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wmE (C) FHXHENE (%)
Y397C+L419P

30 39 +/— 4

40 61 +/— 3

50 64 +,/— 8

55 93 +,/—~ 4

60 93 +/—- 4

65 97 +/— 3

6 8 94 +,/— 4

70 78 +/— 3

72 57 +/— 2

75 54 +,/— 7

80 12 +/~ 6

90 9 +/— 3
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BE (C) FRAFIEYE (%)
Y397C+L419P
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pH FEXHEME (%)
Y397C+L419P

5. 3 43 +/— 3

6. 3 91 +/- 1

6. 7 98 +,/— 3

7. 6 73 +/—- 3

9. 0 21 +/— 1

9. 3 15 +/— 2
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pH FERITEME (%) ARFEME (%)
BE1—-5 BBe 28
(my c—%7&E1L) (Z#74ED)
2. 4 8 +./— 1 6 +,/— 2
3. 0 7 +/— 2 7 +/—- 2
4, 0 10 +/— 1 8 +./— 1
h., 2 74 +.— 8 67 +.— 1
6. 3 87 +./— 2 77 +./— 5
7. 1 97 +,/— 1 97 +./— 3
7. 8 93 +./— 1 89 4+ — 4
8. 6 88 +,/— 1 81 +,/— 1
9. 5 83 +./— 4 75 +/— 1
10. 6 12 +/— 2 16 +— 1
#7
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B G (%) FxERE (%)
(C) BE1-—5 BBe?28
(my c —F74#L) (Z7HD)
30 4 +/—- 1 1 +/— 4
40 11 +/—- 1 6 +/— 1
50 36 +/— 1 24 +/—- 0 ?
55 60 +/— 5 50 +/— 0
60 80 +./- 1 71 +/—- 1
63 92 +./— 3 88 +./— 2
65 96 +./— 4 94 +,/—- 4
6 8 93 +/— 3 90 +/— 4 20
70 87 +./— 2 86 +./— 1
73 75 +/— 1 73 +/— 2
75 59 +,/— 5 59 +/- 2
80 17 +/— 1 12 +/— 2
#8
Dooo 30
BE (C) BFEME (%)
R. #15xvv % BE
60 95 +/— 5 |
65 95 +/— 5
70 88 +./— 3
40
75 91 +/— 3
8 0 91 +/— 2
85 83 +/— 1
90 13 +/— 3
#£9
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<110>

<120>

<130>

<140>
<141i>

<1&0>

<170>

<210>
<211>
<zlz>
<Z213>

<220>
<22l
222>

<2200
221>
222>

<400>

(42)

Sequence listing

Nove Nordisk A/S

Polypeptides having branching enzyme activity and
nucleic acids encoding same

Rhodothermus chamensis BE

2

PatentIn Ver. 2.1
1

1866

DA
Rhodothermus cbamsnsis

CDSs
{(1)..(18686)

mat_ peptide
(4)..(1863)

1

atg age tgg ctc acg gaa gaas gac ate cgg cgo tgg gaa agc
Met Ser Trp Leu Thr §lu Glu Asp Ile Rrg Arg Trp Glu Ser

-1

1 5 10

tte tac gac aght tac cga aag oty ggc goe cat coe gac gac
Ehe Tyr Asp Ser Tyr Arg Lys Leu Gly Ala His Pre Asp Asp

20 25

#cC tgg tte tge gte tgg geg cocg cat geo gat gge gto tog
Thr Trp Phe Cys Val Trp Ala Pro His Ala Asp Gly Val Ser

35 40 45

g9a geg the aac gac tgyg sat ccg gag goco aac geg ctg gag
Gly Ala Phe Asn Rsp Trp Asn Pro Glu Ala Asn Pro Leu Glu

50 55 G0

gg9c ggce gge ctg tgg goo ggt tac gta cocg gga gog cge ccg
Gly Gly Gly Leu Trp Ala Gly Tyr Val Pro Gly Ala Arg Pro

-

65 70 5

¢ Lac =zag tat cge ate cgg cac gge tte tat cag goc gac
Tyr Lys Tyr Arg Ile Arg His Gly Phe Tyr Gln Ala Bsp

85 a0

gat ccoc tac goo tte goo atg gag cog oot ace ggo agt ceo

999 ctg gc
Gly Leu Al

#£sp Pro Tyr Ala Phe Ala Met Glu Pro Pro Thr Gly Ser Pro

100 105

¢ teo atc atc acg cgg cto gac tac aco tgg cac
a4 Ser Ile Ile Thr Avg Leu Asp Tyr Thr Trp His
115 120 125

gaa tyg atg cgg cgce cgg aag ggt cog goc age ctt tac gaqg

Glu Trp Met Arg Aryg Arg Lys Gly Pro Bla Ser Len Tyr Glu

ggt
Gly

gaa
Glu

gtg
Yal

cgc
Arg

gge
Gly

aag
Lys

atc
Ile
110

gac

Asp

cog
Pro

acy
Thr
15

ggc
GlLy

cte
Leun

tac
Tyr

Cac
His

acg
Thr
95

gaa
Glu

gac
Asp

gtt
Val
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gag
180

cag
Gin

croo
Pro

acg
Thz

ot
Leu

Lttt
Fhe
240

ttc
Phe

tat
Tyr

aac
ASn

gat
Asp

atc
Ile
145

tce
Ser

gag
Glu

tac
Tvr

ttt
Phe

cac
Ris
225

gog
Ala

gaa
Glu

gty
Val

gca
Ala

geg
Ala
305

cco
Bro

aag
Lys

atc
Iie

aac
Asn

gac
Asp
385

130

tac
Tyr

ttc
Phe

atg
Met

tac
Tyr

cge
Arg
Z1G

cag
Gln

goe
Ala

tac
Tvr

ttc
Phe

ctt
Leu
290

gtg
¥al

aac
Asn

aaa
Lys

gaoc
Ala

aac
Asn
370

acg
Thr

gag
Glu

tect
Ser

ggco
Gly

ggc
Gly
185

tac
Tyr

cgo
Arg

gat
Asp

gac
Asp

gat
Asp
275

tte
Phe

got
Ala

atc
Ile

tte
FPhe

gag
Glu
355

ggt
Gly

ctyg
Lew

gta
Val

tac
Tyr

tte
Fhe
180

teoco

g9a
Gly

ggc
Gly

cee
Pro

gat
Asp
260

tac
Tyr

tgg
Trp

tot
Ser

ttc
Phe

aac
Asn
340

cat
Ris

cgg
Arg
165

acg
Thr

tgg
Trp

tca
sSer

atc
lie

cag
Gln
245

cca
Fro

aac
Asn

cte
Leu

atg
Met

ggc
Gly
325

gaa
Glu

ggo
Gly

tac
Tvr

cac
His

ggc
Gly

cCce
Pro

ggc
Gly
230

gga
Gly

aag
Lys

aaq
Lvs

gaa
Glu

cte
Leu
310

ggc
Gly

acg
Thr

acyg
Thr

tto
Fhe

atc
Ile
390

135

g9
Gly

att
Ile

gtyg
Val

tat
Tyr

sag
Gln
2315

gte
Val

ctg
Leu

atg
Met.

ccg
Pro

aaq
Lys
295

tac
TyY

cgt
Arg

gtc
Val

gce
Ala

cte
Leu
373

cag
Gln

too
Ser

goo
Ala

gag
Glu

cag
Gln
200

gac

Asp

atc
Ile

gtt
val

cge
Arg

gac
Gly
280

tac

Tyr

€gg
Arg

gaa
Glu

tac
Tyr
tgy
36l

tac

Tyr

cge
Arg

tgg
Tro

gag
Glu

ctg
Leun
185

gtg
Val

ctyg
Leu

cto
Leu

tte
Phe

tat
Tyr
265

gta
Val

cac
His

gac
Asp

aac
Asn

chg
Leu
345

oo
Fro

aaqg
Lys

gat
Asp

cgt
Arg

cecg
Pro
170

ctg
Leu

gtg
Val

atg
Met

gao
Asp

tto
Fhe
25Q¢

caEc
His

[ole ud
Arg

gtc
Val

tac
Tyr

ctg
Leu
330

oac

His

gge
Gly

tag
Trp

coo
Pro

(43)

cac
His
155

ctg
Leu

cocao
Ero

Fgc
Gly

tac
Tyr

tgg
Trp

235

gac
Asp

cct
Pro

aac
ARn

gac
BAsp

tca
Ser
315

gag
Glu

tte
Fhe

gtg
Val

aac
&sn

atce
Tle
395

140

saa
Lys

gco
Ala

gtc
Val

tac
Tyr

ctyg
Leu
220

gtc
Val

299
Gly

gac
Asp

ttt
Phe

49
Gly
300

cgeo
Arg

goo
ala

alele)
Pro

tcg
Ser

atqg
Met
380

tac
Tyr

cgg
Aryg

gac
Lsp

atg
Met

tac
Tyr
205

ate
Ile

cog
Fro

anc
Thr

tgg
Trp

oty
Leu
285

ctg
Leu

aag
Lys

att
Ile

gag
Glu

goo
Ala
365

ggc
Gly

cygco
Arg

coo
Fra

tac
Tyr

gaa
Glu
120

goe
Ela

gac
Asp

agc
Ser

aca
Thx

ggt
Gly
270

att
Ile

cgo
Arg

gag
Glu

gat
Asp

goc
Ala
3=0

ZCC

Pro

tag
Trp

aag
Lys

ggc
Gly

gtg
Val
175

cat

His

coa
Pro

cte
255
acg

Thr

toe
Ser

gtc
Val

tay
Trp

tte
Ehe
335

atg
Met

acc
Thr

atyg
Met

tat
Tyr
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<ac cac gac gag chg acc tte teg
His His Asp Glu Leu Thr Phe Ser
400 405

tac gte ctg cecg <tc teg cac gac
Tyr Val Leu Pro Leu Ser His Asp
420

cto tgg gyt aas atg cec gge gac
Leu Trp Gly Lys Met Pro Gly Rsp
435

t

cge ctyg cte Lttt ggo cac atg tgy
&rg Leu Leu Phe Gly His Met Trp
450 455

trte atg gge ggo gag ttc ggc cag
Phe Met Gly Gly Glu Phe Gly Gin
465 470

cag cte gaa tgg cac ctg ctg gac
Gln Lew Glu Trp His Leu Leu Asp
480 485

ctg tgg gtg tge gat ctg aac cac
Leu Trp Val Cys Asp Leu Asn His
500

tgg cac gac gga cog gaa ggg tte
Trp His Asp Gly Pro Glu Gly Fhe
515

da< cag age gtg ate tgt tac ctg
A5p Gln Ser Val Ile Cvs Tyr Leu
830 535

ctg tte gtg ctg aac tik acqg ceo
Leu Phe Val Leu Asn Phe Thr Pro
545 550

g9¢ gtg cocg atc ggt ggc cco tgg

Gly Val Pro Ile Gly Gly Pro Trp

560 565

4ty gee tac ggo ggg age g9y atg
Val Ala Tyr Gly Gly Ser Gly Met
580

gty coc gayg too tgg cac ggo cgo
Val Pro Glu Ser Trp His Gly Arg
295

Ccc coy otg goc goo ckc atc oty
Pro Pre Leu Ala Bla Leu Ile Leu
610 614

<210> 2

<211» 621

<212> BRT

<213> Rhedothermus obamensis

<400> 2
Met Ser Trp Leu Thr Glu Glu Asp

cto
Leu

gag
Glu

gac
Asp
440

ggc
Gly

cac
His

cag
Gln

cte
Leu

gag
Glu
520

jelede
Arg

gtg
Val

cac
His

ggc
Gly

cce
Fro
600

gag
Glu

tgyg
Trp

gty
Val
425

tgg
Trp

cat
His

cac
His

coe
Pro

tac
Tyr
305

tgg
Try

EEL
Lys

coa
Fro

gag
Glu

aac
Asn
585

tte
Phe

cog
Pro

(44)

tac
Tvr
410

gty
Val

caqg
Gln

cCy
Pro

gag
Giu

tac
Tyr
490

cgt
Arg

atc
Ile

aat
Asn

cge
Arg

gtg
Val
570

ttec
Phe

cac
His

gag
Glu

geo
Ala

cac
His

aag
Lys

gge
Gly

tgg
Trp
475

cat
Bis

acyg
Thr

gac
Asp

goo
Ala

gag
Glu
555

cto

Leu

gqgc
Gly

tta
Leu

cac
His

Ile Arg Arg Trp

ttt
Pha

ggce
Gly

gca
&la

asd
Lys
460

aac
Asn

cga
Arg

aat
Asn

tte
Phe

ggc
Gly
540

cac

His

aac
Asn

cgc
Arg

gag
Gl

999
Gly
620

Glu

teg
Ser

aag
Lys

gco
Ala
445

aaa
Lys

cac
His

ggt
Gly

cog
Pro

ago
Ser
525

cge

Arg

tac
Tyr

agc
Ser

gtec
Val

ctg
Leu
605

tag

gag
Glu

ggc
Gly
430

zac
ASD

ctg
Leu

gac
Asp

att
Iile

gco
Ala
510

gac
ABD

atyg
Met

cgc
Arg

gac
Rsp

gag
Glu
580

acy
Thr

cac
His
415

teg

Ser

ttg
Leu

cte
Leu

acg
Thr
cag
495

cte
Leu

cge
Arg

ctg
Leu

gty
Val

g<g
Ala
575

gcg
Ala

ctt
Leu

Ser Gly Thr
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Phe

Thr

Gly

Gly

65

Thr

Asp

Gly

Glu

Ser

145

Glu

Gin

Pra

Thr

Len

225

Ehe

Phe

Asp
305

Thr

Ile

Ala
20
Gly

Tyx

Pro

Trp

130

Ile

Ser

Glu

Tyr

Phe

210

His

Ala

Glu

Val

Ala

290

Pra

Lys

Asp

FPhe

Phe

Gly

Lys

Tyr

Ala

115

Met

Tyx

Phe

Met

Tyr

185

Arg

Gln

Ala

Tyr

Fhe

275

Ley

Val

Asn

Lysg

Ser

20
Cys
Asn
Leu
Tyr
Ala

1ea

Ser

Ser
Gly
180
Gly
Tyr
Arg
Asp
Asp
260

Asp

Fhe

Ile

Fhe
340

Tyr

Val

Asp

Trp

Arg

85

Phe

Ile

Arg

Val

Tyx

165

Phe

Ser

Gly

Gly

Pro

243

Asp

Tyr

Trp

Ser

Phe

225

Asn

Rrg

Trp

Trp

Ala

70

Ile

Ala

Ile

Arg

His=

150

Arg

Thr

Trp

Ser

Ile

230

Gln

Pro

AN

Leu

Met

31a

Glu

Lys

Ala

Asn

Gly

Arg

Met

Thr

Lys

135

Leu

Glu

Lys

Lys

Glu

295

Leu

Gly

Thr

Leu

Pro

40

Fro

Tyr

His

Glu

Arg

12¢

Gly

Ile

Val

Tyr

200

Gln

Yal

Met

Fro

280

Lvs

Tvr

Arg

Val

Gly
25
His

Glu

Val

Pro
105
Leu

Pro

Glu
185
Gln
Asp
Ile
Val
Arg
265
Gly
Tvr
Arg

Glu

Tyr
245

10

Ala

Ala

Ala

Ero

Phe

10

Pro

Asp

Ala

Trp

Glu

170

Leu

val

Leu

Leu

Phe

250

Tyr

Val

His

Bsp

Asn
330

(45)

His

Asp

Asn

Gly

75

Tyr

Thr

Tyxr

Ser

Arg

155

Pro

Leu

Val

Met

Asp

235

Phe

His

Arg

Leu

His

Pro

Gly

Pre

60

Ala

Gln

Gly

Thr

Leun

140

His

Leu

Pro

Gly

Tyr

220

Trp

Asp

Pro

Asn

Asp
300

r Ser

Glu

Phe

Asp
Val

45
Leu
Brg
Ala
Ser
Trp
125
Tyxr
Lys
Ala
Val
Tyr
208
Leu
Val
Gly
Asp
Phe
285
Gly
Arg

Ala

Pro

Asp

30

Ser

Glu

Pro

Asp

Pro

110

His

Glu

Arg

Asp

Met

120

Tyr

Ile

Pro

Thx

Trp

zZ70

Leu

Leu

Lvs

Ile

Giu
350

15

Glu

Val

Arg

Gl

Lys

95

Ile

Asp

Pro

Pro

Tyxr

175

Glu

Ala

Asp

Ser

Thr

255

Gly

Ile

Arg

Glu

Asp

335

Ala

Gly

Leu

Tyr

His

Thr

Glu
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Thx

Tyr

His

385

Bis

Tyr

Leu

Arg

Phe

465

Gln

Leu

Trp

Asp

Len

545

Gly

Val

Val

Pro

Ile

Asn

370

His

Val

Trp

Leu

450

Met

Leu

Trp

Bis

Gln

530

Fhe

¥al

Ala

Fro

fro
610

Ala

355

Asn

Thr

AsBp

Leu

Gly

435

Leu

Gly

Glu

Val

Asp

315

Ser

Val

Pro

Tyr

Glu

595

Leu

Glu

Gly

Leu

Glu

Pro

420

Lys

Phe

Gly

Tre

Cys

500

Gly

Val

Leu

Ile

Gly

580

Bar

Ala

Asp
Leu
405

Leu

Ile
Asn
Gly
565
Gly

Trp

Ala

Ser

Gly

Tyr

330

Thr

Ser

Pro

His

Phea

470

Leu

Leu

Glu

Cys

Phe

550

Gly

Ser

His

Leu

Thr
Phe
375
Tie
Phe
His
Gly
Met
455
Gly
Leu
Asn
Gly
Tyr
535

Thr

Fro

Gly

Iile
615

Ala

360

Gin

Ser

ASD

Asp

440

Trp

Gln

Asp

His

Phe

520

Leu

Pro

Trp

Met

Arg

600

Leu

Trp

Tyr

Arg

Leu

Glu

425

Asp

Gly

His

Gln

Leu

305

Glu

Arg

Val

His

Gly

585

Bro

Glu

Pro

Lys

Asp

Trp

410

Val

Trp

His

His

Fro

430

Tyr

Trp

Lys

FPro

Glu

570

Asn

Phe

Pro

(46)

Gly

Trp

Pra

385

Tyxr

Val

Gln

Pro

Glu

475

Tyx

Arg

Ile

ABn

Arg

555

Val

Phe

His

Glu

Val
Asn
380
Ile
Ala
His
Lys
Gly
460
Trp
His
Thr
Asp
Ala
54¢
Glu
Leu
Gly

Leu

His
620

Ser
365

Met

Phe
Gly
Ala
445
Lys
Asn
Arg
Asn
Phe
525
Gly
His
Asn
Arg
Glu

605

Gly

Ala

Gly

Arg

Ser

Lys

His

Gly

Pro

510

Ser

Arg

Tyr

Ser

Val

290

Leu

Fro
Trp
Lys
Glu
415
Gly
Asn
Leu
Asp
Ile
495
Ala
Asp
Met
Aryg
Asp
575
Glu

Thr

Thr

Met

Tyr

400

Ser

Leu

Thr

480

Gln

Leu

Arg

Leu

Val

560

Ala

Ala

Leu
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