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A7 FAAE HEE 28AE AEZHe FH STE AMREE 2EfEvo)A 2 vl
o] FAZrtolal EE HAN FHAX S X g, A ARG 39
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(Tropp, Burton E. (2008). Molecular Biology: Genes to Proteins). o] <QJEZAY <9 (intragenic
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T sl FAlGEA, A7 AZRWEES (a) E Lol Eo =(thioacetamide, 1)ZFE FAH T2Ho]E I
2~¥](phosphate ester, 4)5 §A3dt= A (b) L-ZAHL-malic acid, 5) 2 2ZF¥ AE(ketone, 11)& FAI3}
= 9L (¢) 7] EiF O]E Oﬂ.Z: E] (phosphate ester, 4) % A7) Al=(ketone, 11)ZFE Q2 =3Hd

(vinyl iodide, 15)< = @A (d) (R)-A-SAFE 2] H]=((R)-Benzyl-oxazolidinone, 16) 2 ZF-E A1
sk G (o) A7l 22=3M| Y (vinyl iodide, 15) % A1L =315 (21) ZF-E N-o}

Q==
A Al 2~EF E] Qo] 2 (N-acetyl cysteamine(SNAC) Thioester, 25)% dAslE dAS E£33ch. A7) A%
W o2y W obol] EABFGITH.

gty o] g7

Eoutgo] whE @A ATFA, E o]Z o] &3 xR YA WHE WA F Ao o ¥EE A =8-S T
R AR =

TS, 2oty w2 FAE AGAl, E olE o] &3 d xR A WL epod, epoP, epoB, L epol7t =
AR & MHFNAE FHES A 5+ 9t

EHo Zigeh 49

T lad dxdE FAEIE AR FHAHEPKS) S Yehd Aoy, T 1hE dXHE PAS 93
TA #F3E 59 NIEE YErd Aot

T 2a% ¥ o] 2 A seHEe FASS e Fol, E 2be V] E 228 8.9t el A

L 3a WA & 3ive & 2] wtE JxdE A AMEHE, AEYEvlolA s wUFdgd =187

A WY LA

T o4a @ % 4pE B ow

a

of W Uy AWl AgEE, AESIEvoIAL Azt =Slehy] 9%

&b el wE o xdE bl whel gake o xdE DE Uk Ao HHESI-MS/NS) .

il

ola B WL &lry] q ] ol &) mﬂl 3] Ayt oyl 7] de 2 3ys AAsh] 9 A ¥, 3] 4
& 2 o)l Wl AdhE = A ot}

2 dgolA ME-Z2Y (subcloning)S 918kl W<t (E. coli) DH5(Invitrogen), &&2=7]= pLitmus28 (New
England Biolabs)& A}J‘LB—WE} Bouo] Abg® At DS MEZFRYC gy o&HE g 2 gEd
&5 wol dhdolt}. o] #F& redAl ¥ endAl f-Abe] Wolz <Qldle] FRYH F- FdA(insert)e] ¢4
A Fehav=e] 85 FE5 FoFE Aol vt ¢, E#2ME pLitmus28 3kb ©l3te] A7|E 7HA|
w, rod™- (ampicillin)ell AFAAE 7 tpsk N EA] E(cleavage map)E 7FA 3L oA ABEERY

2 ol g Zepan o)),

NETEES 2EHEnoAA HYFAgooA LHAAF 7] & hFE-2EFEnto] A2 HE(shuttle) =HE
% pDHS702, pDHS618 W& pSBACE AREsIAT. A7 ¥WEHES pikd 1 ZERES 474 HiERE
(thiostrepton) % of=xz}ulo]2l(apramycin) WA FAAES ¥t v}, Ar] AE9WE pDHS7022F pDHS618
o nl vAIZE et njAESkY} dloju]= AW (David H. Sherman) n25-¥ RSt}

rl

3 ~EAEo|Al~ ATzt o xEE FAAES wE@sly] A pDHS702¢t pDHS618OIA pikA I T
BE S act ZEEER wAlste] w3l
Z2g Edyo] el 2EfEutolA 2 wuF A DHS2001S & 53] #110-09493135 0 AdH 5
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g Argsiel.

NgFe Zepan=e AHS 9Jste]l 4o Hdd (ampicillin, 50 pg/ml) Ei= ofZ#wlo]l (apramycin, 25 ug
/mL)ol 7 LBl A oA vl Fa A

AAle 1: AxdE A FdA A 5 ey Ax

I

o xeE A3 %ﬂx}% 2TAF AEZAY FHAA ARE vFoR o|F&F 2EfIEnfo|A 2~ Hy|F=Ad
o] FE AT Tof| B3] nlo] Sy oloA] ~2kbe] Ale]==Z FHASIITE. AHE CXEHE AFAY FHAAE epod
(g epoP(H%d?ii 2), epoB(ALHZ 3), epoC( LMD 4), epoDd(MEHZ 5), epoE(AEHZ 6),

3 1)
epoF(/ﬂ%d?ii 7), orf6(XEW3 8), orf3(AEHE 9), L orfI4(HALEHS 10)°]T}.

A7 FAE FAA dAEL 474 AFaAE olgste MHEERY dAE AX ZAIAIA pDHS702, pDHS618
2 pSBAC =3kt MEERY 2 w9l Wy 3 5E2E3F #10-0949313%0 7]AE WS A5 Wy
3o AE-F L)

ol E3led & 3a WA E 3id EAE IR ES o] =¥ pDHS702-optSoC_APBC_Sv, pDHS618-
optSoC_DEF_Sv, pDHS702-optPD_APBC_Sv, pDHS618-optPD_DEF_Sv, pSBAC-optSoC_APBC_Sv, pSBAC-optSoC_DEF_Sv,
pSBAC-optPD_APBCDEF_Sv, pSET152-optSoC_DEF_Sv, = pSET152-optPD_DEF_SvE Al SIith. e, = 4a ¥ =
4bol] =AH MEA = o] ME pDHS702-0opt SoC_APBC_Sc, 2 pDHS618-optSoC_DEF_ScE <+Asloith.

A 2: A FEE HATA thioesterSNACY 7154

T 2a @ = 2bd wet B ool AFA 3EgE, = EZEE N-olHY A28 B 2o A~F (Epothilone N-
acetyl cysteamine (SNAC) Thiocester, 25)Z ¥A&}v}.

WA, ga-wa AZSH WS F Ul WIZIAl (Negishi) ASH wH&S aste] =214 F1A|(Schinzer 's
intermediate, 22; Chem. Eur. J. 1999, 5, 2492-2500)% %éﬂ]o??it%. T, 37 20A FA(22) 2 E
S Aldlo] A (oxydation), TIZZEM(deprotection), % E]Ro|2E(thioester) WHs-& 7lsle], 7] WS
o]-g3te] ke EZQ & uwwe] ATA FE=E(25)S FAeUTt.

FL

(2) Bloopd o= o [-wiro 2 e o] 34

AEE Ba-w4 AFS s AaA 2o v AEE FEU] 22 =3 d(vinyl iodide, 15)3 A1
Q@ =3} & (primary iodide, 21)& FH|8}7] YallA, EAFHo]E o] ~F (phosphate ester, 4; JOC 2004, 69,
9269) ¢} A= (ketone, 11; Chem. Eur. J. 1999, 5, 2492-2500)< Z+Z E]2olM Eoln| =(thioacetamide, 1),

L-ZAH(L-malic acid, 5), R)-Ml&-&ALZ2]t]=((R)-Benzyl-oxazolidinone, 16)< o]&3fo] X dhrgo] 2413
stES FASTHE 2a). FAAR] FAGAE o 2.

SFACHA (a)

§ 0 i S i S~ o
+ o, g
)LNHE. a Ao _<\N l ol \ lgxog
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[0070]
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[0080]
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[0083]

[0084]
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i. oleke 55T, 7 h, 80% (lit 81%); &

ii. Eglold X ulo]E(triethylphosphite), ’ﬁ, 6 h, 86% (lit 86%))

‘6‘1—}\41‘11-7:] (b)

0 OH _ ) o 0
J\A‘;’TOH i. 0 9 i. ? b i,
—_— —eeeil _—
HO I HOJW HOW HOM..( jO
0 0

5 6 7 8
OTBS
— TBSOm(%} — — _
bres 0TBS
9 10 1"

i. gulE A~ 2% (dimethoxypropane), pISA (1 mol%), RT, 3 h, 75% (lit 84%);
ii. BHs~THF, THF, 0C , 1.75 h, ©]% RT, overnight;
iii. pTSA, CH,Cly, RT, ¥ (overnight), 71%, 23] o]4F (lit 85% over two steps);

iv. TBSCI, e]®|tt&(imidazole), DMF, RT, %¥HA, 88% (lit 93%);
v. MeLi, THF, -78C , 3.5 h; ¥

vi. TBSCl, imidazole, DMF, RT, WA, 88% over two steps (lit 80% over two steps)

AAEA (o)

s S
0OTBS
S i _<‘N | oTBS il _<\N | OH
_<\Nl.,|!’ OEt + R l . |
o8t bTes : :
otes oTes
4 11 12 13
s s
i —<\N | -0 iv. _<\N ! A
— | — ]
oTBS OTBS
14 15

i. nBuLi, THF, -78C, 1 h, °]% A E(ketone), -78 WA AR WMEZ, 73%. with 18% recovery
of starting material (lit 79% with 22% recovery);

ii. THF:TFA:H,0 (4:1:1), 0C, 35 min, 94% (lit 92% HF-Pyr);

iii. DMSO, <& Z&#}o|=(oxalyl chloride), CHCl,, -78C, 10 min, ©]%F <3 2(alcohol), 30 min, ©]3F
NEts, =78 C WA RT, 30 min, 92% (lit 82%); X

iv. 82=3} o8 Egdd¥EA¥F(Ethyltriphenylphosphonium iodide), nBuLi, THF, 0C to RT, 20 min, ©]

% I,, THFel #7}, -78C, 15 min, ©]% -30C, 30 min, ©]% NalMDS, -30C, 15 min, ©]F <LH 3=
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[0085]

[0086]
[0087]

[0088]

[0089]
[0090]

[0091]

[0092]

[0093]
[0094]

[0095]

[0096]
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(aldehyde), -30°C, 10 min, 53% (lit 54%)

AAEA (D)

0 0 0 0 o
. " OH
I Il .
OJ\NH _— oiwk/ —_— o)LNJ\:/\”/’ _— Y
\__é \__é \_4L : :
Bn Bn Bn )
16 17 18 19
o 0TBS : oTBS |,
_ = s — | —
0TBS
2 21 21

i. nBuLi, THF, -78C, 5 min, ©]% Z 23 eyYd F&Zzo|=(propionyl chloride), -78C, 30 min, ©]%& -78CT
W] RT, 97% (lit 91 96%);

ii. NalMDS, THF, -78°C, 1 h, ©o]% <Ho]ot}to|=(allyl iodide), 4 h, ©]% -78C to RT, 95% 24:1 d.r.
(lit 61%, one isomer);

iii. LAH, Et20, 0C to RT, 6.5 h;
iv. TBSCl, olm]t}=(imidazole), DMF, RT, overnight, 75% over two steps (lit 80% over two steps); &

v. BH,~THF, THF, 0C, 1 h, ©]% MeOH, NaOAc (IM MeOH), ICI (IM CH.Cl,), 0C, 30 min, 48% (lit 60%)

AAGA (e)

S s
— : . —& | g
N I e | : 4 N { =
: v : OTBS
OTBS OTBS
15 21 22
s _ s .
i __<h l P . OH i __<N | W i 6
——i —
| 6 | 0
i i
oTBS OH
23 24
i — | : s ,CIL
iv. | = T
- 3 H
OH
25

i. Zn/Cu couple, 1,2-tjB 2R o ek(dibromoethane), PhH, A, 10 sec, TMSCl, RT, 5 min, ©]% DMAc, A|18 <%
=3} & (primary iodide), PhH, 60°C, 2.5 h, ©]% TESOTf, DMAc, A, 1 h, ©]% Pd(PPhs)s, RT, 5 min, ©]%

s ex=3gd(vinyl iodide), PhH, 60C, 30 min, 97% (lit 84%);
ii. PDC, DMF, RT, 3 days, 66%;

iii. TBAF, THF, RT, 36 h; %

_15_



[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]
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iv. DMAP, HSNAC, HOBt, EDC-HCl, CH,Cl,, 63% over two steps

AAld 3: o]FwFolM o] v

(1) Z2EfEnto|A] 2 dv|Fdol o] FAx3

AN 104 A ZF3F pDHS702-opt SoC_APBC_Sve}  pDHS618-0ptSoC_DEF_SvE AEZEulolA]lA  HY|FA
DHS2001=  w=§istal, AxFE dFE okxdwmte]ldl (25pg/ul), BILZEFE  (50pg/ul) B Fhdwtelll
(kanamycin) (50pg/mL)Z &3k R2YE vjX|Z o]-&3}lo] 30Tl 497t ajekstodtl. R2VYE A4S 103g sucrose
(sigma), 0.25g K2S04 (sigma), 10.12g MgCl126H20 (sigma), 10g glucose (sigma), 0.lg casamino acids
(Difco), bg yeast extract (Difco), 5.73g TES buffer (sigma), 2mL trace element solution, 22g agar (IL
71&)oly | a2 Hi (autoclave) Fof 10ml 0.5% KH2PO4 (sigma), 4ml 5M CaCl22H20 (sigma), 15ml L-
proline(sigma), 7mL IN NaOH(sigma) (1L 7]5)=S 37}ste] A Z38}S .

T3 W¥ pDHS702-optPD_APBC_Sve} ™¥] pDHS618-optPD_DEF_Sve] AE, Hi= ¥E pSBAC-optSoC_APBC_Sve}
¥ €] pSBAC-optSoC_DEF_Sve] HEE 7}z AE#AEnfo]l Al Wy DHS2001 FF 2 =3t 479 =AU
W oz wigst it

3, pSBAC-optPD_APBCDEF_Sv, pDHS618-optSoC_DEF_Sv, pDHS618-0ptPD_DEF_Sv, pSBAC-optSoCC_DEF_Sv,
pSET152-0ptSoC_DEF_Sv, =+ pSET152-optPD_DEF_SvE ZHZ} ~E#EulolA]x wjy|Fdd] DHS2001 7452 =9
star 7)ok 593 wH oz wjekaaint.

=3k, pDHS702-0pt SoC_APBC_Sc$} pDHS618-0ptSoC_DEF_ScE AE#MEnlol A~ Agjzel M11540] =dsta A7)
9} Z=9% WhH o R wjkalglth,

W3k, pDHS618-0ptSoC_DEF_Sc& ~EREwnto|Al 2~ Ae|Zke} 11549 =dstar 479 a3 o= g3l
o},

(2) 2EZErlo]l Al vl DHS20010] AFA 31EE A7

A7) A" WEZF 2dE 2B EnfolAlx HY|F A DHS2001 #FES

ot
oE;
o
il
ﬁ:

O
=
Do
-
=
L
_I%
2
o
==
)
A

AR 30T £l AU astaish, A ) whe GAE A el FEe ) 19
Su FEshe g 2 2) 19k 20 T A RS PHE Agsgon, 1 U4 4 e T

(3) ~EREnto| Az Ae]zke} M50l ATA g2 Az

371 48 AEE EE AEEfolA A deel M1 # s A4S 4—3 R2YES] efA|ujA] HE= a1
A A 30Ce] EelA 627 Wit em AAle 2o wheh FHR ATA HFES FHS 1) 29
A g FEsE P R 2) 2949 494 F o TESE PEe *}%6}%9— 1A S S
Fetrt.

A7) AFA seEe] FasEe] MdE AU xdE wg 8AS 5F2 oldolAE| o] E(ethyl acetate)<}

Feta, 2EZurIR 5 BYE 28 RS, §715S AT ™AEF7] (rotary evaporator)® 5 H3GIT.

dojx EEFES 10002 ere (methanol)® ThA] Jolar A7) &9¥S Phenomenex Synergi Polar-RP A #H
3| /A 2= 8 o] o] &-3}-AFRA7];

ol
(1504.6mm,  4m)S A LCESIANS/MS (A AAZvfETE
Waters/Micromass Quattromicro/MS)®= #243}3it}.

B2 250 /mine] Fr&o® SEAIAL, 0.1%(v/v) EEAF (formic acid) °] HA7Me FH< %QE(A)TJr
0.1%(v/v)e] EZF2ko] H7Fe 80%(v/v) SFHEUEZ (acetonitrile) §H(B)E o]&3slo =333ttt BE 3
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S o i s [ %S T
@ )J\NHZ Ta M a —<\N l cl \N]\/H(OB

o o)
5 6 7 8
OH oTBS
iv. o V. o Vi. /?K)/
TBSOu. &O _ _ _ !
oTBS oTBS
9 10 1
oTBS _<S _<S
© S ° o i. N l oTBS i. N ‘ OH
— kg,oa + _— | — |
N ~OEt i
oTBS 67BS &tes
4 1 12 13
i, — _o iv W N
— | —— |
oTBS oTBS
14 15

W oTBS - oTBS 0
_— = - | = M
E E OoTBS
20 21 21
_<S |
(e) R = i
N ‘ i
i oTBS
oTBS
15 21

25
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O OH

O

L-Malic acid HOMOH
5

OEt

- +
s S
L ]\/g,oa
1 NH, N -
4

Thioacetamide

ori

i SCP2* tsr
bla colE oriT

Nsil

pDHS702-0ptSoC
_APBC_Sv

epoA

epoP

SIS31 10-2015-0139150

X
(R)-Benzyl-oxazolidinone o N

163

a2 2}

=

| /|+'\/\/?\

S
— |
N
; 0TBS
OTBS
15 21

pikA promoter
EcoRl/Mfel

T Sorangium cellulosome?=|

0TBS
Schinzer's Intermediate
22

intergenic resion
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pDHS618-0optSoC_
DEF_Sv

epoE

- sggz* tsr
bla colE oﬁT’

epoA

pDHS702-0ptPD

_APBC_Sv epoP

epoC

- —Sorangium cellulosome=|
intergenic resion

epoD

pikA promoter
EcoRIl/Mfel

_21_

SIS31 10-2015-0139150



ori CoE
pikA promoter
EcoRI

pDHS618-0ptPD_
DEF_Sv

pikA promoter
EcoRIl/Mfel

“~——Sorangium cellulosome2|
intergenic resion

PSBAC-0ptSoC_APBC_Sv

epoP

epoC
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\ "—Sorangium cellulosome=|
intergenic resion

pSBAC-optSoC_DEF_Sv
epoD

epoF

epoE

pikA promoter

orf3._J pSBAC-optPD_
e APBCDEF_Sv

epoD
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attP int KmR

ermE* promoter
EcoRI

\—Sorangium cellulosome®]
intergenic resion

PSET152-0ptSoC_
orf3 DEF_Sv
epoD

epoE

attP o KmR
ermE* promoter

EcoRI

pSET152-0ptPD_

DEF_Sv
epoD

Pikromyein

epoE

ori I _act promoter
bla: colE SCP2* tsr

oriT EcoRI/Mfel

~~——Sorangium celfulosome®)
intergenic resion

pDHS702-0ptSoC

_APBC_Sc
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<110> EWHA UNIVERSITY - INDUSTRY COLLABORATION FOUNDATION

<120> SYNTHETIC PRECURSOR OF EPOTHILONE FOR IMPROVING PRODUCTION OF EPOTHILONE AND METHOD FOR
PREPARING EPOTHILONE USING THE SAME

<130> KPA140463-KR
<160> 10

<170> KopatentIn 2.0

<210> 1
<211> 4266
<212> DNA

<213> Artificial Sequence
<220><223> Codon Optimized DNA of Sorangium cellulosum for Expression in

Streptomyces venezuelae

<400> 1

atggccgacc geccgatcga gegegecgee gaggacccga tcgecategt cggagectcece 60
tgecegectee cgggeggegt catcgaccte teceggettet ggaccetect cgaaggttcece 120
cgcgacaccg tcggecgegt cccggecgaa cgetgggacg cegetgectg gttcegacecg 180
gacccecgacg ccccgggeaa gacceceggte acccegegect ctttectcag tgacgtcegee 240
tgcttcgacg catccttett cggtatctce ccgegegagg cgetecgeat ggacccggec 300
caccgtctce tectegaggt ctgetgggag gecctcgaga acgecgecat cgececegtece 360
geectegteg gecacggagac cggegtette atcggaatcg geccgagega gtacgaggec 420
geecteecge aggecaccge ctecgecgag atcgacgecc acggeggtcet cggeaccatg 480
cceteegteg gegeeggeeg catcagetac geecteggee teegeggece gtgegtegee 540
gtcgataccg cctactccte ctcectegte geegtgeace tegeetgeca gteecteegt 600
tceggegagt getccaccge cctegeegge ggegteteee tcatgetcte cecgtecacce 660
ctcgtetgge tctccaagac ccgegeccte geccgegacg geegetgeaa ggecttetee 720
gccgaagecg acggettegg tegeggtgag ggetgegeeg tegtegtect gaagegectce 780
tceggegeee gggeegacgg cgaccgeate ctegecgtea teegeggete cgecatcaac 840
cacgacggag ccagctccgg getcaccgtc ccgaacgget cctcccagga gatcgtecte 900
aagcgegece tcgecgacge cggetgegee gectectegg teggetacgt cgaggegeac 960
ggcaccggga cgaccctegg cgacccgatce gagatccagg ccctcaacge cgtcetacgge 1020
ctecggtegeg acgtegecac cecgetecte atcggetecg tcaagaccaa ccteggecac 1080
ccggaatacg cctceggeat caccggecte ctcaaggtceg tactctcect ccagcacgge 1140
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cagatcccgg
cgcctcaccg

ggtgtctect

gcegecacct
cggaccgcect
ccgteccagt
caccgecteg
gcecagggte
cttgecttee

gacgtctggt

ctcgaccgece
ctcgaccaga
ctetggeget
gtcgeegecet
cgeggtegte
gaggccgacg

aacgcccecgg

gccatggeeg
ccgctcatgg
cgcccgagea
tcececgggat
gcectcecacg
ggtctegtee

ggeegegacg

ctegtetect
ccgtggeage
cgeegegeec
gaccgcecegcet
gaggccgeeg

ctegtectec

cccacctcca
tcacccgegce

ccttcggceat

gcacccegee
ccgcecectega
gecteggega
ccgtegeege
agacctcccce
tcttcaccgg

ccgecttecg

cgcteegega
ccgcecttcac
cctggggggt
gcgtegeegg
tcatgcaggc
tcgeegeege

accaggtcgt

ccegegegeec
ccccgatgcet
tcgtectegt
actgggtccg
ccgcaggegc
cggectgceat

aaccggcecac

gggeeggtct
gcgagegcta
cgggcrgeegg
ccgeceegect
gcgacaggcece

gcgtcaccga

cgcecaggee
ccgeaccecg

gtccggaacg

ggcecctgag
tgcccaggece
cgtegettte
cacatcccgt
gggegeegtce
ccagggtgcce

cgaggccttce

ggtcatgtgg
ccagcceggec
cgagccgegag
cgtcttetee
cctceeggec
cgtegegeeg

catcgcegge

ccgcaccaag
cgaggcecttce
ctccaacctce
ccacgeeege
cggcaccttce
gcccgacgee

cgtcctcgag

cttceegtee
ctggatcgac
ccacgacgag
cgaccacccg
gttccgacte

acgcecegegcece

ctcaaccccce

tggccggact

aacgcccacg

cgtecggeceg
gcecegectec
tcectegeca
gagggcctcc
aggtccatcg
cagacgctcg

gacctctgeg

gccgageegg
ctgttcacct
ctegtegecg
ctcgaggacg
ggegegegega
cacgccgegt

gcceggcecage

gccectcecacg
ggeegegteg
tccgggaagg
gaggtcgtac
gtcgaggtceg
cgteceggecce

gceettggeg

ggeggecegcece
accaaggcgg
gtcgaggagg
ccgecggaat
gagatcgacg

ccgggecteg

gcatctcectg
ggaacacgcc

tcgtectcega

agctectegt
gcgaccacct
ctacgcegctce
gegetgeecet
ccgactcectce
gcatgggeeg

tcegectcett

cctecgtega
tcgagtacgc
ggcactccat
cegtettect
tggtctccat
ccgtctccat

cggtccacgce

tcagccacgc
ccgagtcecegt
cctgtaccga
gcttegecga
gcecgaagtce
tcetegecte

gcetetggge

gegteceeget
acgacgecge
gcggegeegt
ccggeegeeg
agccgggegt

gcgaggttga

_27_

gggcgaccte
gcgeegegece

ggaggceceecg

ccteteegeg
cgagacctac
cgccatggag
cgacgctgece
Ccaggggcaag
cggectctac

caaccaggag

cgeegeccte
getegeggece
cggcegagete
cgtegeegee
cgaggceccg
cgeegeegte

aatcgccgece

cttccactcce
ctcctaccge
cgaggtctcce
tggagtcaag
caccctecte
ctccegegee

cgteggeggce

ccegacctac
ccgeggegac
ccgtggeggce
cgagaaggtc
cctcgaccac

gatcgccegte

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940
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gacgecegegg gectetecett

ctceegggea agccgaacce
geegteggeg agggegtcaa
ggegegttceg ccacccacgt
ctctccgeca tcgaggecge
gaccgcatcg cccgectecea
gtcggecteg ccgeegtgea

ggcacgecgg agaagcegage

cgctccgacce gettegtgge
gtcctcaact cecteteegg
ggeegetteg tcgagetegg
ccgttcectee gcaacctcte
ccggeeegtg teegegecect
accccgeege cgatcgecac

gcecaggece agcacctegg

cgcatccega cccatgeegg
ctcgectecg ccgececececge
gtctcccagg tcctecegeac
ctcggcatgg actccctcat
ctcaagctct ccaccacctt
ctcctegacg cectggecac

geeggegtec agaacgactt

ctgtga

<210> 2
<211> 4233
<212> DNA

caacgacgtg

gecegcetecte
cggectegte
caccaccagc
cgccatgecg
gccgggcegaa
gtgggcccag

ctacctcgag

cgacgtccge
cgagctcatc
caagcgcgac
cttcteccte
cctcgaggag
gctceeccate

caagctcgtc

cgeeggeecg
cgeecgegec
cccggaaatce
ggcegtcegag
cctetecacce
cgecctetee

cgtctectee

<213> Artificial Sequence

cagctcgecc

ctcggegggg
gtcggcecage
geegceactceg
gtcgectacce
cgegtectcea
cacgtcggeg

tcecteggeg

gcetggacceg
gacaagtcct
tgctacgecg
gtcgacctcec
ctecteggece
geceegegtgg

ttgaccctcg

tccaccggeg
gcegececteg
aaggtcggag
ctccgcaacc
tccecgaaca
ctcgagegeg

ggagccgace

tcggcatggt

agtgcgeegg
cggtcatcge
tcetecegeg
tcaccgegtg
tccacgecege
ccgaggtaca

tgcgctacgt

gcggeegages
tcaacctcect
acaaccagct
gcggcatgat
tcatcgeege
ccgacgecett

gagacccgga

accgcgacct
aggccttcect
ccgaggcecect
gcatcgaagc
tcgeectect
tggctgecga

aggactggga

cccggacgac

ccgcatcegtce
actctccgee
accgcaggcc
gtacgccectce
caccggeggce
cgeceaccgece

ctccgactcece

cgtcgacgtce
ccgceteccac
cggecteege
gctegagege
cggtgtctte
ccgctecatg

ggtccagatc

cctegaccge
ccgcacccag
cttcacccge
ctccctcaag
cgcecagaac
gaacctccge

gatcatcgeg

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4266

<220><223> Codon Optimized DNA of Sorangium cellulosum for Expression in

Streptomyces

<400> 2

venezuelae

gtgaccatca accagctcct caacgagcetc gagcaccagg gtatcaaget cgeggecgac

_28_

60
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ggcgagegcece

atctccgagce

atcgtccegg
tactggctcg
tacgactgca
cgccacgaca
gtcgacgeeg
cgcectegtcet

ctctaccacg

gacctcatca
tacgaggacc
gcectegaat
cgcatcgeceg
aaggagatcc
aagcgeegeg

gaggtcatcg

cgcecteeegg
ctggacatcg
cagctctggg
geecegegtcece
aaccagcagg
acccagacgc

ctecgectggg

gcctacgteg
tcecteeege
tcegagcaca
geggtegtcet
ctcggggecce

gagaagggct

tccagatcca

aCaagagcac

ccecggecega
gccgeaccgg
cggacctcga
tgectecgege
acatcgagat
cgctcecgega

tagtcgccgt

acgtcgacct
cggagacgtc
cccgcaagaa
agctcecgece
gcttecegeca
ttggcgageg

gcegetggte

tccacceecg
acacaacccg
aggccatgga
tcggcatcca
tcgtgggegt
cgcagctcct

acatcgtcga

tcttecteeg
ccgeccaget
cgctccacgg
ccgeecgeaa
gcetecgega

gggagcaggt

ggceccgaag

catcctcacg

gaggcacgcce
ggccttcacg
cgtceegege
ccacaccctce
catcgacctg
cgcgatgtcce

ccgectegac

cggcagcctce
ccteeeggte
gtccgaggeg
gcegeegacce
caccgagcag
cggcecttace

cgcgteceecg

cgtcaacgac
cgacaagtcc
ccactgcgac
gcegeggegece
caccagcctce
cctcgaccac

cggegtctte

ccgectcacce
cgaggececge
cctettegee
gaccctcacc
gcagggcgcece

cgtcgeegte

aacgccctca

atgctccgcec

ccgttecege
gtceecteceg
ctctceegeg
ccggacatga
cggggecteg
caccgcatct

gagcgccaga

agcatcatct
ctcgagetgt
caccagaggt
ctccegatga
tggcteeegt
ccgacggecg

cgcttcacce

ataaccggcg
ttcgagcage
gtcteeggea
ctcttceegg
cagcgectceg
cagctctacg

ccgeceggacce

gaggagccct
gectecgecea
geeegegtceg
tacgaggagc
cgcecgaaca

ctcgeggtece

acccgaacct

agcgcctcecec

tcaccgacat
gcatccacgce
ccttecegceaa
tgcaggtcat
accgctccac
acgacaccga

ccegectegt

tcaaggactg
cctaccgega
ccatggacta
aggccgaccce
cggactcctg
tcatcctcge

tcaacatcac

acttcacctce
gcgecaageg
tcgaggtgcea
tcgtectceac
gcaccceggt
aacacgacgg

tcctcgacga

ggggggagea
acgccacgaa
agcagctccce
tcageccgeceg
ccetegtege

tcgagtccgg

— 29 —

cctegeeege

ggcggagtcee

ccaggagtcc
ctaccgcgag
ggtegtcegece
cgagccgaag
ccgegaggece
gcgeeegecg

cctcagcatc

gctetegtte
ctacgtccte
ctggaagcgc
gtccaccectce
gggeeggctce
cgecttcetcece

cctettcaac

catggtcctg
catccaggag
gcgegaagece
ctcegececte
ctacacctcce
cgacctegtg

catgctcgag

ggteegetge
cgecctecte
gatgcagctc
ctcecegeegg
ggtcgtcatg

cgecgectac

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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gtcecgatceg

gtcaagctcg
cagcgcectcce
ccgatccaga
CCgaagggcg
cgcttegaga
tcegtgtacg

agcaagctcc

tggaactccg
tcecetegece
ccgggegage
gaggcctcca
atcccgtacg
ccgegeeegg

tactggcgceg

cgectctaca
ggceegegagg
gagaccctca
gctgegaaca
gagcaggatg
gacggcectcet

gacctcgacg

gacgtctacg
gagttcggge
aagttccgct
tceggeegea
ctgctgaagce
gtcttcgacg

ttgtacggct

acgcggacct

tcetcaccca
tcgtetecga
cceegteega
tcatgatcga
tcggeecggg
acgtcttcgg

gcgaccegge

tgecggecect
gcteectgeg
tccaggecat
tctggtccat
ggegecceget
tctgggtcecce

acgaggagaa

agaccggcga
acaaccagat
agtcccaccce
agctcctect
ccteectcaa
ccgacggega

gcaagccggt

ccegeegeeg
gcttectete
acccgtcecege
tcgagggegt
tctcegacca
aggeggegtt

ccagctcecg

geeggeegag

geegtggete
ggcceggegtce
cctegectac
ccaccgegge
cgaccgegtce
gatcctcgece

ccattgggcc

catgcgcatg
gctetececte
ccgeeegggce
cgggtacccg
ccgcaaccag
gggcecagctce

gacgcgcaag

ccteggeege
caagctccgc
gaacgtccgce
cgcctacgtce
gaccgagegce
gcgegtccag

cgtcgatctc

cteegteege
ctgectctcece
gggctccacce
cgacgaaggc
cggcatcgag
caacctcctce

cgagttctge

cgcatccact

gacggcaagce
gagggcgacg
gtcatctata
gcegtcaaca
ctcgeectcet
gceggeggea

gagctcatcg

ctcgtcgage
ctctceggeg
gtctecgtca
gtccgcaacg
acgttccacg
tacatcggeg

tcettecteg

tacctccegg
gggtaccgeg
gacgccgtga
gtgccggagg
atcgacgccc
ttcaagctgg

accggcecagg

acgttectgg
tcegtggaac
tacccggtcce
ttctactact
cgeggegecc
ttegteggee

ctgctcgagg

acctcctcga

tctectggee
gcgaccagece
cctegggete
ccatcctcga
ccteectcag
ccatcgtcgt

agcgcgagaa

atttcgaggg
actggatccc
tcteectegg
tcgacctcag
tcetegacga
gcgtgggget

tgcacccgga

acggcaacat
tcgagcetcgg
tcgteceggt
ggacccgecg
gcgeecacge
cceggeacgg

acccgegega

aggccccgat
cggacggege
agacctacgc
accacccgtt
acgtgegeca
gcatcgacgce

ccggctacat

— 30 —

ccacggcgag

geegggceatce
gcccatgatg
caccggectce
catcaacgag
cttcgaccte
cceggatgece

ggtaaccgtc

ccgeecggac
ggtgggectce
cggegecacce
ctgggectce
agccectcgaa
cgeectegge

gacceggegag

cgaattcatg
cgagattgag
cggcaacgac
ccgegeegece
cgccgaagec
ccteegecege

agccggcctce

ccegttegte
caccctececce
ctacgtgaag
cgagcaccgt
aaacttcgac
catcgagtcc

ggcccagetg

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540
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ctcatggagc
gagcaggtcc
ggeggeegeg
cgeegegeea
cgcgacttcce
gacgccectcece

gacacctcct

ctcgtcgecg
gtcgaccteg
ctcgaccgceg
tcecggectcee
gaggtccgcece

<210> 3

aggccccttce
geeeggtect
tcgaccegeg
ccacccgegg
tcegeaccaa
cgctcacgtce

cceegegeca

tcgtecgega
gcgegaccte
agatcgccat
geegegacte

gcaagggceceg

<211> 5499

<212> DNA

ctgcaacatc
cgacctcega
gcagttccag
cgeeeegeeg
gcteceggag
caacggcaag

ctceggecac

ggtactcggce
catccacatc
caccgagctc
gecgegatcte

ccgeegetee

<213> Artificial Sequence

<220><223>

ggegtetgee
cactccgacg
gtctgcaccc
ggccgegage
tacatggtcc
gtcgaccgca

accgcecececege

ctcgaggtcg
gtccgeatge
ttccagtacc
gaccagcgcece

tga

cggteggeca
tctacgtcca
tcggccagga
agcacttcgce
cgaccgtctt
aggcccteceg

gcgacgegct

tcgggcetgea
gctecectect
cgaacctggg

cgaacatgca

gttcaacttc
cggcatgcetce
ctccteeeceg
cgacatgctc
cgtcgagcetce
cgagcgcaag

cgaggagatc

gcagtcecttc
ccagaaacgc
ctcgetegece

ggaccgcegte

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4233

Codon Optimized DNA of Sorangium cellulosum for Expression in

Streptomyces

<400> 3
atggaagagc
gceegegacce
ttctcegage
tacgtccgeg
atctceccegce

tgggaggccce

tacgccggeg
atgcgetggce
cacgtctcect
acctcecteg
gctetegeeg

ggcggcatct

aggagtcctc
tcgacgagtt
aggagctcgce
ccggceagegt
gcgaggcecega

tcgagaacgc

ccaacatgtc
cgggetggtt
accgcctgaa
tcgecegtceca
gcggcatcac

tctceeegga

venezuelae

cgccatcgcec
ctggcgcaac
cgecteeggt
ccttgaggac
gcttatggac

cggatacgac

ctcctacctg
ccagaccctc
ccteegeggce
cctcgeatge
cgtcegeate

cggccactgce

gtcatcggga
ctccgegacg
gtcgaccegg
gtcgatcgcet
ccgcageacc

ccgaccgect

accagcaacc
atcggcaacg
ccgtecatcet
atgtccctcce
ccgcaccgeg

cgcgectteg

tgtceggecg
gcaccgaggce
ccetegtect
tcgacgecege
gcatcttcat

acgagggctc

tccacgagcea
acaaggacta
ccgtccagac
tcgaccgtga
ccggetacgt

acgccaaggc

— 31 —

cttceceggge
cgtccagege
cgacccgtcce
cttcttegge
ggagtgcgcece

catcggcgtc

cceggecatg
cctegecace
ggectgttee
gtgcgacatg
ctacgccgag

caacggcacc

60

120

180

240

300

360

420

480

540

600

660

720
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atcatgggca

ggtgacccgg
atcggcttca
ctcgegggeg
ctcggcecgacg
cgcaggtcect
ggcatcgeeg

ctcaacttcg

acctccectca
ggcatcggeg
geegeegeee
ctcgacgctg
ggcgacgtcg
gcegeeecga

ccgeegggtg

ttcceggggce
gtgttccacg
ctectegeeg
cagccggtcce
gceecggacg
geectcetecet

atctccggcec

ctecegegget
ctcteeggeg
ttctgeegee
gaggacctcc
tccaccgtca
aacctccgcece

ggcctetteg

acggatgegg

tcecgegeegt
ccgececgte
tcgaageccg
ccatcgaaac
gegecategg
gcctcatcaa

agtccccgaa

aggactggaa
gcaccaacgce
ccgeeegete
ccgeegeecg
cctteteect
gcegegaggce

ccgteegegg

agggttccca
ccgecectcete
aactcgcecegce
tcttegeect
tcgtcattgg
tggaggacgc

agggcgagat

acgaggaccg
agccggeege
gcgtaaaggt
tcgecgeect
ccggegetat
agccggtcecg

tcgagatgtc

cgtcegtgctce

catcctcgge
tgaggtcggc
ctccatccag
cgccegecectce
ctcecgtcaag
gaccgtcectce

ccegtecatce

caccggctcc
ccacgtggtc
cgecgagcetce
cctcegegac
cgcgaccacc
cctcegegaa

ccgcetgcetcec

gtgggtcegge
cgcctgegac
cgacgaaggc
cgccegtegec
acactccatg
agtcgccatc

ggccegtceace

cgtcteegte
catcggcgag
cgacgtcgcce
cggeggectce
ggtcgeegge
cttcgecgag

gccegceacccece

ctcaagccgce

tccgecacca
caggcccagg
tacatcgaga
cgeegegtet
accggaatcg
gcectcegaac

gacttcgect

acccegegec
ctcgaggagg
ttegtegtet
cacctgcagg
cgctecececga
ggcctcegacg

ccgggcaacg

atgggtcgcece
cgcgcecatcec
tcetececage
ttcgeegecce
ggcgaggtceg
atctgcegece

gagctgtcce

gcegtceagea
gtcectetecet
tcecactecce
cgceeggegg
ccggaactceg
gtcgtccagg

atcctcacca

tcgaccgege

acaacgacgg
ccatcatgga
cccacggeac
tcggeaggga
gccacctega
accgccagcet

ccteeeegtt

gegeeggegt
cceeegeege
ccgccaagtce
cccaccaggg
tggagcaccg
ccgeegeeeg

tcccgaaggt

agctcctcege
aggccgagge
tcgagegeat
tctggegcag
ccgeegeeca
gcteecegecet

tggccgagge

actcccegeg
ccctcaacgce
cgcaggtcga
ccgeegeegt
gcgcecaacta
cccaactcca

ccteegtega

— 32 —

cctcetecgac

cgeecgeaag
ggcectegee
cggcacccte
cgectecegece
gtcegeegec
cceecegtece

ctacgtcaac

ctectectte
caagctcccg
cgeegeegece
gatctccectce
cctegecatg
cggccagacc

cgtcttegte

Cgaggageeg
cggetggtce
cgacgtcgtce
ctggggegtce
cgtcgeegge
ccteegecege

cgaggccgcec

ctccaccgtce
caagggggtc
ccegetecege
ccegatgege
ctggatgaac
gggeggecac

ggagatgcgc

SIS51 10-2015-0139150

780

840
900
960
1020
1080
1140

1200

1260
1320
1380
1440
1500
1560

1620

1680
1740
1800
1860
1920
1980

2040

2100
2160
2220
2280
2340
2400

2460



cgegeegeec
ccggecatge
cgcectettee
cgctactgga
ggcggecacce
tgggaaacca

geegtegtcet

ctcggggacg
ggtgacgecg
ttccagatcg
ggagctctce
cgegeecegec
ggcctcecagt

gececteggee

ccegecctcec
gccacgecegt
gaactctggt
geegacttcet
gcecagegee
gagtgggagce

ggcggtgggg

gtcgtccacg
geettegacg
gagctcgacc
tceeceggacg
caggcgcteg
gcecaggeceg

cgcgtcatcg

cgcecggaag
gaggtcgcecc

acccgcececege

agcgagecgg
tcgaggecct
cggceegeegg
tcgaggegece
cgcteetegg
ccctegacct

tcecegggegce

gceegetceca
ccgtectegt
ccagcegggc
tcagggtcga
tccaggecte
acggceeggc

gcgtecgect

tcgacgectg
gggtceeggt
gccacgeecg
gggtcgtcega
tceegggegg
cggcecgeegt

gcggectegg

ccgccgagaa
ggcaggccce
cgggactcgg
ccctegacce
ccggeatggg
tcggtgeegg

ccatggagca

gcgagetege
tcaggggcgg

gaggtcgcat

tgccgecagta
cggcaccctce
ccgecegegta
ggccaagtcc
cgagatgcag
caagcgcctc

cgcctaccte

gatcaccgac
ccaggtcegtc
ccegggegec
gcgcaccgag
catcceggcece
cttccagggt

cccggacgcece

cttccagatc
cgagctceggce
cgtcgtcaac
ctccteegge
cgtcegeegce
cggcaccgec

agccgcecctce

caacacctcc
gaccgeegtg
cgcccaggga
ggcectegte
cttcegegac
cgacgtctcce

tgccgacctce

cgcectecte
cgagcgctgce

cgagtcctge

ggctcecectec
tgggcccagg
ccgceteccga
gccegegggceg
accctctcca
ccgtggcetceg

gagatggcca

gtcgtecteg
actaccgagc
ggccatgecet
gtceeggecg
gecegecaccet
atcgccgage

gceggatcecg

gtcggceteece
tceceteegee
cacggccacc
geegtegteg
Cgcgaggage
aaggtcaacg

cgcgcecatge

geegeeggceg
gtccacctceg
gcectegacg
cgeggetgeg
gceeegegece
gtcacccagg

cgttgegecc

gcagagctcc
gtcgcegegea

gtcccgaccg

gceeggggecea
gttaccecggt
cctaccegtg
accgecgtgg
cccagacctce
gagatcaccg

tctecteggg

ccgaggecect
agccgtcagg
cctteegegt
gtctcaccct
acgccgagcet
tctggegegg

ccgcecgagta

tcttcgeeeg
tgctccageg
agaccccgga
ccgaggtctg
acgactggtt
ccggacgetg

tcgaagecgg

tcegegeact
gcteectega
cceegegete
actcggtcect
tctggetett
ccecgetect

gcgtcegacct

tcgctgacga
tcgtceegeceg

acgtcaccat
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ggacgaacgce
cccgtggggc
gcagcgcegag
cgtcegegee
cacccgecte
cgtccagggce

cgccgaggcece

cgecttegee
ccgectcecag
ccacgceege
ctcegeegte
caccgagatg
Cgagggagag

ccgectcecac

ctccggegag
ccetteegge
ccgecaggge
cggectegtg
cctegagete
gctectectce

cggccacgcea

cctegecaag
cggcggeggac
cgecgacgte
ctggaccgtc
gacccgegge
cggceetegge

cgacccggcec

cgccgaggcc
ccagccggag

ccgegecgac

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320
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tccacctacce tcgtcaccgg cggectegge ggecteggte tceteegtege aggetggete 4380
gcegagegeg gegeeggtea ccetegtecte gteggecgat ceggegeege tteegtegag 4440
cagcgegecg ccgtegeege cctegaggee cgeggegeee gegtcacegt cgecaaggec 4500
gacgtcgeeg accgagecca getcegagege atcctcecgeg aggtcaccac cageggeatg 4560
ccgcetecgeg gegtegtceca cgeggecgge atcctcegacg acggectect catgcageag 4620
acccceggece gettecgeaa ggtcatggee ccgaaggtcce agggegeect ccacctccac 4680
gcectcacee gegaggeccee getetectte ttegtectet acgecteegg cgtgggectce 4740
ctcggcetcce cgggacaggg caactacgcec gecgecaaca cattcctcega cgecctegec 4800
caccaccgee gegeccaggg teteeceggee ctetecgteg actggggect cttegecgag 4860
gtcggecatgg ccgecgecca ggaggaccegt ggegetcegece tegtceteeeg cggtatgege 4920
tccctcacce cggacgaggg cctcetecgee ctegeccgee tecttgagte cggecgegec 4980
caggtcggceg tcatgecggt caacccccge ctetgggtceg aactctacce ggecgecgece 5040
agttcccgea tgctceteceg cctegtcace geccacegeg ccteggeegg cggeecggec 5100
ggcgacggeg acctecteeg cegectegee geecgeegage cgteegeecg cteegeectce 5160
ctcgagcecge tcctcecgege ccagatctce caggtcectcece gectcececgga gggcaagatce 5220
gaggtggacg ccccgetcac cteecctegge atgaactcec tcatgggtet cgagetecge 5280
aaccgcatcg aggccatget cggcatcacc gttceggeca cectectetg gacctaceceg 5340
accgtcgecg cccteteecgg ccacctegec cgegaggect gegaggecge cccggtegag 5400
tcececgeaca ccaccgecga tteggecgta gagatcgagg aaatgtccca ggacgacctce 5460
acccagctca tcgecgecaa gttcaaggee ctcacgtga 5499
<210> 4

<211> 21774

<212> DNA

<213> Artificial Sequence

<220><223> Codon Optimized DNA of Sorangium cellulosum for Expression in

Streptomyces venezuelae

<400> 4

gtgaccaccc gtggeccgac cgeccagcag aacccgetca agcaggecge catcatcatce 60
cagcgcectcg aggagcgect cgeeggectc geccaggecg agetcgageg caccgagecg 120
atcgccatcg tcggecatcgg ctgecgettc ccgggeggeg ccgacgeccce ggaggectte 180
tgggagctcc tcgacgecega gegegacgee gtcecageege tcgacatgeg ctgggecectce 240
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gtcggegtceg
gactgcttcg
cagcaccgcc
cgctcecateg

cgcaccgtcg

ctctccatcg
gtcgacaccg
gceggtgagt
atggaggceeg
gectecgeca
tccgatgcecce

cacgacggtc

cgcgaggecc
ggcaccggcea
ccggececgcet
ctcgaggecg
cgcatccegce
gecectegece

ggcgtctect

gcegtcegaac
aagtccgagg
ccggaactcg
caccgecteg
gcecagggcece
ctecgecettece

gcegecetgge

ctcgaccgcece
ctcgaccaga
ctectggeget
gtcgetgect

cgcggecgece

cceeggtega
acgcecgecett
tcetectega
acggctcecg

ccegectecc

ccgeeggeeg
cctgetecte
ccgacctcege
ccgeeegeac
acggcttcegt
agcgegacgg

gctccacegg

tcegeteege
ccteectegg
ccgacggeac
ccgeeggegt
gcaacctcaa
tcgecaccga

cctteggceat

tctggecgge
gcgeectega
gceteggega
ccgtegeegt
agaccceggc
tcttcaccgg

cggcecttecg

cgcteegega
ccgectteac
cctggggggt
gegtegeegg

tcatgcaggg

ggcegteecg
cttcggcatce
agtcgcectgg
caccggegtce

gcgcgagegag

cctcagctac
ctecectegte
cctecgeegge
ccaggccctce
ccgeggegag
cgaccggatc

cctcaccgee

ccacgtcgag
cgaccctatc
ccgcetgegtce
cgeeggecte
cttcegeact
geceggteecg

gtccggceacce

cgccccggag
cgcccaggec
cgtcgecttce
cacctcccegce
cggcegecegec
ccagggegcc

cgaggcttte

ggtcatgtgg
ccaaccggec
cgagccggag
cgtettctee

cctcagtgee

cactgggcecg
tcecegegeg
gagggcectceg
ttcgtcggeg

cgcgacgcect

acccteggece
gccatccacc
ggcgtcetecg
tceecggacg
ggctgeggee
tgggccttga

ccgaacgtcec

gcegegegeceg
gaggtcgagg
ctcggegecg
atcaaggccg
ctcaacccgce
tggeegegea

aacgcccacg

cgcteegecg
geeegecetec
tcecttgeca
gagggcctcece
cgctgeatceg
cagaccccgg

gaccgctgceg

gccgaggceceg
ctcttegeeg
ctectegteg
cttgaggacg

ggcggegecea

gectectceac
aggcecgcete
aggacgegegg
ccttcaccge

actccgccac

tccagggcecce
tcgeetgeeg
ccectectete
geegetgeeg
tcgtegtect
tcegeggcetce

tcgceccagga

tcgactacgt
cceteegege
tcaagaccaa
cccteteect
gcatccgecet
ccgaccgecce

tcgtectega

agctcectegt
gcgagcacct
ccacccegcete
tcgeegececet
cctectecte
gcatgggeeg

tcgeectett

gcteegecega
tcgagtacgce
gccattcecat
gegtecgecet

tggtatccct
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cgagccgatc
cctecgacceg
catcccgeceg
cgactacgcce

cggcaacatg

gtgcctcacc
ctcecteege
cccggacatg
caccttcgac
caagcgcctce
cgccatcaac

gaccgtcectce

cgagacccac
caccgtcgge
catcggccac
cacccacgag
cgagggctcce
gegettegece

ggaggcceecg

cctetecgga
cgacatgcac
cgccatgtcce
ctcegeegte
ccgeggeaag
cggeetgtge

cgaccgcgag

gtcectecte
cctcaccgee
cggcgagetce
cgtcgeegee

cggcgecececg

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100
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gaggceggaag

aacggcccgg

ggettcegeeg
ccgetecatgg
cgccecegtecg
geecegggcet
gecectcecacg
ggcctectcee

ggeegegags

tcegtcetect
ccgtggeage
gcegacgecce
gtcgactccce
ggtgaggccg
ccggecgagg

tggcagggcg

gaggaggtcg
ctcggcaccg
ggcggcegage
gcectegage
accgaggtcg
ttccgecagg

gceeeggtcet

ggectecteg
cgccacggec
cgcatcgeceg
gacgtcgeeg
ggcegtegtece

agactcgccc

tcgeegeege

agcaggtcgt

ccegeggege
agccgatgct
tcteectegt
actgggtccg
aggcceggegce
ccgectgect

aggceegeegg

ggcegggegt
gccagegcta
tcgeccagtg
gcegegeecg
ccgeegeege
cctcegeegt

tcctetacct

ccaaggtcac
geceegegcete
cggacgecge
acccgggcetce
aggccctegt
gcegeegeceg

cccteteege

tcgeeegetg
tceeggacceg
ccatcgaggc
acgccgageg
acgccgeegg

gggtcctecg

cgtcgecececg

catcgcceggce

ccgcaccaag
cgaggagttc
ctccaacctce
ccacgtccegce
cggcaccttce
cccggaggec

cgtcctcgag

cttcccgace
ctggatcgag
gttctaccgce
ctceggeggce
cctetectee
cgccgageag

ctggggcecte

ccacctcgcec
ccegegecete
cccgtgcecag
ctggggeggc
cgccgagcetce
cgeegeecge

cgagggctcec

gctegtcegag
cgaggagtgg
cctcgaggece
catggccgcece
cctectegac

cccgaaggte

cacgccgect

gtcgagcagg

cgcetecacg
ggcegegteg
tccggcaagg
gaggccgtcece
gttgaggtcg
gagccgaccce

gcecteggece

gceggecegee
gceecggeceg
gtcgactggce
tggetegtte
cagggctgct
gtcacccagg

gacgcegteg

gcegeeeegg
tggatcgtca
gcegecectcet
ctggtcgacc
ctcteecegg
ctcgtegeeg

tacctcgtca

cgeggegeeg
ggccgegacce
cagggcgecc
ctcetegeeg
gacggcctcec

gagggcegect

ccgtttctat

ccgtccaggce

tcteecacge
ccgeetecegt
tcgtcaccga
gcttegecega
gcecgaagece
tcetegectce

geetetggge

gegtcececget
agggcctegg
cggagatgcce
tcgecgaccg
cctgegeegt
cceteggegg

tcgaggcagg

tcetegeect
ccegeggege
ggggcatggg
tcgacccgga
acgccgagga
cceegeegga

ccggeggect

gccacctegt
agccgeegga
gegtcaccgt
ccgtegagece
tcgeecacca

gggtcctceca
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cgeegecegte

catcgccgcea

cttccactce
cacctatcgce
cgagctctcce
cggcgtcaag
gaccctectce
ccteegegece

cgeeggegece

cccegacctac
cgccaccgec
gegcetectec
cggeggegte
cctecacgece
ccgcaacgac

cgecteegece

catccaggcc
ctgcaccgtc
ccgegtegece
ggagtccecg
ccagctcgee
gggcaacgcece

cggcegecctce

cctcatctee
ggtcegegece
cgecgecegte
geegetecga
ggacgceceggce

caccctcacc

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840
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cgcgagcagce

atcggccagg
cgcacccagg
ggcteccagg
cgcgeectgg
cagatggact
gaccgecteg

tggcgcaacg

gtcgeeggeg
gagcagggcc
ggcatgcecgce
tacctcctct
ccggecaccg
gaggacctcg

ccggcecgacce

cagacctacg
ttccacatct
gtctectggg
accggegtct
gacgaggceceg
ctctecttcet

tcectegteg

ctegteggeg
cacgccectct
cgcgecgagg
gacccgatcc
ctcaccgtcce
ggcegtegtece

gacccgatcg

cgctcgacct

gctectacge
gectegeege
cccagegeag
ccgccatgga
gggeccacge
tcaccgcecac

cctcegtegt

tcatgggcett
tcgactccect
tctecgecac
cccaggcecct
aagacccgat
agtcctactg

gctggaacgg

tceegegegg
cceegegega
aggccatcga
tcgteggege
caggcctcta
tceteggecet

ccctecacct

gcgtcaacat
cceegggegg
gectgegeegt
tcgecegtceat
cgtegggecce
cggccgacgt

aggtccgege

cttcgtectt

cgeeggeaac
cctetecate
ggagcacgag
gtggcetecte
cggegecegec
caaggaggcc

cgagacccgce

caccgaccag
catggccgtc
cctegectte
cgagctccag
cgccatcegtce
gcagctcectce

cgcegacgge

cggcttecte
ggccatgtcec
gcgegeegge
cggcecgaac
ctccggceacc
ccatggccecg

cggctgtcag

gctectcetece
ccgetgcaag
cgtegtecte
ccgeggeacc
ggcccaggag
cgacttcegtce

ccteteegac

ttctecteeg

geettecteg
gcetggggcece
gecteceggea
ggcaccegceg
ccgegegacg
tectectecg

tcegeectcet

ggcactctcg
gagatccgca
gaccacccga
gaccgcaccg
ggcegecegecet
accgaggecg

cgcgtceeegg

cgcgaggtceg
ctcgacccege
caggacccgt
gagtacgccg
ggcaacatgc
accctegeceg

tcectecgee

ccgaagacct
accttcteeg
aagcgcectct
gccatcaacc
gecectectec
gagtgccacg

gtctacggcece

ccteeggegt

acgccctege
tctgggecega
tctgggecat
ccacccageg
ccteeegegg
ccgteeegge

acgagctcgt

acgtccgecg
agcgcectcca
ccgtcgageg
acgtccgctce
geegettecece
tcgtegtete

gcteeggega

agaccttcga
agcagcgcect
ccgecectecg
agcgegtcca
tcteegtege
tcgataccge

gecggegagtg

tcgeectecet
ccgacgecga
ccgacgececa
acgacggecc
gccaggecct
gcaccggceac

aggcccgcecc
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cttcggcetcece

cgacctcagg
gggeggeatg
geegacctec
cgtcgtcatce
ccgettetgg
cgtcgagege

ccgeggegtce

cggcettegee
gggcgagetce
cctegtcegag
cgtceegecte
gggeggcegtce
caccgaggtc

ggccecagegce

cgeegectte
cctectcegag
cgagtcccecg
ggagctcgece
cgeeggeege
ctgctectcee

cgaccaggcc

ctccegeatg
cggctacgece
gcgegaccge
gtccteegge
cgcecacgec
cgecetegge

ggccegaccege

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580
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ccgctcatcc
geeggecetec
ctcggcegage
geegteecegt
tceggeacca
gceecggage

gcccaggceceg

gtcegecettet
acctcccegeg
ggcgeegece
cagggcgecc
gaggcctteg
gtcatgtggg

cagccggecce

gagccggage
gtcttcetecee
ctcteegeeg
gtcgeeecge
atcgecggeg
cgcaccaaac

gaggagttcg

tccaacctct
cacgtccgeg
ggcacctteg
ccggaggceeg
gtcctecgagg
ttccegaceg

tggccggaca

ttctaccgeg
cgeggctect

ctcteccacce

tcggegecge
tcaaggccgt
tcaacccgcet
ggccgegeac
acgcccacgt
gatccgecga

cccgectecg

ccetegecac
agggcectect
gctgcatcege
agaccccggg
accgetgegt
Cccgagccggg

tcttcacggt

tcgtcegeegg
tcgaggacgg
gcggegcecat
acgccgcectce
tcgagcagge
gcctcecacgt

gecegegtege

ccggcaaggt
aggccgtecg
tcgaggtegg
aaccgaccct
cceteggeeg
ccggeegeeg

tcgagccgga

tcgactggece
ggctegtect

geggettgece

caaagccaac
cctegeccte
cctceegtgg
cgaccgeeceg
cgtcctcgag
gctectegte

cgagcacctc

cacacgctcc
cgeegeccte
ctcetectcece
catgggccge
cgeectette
ctctgccgag

cgagtacgcc

ccattccgcc
cgttecgecte
ggtctccecte
cgtctccatc
cgtccaggece
ctcccacgcec

cgcctecegte

cgtcgcecgac
cttcgecgac
cccgaagecg
cctegectcece
cctetgggee
cgtceegete

ttcecegeege

ggagatcccg
cgctgacaag

gtgcgtcegte

ctcggcecaca
ggccaggage
gaggccctcece
cgettegeeg
gaggccccag
ctctceggea

gacatgcacc

gccatgaacc
tcegeegteg
cgcggcaage
ggectetgeg
gatcgcgagt
tcectectee

ctcaccgcecc

ggcgaactcg
gtcgecegecec
ggegeeceegg
geegecegtcea
atcgecgecg
tcecactcece

acctaccgcec

gagctctceceg
ggcgtcaagg
accctectceg
ctcegegeeg
gceggeggct
ccgacctacce

cacgccgceceg

cgcagtctcc
ggeggegtceg

ctccacgecc

tggagccecge
agatcccgge
cggtcegeegt
gegtcetecte
ccgtegagcet
agtccgaggg

cggagctegg

accgcectcege
cccagggecea
tcgecttect
ccgecetggece
tggaccgcecce
tcgaccagac

tctggegcete

tcgeegectg
gecggecgact
aggccgaggt
acggcccgga
gettegeege
cgctcatgga

geeegtecegt

cceecgggcta
ccctecacga
geetecteece
gcegegagga
ccgteteetg
cgtggcageg

ccgacccgac

agaagtccga
gcgaggeegt

cggcagagac
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cgeeggecte
ccagccggag
cgeeegegece
cttcggcatg
ctggecggece
cgcecectegac

ccteggegac

cgtcgeegtce
gaccccgeceg
cttcaccgge
cgectteege
gcteegegag
cgcecttcacce

ctggggcgtce

cgtcgeegge
catgcagggc
cgeegeegece
gcaggtcgtce
ccgeggegece
gcegatgcete

ctcectegte

ctgggtceegce
ggceeggegee
ggectgecte
ggceegeegge
geetggegte
tcagegetac

ccagggetgg

ggaggcctce
cgeegeegece

ctccgecacc

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

SIE31 10-2015-0139150



gccegagetceg
tggggectceg
cgcegegeca

ccgegectet

ccctgcecagg
tggggeggece
ggcgagatge
cacggecegec
gtcteectet
atcgtcgcecc

ggccteeegg

geegecegteg
gccgacgtceg
gtccacgeeg
gagtccgtce
cgeecegeteg
cagggcgcect

cagtccctcc

gcegaggecce
ctcteegece
gactgggccc
ctcgtcgecg
cgeggectcet
geeegegtece

cagggcctceg

gtcegectcet
ctcetegteg
gectecgacg
gacctcgagt
gcegaccegcet

tacgtcacca

tcaccgaggce
acgccgtcegt
ccgecececeggt

gggtcgtcac

ccgecectetg
tcgtegacct
tcgtcaccga
gccacgecege
ccgeegaggce
agtggctcgt

accgccaggce

aggccctcga
agccgatgac
ccggegtcete
tcecgececgaa
acctcttegt
acgcegeege

cggcecctctce

acgcccgett
tccagegect
gtttcgeccce
gccgegacat
ccgtegeega
tcggettect

actccttgat

ccaccaccct
acgtcctcaa
agccgatcgce
cctactggca
gggacgceege

agggcgcectt

cgceggegge
cggcegecgag
ccteggectce

ccgeggegece

gggcatggge
cgacccgege
gctectcetece
ccgectegte
ctcctaccte
cgagctcgge

ctggtgcgag

ggeeegeggce
cgecctegte
cgtcatgegce
ggtcgeegge
cctettetee
caacgccttce

cgtcgectgg

gtccgacatc
cgtcgagacc
ggtctacacc
catcgcccecg
ggcecgegte
cgacccegtcce

ggccegtcegag

cgecttegac
gctcgaggac
catcgtcggce
gctectegece
cgactggtac

ccteegegac

cgctccgact
gcctecateg
gceegettec

tgcatcgtcg

cgcgtcegecg
gecteceecege
caggagaccg
gcegeeecge
gtcaccggeg
gceegecacce

cagcagccgce

geeegegtcea
tceteegtgg
ccgetegecg
tcectggetcece
tceggegecg
ctcgacggece

ggeetetggg

ggegtectcece
ggegetgecce
gceegeggece
tceeegeegg
gcectecacg
geectegacce

atccgcaacc

cacccgaccg
cgctcecegaca
geegectgece
gagggcgtceg
gacccggacce

ctccagegec

ggcaggtcegt
acgagatcgg
tctccacegt

gcgacgagcce

ccctcegagea
cgcaggectce
aggaccagct
cgcagggceca
gceteggegg
tcgtectcac

cggagatccg

ccgtegeege
agccgcecgcet
agaccgacga
tccaccgect
ccgtectgggg
tcgeccacct

€Ccgaggeces

cgatgtccac
agcgcaccgt
gccgceaacct
ccgeegeceac
agatcgtcca
cgggcatggg

tcctcecagge

tccagegecet
cccagcacgt
gctteceggg
tcgtatccge
cggagatccce

tcgacgcecac
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cctctaccte
cgacgccacce
ctectgetcece

ggcaatcgcc

ccegggegea
ccegattgac
cgectteege
ggcegeeecg
ccteggecete
ctceegeege

cgccecgeatce

cgtcgacgtce
ccgeggegte
gaccctectce
cctccacgge
ctcccactece
ccgeegetece

catggccgac

ctcegeegece
cacccgcatg
ccteteegee
ccgcaactgg
cggtgeegtce
cttcaacgag

cgagctcgat

cgtcgagceac
ccgeteecte
cggegtcegag
cgaggtcecg
gggeegeacce

cttctteege

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300
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atctccceege

tgggaggccc
gtettegteg
ggcgeegeceg
teettettee
ctcgtcegceac
gtcggegecg

gecectcetece

ggcgagggct
tccatcctceg
accgtcccga
gtcteeeegg
ccgatcgagg
ctegtecteg

tcectectcea

ggcgagctca
gtccegtggg
ggcaccaacg
ccggeeegec
gcegeegece
gecttetecee

tccegegagg

geegteegeg
ggcgceacaga
gecttcegacce
atgtgggccg
ccggecectcet
ccgcacgtcce

ttctececteg

gcgaggcecat

tcgagtccge
gcgeeggece
gectetacgg
tcggectceca
tccacctege
tcaacgtcct

cggacggcceg

gcgecegtegt
ccctcatecg
acggeeegge
tcgacgtcga
tccaggecect
gcgeegecaa

aggccgtcect

acccgcacct
gcegeggegce
tccacgtcegt
cggtcgagct
geetetecge
tcgecaccac

ccecteegegg

gcaaggcecegt
tgecgggeat
getgegtege
caccgggcect
tcgeectcega
tceteggeca

aggacgccegt

gtcectegac

cggcatcgcc
gaacgagtac
cggcaccggc
cggcecgace
ctgccagagt
cctegeceecg

ctgcaagacc

cgtcctcaag
cggctcecegec
ccagcaggcc
cttcgtcgag
ctccgaggtce
ggccaacgtce

cgccectecege

ccegtggaac
ccgeeegege
cctcgaggag
cgtcgtectce
ccacctctcece
ccgceteceeg

cgccectcegac

ctectecege
gggeegeggce
cctcttegac
cgcccagget
gtacgccectc
ttcaatcggce

ccgectegte

ccgcageage

ccggacacac
tacacccagc
aacatgctct
ctcgccatgg
ctcegecteg
gagaccttcg

ttctcegeeg

cgcctecgeg
gtcaaccacg
ctecteegee
tgccacggca
tacggccegg
gccecaccteg

cacgagcaga

accctecegg
cgcgeegecg
gceeeggagg
tccgcecaagt
gcccaceegg
atggagcacc

gcegcecegcecce

ggcaagctcg
ctctacgaga
cgcgaaatcg
geeegeetceg
geegecectcet
gagctcgtcg

gcegeceegeg

gectectect

tccgegactce
gecteegtgg
ccgtcaccge
acaccgcctg
gcgagtgcega
tcetectete

acgccgacgg

acgcccageg
acggcccgtce
aggccctcete
ccggeaccge
geegeteegg
aggccgecte

tcceggecca

tcgeegtecec
tcteegeett
tcgageeggce
ccgeegeege
agctctccect
gectegecat

agcCaaaagac

ccttectett
cctggeegge
accagccgct
accagaccgc
ggegetectg
ccgeetgtgt

gcegectceat
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cgaggtctcce

cccgaccgge
cttcaccgac
cggacgcctce
ctectectee
ccaggcecctce
ccgcatgege

ctacgcccge

cgeeggegac
ctceggtcte
ccaggeegge
cctecggegac
cgaccgeecg
cggectegece

gceggagetce

gcgcaaggcece
cggectcetcece
cceggeegece
cctcgacgec
cggcgacgtce
cgccaccacc

cccgceaggec

caccggecag
cttcegegag
ccgegaggte
ctacgcccag
gggcegtcgag
cgecggegte

gcaggccctce

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040
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ccggeeggceg
gceecgeacg
geeggegeeg
accaagagac
gacttccagce
aacgtcaccg

gtcegeteceg

acattcgtcg
gaggccgacg
ctcgecegecce
cctgacggceg
atggacctca
ggagtcggcece

caccagccgt

cacgtcgcecg
accggegtceg
geegtectcea
gceecggaga
ggegeeecegg
gacttcgeceg

cgetggcetcec

tacccgaacg
gtctecectee
geccegtcegage
ccgegetecce
gtcgeegagg
gagtccggeg

gacgcceceegg

atggccgcecg
gaggccegcecce

cacgaggagg

gcgecatggt
ccgecaccegt
aggtccaggt
ttgcegtcete
gegtcegeege
gccacgtcege

ccgtecgett

aggtcggcecce
ccgtectegt
tcggegectg
ccegecegegt
cceegegete
tctgcatgece

tcecteggega

tcatcctcte
agttcctcaa
ccccggaggc
ccgagegeeg
gegecectcecce
gcttectega

aggacggceceg

cccacgacgt
tctccacceg
gegtecegetg
aggecttegg
tcgagggett
cctccaccegce

ccgagcgcat

ccctegecac
tcgceggegt

cceceggecege

cgccatcgcec
ctccatcgece
cttggccectce
ccacgcectte
caccatcgcce
tggtceggag

cggcegacgge

gaagccggtc
ccegteccte
gtacgcctgg
cgccecteeceg
cgeegeeecg
gggegeegtce

tcacctcegtce

catcgccgcc
ggccatagcece
cgeeggegac
ctggaccacc
gcgectcgag
ccgcectctec

cgtcggcegac

cgcccecgcetce
ctcecgagecg
gtggegegee
cgtctectece
cgtctgeege
cgecctctat

cgaggagtcc

ccgcectcaac
ctcececeggece

cgcccagege

gcetecgagg
gccgtcaacg
ggcgcecacct
cactcceccegce
taccgcgcecce
atcgccacce

gcCcaaggccce

ctccteggee
cgcgeegace
ggceggegecece
atgtaccctt
gceggeatceg
ctccaccacg

ttcggcaagg

gagegetgge
atggagccgg
ggctacctcet
cacgceegeg
gtcctcgagg
gcegtecgea

gaggcctcecee

cacccgatcc
gaggacgacg
ccggteggece
ttegtecteg
cgegeteege
cgcetegact

tgggtcegtceg

cgctgegtcece
ggcgtcatct

gtcgcaaccg

ccgaggtcege
gceeggacge
tcgeegeeeg
tcatggaccc
cggaccgcecce
cggagtactg

tccacgecegce

tceteeegge
gctecegagtg
tcgactggaa
ggcagcegega
ccggeegetg
tcetetecat

tcgtegtecce

cggagcgege
accaggaggt
tcgagetege
geegegtceca
accgcgccat
tcggetgggg

tcgeccacctt

tcetegacaa
gcaccecgece
gegtecgetg
tcgacgagac
gcgaggtctt
ggceeggagece

tcgeegecece

tcgccgagee
gceetetggga

agggcctcetce

— 41 —

cgectecegte
cgtcegtcatce
cggcatccge
gatgctcgag
ggtegtctec
ggtccgecac

cggcgcecgcece

ctgcectegge
tgaagtcgtc
gggegtcette
gcgecactgg
geegetegec
cggeecgege

gggcegectte

catcgagctc
cgagctccac
caccctegece
gcegaccgac
ccagcegett
ccegetetgg

agtcccgacc

cggcettegee
gcteeegtte
cggeggegtce
cggcgaggtc
ccteegecag
ccegeteecg

gggctccgag

gaagggcctc
ggeceggegcece

cgtcgtccag

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900
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gececteegeg
gceggegage
caggagcgcec

cgctcegeeg

ttccgetecg
ctcgtecegg
ctecegecteg
accgcctecg
gceggeecga
catgttgccg

gacgccecegcece

ccggtcegect
gagcgegtcce
cgctggatceg
gccatgggeg
ttccgecaag
ttcgtcgacg

accgacatcc

ttcgacatcc
ggcttegeeg
gaggccgecet
geceecegteceg
geecteggee
acaggecgec

ctecggegecce

gtcctccagg
ctcgacgacg
aaggtcaccg
gtactcttct
gcaaacacct

tcectegect

accgcgecegt
gcgtcecaggt
cggagctctce

acgtcctcect

gcaagcgcecg
acgccgagtce
ccecggeeca
gcctcaactt
tgggcggcega
tcggcegacge

tcgtegtecg

tcetcaccge
tcatccacgce
gcgeegaggt
tceegegeac
tcaccggegg
ccteectete

gcgaccgege

tcgagctcge
ccggcecatct
tcegettceat
ccgcecececget
tccacgtcege
gcggectega

gcgtcaccat

ccatcccggce
gegtectega
gcgectggaa
cctccatgte
tcetegacge

ggggececegtg

ccgectetgg
cgccaccgcec
ctgcaccctce

ccgegagcetce

cgtcgececge
ctaccgcctce
gcgeegegee
ccgaaccgtce
ctgcgeeggce
cgtcatgact

ccagccggece

ctggctcgec
cgeegeegge
cttcgecacce
ccacatcgcc
ccgeggegte
cctectetee

cgccegtegec

cceggaccge
ccgtgcecctce
ggcccaggcece
cgecccgace
ccgetggcete
cactccgggce

cgecgectec

cgaatggcecg
cgagcagacc
cctccacgag
cggccetecte
cctegecegece

gtccgacgge

tgggtcacca
cctgtetggg
gtcgacctceg

ggeegegeeg

ctcgtcaagg
gaggceggcee
cccggeeegg
ctcgecegtec
gtcgecaccg
ctcggcacce

ggcctceaccce

ctccacgacc
ggcgteggcea
gctteceegt
tcctececgea
gacgtcgtcc
accggeggac

gecegeecace

acccgegaga
ccggtccacg
cgccaccagg
ggcaccgtcce
gcccageagg
gcegecaagg

gacgtcgecg

ctccagggeg
accgaccgcet
ctcaccgecg
ggctecgeeg
caccgeegeg

ggcatggeceg

tgggcgecegt
gceteggeceg
agcceggaggce

acgacgaaac

ccaccactcce
agaagggcac
gcgaggtega
tcggcatgta
ccgtceggceca
tccaccgett

cggeccagge

tcggaaacct
tggcagecegt
ccaagtgggce
ccctegagtt
tcaacgccct
gcttectega

cgggegtecg

tcctegageg
ccttegecat
gcaaggtcgt
tcetcacegg
gegtceccgea
ccgtegeega

accgcaacgc

tcatccacgce
tcteeegegt
gcaacgacct
gccagtccaa
ccgagggect

cecggectcetce
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cgcecegtcegag
caccgtcatg
cgacgccegcece

ccaggtagcc

ggagggcctc
cctcgaccag
gatcaaggtc
ccegggegac
gggcegtecege
cgtcaccgtce

cgccaccgtce

ccgeegegge
ccagatcgcce
agccgtccag
cgcegagacc
cgeeggegag
gatgggcaag

ctaccgegtc

cgtggtcgag
caccaaggcc
cctecteecg
cggecteggce
catggtcctce
gatcgaggca

cctcgaggec

cgcaggegece
cctegeeeceg
cgecttette
ctacgccgee
cgcegeacag

tgcegecectce

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640

14700

14760
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caggcccgcece

cttggccagg
geegectecece
gaggcecgee
ccggaggecc
ctcteectggt
gactccctca

ccggecacce

aaggtcctcg
ctcgacgagc
ccggagtcect
gagegetggg
acccgetteg
tcececgegeg

gaggccttceg

ttcgteggac
ggctacctceg
ggcctcaagg
cacctcgect
gcecteatge
gacggcecegcet

gccatgcetcece

gtcatcecgeg
ggctecteee
gacgtctcct
caggccecteg
tctgtcaagt
gtagccecteg

ccgcacattce

tcgeecgeca

ccetegeeceg
aggcctceegg
acaccgcecge
gacgcgeega
ccgeegecete
ccgeegtega

tcgecttega

ccgtcgecga
cgatcgccat
tctggegecet
acatcgatgc
gecggettect
aggccaccac

agcegegeegsg

tcttctacca
gcaccggceac
gcecegtecect
gccaggecct
tcacccegge
gcaagtcctt

tccetcaagece

gcaccgcecegt
agcaggaggt
acgtcgagtg
gecgeegtect
ccaacatcgg
ccctegageg

cgtggtccga

cggcatgggce

cccggagacc
cgecegecgte
cggcgeecag
cgaggtccge
cgeegteecg
gctcecgceaac

ccacccgacce

gcegtecegte
catcggcatc
cctcgaggag
cttctacgac
ctccgacatce
catggacccg

catcctcecg

ggagtacgcc
caccgcctcc
caccgtcgac
ccgeegegge
caccttcgtc
ctecegeegece

gctecgegac

caaccaggac
catccgecegce
ccacggcacc
cgcccagggc
ccatacccag
cggccetcate

gctegecegte

gcectcetecec

cagctcggceg
ccgeeggtcet
ggcgecctceg
aaggtcgtcce
gtcgaccgcec
gtcecteggece

gtcgacgcece

tcctecgeca
ggctgtceget
ggctecgacg
ccggaccegg
gaccgctteg
cagcagcgcc

gagcgtctca

gecectegeeg
gtcgectecg
accgectget
gagtgctcecg
gagttctccc
gccgacggeg

gcccagegeg

ggcegcetcecea
gcectcegage
ggcaccaccce
cgceegtecg
gcegeegecg
ccgegetecce

caggtcgcecg

cagcccaggg

ccatgtccct
ggcgegeccet
ccgeecgecet
aggccgagat
cgctetecga
agcgegtegg

tcacccgctg

agtcctcccce
tceegggegg
ccgtegtega
acgtccgegg
acccggecett
tcctectega

tgggctccga

gcggcatcga
gecegceatctce
cctectecect
tcgeectcege
geeteegegg
tcggetggte

acggcgaccce

atggcctcac
aggccggect
tcggegaccece
accgcccegcet
gegtegeegg
tccacttcga

ccaagccggt
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caccgccctce

cgacgtccge
cgtcegegee
cggegececte
cgceeegegte
tcteggecta
cgccacccte

gctectcegac

gcaggtcgcec
cgtcgecgac
ggtcecgeac
caagatgacc
cttcggceatce
gacctceetgg

caccggegtce

ggeettegac
ctacgtcctce
cgtegeegte
cggeggegta
cctegeeeceg
cgagggctgce

gatcctcgee

cgeeccgaac
cgeeecggece
gatcgaggtc
cgtcataggce
cgtcatcaag
cgeeccgaac

cgagtggacc

14820

14880

14940

15000

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380

16440

16500
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cgcaacggcg
cacgtcgtcce
gagctctteg
tcegeecatg
accacccgct
tccgecegece

gcctcecacceg

ctcggcatgg
tgcgaccgeg
gagaccacat
gtcgecectcet
tccatgggeg
gccatcatcet

gtcgtcgage

tccgtagecg
gccgaggtcece
gtcgectcecece
gagctcgaac
geeggeeegg
gccgaggeeg

cacccgatcc

geegtegggt
geectetggg
ggcecetecegece
gceecgacceg
ctcggegaaa
gacctcaagc

ggcgcecgect

ctccaggtct
gctgtccagg

agagtcccgg

tceegegeceg
tcgaggaggce
tceteteege
tcgtegecca
ccecgatgac
tcgacaccge

gcteegeecece

gccagaagct
ccatccaggc
cccaactcgg
ccgcecectetg
aggtcgecegce
geegeegete

tcteectege

tctccaacte
tcgecatcect
actccecgca
cgcgecaggc
agctcgtege
tccagtccect

tcaccacctc

ccctecgeceg
tccacggceca
gegteceeget
gcggegeege
tgcagaccct
geceteceegtg

acctcgagat

ccgacgtcegt
tcatggccac

gccacggegg

cgeeggegte
cceggecegec
caagtccgcc
cceggagcete
ctaccgcctce
cgcccaggsgg

gaaggtcgtc

cctctccgag
cgaggccegec
ccgcatcgac
gecgetectgg
cgcccacgte

cctectectt

cgaggctgaa

ccegegetcec
cgecgecaag
gatcgacccg
caccgtctcc
ctectactgg
catggaggac

cgtcgaggag

cggccaagac
ggcegtegge
ccecgacctac
cggeggctcece
ctccacccag
gcteggegac

ggcectetee

cctcgecgag
cgaggagcega

cgcegectte

tcetectteg
gecttegecece
gcegececteg
ggceteggeg
geegttgeeg
caggceeegc

ttcgtcettee

gagccggtcet
tggtccttge
gtcgtccage
ggcgtcgage
gceggegecee
cgccgceatct

gcegecectec

accgtccteg
ggegtettet
ctccgegacg
atgcgctcca
gccgacaacg
ggccacggcece

atccgecegeg

gagcgcectcet
tgggagcegcece
ccgtggeage
cgcttegecece
cgctecaccce
caccgcegtcce

tcecggegeeg

gcectegect
ccgggecgece

cgctcccacg

gegtceteegg
cggeegeege
acgcacaggc
acctcgectt
ccaccteecg
cggceegeggc

cgggeeageg

tccgegacge
tcgecgaget
cggeectcett
cggacgecgt
tctecctega
ccggecageg

tcggctacga

ccggegagec
geegeegegt
agctcctcege
ccgtcacctce
tccgecagec
tcttegtega

ccaccaagcg

ccatgctcga
tctteteege
gcgagegceta
acgeeggcetce
gcgtctggga
agggegeegt

aagccctegg

tcgccegacga
tccagttcca

ccegeggegt
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caccaacgcc
ccgeteegee
ggeecgecte
ctccetegee
cgaggccctce
ccgeggecac

ctcccagtgg

ccteteegece
cgeegeegac
cgccatcgag
cgtcggecac
agacgccgtce
tgagatggcce

ggaccgcecte

ggeegeecte
caaggtcgac
cgeectegge
caccatcatg
ggtceegcettce
gatgtcccca

cgagggegtce

ggeectegge
cggceggegec
ctgggtcgac
ccacccegcete
gaccacccte
cgtctteecg

cgatggcccg

caccceceggec
cgtcgectec

cctccgecag

16560

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060

18120

18180

18240

18300

18360
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atcgagcgcg
gcceteegecc
ccggecttee

cgecteeegg

geetgettee
gtcgagatcg
cgcteegtcet
gactccaccg
ggegtecegcece
gtccegggcet

ggcgcecegcecece

cgeggeacca
ccgacgtcecg
ccgttcegatg
accgtccagg
cgeggegecec
ctcggeegeg

ccggcececegece

gaggaggagg
ccagagaccg
atcgacggct
ggeeeggsgeg
cgcegecatgg
tceggeegea

gtcgeegtceg

ccgegeeegg
gcetggtacg
tcagccaccg
atcttcgcca
cacgtcatgg

gagggcgtcg

ccgaggtccc
cggeegeege
agggcectcegt

aagccgcecegg

acgtctcctce
gcteccteeg
cccacggcaa
gcgcecatcegt
gccgegagga
ccgaggtcat

tccactceege

gegeegeegg
tcgtcecacct
ccgatgecect
ccgtcecgeegg
aggccatcgg
tcatcgecct

gcgacggcga

tcgectteeg
actgccgcega
ccggegtect
aggtcgagat
gcatctaccc
tcgtcgecat

cceegttcete

ccgcactcac
gectegteca
gcggceaccegg
ccgeeggtac
actcccegcetce

acgtcgtcect

ggceecegecte
cacctacgcc
cgagctctgg

ctcceeggec

cgcecttegee
ctggttccag
gccgaccecg
cgccgagatce
ggacgactgg
ggeeggeege

cctcaccgag

cctccaggcec
cggcteccte
cgaggagtcc
cgeeggctte
cgecggegac
cgagcacgcc

ggtcgacgag

cggcggcegag
gaagatcgag
cgacgacctc
tgcegtcegag
tgggcegggce
g8gCgaggec

cttcggcacc

cgeegeecag
ccteggecegce
cctegeegece
cccggagaag
cctegactte

caactcccte

gacctcgcag
gcectegeeg
cgcggegage

gcetgecegee

gaccgeggeg
cgeeegtecg
gaccgecegcet
tcecggectceg
ttcatggagce
tggctcectca

gceggecact

ctcctcaccg
gacgagcgcg
ctegtecgeg
cgcgaccegc
gtcteegteg
gagctceeget

ctcctegeceg

cgccgegteg
ccggecgagg
gtceteegeg
gcegeeggcece
gacggeecegg
gtcgagtccec

cacgtcacca

gcegeegeee
ctcegegeceg
gtccagatcg
cgegeetgge
gccgageagg

tccggegeceg

cceteegege
agatgggcct
gggaggcgct

tccaccegge

aggccacccce
gcgagetcetg
ccaccgactt
tcgceccageg
cggcctggga
tcggcetceegg

ccgtagtcca

cctecttega
gegtectega
gectgegactce
cgegectcetg
ccecaggececce
gegeecgeat

agctcctege

ccegectegt
geegececegtt
ccaccgageg
tcaacttcct
tcgeectegg
tcegeatcegg

tcgatgececg

tceeggtege
gcgagegegt
ccegecacct
tcegegagea
tcetegeege

ccatcgacgc
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ccgectcecag
cgagtacggc
tggccgegtg

cctectegac

gtgggtceeg
gtgtcacgcec
ctgggtegte
cctegeegge
gcegaccgee
cggeggecte

cgcgaccgge

cggccaggec
cgeegacgece
cgtectetgg
gctegtceacce
cctectegge
cgacctcgac

cgacgacgcc

ccgeegecte
ccgectcegag
ccgeeegeeg
cgacgtcatg
cgecgagtgce
ccaggacgtc

catgctcgec

cttcatgacc
cctcatccac
cggcgeegag
gggcatcgece
caccaagggc

ctccectcetec

18420

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380

19440

19500

19560

19620

19680

19740

19800

19860

19920

19980

20040

20100

20160

20220
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accctcegtcc

tcettgggcee
ctegeegtcece
gceegeggceg
geettecgea
ccggacgtcce
tacctcgtca

cagggcgceceg

accgccegtceg
gcegaccegeg
cgeggegteg
geeegettee
acccgcgaag
tcececgggee

cgceegegecece

ctcgeegeeg
accccggacg
ggcegtcatge
cgccgectcet
cgcgacttge
gaggtcgtcce

gacgcccecege

atcgaggecg
geegecctcet
cgeeegeegg
gacggcectcet

<210> 5

cggacggccg

ttgcacactt
gcegeecgga
ccctecagece
agatggccca
gcatccgegt
ccggeggect

gccacctegt

ccgcecectega
cccagatgga
tccacgeege
gecgecegtcat
cceegetete
agggcaacta

agggcctccce

gccagcagaa
agggcectcetg
cgttcgacgt
cccgectcat
tcgagegect
gcgeccaggt

tcacctccect

tcecteggeat
ccgeccacct
acaccggcte

tcgeectceat

<211> 11394

<212> DNA

cttcatcgaa

ccgcaagtcc
gegegtcegec
gcteceggte
ggcccageac
cccgggegag
cggeggectce

cctegtegge

ggcccacggce
gcgcatcectce
cggcatcctce
ggccccgaag
cttcttegte
cgeegeegec

ggccectcetec

ccgeggegec
ggcectcgag
ccgccaatgg
gaccgegegce
cgccaccgec
ctcccaggtce

cggcatggac

caccatgccg
cgcctceccac
cgtcgeceecg

cgacgagtcc

<213> Artificial Sequence

<220><223>

ctcggcaaga

ctctectact
geecteceteg
gagatcttcc
ctcggcaage
tceggegteg
ggcctcetceag

cgcteeggeg

geceegegtcea
cgcgaggtca
gacgacggac
gtcegeggeg
ctctacgegt
aacaccttcc

atcgactggg

cgectegtcea
cgcectecteg
gtcgagttct
cgegtegect
gaggceceggceg
ctecgectcet

tcectcatgg

gccaccctcee
gtcgtctceca
accacccacg

ctcgeecgeg

ccgacatcta

ccgeegtega
ccgaggtcegt
cgcteteeeg
tcgtectege
ccatccgege
tcgeeggetg

ccgtetecege

ccgtegeeceg
ccgecteegg
tcetcatgea
ccctecacct
ccggegeegg
tcgacgecect

geetettege

ccegeggeac
acggcgaccg
acccggeege
ccggecegect
cccgageegg
ccgagggeaa

gcctcegaget

tctggaccta
ccggegacgg
aggtcgcctc

ccggcaagceg

cgccgatcege

cctegeegge
cgatctecte
cgeegeegac
cctcgaggac
cgacggegece
gctegecgag

cgagcagcag

cgccgacgtce
catgcccctce
gcagacccecg
ccacgccctce
cctecetegge
cgcecaccac

cgacgtcgge

ccgeteccte
cacccaggcc
cgectectece
cgeeggegac
catgctccag
gctegacgtce

ccgcaaccgc

ccecgaccgtce
cgagtccgcec
cctcgacgag

ctga

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720

21774

Codon Optimized DNA of Sorangium cellulosum for Expression in
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Streptomyces

<400> 5

atgaccgacc
aagaccctca
ggcatcggtt
gacgacggcce
ccgggegacg
geegecttet

ctcctcgagg

ggcteecgea
gcccaccage
gcegeeggac
geetgetecet
tcegaccteg
ctcgcececgea

aacggcttcg

cgeegegacg
cgctcecacceg
ctccgcaacg
acctcccteg
gccgacggeg
geegeeggeg

cgcaacctca

ctcgcecaccg
tcetteggea
Cccggaggcegg
geegececteg
ggccteggeg

gcegtegeceg

gcgagggtca
acgagcgcega
gcegettecce
gcgacgcecat
acgtcccgeg
tcggcatcge

tcgectggga

ccggegtett
cgcgegagga
gcectetecta
ccteectegt
ccetegeegg
cccaggccct

tccgeggega

gcgaccgcat
gcctcaccegce
ccggegtega
gcgacccgat
ccegetgegt
tcgeeggecet

acttccgcac

agceggtcecce
tgtccggeac
ccgcaccgga
acgctcaggc
acgtcgecett

cctecteecg

venezuelae

gctectegag
caccctcgag
gggceggegcec
ccgeecegete
ctgggccegge
ccegegegag

gggcttcgaa

cgtecggegte
acgcgacgec
caccctcgge
cgccatccac
cggcegtcaac
ctccecgaac

gggetgeggce

ctgggeccte
accgaacgtc
ggccgaggcece
cgagatcgag
ccteggeget
catcaaggcc

cctcaacccg

gtggeegege
caacgcccac
gcgegeegee
cgceecgecete
cteceetegee

cgaggcccte

cgtectecgeg
ctcgagaaga
ggcaccceegg
gaagagcgct
ctcctcaccg
gcecegetecec

gacgcceggcea

tgcgccaccg
tactccacca
ctccagggcec
ctegectgece
atgctcctct
ggeegetgcece

ctcatcgtcc

atccgeggcet
ctcgeccagg
atcggctaca
gcecteegeg
gtcaagacca
accctcetecce

cgcatccgca

accggecgea
gtcgtecteg
gagctcttceg
cgcgaccacc
accacccgcet

cgcggcegcecce

aggtcaccct
ccgagcecgat
aggccttctg
gggcecectegt
aggccatcga
tcgacccgca

tceegeegeg

agtacctcca
ccggcaacat
cgtgcecttac
gttcecteeg
cceeggacac
agaccttcga

tcaagcgect

ccgccatcaa
gegeectecet
tcgagacgca
ccgtegtegg
acctcggceca
tccaccacga

tcgagggcac

ccegettege
aggaagcccce
tceteteege
tcgagaagca
ccgecatgga

tctcegecege
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cgecectecege
cgccategtg
ggagctcecte
aggcgtcgac
tggcettcegac
gcaccgcectce

ctcectegte

cgeegecegte
gctttcecatce
cgtcgatacc
cgeecgegaa
catgcgegece
cgcectecegece

ctcegacgece

ccaggatggc
ccgegaggec
cggcegeegeg
cceggeecege
tctcgaggge
gegtatcceceg

cgecectegece

cggegtcetcee
ggccegtcgaa
caagtccgcce
cgtcgagcetce
gcaccgecte

cgcccagggc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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cacacccecege

ttcgtcettee
gaaccggtct
tggtcectcee
gtcgtccage
ggegtcgage
gceggegege

cgccgcatct

gecegecectcea
actgtcctcg
ggegtcettcet
ctccgegagg
atgcgctcca
gccgacaacce

ggcceceggcecece

attcagaccg
gaacgcgceca
tgggceegee
cacgagcgct
accaaggact
gagaccgceee

gcegecegcecece

tccaccgteg
ctctacctct
gaggccacce
ccgeaccege
gaggcctcece
ccggeegect

ccgcetegteg

cgggegeegt

cgggccagegg
tcegegecege
tcggegagcet
cggtectcett
cggaggcecegt
tcteectega

ccggecagegs

gaggtcacga
ccggegagec
ggcgeeaggt
agctcatcgc
ctgtcaccgg
tcegecagece

tcttcatcga

ccgeegagea
ccctectega
tctteeegge
gctggatcga
ggttctaccg
atggctcectg

tctccacceg

ccgagcaggt
ggggectega
gcegegecac
cgegettetg
tctgecagge
ggggceggcect

ccgagcetect

ccgeggecge

ctcccagtgg
cctcgaaggce
ctcegecgac
cgccatggag
cgtcggcecac
ggacgccegtce

cgagatggcc

gggecgecte
ggcegececte
caaggtcgac
cgccectegge
cggegtcatce
ggtcegette

aatgtccccg

gggaggcgcee
ggccectegge
cggeggtegce
ggtcgageeg
caccgactgg
gctectecte

cggcectctee

ctccgaggece
cgeegtegte
cgecceeggte
ggtcgtcacc
cgeectetgg
cgtcgacctce

cagccctgac

gceteeggeg

gtcggaatgg
tgcgaccgeg
gaggccgecet
gtcgecectcet
tccatgggeg
gccatcatct

ctcgtcgage

tcggtcgeeg
tcagaggtcc
gtcgcatccec
gccatcecegec
gceggeeegg
gcegeegeceg

cacccgatcc

gcagtcggcet
accctctggg
cgegteceegce
gacgcecegee
ccggaggtcece
gcegaccegeg

tgcaccgtcc

gectececegece
gacgceeggceg
ctecggectceg
cgeggegect
ggectegecece
gaccctcaga

gccgaggacce

gctecegececc

gcegceaaget
ccatcgaggce
cccagetcegg
ccgeectetg
aggtagccgce
geegecegete

tcteectega

tctccaactce
tcgeegeect
actccccgea
cgegegeege
agctcggege
cccaggecect

tcgtceeegee

cceteegecg
ccteeggceta
tcecegacgta
geetegecege
cgegegeege
gcggegtegg

tccacgectce

gcaacgactg
ccteegeega
tacgcttecet
gcaccgtegg
gagtcgecege
agtccccgac

agctcgectt
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gaaggtcgtc

catggccgag
agaggceceggt
ccgcatcgac
gegetectgg
cgeccacgte
ccgectecte

ggaggceegag

ccegegetcece
caccgccaag
ggtcgacceg
cgceegteeceg
ctcctactgg
cctcgaggge

gctcgacgag

cggccaggac
cceggtcetcece
ccegtggeag
cgcegacceg
ccctaagtcece
agaggccgtce

cgctgacgec

gcagggegtce
cgaggtctcce
ctccgeegee
cggcgageceg
tctcgagceac
cgagatcgaa

ccgeteegge

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360
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cgecgecacg
ctcteegeeg
geceegetgge
ccggagegec
gtcgagggcece
gccegatcecga

geegeeggeg

gtcctecgac
ctcgacctct
gcctacgeceg
ctceeggece
gcecacgece
gcectegage

geeegetteg

gctgaggacg
ctcagegtcg
cteggettct
gactccctcea
tcegecacce
gacgtcttga

gacgacatcg

acctactggc
tggegegeeg
aagggcgcect
cgcgaggeca
atcgagcgcg
ggcatgatcg

ctctacggca

ggcctecacg
catctcgcect

tcegtectece

ccgececgect
agggctccta
tcgtcgageg
aggcctceegg
tcgaggecca
tgaccgccect

tctteeeggt

cgaaggtcgc
tegtectett
ccgccaacge
tcteectege
gactctccga
gcctegtcaa

ccceggtceta

agcgegeege
ccgagtcceeg
ccgacceggg
tggcectega
tcgecttega
agctcgagga

ccatcgtcgg

gccacctege
ccgactggta
tceteegega
tgtcectcega
ccggecagga
gctccegagea

ccaccggcaa

gcecgaccat
gtcagtccct

tcteceecgeg

cgtcgecegec
cctegtceacce
cggegeecege
cggcgageag
gggegeeege
cctecgecegee

ccgccaccte

cggeagttgg
ctectecgge
cttcctcgac
ctggggcctce
catcggegtce
cacctccgcec

cgcegececege

ctcceegeceg
ctecegecttg
cgcactcgac
gatccgcaac
ccacccgacc
ccgctcecgac

cgccgceatge

cgagggcatg
cgacccggac
cgtcegetee
cccgcageag
ccecgatggece
cgccgaacgc

cctectctcea

gaccgtcgat
ccgectegga

ctcettegte

ccgceceggagg
ggcggecteg
cacctcgtcc
CCgccggage
gtcaccgtcg
atcgagccgce

gccgagaccg

ctcetecacce
geegecegtet
ggectegeece
tgggeegagg
ctccegatgg
gtccagegcet

ggcecegecegea

gtceccgaccg
tacgagctcg
gtcggecgag
cgcctcecage
gtcgagegcec
acccgecaca

cgctteeegg

gtcgtctceca
ccggaggtcece
ctcgacgecg
cgcectectece
cttcgegagt
gtccagggcec

gtcgeegeceg

accgectgtt
gagtgcgacc

gcegceatcece

gcgacgtcege
gecggeetegg
tcacctceeg
ccegegeeeg
ccgeegtega
cgctcecgagg

acgaggccct

gtctectecg
ggggeggcaa
accaccgeeg
gcggeatggt
ccaccggecce
ccgtcaccceg

acctcctcete

ccaaccgcat
tcegeggegt
gcttegeega
gcgagetcegg
tcgtegecca
tcegeteegt

gcggagacga

ccgaggtcecce
cgggecegeac
ccttettege
tcgaagtcte
ccgecaccgg
tcgacgacga

gcegectcete

cctectecect
aggccctcege

gcatgcegcect
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ccegatctcece
cctectegte
ccacggactc
catcgcegee
cgtcgeggag
cgtcgtccac

cctegaatct

cgaccgaccg
gggccagggc
cgcccactceg
cgacgccaag
ggcectcetece
catggactgg

cgceectegte

ctggegeggce
cgeecegegte
gcagggcectce
cgagcgcctce
cctgetcacce
cgeegeegac

aggcctcgag

ggcegaccge
ctacgtcgcce
catctccecg
ctgggaggcc
cgtcttegte
cgecgececte

cttcttecte

cgtcgecectce
cggceggctec

cctecteeeeg

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220
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gacggcecgcet
gcegtegtceg
gtegtcecget

ggcceeggcecece

gaggtcgact
caggccectceg
gctgtaaagg
gtectecteg
ccgcacatcce
cgeggegecc

cacgtcgtcc

gcegagetcet
ctccgegacce
gccaccacce
ttgcgeggceg
cgegecteceg
tgggteggea

ggctgcegacc

gacgaggceceg
gaagtcgcecce
cactccatgg
gtcgecatca
geectegteg
ctcteegteg

ctctccgagg

gacgtcgecet
ggegcecatce
atcgetggece
ttcgecgeeg
ccgcacccga

gcegeegteg

gcaagacctt
tcctcaageg
ccaccgccat

agcaggccct

tcgtcgagtg
gegecegtcta
ccaacctcgg
ccctcecgagea
cgtgggecga
gceegegecg

tcgaggaggce

tcgtectete
acctcgagaa
gcteegecat
ccctetecege
gecggetecege
tgggccgeaa

gcgcecatcga

cctcccaget
tcteegeect
gcgaggtegce
tctgecgeeg
agctctcect
ccgtctccaa

tcctegeege

cccactccecce
gceegegege
cggagetcgg
ccgeecaggc
tcetegtece

gcteecteeg

ctcecgecegee
tctcegegac
caaccacgac

ccteccgecag

ccacggcacc
cggeegegec
ccacctcgag
cgagcagatc
gcteeceggte
cgeeggegte

cceggeegtce

cgccaagtcc
gcacgtcgag
ggagcaccga
cgecgeccag
cccgaaggtce
gctcatggece

g8ccgaagceg

cggacgcatc
ctggegctcece
cgeegececeac
ctccegectce
Ccgaggaggcc
ctcceegege

cctcaccgcec

gcaggtcgac
cgeegecegte
cgectectac
cctectcegag
geegetcegac

gcegeggeeag

gccegacggat
gccecagegeg
ggccecgtect

gcectegecee

ggcaccgcece
cgeeeggeeg
gcegeegeceg
ccggcetcaac
geegtegtece
tcecgectteg

gageceggtceg

gcegeegecee
cteggectceg
ctecgeegteg
ggccacacce
gtcttegtet
gaggagccegg

ggctggtcece

gacgtcgtcce
tggggegtceg
gtcgeeggeg
ctcegecgea
gaggcecgcete
tccacegtece

aagggcegtct

ccgetecgeg
ccgatgeget
tgggccegaca
ggceggeeegg
gagatccaga

gacgaacgcg

tcgeeegege
accgcgacce
ccggectcac

aggccggegt

tcggegacce
agcgeccgcet
geetegeegg
cggagctcga
geegegeegt
gcctcagtgg

ccgeegetcece

tcgacgccca
gcgacgtegce
ccgectecte
cgeegggege
tcecegggeca
tctteegege

tccteggega

agecggtect
aaccagaggc
ccetetecect
tctceggaca
tcegeggeca
tcgeeggega

tctggegeca

aggagctcat
ccaccgtcac
acctccgeca
ccetetteat
cggeegeega

ccaccctect
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cgagggcetgce
gatcctcgece
cgtceeegtcece

cgcececggcece

gatcgaggtc
ctggeteggt
cgtcectcaag
cgagctcaac
gecegtggeeg
caccaacgcc

ggagcegegcee

ggcegeecge
cttcteecte
ccgegaggec
cgtcegegge
gggctcccag
cgecectcegag

gctetecegece

cttcgccatg
cgtcgtegge
cgaggacgcc
gggagagatg
cgagggcecegce
geceggeegece

ggtcaaggtc

cgecgecectt
cggeggegtce
geeggtecge
cgagatgtcce
gcagggcgga

cgaagccctc

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080
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ggcaccctgt

cgeegegtcece
gtccacggcet
ccgetecteg
gcectcageg
ctceegtecg
gccacccteg

ggtcgcatcg

tccteecgeg
ggccagtcect
ccgteegtece
ggecegtgcet
gtceggetece
ctcgacgect

cgcegcecegece

caggccegtct
gectecegtece
cgectegece
ggcgagegcece
aaggtcatca
gagcacttcg

geeggeegeg

cgectegeeg
tccttcgata
atcgtacgeg
atcctcgaga
ccggaccgea
cagcgcttce

gccggacagg

gggecteegg

cgctcceccac
ctaagccgtc
gegececget
acgagcgtct
ccgectacgt
tgctcgagea

tccaggtcge

daagaggcagg
ccgeegtegg
tctectecga
tccagggegt
caggcgacat
gcttecaggt

tcaccgacct

ccgacacctg
cggtcgacct
aggcctacat
acaccatcga
agcgctggat
tctectecca

tcttecgecga

acgtcctcac
tggccegageg
gcgtegtega
tcggegeegg
ccgagtacca
gcgactaccce

gctacgcaca

ctacccggtc

ctacccgtgg
ccteegecete
cctegtetece
ctcctaccte
cgagatggcc
gctegeecte

cctctccgag

ccgctectgg
cgccctcaag
ggccectcetac
cgaacaggtc
ggcctectece
cctcaccgece

ccacgagecg

gctetgggac
cgtcctegge
catcggcacc
cgagctcctce
ggagcacctc
geegeteecg

cctceeggte

cggcaagacc
catctaccgc
gtccgceagece
caccggegec
cttcaccgac
gttcctcaaa

ccagcgctte

tcetgggecce

cagcacgagc
cgccagcetcce
gceegeeegg
tccgagcacc
ctcgeegeeg
gagcgcegecet

gagggceceegg

gttcgecacg
gaggccccegt
ccgcetectca
tggectcggea
tceggegegt
ctectcacca

gacctccecege

geegeeetgg
tccttecacg
ctccgeatct
gtceggetcece
gtcgecattg
gagccggacce

ctcttcgagt

ctecgeectceg
gattccecga
cgegtegteg
accaccgeceg
gtctececege
tacggcatcc

gacgtcatcg

gectettecec

gctactggat
gcaacggcgce
gegeccaccet
gegtccacgg
gegtcegaccet
tggecegtecce

gcegegecte

ccaccggecea
gggagatcca
acgagcacgc
ccggegaggt
accgcatcca
ccececgaate

gcteecegege

acggcegeceg
ccaagtggga
ggaacgtctt
agatctccgt
gcatcctegt
tcgeegeegt

ggtgcaagtt

agatcctctt
tcgeecegeta
ccccgagegg
ccgtectece
tcttectege
tcgacgtcga

tagccgccaa
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ggcreggegsce

cgaggactcc
caccgaccac
ctgggaacag
cgaggcecgtce
ctacggcacc
gtcegaggge

cttccaggtc

cgtcetgetcece
gecgecegetge
cctegactac
ccteggeege
cceggeccte
catcgagatc

cceggtcaac

ccgcecaatcce
ggttatggag
ctgegecegece
cgtctaccge
cggcgacggc
cctcgaggag

cgcceggcegag

ccegggeggce
ctccaacggce
catgttctce
ggtcctecte
ccgegecagag
ccaggaaccg

cgtcatccac

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820
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gccacceegeg
ctectegtee
atcgagggct
cgcacctggt
gacggctccec
geeggegeeg

gtccgacagg

atgtacttcc
ggeggegcect
gtcegtegeeg
cgcgaccecge
gaggcceegg
ggcggceacceg

gtcatcgeceg

cagccggacg
geegtegtece
tcectecagg
gtcegeegece
gtcggegeeg
accctcgecc

tccecggagg

gtcgecectcee
aagccggcta
ggecegtgteg
ctcgtcgacce
gccggageeg
ctectcteca

accttccagg

tatccgaagg
ttcttegtee

geegeeggeg

acatccgcge
tcgtcegaggg
ggcagaagta
gcgacgtect
cggceggceat
cctgcgactce

agtgggccga

atcgccgtcc
tcaccaaggc
aggtccaggg
gcgaggagtg
ccgeegecte
gegecegecect

gcaccgcecta

gcttccacac
acatgtggtc
ccgaccagct
gctggegceaa
aagacgccgc
tcgagcaccce

acgccegeege

gctecgacgg
cagactgegg
gecteteegt
gcggeggcege
aagtccagat
agatcgaacc

gcgactcecte

tceteggegce
tctactccte

acgctttect

caccgccaag
caccggecac
cgaggacgac
ccgeegegte
ccteggecag
ctccggcegag

cggcteegee

gggceegeeag
cctegeeggce
ccteegectce
gctctacgcea
gtcctectece
cgtatccctce

cgcctgectce

cctcctcaga
cctcgacgece
ccteggetee
catgccgcege
cgectecegte
ggagctccge

cctcgeegtce

ccgctacgtce
catccgegece
cgeccagtgg
ctcegaggcece
agtcgaagcc
gtccatgecg

catgctcgag

ctggaacctc
cggcacctcec

cgacgccatc

cgectgetcet
ccgatctggt
cttcgcatcg
ggcttegeeg
cacgtcatcc
tccgecacceg

gacgtcgtgce

gtctgggtcece
gacctcctcece
ccgcagcetceg
ctcgagtggce
geceggegecet
ctcgagggcec

geceeegggee

gacgccttceg
accgeegeeg
ctcteegecce
ctctggcetcee
gcecaggecce
tgcacactcg

gagctceggceg

geeegeceteg
gacggctcct
atggtcatgc
tceecgegacg
gacgtcgcecec
ccgetecgeg

ctcgacgccc

cacgccctca
ctcecteggece

gcccaccacce

ccctectege
tcgacatcac
accacccgct
acgcegtcte
tctececgege
agagcccegge

accgcatggc

acggccgect
tcttcgagga
aggcctcecege
agcgcaagga
ggctegtecet
gcggegagece

tctaccaggt

gcgaagaccg
gcgagegcege
tctecctegt
tcacccgege
cggtctgggg
tcgacgtcaa

cctecegacceg

tcegetecte
acgtcatcac
agggegececeg
ccctecgeag
gcegegacga
gcatcgtcta

gcegcettcaa

cccgegacceg
tccegggeca

gctgcaaggt
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cceggegegec
caccggcecte
ccteeeggece
ccteeecggge
ccegggeatce
cgeeegegece

cctcegagegce

ccgcaccggt
caccggacag
cttcgeeeeg
ccegatcececeg
catggaccag
ctgcgtcecege

cgacceggec

catctgccge
caccgeecgag
ccaggeccte
cgtccacgcc
ccteggeege
cceggeeccg

cgaagatcag

cttcteegge
cgacggcatg
ccacgtegtce
tatggccgag
cgtggeecege
cgtcgacgge

ggagtggatg

ttcectegac
gggcteecge

cggcctcacc

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680
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gccatgtcca tcaactgggg cctectetec gaggectect cceccggecac cccgaacgac 10740
ggcggegeee gectegagta cegeggeatg gagggectca cectegagea gggegeegee 10800
geecteggac gectectege cegeccgege geacaggtceg gegtcatgeg cctcaatttg 10860
cgtcagtgge tcgagttcta cccgaacget geeegecteg cectetggge cgagetecte 10920
aaggaacgcg accgcegecga ccgeggegee tccaacgect ccaacctecg cgaggeccte 10980
cagtccgeee geeceggagga ccgecaactc atcctcgaga agcacctete cgagetecte 11040
ggeegeggee tecgecteee geeggagege atcgagegte acgtceegtt ctecaaccte 11100
ggcatggact ccctcatcgg cctcgagetc cgecaaccgea tcgaggecge tctceggeatce 11160
accgtccegg ccaccctect ttggacctac cctaacgtceg ccgecctete cggeteecte 11220
ctcgacatce tcttceccgaa cgecggegee acccacgece cggecaccga gegegagaag 11280
tccttcgaaa acgacgecge cgacctcgaa gecctecgeg geatgaccga cgagcagaag 11340
gacgecctee tcgecgagaa getcgeccag ctegeccaga tcegtcegggga gtga 11394
<210> 6

<211> 7320

<212> DNA

<213> Artificial Sequence
<220><223> Codon Optimized DNA of Sorangium cellulosum for Expression in

Streptomyces venezuelae

<400> 6

atggccacca ccaacgccgg caagctcgag cacgecctee tcctcatgga caagetcgec 60
aagaagaacg cgtccctcga gcaggaaagg accgagecga tcgcaatcgt cggeatcgge 120
tgecegettee cgggaggege cgacaccccg gaggecttet gggagetecet cgacteegge 180
cgcgacgecg tccagecget cgaccgeege tgggeecteg teggegteca ccegtecgag 240
gaggtaccge getgggeegg cctectcace gaggeegtgg acggattcega cgeegecttce 300
ttcggcacct ccecgegega ggecegetee ctegacccge ageagegect cctectegag 360
gtcacctggg agggectcega ggacgecgge atcgececge agagtctcega cggatceccge 420
accggegtet tecteggege ctgetectec gactactecee acaccgtege ccageagege 480
cgcgaggage aggacgcecta cgacatcacce ggcaacacce tcteegtege cgecggecegt 540
ctctectaca cccteggtet ccagggeccg tgectcaccg tcgacaccge ctgetectec 600
tcectegteg ccatcecaccet cgectgecgg teecteegeg cecegegagte cgacctegece 660
ctcgegggag gegtcaacat getcectctec tccaagacca tgatcatget cggecaggatce 720
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caggccectct
CgCggcgagsg
gaccgcatct
ctcatggcecce

cgcgtcgacg

gacccgatcg
cgetgegtece
gegggcectcea
ttccacaccce
ccggtcececegt
tccggceacca

accecegggcece

gcecaggeceg
gtcgecettet
accagccgeg
ggtgecegecece
cagggggccce
gaaaccttcg

gtcatgtggg

cagceggecc
gagccggage
gtcttctece
ctceeggeceg
gtcgececge
atcgceeggeg

cgcaccaagc

gaggccttca
tccaacctct
cacgceegeg
ggectetteg

ccggacgcecce

ccccggacgg
gctgeggeat
gggccectcat
cgaacgtcct

ccggcegcecat

aggtcgaggc
tcggegeegt
tcaaggccge
tcaacccgeg
ggcegegege
acgtccacgt

gctcegecga

cacgcctcte
ccttggtete
aggccctecg
gcggeegege
aagtcccggg
accgctgegt

CCgaaccggsg

tcttegeect
tcgtegeegg
tcgaggatgce
gcggegecat
acgccgecett
ccgagaagtt

cgcteccacgt

gacgcgtcac
ccggcaagec
aggccegtcecg
tcgaggtcgg

gceceggtect

ccactgccga
ggtegtectg
ccgeggctcece
cgcccaggag

cggctacgtc

ccteegegece
gaagaccaac
cctegecectce
catccgcatc
cggeegeecg
cgtcctcgag

gctectegte

cgcacacatc
cacccgcetece
ctccgecectce
cgectectee
catgggccgce
caccctctte

ctccteecge

cgagtacgcc
ccactcccett
cgtccgectce
ggtctccata
ggtctccatce
cgtccagcag

gtcccacgcece

cgaatccgta
gtgcaccgat
cttcgecgac
cccgaagecg

ccteecggee

accttcgacg
aagcgcectct
gccatgaacc
geectectec

gagacccacg

gtceteggece
ctcggcecacce
caccacgaac
gagggcaccg
cgcttegecg
gaggcccegg

ctctcecgeca

gecegectacce
ccgatggaac
gaggtcgegg
ccgggeaage
ggectetggg
gaccgcegage

tcetecectece

ctcgecegecec
ggagaactcg
gtcgtegeece
gcggegecegg
geegecgtcea
atcgcegeceg

ttccactcecce

acctaccgcec
gaggtctcceg
ggcgtcaagg
accctecteg

tcecegegeceg

ccteegecaa
ccgacgececa
aggacggccg
gcgaggecct

gcactggcac

cggeeegege
tcgagggege
tcatcccgeg
ccctegeect
gegtcetecege
ccaccgtcect

agtccgecgc

Cggagcaggg
atcgectcege
cccagggeca
tcgecttect
aggcectggece
tccaccagec

tcgaccagac

tctteegete
tcgeegectg
geggecegecet
aagctgacgt
acggceegga
ccttegeege

cgctcatgga

gaccgtccat
cceceggeta
ccctecacge
geetegtecce

gccgcegacga
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cggcttegtce
gcgecacgge
ctccaccgge
ccagtccgece

ttcgetegge

cgatggctcce
cgeeggegte
caacctccac
cgccaccgag
attcggectce
cgeeecggece

cgcectegac

ccteggegac
cgtegecegece
gaccceggcece
cttcgecgga
ggeettecege
gctetgegag

cgcctteacce

ctggggegtce
cgtcgeegge
catgcaggcce
agcegeggec
gcaggtcgtc
ccgeggegece

ccecgatgcetce

cgegetegte
ctgggtccege
cgeeggegece
ggectgecte

ggccegectcee

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580
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gcectcegaag

ttceectecg

tggatcgagg
cacccgctcce
acgaccctcg
gtcttcecgg
gacggcececga
acagccgtcc

gtcgectecce

ctccgecgea
cgectecacg
cagtacggcc
ggceegegtece
ctectegacg
ccttgggecce

tggtgccacg

ttcgagctca
cgectegect
gagcceggeeg
ggceggeggcece
cacgcegeeg
gacggacagg

ggeeegggcece

gacgctcteg
ctecgteggea
gcegeegeeg
atcgcecteg
gagggcgaag

gcecteegeg

ccecteggegg

gcggeegeeg

cceeggtega
tcggegaggt
accgcaagcg
gegecggeta
tccaggtcac
cggtccaggt

gCgageegsg

tcggecgegt
ccgeegtece
cggcecectteg
gtcteecgga
cctgegtceca
cggtggaggt

cccgegtegt

tggacggaac
caggagtccg
ccecteggegg
tcgggegete
gcgacgacac
ccecgaccge

tcggcegecca

agtccgccect
tggacctceg
ccggegacgt
agcacgccga
ccgacgeget

gcggegacceg

attctgggtc

cgtcecegcetce

ccgcgaggec
cttctecegte
ccteceegtgg
cctecgagatg
cgacgtcegtce
cgtcaccacc

cgagcgccegce

tgagaccccg
ggcegeegee
cggcectegec
ggcagceegge
gatgatcgtc
cggctecegtce

ctccgacgge

cggegecgte
ccgeegegac
cccgaagatc
cctctgcetee
ctccaccgece
agtcgtccac

gggcgececte

catgaggggc
caacgceecg
cteegtegte
actcaggtgt
cctegecgag

cctegtegee

gteggegget

ccgacctacc

gacggcaccg
tccacccacg
ctcggcegage
gcectceaget
ctcatcgaga
gaggagcgcc

gceeegttece

gceegeteca
atctacggcg
gagctctgge
tcegecacceg
ggegectteg
cgcectettee

cagcaggcct

gtcgecgaga
gccegacgact
accgceceggte
gcectcaagg
ggcatgegeg
ctctectecce

gacgccececga

tgcgactcecg
cgeetetgge
caggcececeegc
atctcegtceg
ctectegeeg

cgcctegtece

cggtcacctg

cgtggcaacg

gcegegeecg
ccggecteceg
accgegececa
ccggegeega
cccteaccett
cgggcecgact

gcatccacgce

acctcgecge
ccetegeega
gcggcegages
cctaccagcet
ccgaccgega
agcgcagecc

cctccaggtg

tcteeegect
ggttectega
getggetecet
ccgeeggeea
ccetectege
tcgacggegg

ggtcceecgga

tcetetetet
tcetcacceg
tceteggecet
acctcgaccce
acgacgctga

accgcctcecec
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gagcggagtc

cgagcgctac

cgeeggegec
cctectgggag
gggtgaggtt
gatcctegge
cgeeggegac
ccgcettcecag

ccgeggegte

ccteegegece
gatgggcectce
cgaggcecctce
ccacceggte
cgaggccacc
gggcgagetc

gtccgecgac

cgtcgtcgag
actcgactgg
cctcggcegag
tgtcgtcegtce
caacgcctte
cggacagctc

cgtcgacgcec

cgtccaggeg
cggcgeecag
cggcegeacg
ggccegagecg
agaggaggtc

ggacgcccag

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320
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cgccegegaga

ggcgececteg
gtcgagatct
gtcgececga
gceggeegea
atcgcecteg
ccgegeecege

gectggtacg

gctgaggeceg
gtctacgcca
tacgtctceg
gagggegtceg
gtccteegeg
cagccgggac

atgatgctcg

geegeeggceg
ccgeeggteg
ggccageacce
ccggcecgagt
ggcggecteg
ctegtgggece

gcecacggeg

cgegtectee
ggectegteg
ggccecgaagg
ttcttegtee
gcegeegeca
gecectceteca

cgcggtgcecc

aggtcgagcec

accagctcgt
ccgtcgaggce
acgacctcecce
tcgtegeegt
ccgeeggegt
tcggectcete

ccctcgacaa

gcggegtegg
ccgecgacac
actccegcete
acgtcgtcct
cctgeggeeg
tceegeeget

accagccgge

ccatctccce
agaccttccc
tcggcaagcet
cctecggtege
gcetecgggt
gcteeggege

ccegegtceac

gcgaggtcac
acgacggcect
tccagggege
tctacgecte
acgecttect
tcgactgggg

gccagatctce

ggceggegac

ccteegegee
cgeeggecete
gggcgaggag
€cggcgaggsgc
cttcgetacce
cgccacggag

ggtcgeccac

cctctgegee
ccccgaaaac
cgggegette
cgactccctce
cctegtcaag
cctcegeaac

ccgcatccge

gcteggetece
gatttcccge
cgtcctceace
cgtccgegec
cgeeggetgg
cgectecgee

cgtcgccaag

cgectecggce
cctcatgcag
cctccaccte
cgecegetgge
cgacgcecctce
catgttcacg

ccgeggeatg

cgcecegttec

acgggecegec
gactccatcg
atcgagccegce
gtcaacggcc
cacgtcacca
gcegeegeca

ctccaggcecg

gtcegetggg
cgcgectace
gtcaccgacg
tccggtgage
cteggeegece
ttctecttet

gcectecteg

ggcecteegeg
gccgceagagg
ctcgacgacc
gacggcacgt
ctcgecgage
gagcagcgcg

gcegacgteg

atgccgcetcece
cagaccccgg
cacaccctca
ctttteggtt
agtcaccacc
gaggtcggcea

cgcggcatca

gcctegagat

gagcceecgegg
acatccagct
tcgtettggg
tcgtegtegg
ccteegecac
tgcegetege

gcgagegegt

cccagegegt
tcgagtccect
tccacgecetg
gcatcgacaa
gcgacgactg
cccaggtcga

acgagctctt

tcgggggcte
cctteegeeg
cggaggtecg
acctcgtcac
gcggegeegg
ccgeegtege

ccgaccgctce

gcggegtegt
ccegettecg
ccegegagge
cceegggecea
gcegegeeca
tggeegtege

cgccggatga
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cgacgagccg

cccgggegag
cgecetegge
ctccgagtgce
ccagcctgtce
cctegtecte
ctacctcacc

cctcatccac

cggcgeecgag
cggegtecge
gaccgacggce
gtcectceatg
cgeegacacc
cctecgegge

cggectegte

cctcaccecg
catggcccag
catccgegece
cggegggcte
ccagctcgtce
cgecctegag

ccagatcgag

ccacgeegece
caccgtaatg
ccegetetee
gggaaactac
gggeceteceeg
ccaggaaaac

aggcctctcec

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060
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gcectegeee gectectega gggegaccge
cgccagtggg tcgagttcta cceggecacce
acgacgcagce gcgeegtege cgaccggace
gcttecgeeg ageegtecge cegegeegge
tcecacgtee tcegectece ggaggacaag
ggcatggact cccttatgtce cctcecgagetce

gccegeaccgg cageectegg ctggacctac

ctcgacgacg ccctegtcegt ccgtcetegge
tcegeegget cettegteca cgtectecge
ctcttctget tccatggctc cggeggcetcee
tccgagtggt ccgacctcga gatcgtcgec
gacgceccgg gcaagaagta cgtccaggaa
geeeegtteg cectegtegg ctteteecte

gagctegect cecegeagegg cgecceggece

ctcatctcct cctccgagat caccccggag
ttccgeaacg ccgeeggttt cgtecgatece
gacaaggtca tcaccgacac catggtcgcec
gtcaagatcg ccgtcccaat cgtcegecatce
tcecgacgtec aggaccteca gtcccegeacce
ggcgaccacg agttcctegt cgaccgtgge

ctcaacccge tcctcgecge ccgcaccace

<210> 7
<211> 1260
<212> DNA

<213> Artificial Sequence

gtccagaccg
gcegecagece
gceggegacce
ctcetecagg
atcgaagtcg
cgcaaccgca

ccgaccgtceg

ggeggeteeg
ttcegteeeg
ccggagggct
atgtggcacg
geegectecece
ggcgtecget

ccgetegeceg

atggaaaccg
acccagcagg
ccggeeeegg
gceggeteceg
accgagcegct
cgcgagatca

tcecteeggee

gcgtaatcecc
geegectcete
gcgacctect
acgtcgtccg
acgceccegcet
tcgaggcecge

ccgccatcac

acaccgacga
tcgtcaagece
tcegetectg
accgctccect
tcatccagca
tcgtcatggg

tcttcaccct

atatcatcgc
tccaggecga
gcgactccaa
acgacgtcat
tctacatgca
tgcacatcgt

ccgcetttega

gatcaccccg
ccgectegte
cgagcagctc
cgtccaggtce
ctectcecatg
ccteggegte

ccgetggete

gtccaccgcece
gcgegeeegg
gtccgagaag
cgcectecgag
ctacgccgac
caccgccegtce

cggeggtteg

caagctcttc
cgeeegegece
ggaaccgceceg
cgtceegeeg
cctecteeeg
cgactcccac

ggccaagtga

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7320

<220><223> Codon Optimized DNA of Sorangium cellulosum for Expression in

Streptomyces venezuelae

<400> 7

atgacccagg agcaggcgaa ccagtccgag acgaagcecgg ccttcegactt caagecctte

gceeeggggt acgecgagga cccecttecce gecatcegage ggetcecgega ggecacccecg
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atcttctact gggacgaggg ccggagetgg

gtgttcaggg acgagcegett cgeegtetee
agctccgeca tcecggaget ctecgacatg
gaggaccacg cccgegteeg caagetegtg
ctccteecgeg cggaaatcca gegceaccgte
gaggagttcg acgtcgtceg cgactacgeg
ctcctcaagg tcceggecga gtgegacgag

cgcgcactcg gegtceggect cgtceccgeag

tcggtcaccg agggcectcge cctectgceac
ctggagaacg acgtcctcac gatgctcectce
accaaggagc tggtcgetct cgteggegee
tacctcatcg ccttcgecgt cctcaaccte
aaggcggage ccggectcat geggaacgec
ctccgeatcg geacggtgeg gttegeeecge

aagaagggcg agatggtctt cctcectcate

tcecegeeecgg acgtcettcega cgtgegtega
ggcecgeacg tetgeeeggg cgteteecte
accatcttcc geegettece ggagatgaag

ccegecttee ggaacatcga gtccctgaac

<210> 8
<211> 555
<212> DNA

<213> Artificial Sequence

gtgctcaccc

cgggaggagt
aagaagtacg
aacccgtect
gaccagctcc
gaaggcatcc
aagttccgece

gtcgacgagg

gacgtcctgg
caggcecgagg
atcatcgecg
ctcegetege
ctcgacgagg
caggatctgg

ccgagegecce

gacacggggg
gceegecteg
ctgaaggaaa

gtcatcctga

gctaccacga

gggaatcctc
ggctettegg
tcacctcgeg
tcgacgceccg
cgatgecgggce
getteggete

agaccaagac

acgaacgccg
cggacggctce
ccggeaccga
ccgaggecct
tgcteegett
agtactgcegg

tccgegacgg

cgtcectegce
aggccgagat
cgeeggtgtt

agccgtccaa

cgtcteegece

ggccgagtac
cctgececece
ggccatcgac
gtceggecag
gatctcegeg
cgceacggece

cctegtegece

ccgcaacceg
gegectcetec
caccaccatc
cgagctcegtce
cgacaacatc
cgegtegate

aaccgtcttce

gtacggceegg
cgeegtegge
cgggtaccac

ggcgggetga

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1260

<220><223> Codon Optimized DNA of Sorangium cellulosum for Expression in

Streptomyces venezuelae

<400> 8

atgacgtccg aggaggtccce cggegecgee ctgggegecce agtcegtecct

cagcacgcecg cgegecacgt ccgeeecgtge accecgegegg aggagecgece

cacggactca ccgagcgcca ggtcectecte tegetegtgg cectggeect

accgecegtg cgtteggega actcgeeegg cgectecgee ageccgaggt

_58_

cgtccgggec
cgecgctcatg
cgtgcetgcetce

cctcggegag

60

120

180

240
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ctcttcggceg

cgggtcectcet

geectegtge
gceegegeegg
ccectegtec
agcgegeagg

<210> 9

gcegtegtect gggtceccage gtggtegggg cgetegegee gggettecac

tccaggaccc cgeggtegge gtegtectcet

ccggceatctce

ctggatcggg

tgctcctcat ggegggceatc gaggtggacg tctccatcct ccgcaaggag

gcgeectete ggecectegge gecatcegecec

agcgcatgca gggggcecttc acgtgggacce

cctga

<211> 2142

<212> DNA

<213> Artificial Sequence

<220><223>

cgecgetecg

tggacgtcag

caccceegggc

ccegegeege

300

360

420

480

540

555

Codon Optimized DNA of Sorangium cellulosum for Expression in

Streptomyces venezuelae

<400> 9

atgcacgggc
gtcaccgecce
gagctctteg
caccgegecc
ggcgecectcee
gaggcgegee

gcagegttcet

gtactctcecg
cgccgcetcect
gtectegteg
tcegeectee
cacctggcca
gtcetegtece

ctcggggcect

ctcgacggeg
ggaatgaggg
ctcctcegeca

ggccteegeg

tgacggagcg
gcgegteegg
gecggegtegt
tcttccagga
tcetectect
cgggegecect

cggccectegt

tcaccgeegt
acgcccaggt
ccatgacctc
tcgecteegg
tgegetgggt
tcacgttcct

tcgeectegg

tccagaccct
tcgacgtcag
ccgecacegce

gcteggagge

ccaggtcctce
cgagctcgcec
ccteggeeeg
acccgetgtce
catggccggce
ctecegececte

cctcgaccge

ctccgtcate
gaccctcegece
cagctcectac
cttectecte
cgecgacgec
cgeegecegec

ggtcctecte

cgtggeeggt
ccagctecge
cgccaaggtc

cgcectegtg

ctctegeteg
cgccegectec
agcgtegteg
ggegtegtec
atcgaggtcg
ggcgecatceg

ccectececegt

gccaaggtcec
gegggegteg
ggggcecteece
ttcatggtce
acccgegtcet
ctcacccagce

aactccgcac

ctcttegeee
acgcceggecg
gtceeggeceg

gcegteggte

tcacgctcge
gccageegga
gagccctege
tctecggeat
acgtcggcat
cccececeget

ccggectcett

tcatcgagcg
tctcegaggt
cggeectege
tcgteggteg
ccaagggcca
gecteggtet

cgcgcaccaa

cegtettett
cctggggceac
ccecteggege

tcaacatgaa
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cctcatccte
agtcctcgge
ccegggette
ctcctggatce
cctccgcaag
cgeegegggce

cctecgggatce

cgagtccatg
cgeegecetgg
cgtcgeecege
ccgecteacg
ggtcteecte
ccacccgetg

ccgeceegcetce

cgtgctegec
cgtcgecectce
cegtcetegge

gggcggceace

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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gacctcatcg tcgegatcgt cggagtcgag ctcggectec tctccaacga ggectacacce 1140
atgtacgccg tcgtegeect cgtcaccgte accgectece cegeecttet catetggete 1200
gagaagcgeg ccccgeccac ccaggaagag tccgeeegec tcgagegega ggaggecgee 1260
cggegegett acatcccggg cgtcgagege atcctegtee ccategtege ccacgeecte 1320
ccggggttcg ccacggacat cgtcgagtce atcgtcgect ccaageggaa getcggggag 1380
accgtcgaca tcaccgagcet ctccgtcgag cagcaggecce cgggeccgte ccgegeegece 1440
ggcgaggect ccegeggect cgecaggete ggegeecgge teegegtegg catetggege 1500
cagcgcecgeg agetcecegtgg ctccatccag gecatcectee gtgegtcececg cgaccacgac 1560
ctectegtea teggegeeeg cteecceggee cgegeeegtg geatgtectt cggeegectg 1620
caggacgcca tcgtccageg cgccgaaage aacgtcctceg tcegtegtcegg cgacccgecg 1680
geegecgage gegegtecege cegeegeate ctegtecega tcatceggect cgagtacage 1740
ttcgecgecg ccgacctcge cgeccacgte gecctegect gggacgegga getegtecte 1800
ctctectecg cccagacgga cccgggegee gtegtetgge gegaccggga geegtegege 1860
gtcegegeeg tggegegtte cgtegtegac gaggeegtet tcegeggteg cegeetegge 1920
gtcegegtet ccagecgagt ccacgtegge geccaccegt ccgacgagat cacccgegag 1980
ctecgeeegeg cgeectacga cttgetegte cteggetget acgaccacgg ceeectegge 2040
cgectetace teggatccac cgtcgaatec gtagtegtcee getecegegt ceeggtggece 2100
ctcetegtgg cccacggtgg caccegegag caggtecget ga 2142
<210> 10

<211> 918

<212> DNA

<213> Artificial Sequence
<220><223> Codon Optimized DNA of Sorangium cellulosum for Expression in

Streptomyces venezuelae

<400> 10

atggagaagg agtcgcgcat cgccatctac ggecgecatcg ccgecaacgt cgecatcgece 60
gcegtceaagt tcatcgeege ggeegtcacg ggetegtegg cgatgetcag cgagggegtce 120
cactceccteg tggacaccge cgacggecte ctectectee tcggecaagea ccgeagegeg 180
cgeeegeegg acgecgagea ccccttegge cacggeaagg agetctactt ctggacecte 240
atcgtggeca tcatgatctt cgeggeecgge ggeggegtcet ccatctacga gggeatcecte 300
cacctcctee acccccggea gatcgaggac ccgacctgga actacgtegt ccteggggec 360

_60_
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gcagcggtgt
gggcagggct
ctcgaggaca

caccgcecteg

gcegeggtgg
gaccgggage
gtggggegce
gagttcgacg
cgcatccggt

cagcgcegcecece

tcgaaggcac
acctcgeggce
gcgecegeget

gcaacccgta

ccgtcettect
tcetegeege
cgctcaccat
cggegcetceac
ccgagegecc

gcgegtga

ctccectgatce
catgcgctcec

ggceeggecte

cctggacggce

cgcctceccag
catccgegece
gcacttcggce
cgcecteegge

cgacgtcaag

atctccatcc
agcaaggacc
acgatcgcegt

gcegegtceca

tcecegeggece
ctggeetecg
ccgcacgagg
gtggccgagg

cacatctacg

acgagttcaa
ccaccacctt
tcecteggegt

tcggcatcgg

tgctegtegg
cggacccggg
tcetegtegt
ccatcgagcg

tcgaggegeg

_61_

gaagaaggac
cacgatcgtc
ctggctcgga

gctegtecte

cgagtccgcec
cgtgtceegee
gcteceggatce
tatcgagacc

ctcectecac

420

480

540

600

660

720

780

840

900

918
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