<110>
<111>
<112>
<113>
<114>
<115>
<116>
<11i7>

<120>
<130>

Yeo,

Teo,

<141>
<160> 20

<210> 1

<211> 1242
<212> DNA
<213>

<220>
<223

Codon

<400> 1

atgggttcta
ttccgtaaayg
agtggtaacc
aatcaattac
ctgaccacga
gttgaccgcc
ggcaacgecec
accagcggte
catttgcaga
gatccaggcyg
cgcgcaacgg
atcactgata
cagacccacc
gcggacggtg
aaggttctge
ctgatgttcc
gegregeegc
ctgggtggta
ctgacgttig
actttagcct
acctttgage

<210> 2
<211> 413
<212> PRT

Gilson,
collier,
Sukumaran,

Lynne
Steven
Joly
wan Lin

Alvizo, Oscar

Ee Ling

09-24

optimized

tcattgatgce
cggtrtaaaag
tgaactacac
caccgctgca
ttatggcact
tgctgccgga
gtctgegega
tgtcgtacgt
gcgctgagaa
cggaatggat
gcttggacct
tgacgttcaa
gcaactcege
aagagtgttt
actctctget
agccggeget
acatcaacta
tcattgcact
gtggcggtcc
tittccagct
acgcgatcta

SEQUENCE

James

wilson, Rebert John
Xu Junye

Artificial sequence

CX2.022wo_sL

LISTING

variant tovD pPolypeptides and Their Uses
376247-043us (105191) {Cx2-022}
2010-

aspergillus terreus TovD

ggctgeggec
ccgecagatt
tegetgtite
ggtggataca
gcagtgcatg
cctgagcgeg
acgcegtggt
cttectgeat
gtttggcatt
ttatggcgct
ggaacagtac
actgcagcag
ggatggtcgt
Cggagaccag
gaaacgtgac
ggaaccgcge
tggcggtreca
ggaggatctyg
aaacattgtt

ggaaccgtgg
tgcacagtat

<213> artificial Sequence

<220>

gcggaccegg
ccgggtgetg
ggcgcacgca
ccatgtcgtc
gaacgcggcc
atgccggtge
aaaattacgt
ccgctgetge
cagtctcgtc
aatctggact
tigcaggaga
cgtccggata
ctgcgctatyg
ggcgtgttca
ggccigttge
ttggaagaac
atgcctatygg
gatggtgaga
tggcagattg
aacgacccgg

tggttctgat
ttattatggce
crgtgegteyg
tggcaagcgc
tggtagactt
tggaaggctt
tacgecatet
gcgagtatat
tggcgeegec
gggcaggceaa
acatttgcge
tgctggcacg
atgactctgt
gcggtccagg
tgcagccaca
aaargaacca
tecctgegteg
actygcgtcy
acccgaaage
tgtgtcgtga

caacagggct aa

<223> Codon optimized Aspergillus terreus lovp

<400> 2
1

Met Glu Thr gga Phe Arg Lys Ala ga? Lys Ser Arg
Ala val ITe Met Ala Arg Asp Cys Ser Gly Asn Leu
40

35
Cys Phe Gly Ala Arg Thr val Arg Arg Asp Glu Cys
50 55 60

Met Gly Ser Ile Ile Asp Ala Ala Ala Ala Ala Asp
5

10

Page 1

ggaaacggcet
gcgtgattgr
cgacgagtgc
tactaaatta
ggatgaaact
tgatgatgcc
gctgacacac
ggcecagggt
agctgrttaat
attagtggaa
gcegetgggc
tcgtgccgac
gtattttege
cagttacatg
aaccgtggat
gcatatggac
cagcttcggce
taaaggcicyg
gggtctgrgt
cctgactcge

Pro val val Leu

15

Gin Ile Pro Gly
30 .
Asn Tyr Thr Arg
5

Asn GIn Leu Pro

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



Pro Ley Gln

63
Leu

Thr Thr

Leu Asp Glu
Glu
115

LyS

val Leu
Gly
130
Tyr

Arg
Ser val
145
His

Leu Glin

Pro Ala val
Ala
195

Leu

Asp Trp

GIn Tyr
210
Thr Phe
225

Gin

Lys

Thr His

val Tyr Phe

Phe Ser Gly

275

Arg Asp Gly
290

Pro Ala
305

Ala

l.ey

Ser Pro

Arg Ser Phe

Glu Asn Trp
355
val Trp
370

Gln

Ile

Phe
385
Thr

Leu

rhe Glu

<210> 3
<211> 1242
<212> DNA

val Asp

Ile Met

Thr val
100
Gly phe

Ile Thr

Phe Leu

Thr
70

Ala
Asp
Asp
L.eu

His

Pro Cys

Leu GIn

Arg Leu
Ala
120
His

Asp

Arg
135

Pro Leu

150

Ala
165
Asp

Ser

Asn
180
Gly Lys

Gln Glu

Leu GIn

Glu
Pro
Leu
Asn

Gln

Lys Phe

Gly Ala

Glu
200
Cys

val

Ile
215

Arg Pro

230

ASnh
245
Ala

Arg

Arg
260
Pro Gly

Leu Leu

Glu Pro

Ser
Asp
Ser
Leu

Arg

Ala Asp

Gly Glu
Met
280
Pro

Tyr

Gin
295

Leu Glu

310

Ile
325
Leu

His

Gly
346
Arg Arg

Gin 1le

Glu Pro

Asn
Gly
Lys
Asp

Trp

Tyr Gly

Gly I'le

Ser
360
LYS

Gly

Pro
375

ASn ASp

390

His Ala

405

rle

Tyr Ala

<213> Artificial sequence

<220>
<223> varia

<400> 3

atgggttcta
ttccgtaaayg
agtggtaacc
aatcaattac
ctgaccacga
gttgaccgec
ggcaacgccc
accageggtc
catttgcaga
gatccaggcy
cgcgeaacgg
atcactgata
cagacccacc

nt of TovD

tcattgatge
cggttaaaag
tgaactacac
caccgctgea
ttatggeact
tgctgeegga
gtctgcgcga
tgtcgtacgt
gcgctgagaa
cggaatggat
gcttggacct
tgacgttcaa
gcaacteege

ggctgeggec
ccgecagatt
tcgetgtttc
ggtggataca
gcagtgcatg
cctgagegeg
acgccgtogt
cttcctgeat
gtttggeatt
ttatggcget
ggaacagtac
actgcagcag
ggatggtegt

CX2_022wo_sL

Ala
75
Glu

Arg Leu
Met
Q0
Pro

Cys

Leu
105
Gly

ASp

Asn Ala

Leu Leu Thr
Glu
155

Gln

Leu Arg

Ile
170
Trp

Gly
Glu Ile
185
Arg

Ala Thr

Ala Pro Leu

Met Leu
235

ley

Asp

Gly Arg

250
Cys

Glu Phe

265
Lys

val Leu

Gln Thr vail

Glu Gln Met

315

Gly Pro Met
330

ITe Ala

345

Leu

Leu

Thr Phe

Ala Gly Leu

Pro val

Cys
395

Gln Tyr &Gln

410

gcggacccgg
ccgggtgetg
ggcgcacgcea
ccatgtegtce
gaacgcggec
atgceggtge
aaaattacgt
ccgetgetge
cagtctcgtc
aatctggact
ttgcaggaga
cgtccggata
ctgcgctatg

page 2

Ser Ala

Arg Gly

Leu Ser

Thr
Ley

Ala

Leu
80
Asp

LYS

val
95

Met Pro

110

Leu
125
Thr

Arg
His
140

Tyr Met

Ser Arg

Tyr Gly

Arg
ser
Ala
Leu

ala

Glu Arg

Gly Leu

Gin Gly
160
Ala Pro
175

Asn Leu

190

Gly Leu
205
Gly Ile
220
Ala Arg

Arg Tyr

Gly Gly

ASD
Thr
Arg
ASp

Gin

Leu Glu

Asp Met

Ala Asp
240
ASp Ser
255

Gly val

270

Ser
285
lLeu

His

Asp
300
Asn Gln

Pro Met

Glu Asp

Leu
Met
His
val

Leu

Leu Lys

Phe G1n

Met Asp
320
Leu Arg
335

Asp Gly

350

Gly Gly
365
Cys Thr
380
Arg Asp

GIn Gly

tggttctgat
ttattatoggc
ctgtgegteg
tggcaagege
tggtagactt
tggaaggctt
tacgccatct
gcgagtatat
tggcgeegec
gggcaggcaa
acatttgege
tgctggeacy
atgactctgt

Gly
Leu

Leu

Pro Asn

Ala Phe

Thr Arg
400

ggaaacggcet
gcgtgattgt
cgacgagtgce
tactaaatta
ggatgaaact
tgatgatgcc
gctgacacac
ggcccagggt
agctgttaat
attagtggaa
gecgetggge
tcgtgccgac
gtattttcgc

60

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



gcggacggty
aaggttctgce
ctgatgttcc
gegtegeege
ctgggtggta
atgacgittg
actttagect
acctttgage

4
413
PRT

<Z210>
<211>
<212>
<213>

<220>
<223> varia
<400> 4
Met Gly Ser

Glu Thr

Ile
35
Gly

val

Phe
50
Leu Gin

Thr Thr

Asp Glu
Glu
115
Lys

Leu

Gly
130
Tyr val

Leu GlIn

Ala val

Ala
195
Ley

Trp

Tyr
210
Thr Phe
225

Gln

LysS
Thr

val Tyr Phe

Phe ser Gly

275

Arg Asp Gly
290

Pro Ala
305

Ala

Leu

Ser Pro

Arg Ser Phe

Glu Asn Trp
355
val Trp
370

Gin

Ile

Phe Leu

aagagtgttt
actctetyget
agecggeget
acatcaacta
tcattgcact
gtggcggrec
ttttccaget
acgcgatcta

nt of lovD

Ile
5
Phe

Ile

Ala
20
Met Ala

Ala Arg

val Asp

Ile Met
85
Thr val
100
Gly pPhe

Ile Thr

Phe Leu

Asp
Arg
Arg
Thr
Thr
70

Ala
Asp
Asp
Leu

His

cgggggecag
gaaacgtgac
ggaaccgege
tggeggteca
ggaggatctg
aaacattgtt

ggaaccgtgg
tgcacagtat

artificial Seguence

Leuy
Ala
120
g His

Leu

150

Ala
165
ASD

Ser

Asn
180
Gly Lys

GIin Glu

Leu GIn

Glu
Pro
Leu
Asn

Gin

Phe
Ala
Glu

200
Cys

val

Ile
215

Arg Pro

230

Arg Asn
245
Arg Ala
260

Pro Gly

Leu Leu

Glu Pro

ser
Asp
Ser
Leu

Arg

Ala Asp

Gly Glu
Mat
280
Pro

Tyr

GlIn
295

Leu Glu

310

ITle
325
Leu

His

Gly
340
Arg Arg

Gin Ile

Glu Pro

Asn
Gly
Lys
Asp
Trp

Tyr Gly

Gly Ile

Ser
360
Lys

Gly

Pro
375

Asn Asp

CX2_022wW0_5L

ggcgtgttca
ggcctgttge
ttggaagaac
atgcctatgg
gatggtgaga
tggcagattg
aacgacccgg
caacagggct

Ala Ala aAla

val ser
ser Asn
n Glu
Ala
Met Glu
Pro Asp
Asn Ala

l.eu Leu Thr
Glu
155

Gln

Leu Arg
Ile
170
Trp

Gly
Glu ITe
185
Arg

Ala Thr

Ata Pro Leu

Met Leu
235

Leu

ASp

Gly Arg

250
Cys

Glu Phe

265
Lys

val Leu

GIn Thr val

Glu Gln Met
315

Gly Pro Met
330

ITe Ala

345

Met

Leu

Thr Phe

Ala Gly Leu

Pro val Cys

Page 3

gcggtccagg
tgcagccaca

aaatgaacca
tcectgegteg
actggegtcg
acccgaaage
tgtgtcgtga
aa

Asp Pro val
Ile
- 30

TYnr

Arg G1In
Ash
45

Asn

Leu

Ccys Gln

Ser Ala Thr

Arg Gly Leu
Ala
110

Arg

Leu Ser
Leu
125
Thr

Arg

His
140
Tyr

Ser

Met Ala

Ser Arg Leu
Ala
190

ASp

Tyr Gly

Gly Leu
205
Gly 1tle thr
220
Ala

Arg Arg

Arg Tyr Asp
GIn
270

Leu

Gly Gly

Ser
285
Ley

His
Asp Met
300
Ash

Gln His

Pro Met val

Glu Leu
350

Gly

Asp

Gly
365
Thr

Gly

Cys Leu

380
Arg

Asp Leu

cagttacatg
aaccgtggat
gcatatggac
cagettegge
taaaggctcg
gggrctgtge
cctgactege

val
15
Pro

Leu
Gly
Thr Arg
Leu Pro
Leu

80
ASp

Lys

val
g5
Met Pro

Glu Arg

Gly Leu

Gin Gly
160
Ala Pro
175
Asn Leu

Leu Glu

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

840
900
960
1020
1080
1140
1200
1242



385

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

<220>
<223> varia

<400> 5

atgggttcta
ttccgtaaag
agtggtaacc
aatcaattac
ctgaccacga
gttgacecgee
ggcaacccgc
accagcggtc
catttgcaga
gatccaggcg
cgcgcaacgg
atcactgata
cagacccacc
gcggacgotg
aaggttctge
ctgatgricc
gcgtcgecge
ctgggtggta
atgacgtttg
actttagect
acctttgage

5
1242
DNA

<210> 6

<Z211> 413
<212> PRT
<213>

<220>
<223>

<400>
Met
1

Met

varia

6
Gly ser

Glu Thr
Ile
35

Gly

Ala val

Phe
30
Leu

Cys

Fro
65
Leu

Glin

Thr Thr

Leu Asp Glu
Glu
115

Lys

val Leu

Arg Gly

130
Tyr

Ser val

145
His Leu Gln

3580
Thr phe Glu His Ala Ile Tyr Ata GIn Tyr GIn GIn Gly

405

nt of TovD

tcattgatge
cggttaaaag
tgaactacac
caccgctgca
ttatggcact
tgctgeegga
gtctgegega
tgtcgtacgt
gcgctgagaa
cggaatggat
gcttggacct
tgacgttcaa
gcaactccag
aagagtgrtt
actctctget
agcecggeget
acatrcaacta
tcattgcact
gtggcggtcc
ttttccaget
acgcegatcta

nt of lovp

Ile
5
Phe

Ile

Ala
20
Met Ala

Ala Arg

val Asp

Asp
Arg
Arg
Thr
Thr

Artificial Sequence

ggctgcggec
ccgecagatt
tcgetgtttc
ggtggataca
gcagtgeatg
cectgagegeg
acgcegtgot
cttecctgeat
gtttggcatt
ttatggcgcet
ggaacagtac
actgcageag
cgatggtcgt
cgggggecag
gaaacgtgac
ggaaccgcegce
tggcggteca
ggaggatcilg
aaacatigrt

ggaaccgtgg
tgcacagtat

Aartificial Sequence

Ala Ala

Lys Ala

Asp Cys
40
val Arg
55

Pro Cys

70

ITe Met
85
Thr val
100
Gly Phe

Ile Thr

Phe Leu

Ala
Asp
ASD
Leu

His

Leu Gin

Arg Leu
Ala
120
His

ASD

Arg
135

Pro Leu

i50

Ala
165

Ser

Glu

Lys prhe

CX2_022wo_St

395
410

gcggacccgg
ccgggtgetg
ggcgeacgea
ccatgtegtc
gaacgcggec
atgeceggtge
aaaattacgt
ccgetgetge
cagtctcgtt
tctctggact
ttgcaggaga
cgtccggata
ctgcgctatyg
ggcgtgttca
ggeetgttge
ttggaagaac
atgeetratgg
gatggtgaga
tggcagattg
aacgacccgg
caacagggct

Ala Ala
10

Lys

A1a
val

25
ser

Ser

Gly Asn

Arg Asp Glu
Ala
75

Glu

Arg Leu

Met
90
Pro

cys

Leu
105
Gly

ASp

Ash Pro

Leu Leu Thr
Glu
155

Gin

Leu Arg

Ile
170

Gly

page 4

tggttctgat
ttattatgge
crgtgcgtcg
tggcaagcege
tggtagactt
tggaaggctt
tacgccatct
gcgagtatat
ttgcgeegee
gggcaggcaa
acatttgcge
tgctggoacg
atgactctgt
gcggtccagg
tgcagccaca
aaatgaacca
tectgegteg
actggegteg
acccgaaage
tgtgtcgtga
ad

Asp Pro val
1Te
30

Tyr

Arg Gln

Leu Asn
45
Cys Ash Glin
60
Ser

Ala Thr

Arg Gly Leu
Ala
110

Arg

Leu Ser

Ley
125
Thr

Arg

His
140
Tyt"

ser

Met Ala

Ser Arg Phe

400

ggaaacggct
gcgtgattgt
cgacgagtgc
tactaaatta
ggatgaaact
tgatgatgcc
gctgacacac
ggcccagggt
attagttaat
attagtggaa
gcegetggge
tcgtgccgac
gtattttcge
cagttacatg
aaccgtggat
gcatatggac
cagcttegge
taaaggctcyg
gggrctgrgt
cctgactege

val
15
Pro

Leu
Gly
Thr Arg
Leu Pro
Leu

80
Asp

Lys

val
95
Met Pro

Glu Arg

Gly Leu

Gln Gly
160
Ala Pro

175

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



CX2_022W0_SL

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 ITe Cys Ala Pro Leu
210 215
Thr Phe Lys Leu GIn Gln Arg Pro Asp Met Leuy
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 Gln Pro GIn Thr val
290 295
Pro Ala Leu Glu Pro Arg Leu Glu Glu GIn Met
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
ITe val Trp Gin Ile Asp Pro Lys Ala Gly Leu
370 375
Phe GIn Leu Glu Pro Trp Asn Asp Pro val Cys
385 396 395
Thr pPhe Glu His Ala ITe Tyr Ala GIn Tyr GIn
405 410
<210> 7
<211> 1242
<212> DNA
<213> artificial sequence
<220>
<223> variant of Tovb
<400> 7
atgggttcta tcattgatgc ggctgoggec goggaccoogy
ttccgtaaag cgygttaaaag ccgccagatt ccggytgetyg
agtggtaacc tgaactacac tcgctgittc ggcgcacgcea
aatcaattac caccgctgca ggtggataca ccatgtcegtce
ctgaccacga ttatggcact gcagtgcatg gaacgeggece
gttgaccgcc tgetgecgga cctgagegeg atgeeggtyce
ggcaacccge gtctgecgega acgccgtggt aaaattacgt
accagcggtc tgtcgracgt cttectgcat ccgetgetge
catttgcaga gcgctgagaa gtttggcatt cagtctegit
gatccaggcg cggaatggat ttatggegct tctctggact
cgcgecaacgg gettggacct ggaacagtac ttgcaggaga
atcactgata tgacgttcaa actgcagcag cgtccggata
cagacccace gcaactccag cgatggtcgt ctgegetatg
gcggacggtyg aagagtgttt cgggggccag ggcgtgttca
aaggrtctgc actctctgct gaaacgtgac ggectgttge
ctgatgttcc agccggeget ggaaccgege ttggaagaac
gcgtcgeocge acatcaacta tggeggtcca atgectatgg
ctgggtggta tcattgcact ggaggatctg gatggtgaga
argacgtttg gtggcggtcc aaacattgtt tggcagattg
actttagect ttttccaget ggaaccgtgg aacgaccogy
acctttgagc acgcgatcta tgcacagtat caacaggget
<210> 8
<211> 413
<212> PRT
<213> Artificial sequence

Page 5

Ala
190
ASD

Gly

Ley
205
Ile

Tyr
Gly
Gly Thr
220
Ala

Arg Arg

Arg Tyr Asp
Gin

270

Gly Gly

His Ser

285

Asp Leu Met

300
Asn Gln His

Pro Met val

Glu Ley
350
Gly

ASP
Gly Gly
365
Cys Thr Leu
380
Arg

Asp Leu

Gin Gly

tggttctgat
ttattatgge
ctgtgcgtcg
tggcaagegce
tggtagactt
tggaaggctt
tacgccatct
gcgagtatat
ttgcgecgec
gggcaggcaa
acatttgege
tgctggeacy
atgactctgt
gcagtccagg
tgcagcecaca
aaatgaacca
tcctgegteg
actggecgtceg
acccgaaagce
tgtgtcgtga
aa

Ley

Ser
l.eu
Asp
Ala
Asp
255
Gly
Leu
Phe
Met
Leu
335
Asp
Pro
Ala

Thr

Leu
Glu
Met
Asp
240
Ser
val
Lys
Gin
ASp
320
Arg
Gly
Asn
Phe

Arg
400

ggaaacggct
gcgtgattgt
cgacgagtygc
tactaaatta
ggatgaaact
tgatgatgcc
gctgacacac
ggcccagggt
attagttaat
attagtggaa
geegetggge
tcgtgccgac
grattrtcgc
cagttacatg
aaccgtggat
gcatatggac
cagettegge
taaaggctcyg
gggtctgtgt
ccrgactcge

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



<220>
<223> variant of lovD

<400 8

Met
i
Met
Ala
Cys
Pro
65
Leu
Leu
val
Arg
Ser
145
His
Pro
ASp
Gln
Thr
225
Gln
val
Phe
Arg
Pro
305
Ala
Arg
Glu
Ile
Phe

385
Thr

Gly
Glu
val
Phe
50

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

Phe

<210> 9

<211>
<212>
<213>

<220>
<223> variant of TovD

<400> 9

ser
Thr
Ile
35

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

Glu

1242
DNA
Artificial Seguence

Ile
Ala
20

Met
Ala
val
Ile
Thr
100
Gly
Tle
Phe
ser
Asn
180
Gly
Gln
Leu
Arg
Arg
260
Pro
Leu
clu
His
Gly
340
Arg
Gln

Glu

Ile
5
rhe
Ala
Arg
Asp
Met
85
val
Phe
Thr
Lau
Ala
165
Asp
LYS
Glu
Gin
Asn
245
Ala
Gly
Leu
Pro
Ile
325
Leu
Arg
Tie
Pro

Ala
405

Asp
Arg
Arg
Thr
Thr
70

Ala
Asp
AsSp
Leu
His
150
Glu
Pro
Leu
Asn
GIn
230
Ser
Asp
ser
ey
Ar

310
Asn
Gly
LYS
Asp
Trp

380
Ile

Ala
Lys
Asp
val
55

Pro
Leu
Arg
ASp
Arg

135
Pro

Gly
val
Ile
215
Arg
Ser
Gly
Tyr

Gln
295

g Leu

Tyr
Gly
Gly
Pro
375
Asn

Tyr

Ala
Ala
Cys
40

Arg
Cys
Glin
Leu
Ala
120
His
Leu
Phe
Ala
Glu
200
Cys
Pro
ASD
Glu
Met
280
Pro
Giu
Gly
Ite
ser
360
Lys
Asp

Ala

CX2_022wWo_SL

Ala
val
25

Ser
Arg
Arg
Cys
iL.eu
105
Gly
Ley
Ley
Gly
Glu
185
Arg
Ala
Asp
Gly
Glu
265
Lys
Gln
Ghu
Gly
Ile
345
Met
Ala
Pro

Gin

Ala
10

Lys
Gly
Asp
Leu
Met
90

Pro
Asn
Leu
Arg
Ile
170
Trp
Ala
Fro
Met
Arg

250
Cys

val
Thr
Gln
Pro
330
Ala
Thr
Gly
val

Tyr
410

Page 6

Ala
sSer
Asn
Glu
Ala
75

Glu
AsSp
Pro
Thr
Glu
155
GIn
Ile
Thr
Leu
Leu
235
l.eu
Phe
Leu
val
Met
315
Met
Leu
Phe
Leu
Cys

395
Gin

ASp
Arg
Leu
Cys
60

Ser
Arg
Leu
Arg
His
140
Tyr
ser
Tyr
Gly
Gly
220
Ala
Arg
Gly
His
Asp
300
Asn
Pro
Glu
Gly
Cys
380
Arg
GIn

Pro
Gln
Asn
45

AsSn
Ala
Gly
Ser
Leu
125
Thr

Met

Gly
Leu
205
ile
Arg
Tyr
Gly
Ser
285
Leu
GIn
Met
ASp
Gly
365
Thr
Asp

Gly

val
Ile
30

Tyr
Glin
Thr
Leu
Ala
110
Arg
Ser

Ala

g Phe

Ala
190
ASD
Thr
Arg
ASD
Gin
270
Leu
Met
His
val
Leu
350
Gly
Leu

Leu

val
15

Pro
Thr
Leu
LysS
val
95

Met
Giu
Gly
Gln
Ala
175
Ser
Leu
Asp
Ala
ASp
255
Gly
l.eu
Phe
Met
Leu
335
Asp
Pro
Ala

Thr

Leu
Gly
Arg
Pro
Leu
80

ASD
Pro
Arg
l.eu
Gly
160
Pro
Leu
Glu
Met
Asp
240
ser
val
Lys
GlIn
ASp
320
Arg
Gly
Asn
Phe

Arg
400



atgggttcta
ttccgtaaag
agtggtaacc
aatcaattac
ctgaccacga
gttgaccgcec
ggcaaccege
accageggtce
catttgcaga
gatccaggcyg
cgcgeaacgy
atcactgata
cagacccacc
gcggacggtg
aaggttctgce
ctgatgttce
gcgtcgecge
ctgggtggta
atgacgrttg
actttagecct
acctttgage

<210>
<211>

<213>

<220>
<223>

10
413
PRT

<400> 10

tcattgatge
cggttaaaag
tgaactacac
caccgctrgca
ttatggcact
tgctgcegga
gtctgcgcega
tgtcgtacgt
gcgctgagaa
cggaatggat
gcttggacct
tgacgttcaa
gcaactccag
aagagtgttt
actctctgct
agceggeget
acatcaacta
tcattgcact
gtggeggtcc
ttttccaget
acgcgatcta

variant of fovD

ggctgeggee
ccgecagatt
tecgetgtttc
ggtggataca
gcagrgceatg
cctgagegeg
acgcegtggt
cttcctgeat
gtttggcatt
ttatggeget
ggaacagtac
actgcagcag
cgatggtcgt
cgggggccag
gaaacgtgac
dgaaccgcge
tggcggtcca

ggaggatcryg
aaacattgtt

ggaaccgtygg
tgcacagtat

Artificial Seguence

CX2_022w0o_sL

gcggacccgg
ccgggtgetg
gacgcacgca
ccatgtegte
gaacgcggec
atgccggtge
aaaattacgt
ccgetgetge
Cagaatcgtt
tctctggact
ttgcaggaga
cgtceggata
ctgcgetaty
ggcgtgrttca
ggcctgttge
ttggaagaac
atgcctatgy
gatggtgaga
tggcagattg
aacgaceccyy
caacagggct

tggttctgat
ttattatggce
ctgtgcgtcg
tggcaagegce
tggtagactt
tggaaggett
tacgccatcet
gcgagtatgt
ttgcgecgcec
gggcaggcaa
acatttgcgc
tgctggcacyg
atgactctgr
gcagtccagyg
tgcagccaca
aaatgaacca
tcctgegteg
actggcgtcg
acccgaaagc
tgtgtcgtga
aa

Met
1
Met
Ala
Cys
Pro
65
ey
Leu
va'l
Arg
Ser
145
His
Pro
Asp
Gln
Thr
225
Gin
val

Phe

Gly
Glu
val
Phe

50
Leu

Thr
TVr

Ser

ser
Thr
Ile
35

Gly
Gln
Thr
Glu
Glu
115
Lys
val
Gln
val
Ala
195
Leu
Lys
His
Phe

ser
275

Ile
Ala
20

Met
Ala
val
ITle
Thr
100
Gly
Ile
Phe
Ser
Asn
180
Gly
Gln
Leu
Arg
Arg

260
Pro

Ile
5
Phe
Ala
Arg
Asp
Met
85
val
Phe
Thr
Leu
Ala
165
Asp
LYsS
Glu
Gln
Asn
245
Ala

Gly

Asp
Arg
Arg
Thr
Thr
70

Ala
Asp
ASp
Leu
His
150
Glu
Pro
Leu
ASh
Gin
230
Ser
ASp

Ser

Ala
Lys
Asp
val
55

Pro
Leu
Arg
Asp
Arg
135
Pro
LyS
Gly
val
Ile
215
Arg
Ser
Gly

Tyr

Ala
Ala
Ccys
40

Arg
Cys
Gin
Leu
Ala
120
His
Leu
rhe
Ala
Glu
200
Cys
Pro
Asp
Glu

Met
280

Ala
val
25

Ser
Arg
Arg
Cys
Leu
105
Gly
Leu
Leu
Gly
Glu
185
Arg
Ala
Asp
Gly

Glu
265

Lys

Ala
10

Lys
Gly
Asp
Leu
Met
90

Pro
AsSn
Leu
Arg
Ile
170
Trp
Ala
Pro
Met
Ar

250
Cys

val

Page 7

Alla
Ser
Asn
Glu
Ala
Glu
ASp
Pro
Thr
Glu
155
Gin
ITe
Thr

Leu

Leu
235

g Leu

Phe

Leu

Asp
Arg
i.eu
Cys
60

Ser
Arg
Leu
Arg
His
140
Tyr
Asn
Tyr
Gly
Gly
220
Ala
Arg
Gly

His

Pro
Gln
Asn
45

Asn
Ala
Gly
Ser
Leu
125
Thr
val
Arg
Gly
Leyu
205
Ile
Arg
TYFP
Gly

Ser
285

val
Ile
30

Tyt
Gln
Thr
Leu
Ala
110
Arg
Ser
Ala
phe
Ala
190
Asp
Thr
Arg
Asp
Gln

270
Leu

ggaaacggct
gcgtgattgr
cgacgagtgce
tactaaatta
ggatgaaact
tgatgatgec
gctgacacac
tgcccagggt
attagttaat
attagtggaa
gcegetgggc
tcgtgecgac
gtartttcgce
cagttacatg
aaccgtggat
gcatatggac
cagecttegge
taaaggetceg
gggtctgtgt
cctgactcge

val
15
Pro

Leu
Gly
Thr Arg
Leu Pro
Leu

80
ASp

LyS
val

Met Pro

Glu Arg

Gly Leu

GIn Gly
160
Ala Pro
175
Ser Leu

Lau Glu

Asp Met

Ala Asp
240
Asp Ser
255

Gly val

Leu Lys

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



Arg AsSp Gly
290

Pro Ala

305

Ala

Leu

Ser Pro

Arg Ser Phe

Glu Asn Trp

355

Ile val Trp
370

Phe Gln

385

Thr

Leu

Phe Glu

<210> 11
<211> 1242
<212> DNA

Leu Leu

Glu Pro

Leu

Arg

Glin
295
Leuy

Pro

Glu

310

I'te
325
Leu

His
Gly
340

Arg Arg

Gin Ile

Glu Pro

Asn
Gly
Lys
AsSp

Trp

Tyr Gly

Gly Ile
Ser
360
LYS

Gly

Pro
375

Asn Asp

3390

Ala
405

His

Ile

Tyr Ala

<213> Artificial sequence

<220>
<223> varia

<400> 11

atgggttcta
ttcecgtaaag
agtggtaacc
aatcaattac
ctgaccacga
gttgaccgcc
ggcaacccygc
accageggrc
catttgcaga
gatccaggcy
cgcgcaacgg
atcactgata
cagacccace
gcggacggtyg
aaggttctge
ctgatgtice
gcgicgeoge
ctgggtggta
atgacgttty
actttagtct
acctttgagc

<210> 12
<Z211> 413
<212> PRT

nt of lovD

tcatigatgc
cggttgaaag
tgaactacac
caccgctgea
ttatggcact
tgctgccgga
gtctgegega
tgtcgtacgt
gcgctgagaa
cggaatggat
gcttggacct
tgacgttcaa
gcaactccag
aagagtgrit
actctctget
agceggeget
acatcaacta
tcattgcact
gtggcggtec
trttccaget
acgcgatcta

ggctgtggec
ccgccagatt
tegotgtitc
ggtggataca
gcagtgcatg
cctgagegeg
acgeccgtggt
cttcctgeat
gtttggcatt
ttatggcgct
ggaacagtac
actgcageag
cgatggtaaa
€gggggccag
gaaacgtgac
ggaaccgoge
tggcggtcca

ggaggatctg
aaacattgtt

ggaaccgtgyg
tgcacagtat

<213> Artificial sequence

<220>
<223> varia

<400> 12
Met
1

Met

Ala
35
Cys

Pro

nt of TovD

26

Gly Ser Iie Ile Asp Ala Ala val
5

Glu Thr Ala pPhe Arg Lys Ala val
25

val Ile Met Ala Arg Asp C%s Ser

4

Phe Gly Ala Arg Thr val Arg Arg

50 55

Leu GlIn val Asp Thr Pro Cys Arg

Gln
Glu
G1y
Ile
345
Met
Ala
Pro

Gin

CX2_022W0_SL

Thr val

Gin Met
315
Pro Met
330
Ala Leu

Thr phe

Gly Leu

val Cys
385
Tyr Gln
410

gcggacccgy
ccgggtgety
ggcgcacgcea
ccatgtcgtc
gaacgcggece
atgecggtge
aaaattacgt
ccgctgetge
cagaatcgtt
tctatcgact
ttgcaggaga
cgteccggata
ctgcgectatg
ggcgtgttca
gacctgttge
ttggaagaac
atgcctatgg
gatggtgaga
tggcagattg
aacgaccegg
caacaggyct

Ala Ala
10

Glu Ser
Gly Asn
Asp Glu

Leu Ala

Page 8

Leu Met

ASp
300
Asn GIn His

Pro Met val

Glu Leu
350

Gly

ASp
Gly Gly
365
Cys Tthr
380
Arg

Leu

Asp Leu

Gln Gly

tggttctgat
ttattatgge
ctgtgegteg
tggcaagcge
tggtagactt
tggaaggctt
tacgccatct
gcgagtatgt
ttgcgeogee
gggcaggeaa
acatttgcge
tgctggceacg
atgactctgt
gcagtecagg
tgcagccagya
aaatgaacca
tcctgegtog
actggegreg
acccgaaagc
tgtgtcgtga
aa

Asp Pro val
Ile
30

Tyr

Arg Gln

Leu Asn

45

Cys Asn Gln

60

ser Ala Thr

rPhe Gln

Met Asp
320
Leu Arg
333
Asp Gly

Pro  Asn

Ala phe

Thr Arg
400

ggaaacggct
gcgtgattgt
cgacgagtgce
tactaaatta
ggatgaaact
tgatgatgcc
gctgacacac
tgcecagggt
attagttaat
attagtggaa
gcegetggge
tcgtgecgac
gtattttcge
cagttacatg
aaccgtggat
gcatatggac
cagcttcgge
taaaggctcg
gggtcrgrgt
cctgactege

val
15
Pro Gly

Leu

Thr Arg
Leu Pro

Lys Leu

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



65

Leu Thr Thr

Leu Asp Glu
Glu
115

Lys

val Leu
Gly
130
Tyr

Arg
Ser val
145
His

Leu GIn

Pro Leu val
Ala
185

Leu

Asp
GIn
Thr

225
GIn

Lys
His

val Phe

Phe Say
275
Arg Gly
Pro
305
Ala

Leu
Pro

Arg Phe

Glu Asn Trp
355
val Trp
370

Gin

Ile

Phe
385
Thr

Leu

Phe Glu

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

Ile
Thr
100
Gly
ile
Phe
ser
Asn
180
Gly
Gin
Leu
Arg
Arg
260
Pro
Leu
Glu
His
Gly
340
Arg
Gin
Glu

His

Met
val
Phe
Thr
Leu
Ala
165
ASD
Lys
Glu
Gin
Asn
245
Ala
Gly
Leu
Pro
Ile
325
Leu
Arg
Ile
Pro

Ala
405

70
Ala

AsSp
ASD
Leu
His
150
Glu
Pro
Leu
ASD
Gin
230
ser
Asp
Ser
Leu
Arg
310
Asn
Gly
l.ys
Asp
Trp

390
Ile

Leu
Arg
ASp
Ar

135
Pro
Lys
Gly
val
Ile
215
Arg
Ser
Gly
Tyr
Gln
295
Leu
Tyr
Gly
Gly
Pro
375
Asn

Tyr

<213> Artificial Sequence

<220>

<223> variant of lovD

<400> 13

atgggttcta
ttccgtaaag
agtggtcgtc
aatcaatrtac
ctgaccacga
gttgaccgece
ggcaacccge
accagceggtc
catttgcagg
gatccaggcg
cgcgcaacgg
atcactgata
atgacccacc

gcggacggtg

tcattgatge
cggttgaaag
tgaactacac
caccgctgea
ttatggcact
tgctgecgga
gtctgcgega
tgtcgtacgt
gcgcetgagaa
cggaatggat
gcttggacct
tgacgttcaa
gcaactecag
aagagtgtit

Gin
Leu

Ala
120

g His

Lau
Phe
Ala
Glu
200
Cys
Pro
Asp
Glu
Met
280
Pro
Gluy
Gly
Ile
ser
360
Lys
Asp

Ala

ggctgtggec
ccgecagatt
tegetgttce
ggtggataca
gcagtgcaty
cctgagegeg
acgccgtggt
cttectgeat
gtttggeatt
ttatggcget
ggaacagtac
actgcagcag
cgatggtaaa
cgggggccay

CX2_022W0_SL
75

Met Glu
90

Pro

Cys

Leu
105
Gly

ASpP

Asn Pro

teu Leu Thr
Glu
155

Gin

Leu Arg
ITe
170
Trp

Gly
Glu Ile
185
Arg

Ala Thr

Ala Pro iLeu

Met Leu
235

Leu

ASp

Gly Lys

250
Cys

Glu Phe

265

Lys val Leu

Giu Thr val

Glu GIn Met
315
Pro Met
330

Ala

Gly

Ile
345
Met

Leu

Thr pPhe

Ala Gly Leu

Pro val Cys
395
Gln

Gln Tyr

410

gcggaccegy
ccgggtgcty
ggcgcacgca
ccatgrcgrc
gaacgcggec
atgcecggtge
aaaattacgt
ccgetgetge
cagaatcgtt
ggcatcgact
ttgcaggaga
cgtccggata
ctgcgetatg
ggcgtgttca

Page 9

Arg Gly Leu
Ala
110

Arg

Leu Ser

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
Gln
270

Leuy

Gly Gly

His Ser
285
ASp Leu
300
Asn

Met

Gln His

Pro Met val

Glu Asp Leu

350

Gly Gly Gly
365

Cys Thr Leu

380

Arg

Asp Leu

Gln Gly

tggttctgat
ttattatggc
ctgtgcgtey
tggcaagcgc
tggtagactt
tggaaggctt
tacgccatct
gcgagtatgt
ttgcgeegee
gggcaggcaa
acatttgcge
tgectggeacy
atgactetgt
gcagtccagg

80
val Asp
95
Met Pro

Glu Arg

Gly Leu

Gin Gly
160
Ala Pro
175
Ser Ile

lL.eu Glu

ASp Met
Asp
240

Asp ser

Asn
Phe

Arg
400

ggaaacggct
gcgtgattgt
cgacgagtoc
tactaaatta
ggatgaaact
tgatgatgcec
gctgacacac
tgcccagggt
attagttaat
attagtggaa
gcegetggygc
tcgrgecgac
gtattttege
cagttacatg

60

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



aaggttctgc
ctgatgttcc
gegtegeege
ctgggtrggta
atgacgtttg
acttragtct
acctttgaga

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

<220>

<223>
<400>

Met
1
Met
Ala
Cys
Pro
65
Leu
Leu
val
Arg
Ser
145
His
Pro
Asp
Gln
Thr
225
Met
val
Phe
Arg
Pro
305
Ala
Arg
Glu
Ile

Phe
385

Gly
Glu
val
rhe
50

Leu
Thr
Asp
Leu
Gly
130
Tyr
Leu
Leu
Trip
Tyr
210
Phe
Thr
Tyr
Ser
Asp
290
Ada
Ser
Ser
Asn
Ile

370
Gin

14

413
PRT
Artificial Seguence

Ser
Thr
Ile
35

Gly
Gln
Thr
Glu
Glu
115
Lys
val
GIn
val
Ata
195
Lel
Lys
His
Phe
Ser
275
Gly
Ley
Pro
Phe
Trp
355
Trp

Leu

Ile
Ala
20

Met
Ala
val
Ile
Thr
100
Gly
Ile
Phe
Gly
Asn
180
Gly
Gln
Leu
Arg
Arg
260
Pro
Leu
Glu
His
Gly
340
Arg
Gin

Glu

actctctget
agecggeget
acatcaacta
tcattgcact
gtggcggtec
ttttccaget
aagcgatcta

Ile
5
Phe
Ala
Arg
Asp
Met
85
val
Phe
Thr
l.ey
Ala
165
Asp
Lys
Glu
Gln
Asn
245
Ala
Gly
Leu
Pro
Ile
325
Leu
Arg
Ile

Pro

variant of lovd
14

Asp
Arg
Arg
Thr
Thr
70

Ala
Asp
AsSp
Leu
His
150
Glu
Pro
Leu
Asn
Glin
230
ser
Asp
ser
Leu
Arg
310
ASH
Gly
Lys
Asp

Trp
390

Ala
LyS
ASD
val
55

Pro
Leu
Arg
Asp
Arg
135
Pro
Lys
Gly
val
Ile
215
Arg
ser
Gly
Tyr
Gin
295
Leu
Tyr
Gly
Gly
Pro

375
Asn

gaaacgtgac
ggaaccgcge
tggcggicca atgectatgg

ggaggatcty
aaacattatt

ggaaccgtgg
tgcacagtat

Ala
Ala
Cys
40

Arg
Cys
Gln
Leu
Ala
120
His
l.eu
Phe
Ala
Glu
200
Cys
pPro
Asp
Glu
Met
280
Pro
Glu
Gly
Ile
Ser
360
Lys

Asp

CX2_022w0_SL
tgcagccaga
aaatgaacca
tcetgegteg
actggegteg
acccgaaage
tgtgtegtga

ggcctgttge
ttggaagaac

gatggtgaga
tggcagattyg
aacgacccgy
caacagggcet

val Ala Ala

val Glu ser
25
Ser Gly Arg

Arg Asp Glu
Arg Leu Ala

Cys Met Glu
S0

Leu Pro Asp

105

Gly Asn Pro

Leu Leu Thr

L.eu Arg Giu
155
Gly 1le Gin
170
Glu Trp Ile
185
Arg Ala Thr

Ala Pro Leu

Asp Met Leu
235
Gly Lys Leu
250
Glu Cys Phe
265
Lys val Leu

Glu Thr val

Glu Gin Met
315
Gly Pro Met
330
Ile Ala Leu
345
Met Thr Phe

Ala Gly Leu

Pro val Cys
395

dd

ASp
Arg
Leu
Cys
60

ser
Arg
Ley
Arg
His
140
Tyr
Asn
Tyr
Gly
Gly
220
Ala
Arg
Gly
His
Asp
300
Asn
Pro
Glu
Gly
Cys

380
Arg

Page 10

Pro
Gln
Asn
45

Asn
Ala
aly
ser
Leu
125
Thr
val
Arg
Gly
Leu
205
Ile
Arg
Tyr
Gly
Ser
285
Leu
GIn
Met
ASD
Gly
365
Thr

Asp

val
ITe
30

Tyr
GlIn
Thr
teu
Ala
110
Arg

Ser

Ala

Phe
Ala
190
ASp
Thr
Arg
ASp
Gln
270
Leu
Met
His
val
Leu
350
Gly
Leu

Leu

aaccgtggat
gcatatggac
cagcttcoggc
taaaggctcg
gggtctgtgt
cctgactege

val
15

Pro
Thr
Ley
Lys
val
Met
Glu
Gly
Gin
Ala
175
Gly
Leu
ASD
Ala
Asp
255
Gly
l.euy
phe
Met
Leu
335
ASD
Pro

val

Thr

Leu
Gly
Arg
Pro
Leu
80

Asp
Pro
Arg
Leu
Gly
160
Pro
Ile
Glu
Met
ASp
240
Ser
val
LYS
Gin
AsSp
320
Arg
Gly
ASn
Phe

Arg
400

800

260

1020
1080
1140
1200
1242



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

<220>
<223> varia

<400> 15

atgggttcta
ttccgtaaag
agcggtegte
aatcaattac
ctgaccacga
gttgaccgcc
ggcaacccgce
accagcggtc
catttgcagg
gatccaggeg
cgcgcaacgg
atcactgata
argacccacc
grtrgacggty
aaggttctgc
ctgatgttcc
gcgtegecegce
ctgggtggta
atgacgttty
actttagtct
acctttgaga

15
1242
DNA

<210>
<211>
<212>
<Z213>

<220>
<223> varia

16
Gly

Glu

16
413
PRT

<400
Met
1

Met

Sear
Thr
Ile

35
Gly

Ala val

Phe
50
Leu

Cys
Pro Glin
65

Ley

Thr Thr

Leu Asp Glu
Glu
115

Lys

val Leu

Arg Gly

130

Ser Tyr val

145

His Leu Gln

Pro Leu val

nt of TovD

tcattgatgc
cggttgaaag
tgaactacac
caccgetgea
ttatggcact
tgctgeegga
gtctgcgega
tgtcgtacgt
gcgctgagaa
cggaatggat
gcttygacct
tgacgttcaa
gcaactccag
aagagrgtrt
actctctyet
agccggeget
acatcaacta
tecattgeact
gtggcggtcc
ttttecaget
aagcgatcta

nt of lovb

Ile
5
Phe

Ile

Ala
20
met Ala

Ala Arg

val Asp

Ile Met
85

Thr val
100
Gly Phe

Ile Thr

Phe Leu

ASp
Arg
Arg
Thr
Thr
70

Ala
ASp
Asp
Leu

His

Artificial Sequence

ggctgtggec
ccgccagatt
tegetgttte
ggtggataca
gcagtgcatg
cctgagegcg
acgeccgtggt
cttccrgcat
gtttggcatt
ttatggegcet
ggaacagtac
actgcagcag
cgatggtaaa
cgggggeceag
gaaacgtgac
ggaaccgegce
tggcggtccea
ggaggatctyg
aaacattatt

ggaaccgtgg
tgcacagtat

Artificial Ssequence

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

aAla
165
Asp

Gly

Asn

Glu

Pro

Lys Phe

Gly Ala

CX2_022wW0_SL
Thr Phe Glu Lys Ala Ile Tyr Ala GIn Tyr Gin Gln Gly
405 410

gcggaccegg
ccgggtgetg
ggcgeacgea
ccatgtegte
gaacgcggcc
atgccggtgce
aaaattacgt
ccgergetge
cagaatrcgtrt
ggcatcgact
ttgcaggaga
cgeceeggata
ctgecgetatyg
ggcgtgttca
ggcctgttge
ttggaagaac
atgcctatgg
gatggtgaga
tggcagattg
agtgacccgg
caacagggct

val Ala Ala

val Glu
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
Glu
155

Gln

Leu Arg

Ile
170
Trp

Gly

Glu Ile

tggttctgat
ttattatggc
ctgtgegicg
tggcaagcge
tggtagactt
tggaaggett
tacgccatct
gcgagtatgt
ttgegeegcec
gggcaggcaa
acatttgege
tgctggcacy
argacacggt
gcagtccagg
tgcagccagg
aaatgaacca
tcctgegteg
actggegteyg
acccgaaage
tgtgtcgtga
aa

Asp Pro val
Ile
30

Tyr

Arg Gln

Leu Asn
45
Cys Asn Glin
60
Ser

Ala Thr

Arg Gly Leu
Ala
110

Arg

Leu Ser
Leu
125
Thr

Arg

His Ser

140

Tyr val Ala

Asn Arg Phe

Tyr Gly Ala

Page 11

ggaaacggct
gcgtgattgt
cgacgagtge
tactaaatta
ggatgaaact
tgatgatgcc
gctgacacac
tgcccagggt
attagttaat
attagtggaa
gcecgetggge
tcgtgecgac
gtattttcgc
cagttacatg
gaccgtggat
gcatatggac
cagctteggce
taaaggceteg
gggtctgtgt
cctgactcegce

val
15
Pro

Leu
Gly
Thr Arg
Leu Pro
Leu

80
ASp

Lys

val
a5
Met Pro

GTu Arg

Gly Leu

Gin Gly
160
Ala pro
175

Gly Ile

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



Ala
195
Leu

Asp Trp

Gin Tyr
210
Thr pPhe
225

Met

Lys

Thr His

val Tyr phe
Ser
275

Gly

Phe Ser

Arg Asp
290
Pro Ala Leu
305
Ala ser

Arg Ser

Glu Asn
Ile
370
Gln

Ile

Pha

385

Thr phe

<210> 17
<211> 1242
<212> DNA

180
Gly Lys

Gln Glu

Leu Gln
Asn
245
val

Arg

Arg
260
pro Gly

Leu Leuy

Glu Pro

Ile
325
Leu

His

Gly
340
Arg Arg

Gin Ile

Glu

Pro

Leu
Asn
Gin
230
Ser
Asp
Ser
Leu
Arg
310
Asn
Gly

Lys

CX2_022w0o_5SL
85

Glu Ala Thr
200

Cys

val Arg

Ile Ala
215

Arg

Pro Leu

Pro Met Leu

235
lLeu

ASp

Ser Asp Gly Lys
250
Glu Cys pPhe
265

Lys

Gly GTu

Met val
280

Pro

Tyr Leu
Gln
295
Leu

Gly Thr val

Glu Glu Gln met

315
Gly Pro Met
330

Ala

Tyr Gly
Ile
345
Met

Gly Ile Leu

Ser Thr Phe

360

Gly

Pro Ala Ley

Asp

Tro
LY

Lys
375

Ser Asp

390

Ala
405

Lys

Ile

Tyr Ala

<213> Artificial Seguence

<220>
<223> varia

<400> 17

atgggttcta
ttccgtaaag
agcggtegtc
aatcaatrtac
ctgaccacga
gttgaccgec
ggcaacccgce
accageggtc
catttgcagg
gatccaggcg
cgcgcaacgg
atcactgata
atgacccacc
catgacggtg
aaggttctgc
ctgatgttcc
gcgtegecge
ctgggtggta
atgacgtttg
actttagtct
acctttgaga

<210> 18
<211> 413
<212> PRT

nt of TovD

acattgatgc
cggttgaaag
tgaactacac
caccgctgea
ttatggcact
tgctgecegga
gtctgcgcga
tgtcgtacgt
gcgctgagaa
cggaatggat
gcttagacct
tgacgttcaa
gcaactccag
aagagtgttt
actctctget
agccggeget
acatcaacta
tcattgcact
gtggcggrec
ttttcecaget
aagcgatcta

ggctgrggec
ctctcagatt
tcgetgttic
ggtggataca
gcagtgceatg
cctgagegeg
acgccgtggt
cttcctgeat
gtttggcartt
ttatggcgcet
ggaacagtac
actgcagcag
cgatggtaaa
cgggggecag
gaaacgtgac
ggaaccgcgt
tggcggtcca
ggaggatctyg
aaacattatt

ggaaccgtag
tgcacagtat

<213> Artificial Sequence

Pro

Gin

Cvsg

ool LYo

395
Gin

gcggaccegg
ccgggtgctg
ggcgcacgea
ccatgtegtce
gaacgcggec
atgcecggtgce
aaaattacgt
cecgetgetge
cagaatcgtt
ggcatcgact
ttgcaggaga
cgcccggata
ctgcgctatg
ggcgtgttca
ggcctgttge
ttggaagaac
atgcctatgg
gatggtgaga
tggcagatty
agtgacccgg
caacagggct

190
Leu ASp
205

Ile

Gly

Gly Thr

220

Ala Arg Arg

Arg Tyr Asp

Gly Gly

270

His Ser Leu

285

Asp Leu Met

300
Asn GIn His

Pro Met val

Glu Leu
350

Gly

ASp

Gly
365
Thr

Gly
cys Leu
380
Arg AsD

Gln Gly

tggttctgat
ttattatggc
ctgtgcgecy
tggcaageyc
tggtagactt
tggaaggctt
tacgccatcet
gcgagtatgt
ttgegeegec
gggcaggcaa
acatttgege
rgctggeacy
atgacacggt
gcagtccagy
tgcagccagg
aaatgaacca
teectgegteg
actggegteg
acccgaaage
tgtgtegtga
aa

Page 12

Gln

Leu Glu

ASp Met

Ala Asp
240
Asp Thr
255
GTy val

Leu Lys

Phe G1n

Met Asp
320
Leu Arg
335
Asp Gly

Pro Asn

val pPhe

Thr Arg

400

ggaaacggct
gcgtgattgt
cgacgagtac
tactaaatta
ggatgaaact
tgatgatgee
gctgacacac
tgcccagggt
attagttaat
attagtggaa
gcegetggge
tcgtgccgac
gtattttcge
cagttacatg
gaccgtggat
gcatatggac
cagctrtcgge
taaaggctcy
gggtctgtgt
cctgactege

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



CX2_022wW0_SL
<220>
<223> variant of lovp

<400> 18
Met Gly Ser Asn Ile Asp ala Ala val Ala Ala Asp pro val val Leu
1 5 16 15
Met Glu Thr Ala Phe Arg Lys Ala val Glu Ser Ser GIn Ile Pro Gly
20 25 30
Ala val gge Met Ala Arg Asp ggs Ser Gly Arg Leu Agn Tyr Thr Arg
4
Cys Ege Gly Ala Arg Thr gg] Arg Arg Asp Glu 555 Asn GIn Leu Pro
Pro Leu Gln val Asp Thr pro Cys Arg Leu Ala Ser aAla Thr Lys Leu
65 70 75 80
teu Thr Thr Ite Met Ala Leu Gin Cys ggt Glu Arg Gly Leu val Asp
85 95
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 Ile Thr Leu Arg His Leu Leu Thr His Thr Ser Gly Leu
130 135 140
Ser Tyr val Phe Leu His Prc Leu teu Arg Glu Tyr val Ala Gln Gly
145 150 155 160
His Leu Gin Gly Ala Glu Lys Phe Gly Ile Gln Asn Arg Phe Ala Pro
165 170 175
Pro Leu val Asn Asp Pro Gly Ala &lu Trp Ile Tyr Gly Ala Gly Ile
180 185 190
Asp Trp Ala Gly Lys teu val Glu Arg Ala Thr Gly Leu Asp Leu Glu
195 200 205
Gln Tyr Leu GIn Glu Asn Ile Cys Ala Pro Leu Gly Ile Thr Asp Met
210 215 220
Thr Phe Lys Leu GIn Gln 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 g%u Cys Phe Gly Gly Gig Gly val
: 5 27
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 Gln Pro Gly Thr val Asp
290 295 300
Pro Ala Leu Glu Pro Arg Leu Glu GTu 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
GTu Asn Trp Arg Arg Lys Gly Ser Met Thr Phe Gly Gly Gly Pro Asn
355 360 365
I'le 1le Trp GIn Ile Asp Pro Lys Ala Gly Leu Cys Thr Leu val Phe
370 375 380
Phe Gln Leu Giu Pro Trp Ser Asp Pro val Cys Arg Asp bLeu Thr Arg
385 390 395 400
Thr phe Glu Lys Ala Ile Tyr Ala GIn Tyr GIn GIn Gly
405 410

ey Met Phe Gln

<210> 18

<211> 1242

<212> DNA

<213> Artificial Sequence

<220>
<223> variant of lovD

<400> 19
atgggttcta acattgatgc ggctgtggeoc goeggaccogyg tggttotgat ggaaacgget 60
Page 13



ttcegtaaag
agcggtegtc
aatcaattac
ctgaccacga
gttgaccgcc
ggcaacccge
accagcggtc
catttgcagg
gatccaggceg
cgcgeaacgg
atcactgata
atgacccacc
catgacggtg
aaggttctgc
ctgatgttcc
gcgtegeegc
ctgggtggta
atgacgtttg
actttagtct
acctttgaga

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

<220>
<223>

<400
Met
1

Met

20
413
PRT
Artif

varia

20
Gly Ser

Glu Thr

Ala val Leu
35
Phe Gly
50

Leu

Cys
Pro Gln
65
Leu

Thr Thr

Leu Asp Giu
Glu
115

Lys

val Leu

Arg Gly
130
ser Tyr val
145
His ieu Gln

Pro Leu val
Ala
195

Leu

Asp Trp

GIn Tyr
210
Thr rhe
225

Met

Lys

Thr His

val Tyr Phe

Phe ser
275
Gly

ser

Arg Asp

cggttgaaag
tgaactacac
caccgctgea
ttatggcact
tgctgecgga
gtctgegcga
tgtcgtacgt
gcgctgagaa
cggaatggat
gcttggacct
tgacgttcaa
gcaactccag
aagagtgttt
actctctget
agccggeget
acatcaacta
tcattgcact
gtggcggtec
ttttccaget
aagcgatcta

icial Seque

nt of Tovb

Asn Ile As
5

Ala Phe
20

Met

Ar
Ala

Ala Arg th

val Asp Th

70

Ite Met Al
85

Thr val

100

Gly

AsS

Phe As

Ile Thr
Hi
15
Gl

Phe Leu

Ala
165
ASp

Gly

Asn
180
Gly

Pr

Lys Le

Gin Glu As
Gl
23

Se

Leu Gln

Asn
245
Hi1s

Arg

Arg
260
Pro

As

Gly Se

Leu Leu Le

Arg

Leu

ctctcagatt
tegetgttte
ggtagataca
gcagtgcatyg
ccrgrgegeg
acgccgtggt
cttcctgeat
gtttggecatt
ttatggcgcet
ggaacagtac
actgcageag
cgatggtaaa
cggggaccag
gaaacgtgac
ggaaccgcgt
tggcggtcca
ggaggatctg
aaacattatt

ggaaccgtyg
tgcacagtat

nc

Ala Ala

p

g Ala

Lys
Asp Cys
40
va'l Arg
55

Pro

r

r Cys

a Leu Gin

p Arg Leu

p Ala

120
His

Asp

Arg
135
s Pro Leu
0
u

Lys Phe

o Gly Ala
Glu
200

Cys

u vai

Iie
215
Arg

L

n
0
r

Pro

Ser Asp

p Gly Glu

r Met
280

Pro

TYr

U Gln

CX2_022W0_SL

ccgggtgetg
ggcgcacgea
ccatgtegte
gaacgcggec
atgccggtge
aaaattacgt
ccgetgetge
cagaatcgtt
ggcatcgact
ttgcaggaga
cgcceggata
ctgcgctaty
ggcgrgttca
ggcctgrtge
ttggaagaac
atgcctatgg
gatggtgaga
tggcagattg
agtgacccgg
caacagggcet

val Ala Ala

val Glu
25

Ser

Ser

Gly Arg

Arg Asp Glu

Arg Leu Ala

Met Glu
20

Pro

Cys

Leu
105
Gly

ASp

Asn Pro

Leu Leu Thr
Glu
155

Gin

Leu Arg
Ile
170
TFD

Gly

Glu
185
Arg

Ile

ala Thr

Ala Pro Leu

Mel Leu
235

Leu

ASp

Gly Lys

250

Glu Cys Phe

265

Lys val Leu

Gly Thr val

ttttgatggc
ctgtgegtcg
tggcaagege
tggtacgett
tggaaggctt
tacgccatct
gcgagtatgt
ttgegoegec
gggcaggcaa
acatttgcgc
tgctggeacyg
atgacacggt
gcagtccagg
tgcagccagyg
aaatgaacca
tcatgcgtcyg
actggcgtcg
acccgaaagc
tgtgtegtga
aa

Asp Pro val
Ile
30

Tyr

ser Gln

Asn
45
Asn

Leu
Cys Gln
60
Ser

Ala Thr

Arg Gly teu
Ala
110

Arg

Leu Cys
Leu
125
Thr

Arg

His
140
Tyr

Ser

val Ala

Asn Arg Phe
Ala
180

Asp

Tyr Gly
Leu
205
Ile

Gly
Gly Thr
220
Ala

ATrg Arg

Arg Tyr Asp
Gin
270

Leu

Gly Gly

Ser
285
Leu

His

ASp Met

Page 14

gcgtgattgt
cgacgagtgc
tactaaatta
ggatgaaact
tgatgatgcc
gctgacacac
tgcccagggt
attagttaat
attagtggaa
gcegetggac
tcgtgccgac
gtattttcge
cagttacatg
gaccgtggat
gcatratggac
cagcttcgge
taaaggctcy
gggrctgtgt
cctgactecge

val
15
Pro

Leu
Gly
Thr Arg
Leu Pro
Leu

80
Arg

LYS
val

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 Gn

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
11490
1200
1242



Pro
305
Ala
Arg
Glu
Ile
Phe

385
Thr

290
Ala

ser
Ser
Asn
Ile
370
GIn

phe

Leu
Pro

Phe

Trp
355
Trp
Leu

Glu

Glu
His
Gly
340
Arg

Gln

LYS

Pro
Ile
325
l.eu
Arg
Ile
Pro

Ala
405

Arg
310
Asn
Gly
LYS
Asp
Trp

380
Ile

295
Leu

Tyr
Gly
Gly
Pro
375
Ser

Tyr

Glu
Gly
Iie
Ser
360
lys
Asp

Ala

CX2_022w0_SL

Glu
Gly
Ile
345
Met
Ata
Pro

Gln

Gin
Pro
330
Ala
Thr
Gly
val

Tyr
410

Page 15

Metl
315
Met
Leu
Phe
Leu
Cys

365
Gln

300
Asn

Pro
Glu
Gly
Cys
380
Arg
Gln

Gln
Met
Asp
Gly
365
Thr
ASp

Gly

His
val
l.au
350
Gly
l.eu

Leu

met
Met
335
Asp
Pro
val

Thr

ASp
320
Arg
Gly
Asn
Phe

Arg
400



