcgecgcee
gggcaggcaa
acatttgegce
tgctggeacy
atgacacggt
gcagtccagg
tgcagccagy
aaatgaacca
tecetgegteg
actggegteg
acccgaaagc
tgtgtcgtga
aa

Page 12

Ala Asp
240
Asp Thr
255
Gly val

Leu Lys

Phe G1n

Met Asp
320
Leu Arg
335
Asp Gly

Pro Asn

val phe

Thr Arg
400

ggaaacggct
gcgtgattgt
cgacgagtgc
tactaaatta
ggatgaaact
tgatgatgcc
gctgacacac
tgcccagggt
attagttaat
attagrggaa
gccgetgyge
tcgtygccgac
gtattrtcgc
cagttacatg
gaccgtggat
gcatatggac
cagcttcegge
taaaggctcg
gggtctgtgt
cctgactege

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1242



CX2-032
Met Gly Ser Asn Ile Asp Ala Ala val Ala Ala Asp Pro val val Leu

Met Glu Thr Ala Phe Arg Lys Ala val GIu Ser Ser GIn Ile Pro Gly
20 25 30
Ala val Ile Met Ala Arg Asp Cys Ser Gly Arg Leu Asn Tyr Thr Arg

Cys Phe Gly Ala Arg Thr val Arg Arg Asp Glu g%s Ash GIn lLeu Pro
50 55

Pro Leud Gln val Asp Thr Pro Cys Arg Leu Ala Ser Ala Thr Lys Leu

65 70 75 80

teu Thr Thr Ile Met Ala Leu GIn Cys Met Glu Arg Gly Leu val Asp

Leu Asp Glu Thr val Asp Arg Leu Leu Pro Asp Leu Ser Ala Met Pro
100 105 110
val Leu Glu Gly Phe Asp Asp Ala Gly Asn Pro Arg Leu Arg Glu Arg
115 120 125
Arg Gly Lys Tle Thr Leu Arg His Leu Leu Thr His Thr Ser Gly Leu
130 135 140
Ser Tyr val Phe teu His Pro Leu Leu Arg Glu Tyr val Ala GlIn Gly
145 150 155 160
His Leu Gin Gly Ala Glu Lys Phe Gly Ile GlIn Asn Arg Phe Ala Pro
165 170 175
pro Leu val Asn Asp Pro Gly Ala Glu Trp ITe Tyr Gly Ala Gly Ile
180 185 190
Asp Trp Ala Gly Lys Leu val Glu Arg Ala Thr Gly Leu Asp Leu Glu
195 200 205
GIn Tyr Leu GIn Glu Asn ITe Cys Ala Pro Leu Gly Ile Thr Asp Met
210 215 220
Thr Phe Lys Leu GIn GIn Arg Pro Asp Met Leu Ala Arg Arg Ala Asp
225 230 235 240
Met Thr His Arg Asn Ser Ser Asp Gly Lys Leu Arg Tyr Asp Asp Thr
245 250 255
val Tyr Phe Arg His Asp Gly Glu Glu Cys Phe Gly Gly Gin Gly val
260 265 ) 270
Phe sSer Ser Pro Gly Ser Tyr Met Lys val Leu His Ser Leu Leu Lys
275 280 285
Arg Asp Gly teu Leu Leu GIn Pro Gly Thr val Asp iLeu Met Phe GlIn
290 295 300
Pro Ala Leu Glu Pro Arg Leu Glu Glu GIn Met Asn Gin His Met Asp
305 310 315 320
Ala Ser Pro His Ile Asn Tyr Gly Gly Pro Met Pro Met val Leu Arg
325 330 335
Arg Ser Phe Gly Leu Gly Gly Ile Ile Ala Leu Glu Asp Leu Asp Gly
340 345 350
Glu Asn Trp Arg Arg Lys Gly Ser Met Thr Phe Gly Gly Gly Pro Asn
355 360 365
Ile I7e Trp GIn Ile Asp Pro Lys Ala Gly Leu Cys Thr Leu val Phe
370 375 380
Phe GIn Leu Glu Pro Trp Ser Asp Pro val Cys Arg Asp Leu Thr Arg
385 390 395 400
Thr Phe Glu Lys Ala Ile Tyr Ala GIn Tyr Gln GIn Gly
405 410

<210> 19

<211> 1242

<212> DNA

<213> Artificial sequence

<220>
<223> variant of lovD

<400> 19

atgggttcta acattgatgc ggetgtggee goggaccogg tggttcetgat ggaaacgget 60

ttccgtaaag cggttgaaag ctctcagatt ccgggtgctg ttttgatgge gegtgattgt 120

agcggtcgtc tgaactacac tegetgtitc ggogeacgca ctgtgegtcg cgacgagtge 180

aatcaattac caccgctgea ggtggataca ccatgtcgtc tggcaagcgce tactaaatta 240

ctgaccacga ttatggcact gcagtgcatg gaacgcggec tggtacgett ggatgaaact 300
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gttgaccgcec
ggcaacccgc
accagcggtc
catttgcagg
gatccaggeg
cgcgcaacgg
atcactgata
atgacccacc
catgacggtg
aaggttctgc
ctgatgticc
gcgtcgeege
ctgggtggta
atgacgtttyg
actttagtct
acctttgaga

<210>
<Z211>
<212>
<213>

<220>
<223> varia

<400> 20
Met Gly
1

Met

20
413
PRT

Ser

Glu Thr

Ala val Leu
35
Phe Gly
50

Leu

Cys
Pro GIn
65
Ley

Thr Thr

Leu Asp Glu
Glu
115

Lys

val Leu
Gly
130
Tyr

Arg
Ser va'l
145
His

Leu Gln

Pro Leu val
ala
195

Leu

Asp Trp

Gln Tyr
210
Thr phe
225

Met

Lys

Thr His

val Tyr Phe

Phe Ser
275

Gly

Ser

Arg Asp
290
Pro Ala
305

Ala

Leu

Ser Pro

tgetgeegga
gtctgcgega
tgtcgtacgt
gcgctgagaa
cggaatggat
gctrtggacct
tgacgttcaa
gcaactccag
aagagtgttt
actctctget
agccggeget
acatcaacta
tcattgcact
gtggcggtec
ttttecaget
aagcgatcta

nt of TovD

Asn
Ala pPhe
20
met Ala

Ala Arg

val Asp

ITe Met
85

Thr val
100
Gly phe

Ile Thr

phe Leu

Ile Asp
5

Arg
Arg
Thr
Thr
70
Ala
Asp
Asp
ey

His

cectgtgegey
acgcegtggt
cttcctgeat
gtttggcatt
ttatggcget
ggaacagtac
actgcagcag
cgatggtaaa
cgggggccag
gaaacgtgac
ggaaccgegt
tggcggteca
ggaggatctg
aaacattatt

ggaaccgtgg
tgcacagtat

Artificial Sequence

Ala Ala

Lys Ala

Asp Cys
40
val Arg
55
Pro Cys

Leu Gln

Arg Leu

Ala
120
His

Asp

Arg
135

Pro Leu

150

Ala
165
ASp

Gly

Asn
180
Gly Lys

Gln Glu

Leu Gin

Glu
Pro
Leu
Asn

Gin

Lys phe

Gly Ala
Glu
200
Cys

val

Ile
215

Arg Pro

230

Arg Asn
245
Arg His
260
Pro Gly

Leu Leu

Glu Pro

His Ile

Ser
Asp
Ser
Leu

Ar
310
Asn

Ser Asp

Gly Glu

Met
280
Pro

Tyr

Gln
295
g Lteu Glu

TYr Gly

CX2-032

atgceggtge
aaaattacgt
ccgetgetge
cagaatcgtt
ggcatcgact
ttgcaggaga
cgcccggata
ctgcgctatg
ggcgtgttca
ggcctgttge
ttggaagaac
atgcctatgg
gatggtgaga
tggcagattg
agitgacccgg
caacagggct

Ala Ala
10

Glu

val

val
25
ser

Ser

Gly Arg

Arg Asp Glu

Arg Leu Ala

Met Glu
90
Pro

Cys

Leu
105
Gly

ASp

Asn Pro

Leu Leu Thr
Giu
155

Gln

Leu Arg

Ile
170
Trp

Gly
Glu ITe
185
Arg

Ala Thr

Ala Pro Leu

Met Leu
235

Leu

ASp

Gly Lys

250

Glu cys Phe

265

Lys val Leu

Gly Thr val

Glu GIn Met

315
Met

Gly Pro

tggaaggctt
tacgccatct
gcgagtatgt
ttgcgeegec
gggcaggcaa
acatttgecge
tgctggeacyg
atgacacggt
gcagtccagg
tgcagccagg
aaatgaacca
tcatgegteg
actggegteg
acccgaaagce
tgtgtcgtga
aa

Asp Pro val

Ser Gln Ile

30

Leu Asn Tyr

45
Cys Asn Gln
60
Ser

Ala Thr

Arg Gly Leu
Ala
110

Arg

Leu Cys

Leu
125
Thr

Arg

His
140
Tyr

Ser

val Ala

Asn Arg Phe
Ala
190

Asp

Tyr Gly
Leu
205
Ile

Gly
Gly Thr
220
Ala

Arg Arg

Arg Tyr Asp
Gin
270

Leu

Gly Gly

His Ser
285
Asp Leu
300
Asn

Met

Gln His

Pro Met val

Page 14

tgatgatgcec
gctgacacac
tgcccagggt
attagttaat
attagtggaa
gcegetggge
tcgtgecgac
gtattttcgc
cagttacatg
gaccgtggat
gcatatggac
cagcttcggce
taaaggctcg
gggtctgtgt
cctgactege

val
15
Pro

Leu
Gly
Thr Arg
Leu Pro
Leu

80
Arg

LYyS

val
a5
Met Pro

Glu Arg

Gly Leu

Gin Gly
160
Ala Pro
175
Gly Ile

Leu Glu

ASp Met

Ala Asp
240
Asp Thr
255
Gly val

Leu Lys

Phe Gln

Met Asp
320

Met Arg

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1242



Arg
Glu
ile
Phe

385
Thr

Ser
AsSh
Itle
370
Glin

Phe

Phe
Trp
355
Tr‘p
Leu

Glu

Gly
340
Arg
Gln
Glu

Lys

325
Leu

Arg
Ile
Pro

Ala
405

Gly Gly
Lys Gly

Asp Pro
375

Trp Ser

390

Ile Tyr

Ile
Ser
360
LYS
Asp

Ala

Ile
345
Met
Ala
Pro

Gln

Cx2-032
330
Ala Leu

Thr Phe
Gly Leu
val Cys

395

Tyr Gln
410
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Glu
Gly
Cys
380
Arg

GlIn

Asp
Gly
365
Thr
AsD

Gly

335
Leu Asp Gly
350
Gly Pro Asn

teu val Phe

teu Thr Arg
400



