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< AFFFI BEA WA FAZ IHAE AGMAUA HFS 5 5 YL Aow JgEn. ol u}
2t 71 Ab& AWH(long chain fatty acid)S tARIERA AT & Qe AZxF d3o g e Zgy
I 9lt}

e nAE Yol A LE IFed g Y

3 2(08~C16)2 AEx oz FapHel A

(gene manipulation)S E3] AWt AJEA

A 7]= e A@ety, B ol 3 =
Z4

2
4
)
J}L rﬂ

[e]
=3 s AT A% ABATEA K
Z(fatty acid biosynthesis(FAS) pathway)9] Al 35& f%}
oA, FFHA(glucose)E 354 (C8~C16) o2 HIIA7]7] 93t A WAYUESSY] 355 Al
= APGAE Akl Al Ed ol R Y-CoA(malonyl-CoA)E 3 L&} FAld o]E E8)(degradation) A S 2M
FAS(fatty acid biosynthesis)2¢] &ZEo] FU3lEE Fi= Aoltk,  o]|F Adsly] & of4E-CoAZs TEY
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Pant Cys M Pant Cys M, Fant 0ys _ét. F"am Cvs
SH SH |
C|2=O (|3=O C|:=O C=0
by tHy  Cry &
1 Malonyl facetyl -Cof - ACP Transacylase iJ;r,nzj'“ E’|:=D
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8CoA
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A9 A (biotin carboxyl carrier protein, biotin carboxylase, transcarboxylase)® A= o] oy, 17
ool weAE 2ol OiODI P4e AL SRR s Qoluth: AW AT HED
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$4E el @ FEE Rl
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o 5) % Ethan S. James and John E. Cronan. Expression of Two Escherichia coli Acetyl-CoA
Carboxylase Subunits Is Autoregulated, THE JOURNAL OF BIOLOGICAL CHEMISTRY, Vol. 279(4), 25202527,
2004. 9 AT = A}, L3 ACP Eflxold A 93] wR2d-Co7t BRHE-ACPE A=l AWt TS
93t A UEY T AdgEe] Hu F3 o] JEelwt). Satyanrayana subrahmanyam and John E. Cronan,
JR., Overproduction of a Functional Fatty Acid Biosynthetic Enzyme Blocks Fatty Acid Synthesis in
Escherichia coli, JOURNAL OF BACTERIOLOGY, Vol. 180(17), 4596-4602, 1998.
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Hh-ghal g

=3 o= AEs ougtt. AManjaEs
WS FgAlel sAE k. I E] g vhFe M 9 4are]ES Smith and Waterman, Adv.
Appl. Math. 2:482(1981), Needleman and Wunsch, J. Mol. Bio. 48:443(1970); Pearson and Lipman, Methods
in Mol. Biol. 24: 307-31(1988); Higgins and Sharp, Gene 73:237-44(1988); Higgins and Sharp, CABIOS
5:151-3(1989); Corpet et al., Nuc. Acids Res. 16:10881-90(1988); Huang et al., Comp. Appl. BioSci.
8:155-65(1992) and Pearson et al., Meth. Mol. Biol. 24:307-31(1994)° 7NA|=o] <At}. NCBI Basic
Local Alignment Search Tool (BLAST) (Altschul et al., J. Mol. Biol. 215:403-10(1990))-2 NBCI (National
Center for Biological Information) oA A 7Fs3stH, AE U JellA] blastp, blasm, blastx, tblastn
and  tblastx®} #L  AME B4 LAy AFEHe  o]&dd & 9t} BLSAT+=
http://www.ncbi.nlm.nih.gov/BLAST/olA H<& 7Fssitl. o] TRIO|MS o] Md A vl UHS
http://www.ncbi.nlm.nih.gov/BLAST/blast_help.htmlolA] <]

_/':
47 FRAAES H@UE el =YHo] RFTAA BAHA @
' admEe] Aol Algus Frbudel AErbsa dad

2 oA o] &EE FEULHE AL A7 AFE AE ol A7 wEHHE Mgl diste] AAH
Q) EUHL HERE FRALHE AUE Tashs oz AHa.  Ael AAHe BANe, B une
TEULEE MLy Yoo tgE AES AU usHEs depeletal, ZAldA SdH R o] &H = dal
g 3 % 90%°] 57,
7} 2]

E

i)

TAEE A T 93] DNA EXFolr. a9l e FAAHe ZERE 9 FR9s A9 ¥3sit
W E = Sy o] HA AAIE, Sy o] AEntA, Zotdldet AE TS I ¥t e
HE ditdoz ZEtau= e nlolgis DNAZREH FE3AY, & & e 84E5 i),

wowge] My Asge ggAel FAE G PHe Ba PEB 5 gom, oo od FAH e
Sambrook et al., Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press(2001)¢]
MAIEO] o, o] FH2 E mAd FHxzA A"t

2 odge] Ay §AE dI3Yste A BExe dAEdA zEEe TRRECA A5Hozr dF
(operatively linked)¥ T}, 2 AAA, 8o “FeHoxr AFH” & WA HdE xd AE(d:
ZrRE, A9 Mg, B dAREAR A3 9X9] ode)d e ik A dAateld] 715 Al Ajs oy
st ofol &l 7] 2d AMEL A7 e ik AEe] A B/EE dwE e En.

2 o] WyE d¥gAor Ids A% HEEA F5E & Udnk. B o] Wgr Oy wyola, Y
ALE 52 3= APde, dAAE JIAE 4 e A8 Z2RE (Y, tac ZERE, lac Z2EE],

2
lacUVs 2 RE, lpp T2RE, pL T2 RE, pR ZERE, racsk TZRE . amp TZRE, recA TEFE,
=

SP6 ZE2WE, trp LREH % 17 LIREH ), 59 /MAE A ZelrnF: At A 2 HAAHE
LS ¥33= Ao ddbx o)t &F AEZA E. coli(d, HB101, BL21, DHSa 5)7F o] &%= AH$-, E.
coli EYETD A A=z Zzwy L ¥y oly F9(Yanofsky, C., J. Bacteriol., 158:1018-

I

L

1024(1984)) 18]x dolx] A< 3 ZTZHE (pLAEiEEi, Herskowitz, 1. and Hagen, D., Ann. Rev.
Genet., 14:399-445(1980))7F =4 F-9=2A o]&d & Ut}

ShH, B g o84 4 e WEHE IAdA TF AMEEE Egk2r=(4d: pSC101, pGV1106, pACYC177,
ColE1l, pKT230, pME290, pBR322, pUC8/9, pUC6, pBDY, pHC79, plJ61, pLAFR1, pHV14, pET22b, pGEX AlE]%,
pET A1&]= % pUCP19 %), X|(dl: Agtd?AB, A-Charon, A Azl % M3 %) E slo]g]2(d: SV40 5)E
zAste] Ad o, uiE s Al AaE Agde o]g&d wE el g HS % 5 FHAE A

AE A Wz ukste] ejR2iy Abeld faxte] Bds aapxow AT 5 Q= pET22bs ARERIH
=

: 4 ol g¥= A WA FHAE EddEiH, dE
, Agputoldl, JpUA™, FEHEAYE, 2EFEvo|, Jhymoldl, AUEAL, dlertelql #
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HEztatol 3 el o WA A7 vt

ZRREAE, ¥d Y FARHFR FAxH) Y FEELHE AE 2 HAlolH A4E
5] 5'-3' TAYE A= Aol g s, Ao = accd, aceB, accC

¢

ke
T
)

2 odgel IduEd = Y] fHAEC] a4 HEE Ves EFste] HAigke AoE IHAEF
RBS(ribosomal bindingsite) ¥ &AW & Qs FiES ¥ F7IALEHS D2 At AUr71=
Zlo] SF A E YA (metabolic burden)S Zolx =Wl A w7 slo}

7] AR 23k 2@ EHE olF Uiy UFE =y ed, B ddye) WHE g U2 Eteke W
© (CaCl, W (Cohen, S.N. et al., Proc. Natl. Acac. Sci. USA, 9:2110-2114(1973)), 3}-}3F ¥ (Cohen,
S.N. et al., Proc. Natl. Acac. Sci. USA, 9:2110-2114(1973); 2 Hanahan, D., J. Mol. Biol., 166:557-

580(1983)) % 7] HF =H (Dower, W.J. et al., Nucleic. Acids Res., 16:6127-6145(1988)) % o
N 5 glont, FAABA A AR £EE Fol7] AL CaCl, WOl I BAAD FHE AL

sh= Aol v,

L o

o] v g waw, 2 3yl gf wAls ¥3ee 22d-Cod IS FAAE udde] Ax
s Aedd: (a) (1) O}Aﬂ%—(:oA ThES e Ztesd EdavEiA MBEAY dubs s 2
SEHE MY, (i) otHE-Cod 7F2EAetAl vlole® 7t2hd eul Tds sdds U= MY,
MUOHFJQAﬂEHNﬂﬂHWBﬁ;}Eééﬂﬂ/Hﬁ%ﬁ%iﬂﬁkf%éﬂgﬂE*ﬁig(w)%éﬁ%
g SRR dEAANEAE APk wEHHER Y ToRNH A9 Ha 1 olde wE
deEE MdR A8 LoRty AuEs s olde] wEUEHEE AdE AN AT Sl
2 (b) 7] FEULEE Mde] AE FENEHE gds A= G

Bourge) EoohE el mEw, ¥ owwe () AVl 4Ed FAAH NAFS gse] AS 4G
Qe @Al R (6) A ARAE AWAe FEee wAE maeis A AR Ee Az

v S A=, @2 (a)& 2d FEA419 PTG EA) shellA AAle.
A7 FEAZE g ddA AAdE AWAES BEcte dAE 93 eXE 539 B EE A WUH
g 4+ Au(FZ: B. Aurousseau et al., Journal of the American 0il Chemists' Society,

57(3):1558-9331( 1980); Frank C. Magne et al., Journal of the American O0il Chemists' Society,
34(3):127-129(1957)).

Wye] 54 1 ojde ackaw v 2o
(a) ‘E‘ HLUC%% ‘E‘ %Ug% E]'%o ‘H’%H}S_E}E A Oaj% ;_6;31'5‘}-‘“ Hal'?:iﬂ_li‘]}}]i 65]%1143;:1, = %%gg;‘gﬁ%%
(cotransformed) TZH-CoA HLAE it Azt (i) ofE-Cod 7hEHA A 71254 Ed e}
A AMBFY Ld3(acetyl-CoA carboxylase carboxytransferase subunit alpha)E& IHshE 7wl LE= A4,

(ii) oFAl€-CoA 7FE2HA A vlo] o ¥l sh252 9 Wl (biotin carboxyl carrier protein)S Z Y38

ZHLEHE A4, (i) olHE-CoA FtE2HAZA nio)ed®l Ft284ZA A EFY(biotin carboxylase
subunit)S IHYsE FEULEE AE 2 (iv) ofd-gub-vtwlz -tz JE el ~ g4 (acyl-carrier-protein
S-malonyltransferase) S I Qo= WwEHLEHEZ FAEH Fo2ZHEH A8EHE HAa 15 o) wEdLi=

_10_
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Lk
(b) & g A= ofF thdwol ofsto] At A Aol 2ddA =29 drds Axvele] A
A SRS S B obye At A9 S ST ¢ e avE Awdn

(c) ¥ o2 Foaiy APi A Fdzode] AEdn vE Fo fFdak Al o gL 25 WA
ol AR At At & W= 5dkE Aled

(d) ¥ e volodux Axkel 7127k 8 WA ALS uF el AR 4AS BEn Ao

ZEHo] 7hH dy

T 12 =7 ] x]o} Fefo](Escherichia coli) Z3A| oA SFIZ oA HE Wit A (FAS) 7119 H=2
S HoFE 2ol

T 2= wiyEl A AJH Y2 A~(Bacillus subtilis)®] genomic DNAGIAF-E] A FAAES o AA g/ ]o} Fa}o]
ob 22 dhe| ol W ME]Q]l pET22bel] E=3ke] T2E BL2le] At S BeFE mAgeltt.

T 32 oA R]o} Fefolo} e uhE|Eolg WAMWEQ] pET22b o] WA FHAEC] AYFHdE FERY &
Algloltl.  (a) accA SAA7F A9 (b) aceB, 18]I accC AR A9 (¢) fabD WA A9l (d) accA,
accB, 18] accC FHAE A Eoldes AxFHE Fxo] EA 3ol

E4n ARG o2l Fejolol AAFAL FAF o) AAZ Ao} Fefolst MwF AE 27l 17 2ol
o,
% be AxF Aol FHols MR F AR WEN o ANRES fAFE Ao} Fehole] A
3 Axtsh wlas dole o]},

Qo opdEste] wEte el Aay

% 62 A% ofxAHo) Fepolo] ohAEAT WS NS =
SRS ME o2 Fepoel AY A wwe HelE o],

Wy A7 Hek FAF g

o, WAl Bolel ¥ wHS 0% PAH AW suA A olF AAdE oA ¥ wwe ud A
Hom AYsr] A% AowA, X Wyl ax wel ® wye] Wl o5 Axdel oJa] AFHA erhs
Ae B owygo] Hak 7% wopl A B A4S 7k Aol Yol AF Aolth,

AAe] 1: _accA, _accB, _accC T 1 fabD |HAAE LH3E= FTEu|=  pSY0l_accA, pSY02_accBC,
pSY03_accABC % pSY04_fabDe] A%

vl s AJHE R~ 1689 GAAE FEH o R sto] BRY-CoAY AAS 9 A 7HA] E4¢ TEU-ACPE A
3+S acch, aceB, accC 2#]al fabD9] -FA x4 & (genebank, NCBI)S & AAHw3(PCR, Biorad) WH<
ol 229 Stk (R 1, 2 2 & 2).

Z 1

Az E 2k A aa

(genebank 3|7} %)

MEAT 1 acc/ oA E-CoA 7FEEA A

(GenelD: 936367) FI2E A EdadgA] AEF5 gt
(carboxy transferase subunit alpha)

AT 2 accB acetyl-CoA carboxylase

(GenelID: 938587) nlo] ¢ Bl 2 E A Lul gl
(biotin carboxyl carrier protein)

_11_
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[0072]
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AT 3 accC acetyl-CoA carboxylase
(GenelID: 938588) Hlo] @ & JFt2 A A A B
(biotin carboxylase subunit)
AadlE 4 fabD obA-$-uk- chuld S-wrad E gy ebA)
(GenelD: 938488) (acyl-carrier-protein S-malonyltransferase)
x 2
E 19 FAAE FES) 8zl @ ABEL
A2 | Zefeolw A E At &
A
accA F 5' -TTTCCATGGAACAGGAGGTGACATTGAGTGGCTCCAAGATTA-3' Ncol
R 5'-TTTGGATCCTATTTAGTTTACCCCGATATATTG-3" BanmH]1
accBC |F 5'-TTTGGATCCTAGGAGTGCGATTGAATGTTAAATATCAAA-3' BanH1
R 5'-TTTGAATTCTTATGAGCCCATTACATCATATGTTTC-3' EcoR]
fabp |F 5'-TTTGAATTCGGAGGTTTTTACATCATGAGTAAG-3" EcoR1
R 5'-TTTAAGCTTTTAAGCATTATCATTCTCCTCCTT-3" HindIII
ek, F=ZTP AES F 20 €A% A &x

18] FAASE I 2o WAY meelnE N8t 35
Al 5 o =

£ o] &3}o] pET22b HWE (M EE 94, Novagen) 13l pSYO1_accA, pSY02_accBC, pSYO3_accABC
2 pSYO4_fabD & AT, E 22 7] pSY0l_accA (accA FAAF E3H), pSY02_aceBC (accB9t accC H3
2} 338F), pSY03_accABC (accA, accB Z22]al accC F4A ¥3F) 2 pSY04_fabD (fabD ##x X3k} Hwd
HlE 9 Xb«% YehdlE =wolt}, Ztzko]l FREAAHNSLE FAH w2 (NP mixture(takara),
Thermopol buffer( 10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl, pH8.3, BioLabs), Tag DNA F& &4 (BiolLabs))

ol oll /] 95C/3%-(denaturation) 13] F&q3s F  95C/1%¥(denaturation), 55C/1%(annealing), 72/3%

(extension)® 303 w2 =33} c}. npxlg GA 2 ok Al Al (extension)S 8] 72TC/10%
HE-3- Al AT THELAANS & TZH DNAT 0.7% o722 A oA &1 3 AgAste] Algkgint-gol
o] &3t9tt. A3t Za ZAE pET22b e o] gAY E- 9 (multicloning site)oll = 29

A2lE ZF7Fe] DNA =

MAE A Zeo] Adstaict. 7t AdE FHAke AYoARE gRlshr] S8 ¥ dEE AT (E.
coli DH5a competentcell, Novagen)oﬂf\i SFH2VEE FE53Y olE A 9 AU Atasrz HHsh
o Z DNA 24e] A71&E 1% o7t2= A oA 7] Este] vlushs WS ARSI

Fgdon FRYgor gol 2ot ugwel A% CaCl, WYE AEH AUHE AELET BE F

A
A 42T) el 93] Fe=ves SsTFAXYRE 95 FAAYHE AT, 7] 544 9%
PFAHEEHES 98 DS a AMEE LB o}7F Edo|Ee] 2EgF st 37Tl 16A1 7S Migett. 1 v
ZYolEq AW FR2YUE F dUE FH38le] 3 ml LB(10 g/L tripton, 10 g/L NaCl, 5 g/L yeast extract)
A 7F ©@7 B AE FHe Ya 37C, 210 rpm o] ol ThA] 14A17EEQE wiekEkith. 500 ml A4t EEhs
Fofl 100 mL LB ®iXE Y HHAZ ths, of7]e] HAE JHo| Y1 w7l AIEE H7lshe] 37C, 210
rpm o] AN A 2-3A17F wj Fate] wl el ~%E(absorbance)7} 600 nm3}gol A 0.4-0.50] o2& wf, wijk

o AA o] sl 50 mle] WA S vbd Har, 208 FoF dgol vrolbEQth. 1 3 wjFel e 4ToA 5E
&<t 6280 rpmo. 2 A4 wElste] AE A AEE FEEcitt. deE ol e del AAR AEE AF
g o]%  of7]e] 10 mL CaCl, & 27y AEE ZoFAn. AEZF o ZoAd 2 ml CaCl,2 20%
FYUAZ 1 al® P A& o]F 200 ul® EFdke] -80To] BH#EFE.  -80Co] BualFE DH5Sa AIEE
AEZE 7AYol A&l 10# &

o
Sing
Kl
X

B

o)

oF WA|8k3ity. 100 ul DHSa HIAWE AMEe] 2-5ule] EFH=W=E Yi Z

Aol ALl 5-10% =<+ LA F2F 42TCA 1830% st REAIZ 5 dgdl vA] 108 & W
|8k et 12]5=n 8 900 ul LB(10 g/L tripton, 10 g/L NaCl, 5 g/L yeast extract)S 73k 3 1A17+
B 37T A mFstitt.  widE FE AA = 17 Y94 EEste] 4 800 ul AAS F YA 200

ulst Alxs AdEste] AEA(50 ug/ml J3d-o]l H7bd LB Aol A SdA7E AdE w7hA] 3

_12_
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[0080]
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Coll A wiFstlet.  A7ish 22 Wfel osf = 2014 yepelxl o] aAWEzE Abde Az g

AA 3 AT g E AZY FF2HE @] A
Z+Zto] 455 LB HiA|o] 14 AP E Bf%A]Z]2L 500 ul 50% ZE]AE3 500 ul
Hom whE T -80TolA wiFAE A7FAl Agsidth. Wi 10 ml #f
| 4 mLe] LBe} A7) B#g #o 1ml 5 40 ul 283 4 ul PIAA(5B0 ug/ml)S H7bate] 24 AzF
et 5, ol& vl 500 mL Eeka=el Sl 4uA (50 ug/ml)o] FH7he 200 mLe] LB wiA](10 g/L
tripton, 10 g/L NaCl, 5 g/L yeast extract)ol] 1/2002] A7] vjNS HFste] 37T, 200 rpm #lo]AH A 27
A 7FEor wlokE A= 3 FHF). duld S 93k = B9 IPTG(isopropylthio-B-D-galactoside,
sigma, USA)E Folat7] 98] vk o] &4 %= (absorbance) & itk B &= 600 nm gl A 0.4 9
o2& uw IPTGE H7H1 mD3le Az dizde] 13 f= et st A=Y A
T 4%3 opAE o AAZAHNLS = 3004 HolFa Q).

ot
ﬂDi
N,
o i
10
o
Jt
oX,
o
fot
<0,
)

oX 1

=
=

rl

i

FAck 47 )

O
il

AN 4 Az AT ATWSZRE Y] opMEA U FENe] 27

el o] opAlEAy} gEdte] g wlg F SR (EY] vl Ao RRE 34 AlRE 44 A%
M55 ATAM A2 (102, 4500 rpm) F- 52k AEE Eejste] -80TelAM BstaL, of & Alx= <l
EspdE g (intracellular) =29 FE5 S8l thad 22 A4S AR ey 2o Az st
-80TCel Yol mlEha 250 ul® AlES 343 F, 80T Yol 5-102 7 FAIetd fredd A= A=

% AT e AE THA

W3lE Q. o] AL 3 HHESle] -9TAA YAE
I oA 99} e S wEse] dojx fHNS A
gAase ZBAEA AZHY HEHEZGolE (metabolites)E 333 Aoldv}. A7) wj%dkd 50 mL&
| AsdI ANFM FEE QEZAZE E2HE 747 500 ul

< 0.2 3
73}l HPLC(high performance liquid chromatography) A& #41& AASIFHE 4 2 = 5 %),

F

BN

* 3

Ol EAY WEA 148 93 IPLC 2=
= 5 x 7
HPLC =& (87]7], Korea), UV730D (3#717], Korea)
a4 Aminex HPX-87H (Biorad, USA)
3 0.6 mi/min
e 30 ul
ol 57 0.005 N 3k
QB 25 50 T
25 A 30 #
W A&33 210 nm

A7) A E FE = 4 5
etk AlERF S ofAE it o] w4 H o
o agal k 5eAE e EHeIRl o EAY TEANS o :
Holz AAEEA ettt wigo]l Al 12 Aol Auk o] $RE oM E4ld TELRS] AAto] ofA
Zol e el A%k, pSY0l_accA, pSY02_ accBC, pSY03_accABC 2 pSY04_fabD ZEt=u]=7} yAlg A%
g digtell A= IPTG ol o3k HEF e ofAEAN TE4e] X o] Aite] FAHS =W 5ollA] Bt

O 1
o ¥

Az 752 a3
il

AN QA vish gol, B wel Az FEel sl A AT R WY WA gelsh F
AWAFES TRU-CoAe] XS S FUT & gom AW FY AR AR FINY F AR



=
JFe ATFoA olEd 4T FAF F Y. webd
5% WAL B AW AFY AR BYS B

=g
Ed]

Gilucose

¥
Pyruvalc
I

o Acoly-CoA A
1 L ]
s Aces
i o MalonyHCoA i
L :
i Fubl} i
i :
= Malonyl [acp]
P 8 ﬂ \\ :
B i
1 r_L. :
i Long-chain fatty acids i
i z £ £ I:
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gRasnyy AP 4

EH2
Bacillus subiilis 168 pET27b Bacillus subtiliz 168 pET221
acch pene accBC pene
pSY01 _accA PSY0I @ecBC

J !
O &N O R

Recombinant £ cofi Recombinant £ ool
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k1
N2
W

apSVILaceh  — I

. p3Y03_accABC

d. pSY04_fabD

RBS aocA
BamHI EeoRT

bopsv02accBC I ) ) —

RBS el ] RBS acelC

Neol BamHI EsoRl
RBS ace A RBS accB EBS acel
FroR1 Hind 11T
RES fabD

Eyd

OD g [10m]

3.00
250
i
_—_‘_'. ’,._r_' &
2.00 s {__._//-
150
1.00
050
0.00
(1} 10 20 30
time [h]
—+—wild typeE coh —=— pSY0] accA pSY02 accBC

— pSY03_accABC -+— pSY04 fabD
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EWS

a. Wild tvpe E. coli

=

| Contro] strain

- Pz comisinant strain

3 1z 4
Tome [har |

b.pSY01_aceA t. pSY01_aceBC

!
Sk 250

— 200 | [ +2271% — I +111%
=) B = T
= 130 : = 15
=1 o
=] -
2100 | ] :: 106
3 2
= psg o = s
0.00 oop - =
3 12 24 . 1 11

Thme [br] Tiene [Bir]

d. pSY03_accABC c. pSY04_fabD

- 150 -

+d41.03%

gy A | =5 140 ~11. 499,
e . B L I.o
Bl el I | 1 = L5 =
é i: -
2 10 2 140
=1 o
= ] I
e | g l .

000 | . - 0.00

3 12 24 3 3

Time [br] Time [he]
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a. Wild type E. coli

450

200

136 741—_’7
i

100

= ___-r-|
l i LCE
g5p |—Wmm=sseme- + = L

0.00

Acis L]

Time [hr]

el =+ (ponorol) Acetc acid  ———e—{conirel) Malonic acid

b.pSY01 accA

250

2400 —

150 | =]
==l

050 - =

Aade|gL]

B e m

000
0. 3 46 9 12 1§ 18 21 2 7
Time [kr]

——M--{accA)Acetic aod  —#— {accA) Malome acud

c. pSY02 accBC d.pSY03} accABC
50 256
204 200
% . "_”r’k’l’* g -
3 100 b Z 1m0
< =
(ELS T - 650 —
R S S .
000 oo
G 3 & 8§ 12 1518 N M-I ¢ 3 4 § 1T 15 11 X o,
Time [hr] Time [hr]
-8l =~ (accBC)Acetic and  —s— (accBO) Malemc acid === {accABC) Avetic acid ——b—(accABC)Malonic acid
* Standard amount | Measurement ume 24 hr
Name a Comirod strain by, pSY0L accA o pSY0Z accBC & pSY03_accABC
Ratio = -
N A 152 16.07 553 632
Increaserate = 10.57 364 439
HdE =
<110> Sogang univirsity
<120> Development of recombinant Escherichia coli which can overflow
fatty acid biosynthesis pathway by overprocucingmalonyl-CoA
<160> 9
<170> KopatentIn 1.71
<210> 1
<211> 325
<212> PRT
<213> Bacillus subtilis
<400> 1

Met Ala Pro Arg Leu Glu Phe Glu Lys Pro Val Ile Glu Leu Gln Thr

1 5

10

15

Lys Ile Ala Glu Leu Lys Lys Phe Thr Gln Asp Ser Asp Met Asp Leu

_17_



Ser Ala Glu
35
Asp Ile Tyr
50
Leu Ala Asp
65

Asp Phe Phe

Ile Val Gly

Gly His Gln
115
Gly Met Pro
130
GIn Ala Asp
145

Gly Ala Tyr

Ile Ala Lys

Cys Ile Val

195

Val Gly Asn
210

20

Ile Glu Arg

Lys Asn Leu

Arg Pro Thr

70

Glu Cys His
85

Gly Ile Ala

100

Arg Gly Lys

25

Leu Glu Asp
40
Lys Pro Trp
55

Thr Leu Asp

Gly Asp Arg

Lys Phe His

105
Asp Thr Lys

120

30

Arg Leu Ala Lys Leu Gln Asp

Asp Arg Val
60
Tyr Ile Glu
75
Ala Tyr Gly
90

Gly Leu Pro

Glu Asn Leu

His Pro Glu Gly Tyr Arg Lys Ala Leu

Lys Phe Asn
150
Pro Gly Arg

165

Asn Leu Phe
180

Ile Gly Glu

His Leu His

135

Arg Pro Ile

Ala Ala Glu

Glu Met Ala

185

Gly Gly Ser
200

Met Leu Glu

215

140

Ile Cys Phe
155

Glu Arg Gly

170

Gly Leu Arg

Gly Gly Ala

Asn Ser Thr
220

45

Gln

His

Asp

Val

Val
125

Arg

Ile

Val

Leu
205

Tyr

Ser Pro Glu Gly Ala Ala Ala Leu Leu Trp Lys Asp Ser

225

Lys Lys Ala

Leu Gly Ile

230

Ala Glu Thr

245
Ile Asp His

260

Met Lys Ile

Met Ile Lys

265

235

Thr Ala Pro

250

Glu Val Lys

Asp

Gly

Ile Ala Arg

Leu Phe Thr

80

Asp Glu Ala
95

Thr Val Ile

110

Arg Asn Phe

Leu Met Lys

Asp Thr Lys
160
Ser Glu Ala

175

Pro Val Ile
190

Gly Leu Gly

Ser Val Ile

Ser Leu Ala
240

Leu Lys Glu

255
Gly Ala His

270

_18_
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His Asp Val Lys Leu Gln Ala Ser

275 280
Ser Leu Lys Thr Leu Leu Lys Leu
290 295

Arg Tyr Glu Lys Tyr Lys Ala Ile

305 310

Tyr Ile Gly Val Asn
325
<210> 2
<211> 159
<212> PRT
<213> Bacillus subtilis
<400> 2
Met Leu Asn Ile Lys Glu Ile His
1 5
Ser Thr Ile Asp Glu Phe Val Tyr
20
Leu Lys Lys His Glu Ala Gly Thr
35 40

Ala Ala Pro Val Gln Ala GIn Ala

50 55

GIn Gln Ala Ala Ala Pro Ala GIn
65 70
Leu His Lys Ile Thr Ser Pro Met
85
Ser Pro Glu Ala Gly Pro Tyr Val
100
Asn Thr Val Val Cys Ile Val Glu

115 120

Glu Ala Glu Val Lys Gly Glu Ile

130 135

Gln Leu Val Glu Tyr Gly GIn Pro

Tyr Met Asp

Ser Glu Glu

Gly Lys Val

315

Glu Leu Ile
10
Glu Asn Glu
25

Val Gln Val

Pro Gln Ala

Glu Ala Pro
75
Val Gly Thr
90
Thr Ala Gly
105

Ala Met Lys

Val Glu Val

Leu Phe Leu

SIHS31 10-2013-0127961

Glu Thr Leu Lys Gln
285

Glu Leu Val GIn Gln

300

Ser Val Glu Asp Gln

320

Lys Ala Ile Asp Glu
15

Gly Val Ser Leu Lys

30

Met Gln Gln Ala Pro

45

Val Gln Pro Gln Ala

60
Lys Gln Asp Glu Asn
80
Phe Tyr Ala Ser Ser
95
Ser Lys Val Asn Glu
110
Leu Phe Asn Glu Ile

125

Leu Val Glu Asn Gly
140

Val Lys Ala Glu

_19_
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145 150 155
<210> 3

<211> 450

<212> PRT

<213> Bacillus subtilis

<400> 3

Met Ile Lys Lys Leu Leu Ile Ala Asn Arg Gly Glu Ile Ala Val Arg
1 5 10 15

Ile Ile Arg Ala Cys Arg Glu Leu Gly Ile Glu Thr Val Ala Val Tyr

20 25 30
Ser Glu Ala Asp Lys Asp Ala Leu His Val GIn Met Ala Asp Glu Ala
35 40 45
Phe Cys Ile Gly Pro Lys Ala Ser Lys Asp Ser Tyr Leu Asn Val Thr
50 95 60
Asn Ile Val Ser Val Ala Lys Leu Thr Gly Thr Asp Ala Ile His Pro
65 70 75 80
Gly Tyr Gly Phe Leu Ala Glu Asn Ala Asp Phe Ala Glu Leu Cys Glu

85 90 95

Glu Val Asn Val Thr Phe Val Gly Pro Ser Ala Asp Ala Ile Ser Lys
100 105 110
Met Gly Thr Lys Asp Val Ala Arg Glu Thr Met Lys Gln Ala Gly Val
115 120 125
Pro Ile Val Pro Gly Ser Gln Gly Ile Ile Glu Asn Val Glu Glu Ala
130 135 140
Val Ser Leu Ala Asn Glu Ile Gly Tyr Pro Val Ile Ile Lys Ala Thr
145 150 155 160

Ala Gly Gly Gly Gly Lys Gly Ile Arg Val Ala Arg Thr Glu Glu Glu

165 170 175
Leu Ile Asn Gly Ile Lys Ile Thr Gln GIn Glu Ala Ala Thr Ala Phe
180 185 190
Gly Asn Pro Gly Val Tyr Ile Glu Lys Tyr Ile Glu Asp Phe Arg His

195 200 205

_20_



Val

Asp

Thr

Thr

305

Pro

Val

Ser

385

Val

Gly

Ser

Val

Met

290

Leu

Cys

Asp

370

Met

Thr

Ser

Ser

Ile

Arg

Pro

275

Asn

Thr

Ser

Arg

355

Ser

Arg

Thr

Gly

435

Gln Val

Asp Cys

Ser Pro

245
Val Lys
260

Phe Ile

Thr Arg

Asp Leu

Leu Lys
325

Ile Asn

Ile Lys

Ala Lys

Met Lys

405
Ile Pro
420

Glu Phe

Leu Ala Asp Asn

215
Ser Ile

230

Ala Leu

Tyr Asp

295

Ile Lys

Met Tyr

Tyr Pro

375

Val Ile

390

Arg Ala

Phe His

Asn Thr

Gln

Asp

Lys

Tyr

280

Val

Asp

Asn

Leu

360

Gly

Thr

Leu

Leu

Lys

440

Arg

Ser

265

Asn

Val

Pro

345

Pro

Tyr

Tyr

Ser

Lys

425

Phe

Tyr Gly Asn
220
Arg Leu Gln

235

Glu Ile Arg
250

Val Gly Tyr

Glu Gln Arg

His Pro Val
300

Ile Lys Val

315
Glu Phe Glu
330

Ser Lys Asn

Pro Gly Gly

Ser Ile Pro

380

Gly Lys Thr

395
Glu Phe Val
410

Leu Leu Glu

Leu Glu Thr

Thr

Lys

Thr

Tyr

285

Thr

Phe

Leu

365

Pro

Arg

His

Tyr

445

Ile His

Leu Leu

GIn Met

255
Gly Ala
270

Tyr Phe

Glu Met

Ser Gly

Trp Ala

335
Met Pro
350

Gly Val

Tyr Tyr

Asp Glu

Glu Gly

415
Glu Thr
430

Asp Val

_21_

Leu

Met

Val

Met

320

Ser

Arg

Asp

Phe

Met
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450
<210> 4
<211> 317
<212> PRT
<213> Bac
<400> 4
Met Ser Lys

1

Gly Met Gly

Phe Asp Glu
35

Phe Glu Gly

50
Ala Leu Leu
65

Gly Ile Thr

Ala Leu Val

Val Arg Lys

115

Gly Ala Met
130

Val Thr Asp

145

Leu Asn Cys

Glu Leu Ala

Pro Leu Glu

195

1llus subtilis

Ile Ala Phe Leu Phe Pro

5

Lys Glu Leu Tyr Glu Gln

20

Ala Asp

Asp Ala Glu Glu

95
Thr Thr Ser Ile
70
Pro Asp Phe Thr
85
Ala Ala Gly Ala
100

Arg Gly Glu Phe

Ala Ala
135

Lys Val

150
Pro Gly GIn Ile
165
Ser Glu Leu Ala
180

Val Ser Gly Pro

40

Leu

Ala

Ala

Leu

Met

120

Val

Lys

Phe

200

25

Glu Thr Leu Glu

Thr

Val

Gly Gln Gly Ser
10

Val Pro Ala Ala

Thr Lys Leu Ser
45

Leu Thr Tyr Asn

60
Leu Glu Lys Phe

75

GIn Phe

15
Lys Arg
30

Ser Leu

Lys Glu

Gly His Ser Leu Gly Glu Tyr

Ser
105

Asn

Ile Leu Gly Met

Glu
185

His

90

Phe Lys Asp Ala

Glu Ala Val Pro

125

Asp Ala Glu Ala
140

155

Ser Gly Thr Ala

170

Asn Gly Ala Lys

Ser Glu Leu Met

205

95
Val Tyr
110

Leu Lys

Thr Glu Glu Gly Asn Leu Val Gln Leu Ala

Lys Gly

175
Arg Ala
190

Lys Pro

_22_

Leu

Pro

Ser
80

Ser

Thr

Asn

160

Val

Ile

Ala
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Ala Glu Lys Leu Lys Glu Val Leu Asp Ala Cys

210

215

Asp Val Pro Val Ile Ser Asn Val Ser Ala Asp

225

230

235

Ala Asp Ile Lys Glu Lys Leu Ile Glu Gln Leu

245

250

Phe Glu Glu Ser Ile Asn Lys Leu Ile Ala Glu

260

265

Ile Glu Ile Gly Pro Gly Lys Val Leu Ser Gly

275

280

Asn Arg Arg Leu Lys Thr Ile Ala Val Ser Asp

290

295

Leu Ala Ile GIn Thr Leu Lys Glu Glu Asn Asp

310

305

<210> 5
<211> 5493
<212> DNA

<213> Artificial Sequence

<220><223>
<400> 5

atccggatat

ggggttatge
tgttagcagc
cgacggagct
cagcgagegag
cttcttaaag
tatagtgagt

gtggeeggea

gatggggaag
gtggcaggece
gCggrgacsy

cataagggag

pET22b vector

agttcctcct

tagttattgc
cggatctcag
cgaattcgga
cagcagacca
ttaaacaaaa
cgtattaatt

tcaccggege

atcgggctcg
ccgtggeegg
tgctcaacgg

agcgtcgaga

ttcagcaaaa

tcagcggtgg
tggtggtggt
tccgaattaa
gcagcagegg
ttatttctag
tcgcgggatc

cacaggtgceg

ccacttcggg
gggactgttg
cctcaaccta

tccecggacac

315

aacccctcaa

cagcagccaa
ggtggtgcete
ttccgatatc
tcggcagcag
aggggaattg
gagatctcga

gttgctggeg

ctcatgagcg
ggcgcecatct
ctactgggct

catcgaatgg

Asp Ile Lys
220

Val Met Thr

Tyr Ser Pro

Gly Val Thr

270

Leu Val Lys

285
Pro Glu Thr
300

Asn Ala

gacccgttta

ctcagcttcc
gagtgcggcc
catggccatc
gtatttcata
ttatccgctce
tcctctacge

cctatatcgc

cttgtttcgg
ccttgcatgce
gcttectaat

cgcaaaacct

_23_

Asp Ala

Glu Lys

240
Val Arg
255

Thr Phe

Lys Val

gaggceccaa

tttcgggett
gcaagcttgt
gceggetggg
tgtatatctc
acaattcccc
cggacgcatc

cgacatcacc

cgtgggtatg
accattcctt
gcaggagtcg

ttcgecggtat

60

120
180
240
300
360
420

480

540
600
660

720
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ggcatgatag
atacgatgtc

ggccagcceac

ttacattccc
tgccacctcc
cgccgatcaa
ctgtaaagcg
tccgetggat
atttcttgat

tacgcgactg

gggcccatta
tcgcaatcaa
tcaacaaacc
cgatcagatg
ggatatctcg
aaccaccatc

actctctcag

aaaaaccacc
aatgcagctg
atgtaagtta
acccagtcag
tcttetttat
aggaccgctt

tgcacgccct

aggccattat
ggacccggct
agcgaacgtg
tctteggttt
tgttccggat

taacgaagcg

cgcccggaag
gcagagtatg

gtttctgcega

aaccgcegtgg
agtctggccc
ctgggtgcca
gcggtgcaca
gaccaggatg
gtctctgacce

ggcgtggage

agttctgtct
attcagccga
atgcaaatgc
gcgetgggeg
gtagtgggat
aaacaggatt

ggcceaggcegg

ctggegcecca
gcacgacagg
gctcactcat
ctccttecgg
catgcaactc
tcgctggage

cgctcaagcec

cgccggeatg
aggctggegg
aagcgactgc
ccgtgttteg
ctgcatcgca

ctggcattga

agagtcaatt
ccggtgtcte

aaacgcggga

cacaacaact
tgcacgcgcec
gegtggtggt
atcttctcgce
ccattgctgt
agacacccat

atctggtcgce

cggegegtcet
tagcggaacg
tgaatgaggg
caatgcgcgc
acgacgatac
ttcgeectget

tgaagggcaa

atacgcaaac
tttcecgact
taggcaccgg
tgggcgeggg
gtaggacagg
gcgacgatga

ttcgtcactg

gcggeeecac
ggttgectta
tgctgcaaaa
taaagtctgg
ggatgctgct

ccctgagtga

cagggtggtg
ttatcagacc

aaaagtggaa

ggcgggcaaa
gtcgcaaatt
gtcgatggta
gcaacgcegtc
ggaagctgcc
caacagtatt

attgggtcac

gegtetggcet
ggaaggcgac
catcgttccc
cattaccgag
cgaagacagc
ggggcaaacc

tcagctgttg

cgcectcetecc
ggaaagcggg
gatctcgacc
gcatgactat
tgccggcage
tcggectgtce

gtcccegecac

gggtgegeat
ctggttagca
cgtctgcgac
aaacgcggaa
ggctaccctg

tttttctetg

aatgtgaaac
gtttceegeg

gcggegatgg

cagtcgttgc
gtcgeggega
gaacgaagcg
agtgggctga
tgcactaatg
attttctcce

cagcaaatcg

ggctggceata
tggagtgcca
actgcgatgc
tcecgggetgce
tcatgttata
agcgtggacc

ccegtcetcac

cgegegttgg
cagtgagcgc
gatgcccttg
cgtcgecgcea
gctetgggte
gcttgeggta

caaacgtttc

gatcgtgctc
gaatgaatca
ctgagcaaca
gtcagcgcecc
tggaacacct

gtccegeege

_24_

cagtaacgtt
tggtgaacca

cggagctgaa

tgattggcgt
ttaaatctcg
gcgtcgaage
tcattaacta
ttccggegtt
atgaagacgg

cgctgttage

aatatctcac
tgtceggttt
tggttgccaa
gegttggtgc
tccegeegtt
gettgetgea

tggtgaaaag

ccgattcatt
aacgcaatta
agagccttca
cttatgactg
attttcggceg
ttcggaatct

ggcgagaage

ctgtcgttga
ccgatacgceg
acatgaatgg
tgcaccatta
acatctgtat

atccataccg

ZIHSdl 10-2013-0127961

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



ccagttgttt

tcgtgagcat
acacggaggce
gaagccagac
acatctgtga
tcggtgatga
tgtaagcgga

gtcggggege

tgcggcatca
agatgcgtaa
ctgcgetcgg
ttatccacag
gccaggaacc
gagcatcaca

taccaggcgt

accggatacc
tgtaggtatc
ccegttcage
agacacgact
gtaggeggtg
gtatttggta

tgatccggca

acgcgcagaa
cagtggaacg
acctagatcc
acttggtctg
tttcgttcat
ttaccatctg

ttatcagcaa

accctcacaa

cctectetegt
atcagtgacc
attaacgctt
atcgcttcac
cggtgaaaac
tgccgggage

agccatgacc

gagcagattg
ggagaaaata
tcgttcecggcet
aatcagggga
gtaaaaaggc
aaaatcgacg

ttceceectgg

tgtcegectt
tcagttcggt
ccgaccgctg
tatcgccact
ctacagagtt
tctgegetct

aacaaaccac

aaaaaggatc
aaaactcacg
ttttaaatta
acagttacca
ccatagttgc
gcceccagtge

taaaccagcc

cgttccagta

ttcatcggta
aaacaggaaa
ctggagaaac
gaccacgctg
ctctgacaca
agacaagccc

cagtcacgta

tactgagagt
ccgcatcagg
gcggegageg
taacgcagga
cgegttgctg
ctcaagtcag

aagctccctce

tctcectteg
gtaggtcgtt
cgecttatcec
ggcagcagcec
cttgaagtgg
gctgaagcca

cgctggtage

tcaagaagat
ttaagggatt
aaaatgaagt
atgcttaatc
ctgactcccc
tgcaatgata

agccggaagyg

accgggcatg

tcattacccc
aaaccgccct
tcaacgagct
atgagcttta
tgcagctccc
gtcagggegce

gcgatagegg

gcaccatata
cgctetteeg
gtatcagctc
aagaacatgt
gegtttttee
aggtggcgaa

gtgcgcetctce

ggaagegtgg
cgctccaagce
ggtaactatc
actggtaaca
tggcctaact
gttaccttcg

ggtggttttt

cctttgatct
ttggtcatga
tttaaatcaa
agtgaggcac
gtcgtgtaga
ccgecgagacce

gccgagcegcea

ttcatcatca

catgaacaga
taacatggcc
ggacgcggat
ccgceagetge
ggagacggtc
gtcagegggt

agtgtatact

tgecggtgtga
cttcecteget
actcaaaggc
gagcaaaagg
ataggctccg
acccgacagg

ctgttccgac

cgctttctca
tgggetgtgt
gtcttgagtce
ggattagcag
acggctacac
gaaaaagagt

ttgtttgcaa

tttctacggg
gattatcaaa
tctaaagtat
ctatctcagc
taactacgat
cacgctcacc

gaagtggtcc

_25_

gtaacccgta

aatccccctt
cgctttatca
gaacaggcag
ctcgegegtt
acagcttgtc
gttggcegggt

ggcttaacta

aataccgcac
cactgactcg
ggtaatacgg
ccagcaaaag
cceeectgac
actataaaga

cctgeegett

tagctcacgc
gcacgaaccc
caacccggta
agcgaggtat
tagaaggaca
tggtagctct

gcagcagatt

gtctgacgct
aaggatcttc
atatgagtaa
gatctgtcta
acgggageec
ggctccagat

tgcaacttta

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
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tccgectceca
aatagtttgc
ggtatggcett
ttgtgcaaaa
gcagtgttat
gtaagatgct

cggcgaccga

actttaaaag
ccgetgttga
tttactttca
ggaataaggg
agcatttatc
aaacaaatag

aatattttgt

gccgaaatcg
gttccagttt
aaaaccgtct
gggtcgaggt
tgacggggaa
gctagggege

aatgcgccgce

<210> 6

tccagtctat
gcaacgttgt
cattcagctc
aagcggttag
cactcatggt
tttctgtgac

gttgctettg

tgctcatcat
gatccagttc
ccagegtttc
cgacacggaa
agggttattg
gggtteegeg

taaaattcgc

gcaaaatccc
ggaacaagag
atcagggcga
gccgtaaage
agcecggegaa
tggcaagtgt

tacagggcgc

<211> 978

<212> DNA

taattgttgc
tgccattgct
cggttcccaa
ctcctteggt
tatggcagca
tggtgagtac

ccecggegtcea

tggaaaacgt
gatgtaaccc
tgggtgagca
atgttgaata
tctcatgagc
cacatttccc

gttaaatttt

ttataaatca
tccactatta
tggcccacta
actaaatcgg
cgtggcgaga
agcggtcacg

gtcccatteg

<213> Bacillus subtilis

<400> 6

gtggctccaa gattagaatt tgaaaaaccg

ctaaaaaaat tcacccaaga ttccgatatg

gaccgtctcg ctaagcttca ggatgatatt

caaatcgcge gtctggegga ccgtccgaca

gacttttttg aatgtcacgg agacagagcg

cgggaagcta
gcaggcatcg
cgatcaaggc
cctcegatceg
ctgcataatt
tcaaccaagt

atacgggata

tctteggggce
actcgtgcac
aaaacaggaa
ctcatactct
ggatacatat
cgaaaagtgc

tgttaaatca

aaagaataga
aagaacgtgg
cgtgaaccat
aaccctaaag
aaggaaggga
ctgcgegtaa

ccCa

gtgattgaac
gatctaagtg
tacaaaaatt
actcttgatt

tacggggacg

gagtaagtag
tggtgtcacg
gagttacatg
ttgtcagaag
ctcttactgt
cattctgaga

ataccgcgcc

gaaaactctc
ccaactgatc
ggcaaaatgc
tectttttea
ttgaatgtat
cacctgaaat

gctcattttt

ccgagatagg
actccaacgt
caccctaatc
ggagcceccg
agaaagcgaa

ccaccacacc

tgcaaaccaa
cggaaatcga
tgaagccgtg
atatcgaaca

atgaagccat

_26_

ttcgeccagtt
ctcgtegttt
atcccccatg
taagttggcc
catgccatcc
atagtgtatg

acatagcaga

aaggatctta
ttcagcatct
cgcaaaaaag
atattattga
ttagaaaaat
tgtaaacgtt

taaccaatag

gttgagtgtt
caaagggcga
aagttttttg
atttagagct
aggagegeec

cgeccgegcett

aatcgccgaa
acggctcgaa
ggaccgggtt
cctgtttacc

tgtcggeggg

4320
4380
4440
4500
4560
4620

4680

4740
4800
4860
4920
4980
5040

5100

5160
5220
5280
5340
5400
5460

5493

60
120
180
240

300
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attgcgaagt tccacggect ccctgtaacg gtaatcggge atcagegegg caaagacacg 360
aaggaaaacc tagtccgcaa ttttgggatg ccgcatccag aaggctacag aaaagcegctt 420
cgtctgatga aacaggctga caaatttaac agaccaatta tctgttttat tgatacgaag 480
ggggcatacc ctggacgagc agctgaagaa agaggacaaa gtgaagctat tgccaaaaac 540
ctgtttgaga tggccggect tcgagtgect gttatctgea tcgtcattgg tgaaggcgga 600
agcggeggag cccttggtcet gggtgtagge aatcacttge atatgectgga aaactctact 660
tattctgtta tttctccgga aggtgecgeg gecacttttat ggaaggactc cagtcttgcet 720
aaaaaagcag cagaaacaat gaaaatcact gcgccggatt taaaagaatt aggtattata 780
gatcatatga ttaaagaagt aaaaggcgga gcgcaccatg atgtgaagct gcaggcaage 840
tatatggacg aaacccttaa acaatcgtta aaaactttac tgaagctgag cgaagaagaa 900
ttagttcagc agcgttatga aaaatataaa gcaattggca aagtctcggt tgaagatcaa 960
tatatcgggg taaactaa 978
<210> 7

<211> 480

<212> DNA

<213> Bacillus subtilis

<400> 7

atgttaaata tcaaagaaat ccacgagctg attaaagcaa ttgacgagtc tacaattgac 60

gaattcgtat atgaaaatga aggtgtatcc ttaaaactga aaaaacacga agcaggcacg 120

gttcaagtca tgcagcaggc accggcagca cctgtacaag cacaggcectcc gcaggcagtt 180

cagccgcaag cgcagcaagce agcggceacct geccaagaag caccaaagca agatgagaat 240

ctgcataaaa tcacttcacc aatggtagga acattttatg cttcttcatc accggaagct 300

ggcccgtatg taacagecgg ttcaaaagta aatgaaaaca cagttgtctg cattgtagaa 360

gcgatgaagce ttttcaacga aatcgaagca gaagtgaaag gcgaaatcgt tgaagtatta 420

gtagaaaacg gccagctggt cgaatacgga caacctctat ttcttgtaaa agcggagtaa 480
480

<210> 8

<211> 1353

<212> DNA

<213> Bacillus subtilis

<400> 8

_27_
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atgattaaaa agctattgat cgccaacaga ggagaaattg ctgtcagaat catcagagcc 60
tgcagagagc tcggaattga gactgtcget gtttattcag aagctgataa agatgecctt 120
catgttcaaa tggccgatga agctttttgt atcggaccga aagcatcaaa agacagctat 180
ttaaacgtta caaatattgt gagtgttgca aagctgactg gcacggacgce cattcatccg 240
ggatacggat ttttagctga aaatgctgat ttcgctgaat tatgtgaaga agtgaatgtc 300
acgtttgtcg gcccgagege tgacgecatt tcaaaaatgg gaacaaaaga cgttgegegg 360
gaaacgatga aacaggccgg cgtgccaatc gtaccgggtt cacagggaat tatagaaaat 420
gtggaagaag cggtttcget tgctaatgaa attgggtatc ctgtaattat aaaagccacc 480
gcaggcggag gcggaaaagg aattagggtt gcccgecactg aagaggaact gattaatgge 540
attaagatta cacagcagga agcggcaact gcatttggga atccaggtgt atacatcgaa 600
aaatacatag aagattttcg ccacgttgag atccaagtgc ttgctgataa ctacggaaat 660
acgatccatt tgggcgaacg cgactgctcg atccaaagac gectgcaaaa gettttggaa 720
gaatcaccat ctcctgecct tgattcagaa atcagggagce aaatgggaga tgcagcggta 780
aaggctgcca aageggttgg ctatacaggt gectggaacag ttgaatttat ctatgactac 840
aatgaacagc gctattactt catggaaatg aacacgagaa tccaggtgga gcacccagtc 900
acagaaatgg tgacgggaac tgacctgatc aaggaacaaa tcaaagtggc ttcaggaatg 960
gaactgagcc tcaagcaaga agatgttgaa tttgaaggct gggccatcga atgccgaatc 1020
aacgcagaaa acccaagcaa aaatttcatg ccgtcacctg gtgaaattaa aatgtacctg 1080
cctectggeg gtettggtgt cegtgtegat tcagetgegt accctggeta ttcecatccca 1140
ccgtactatg acagcatgat tgcaaaggta atcacatacg gaaaaacgag agatgaagcg 1200
attgcccgea tgaagegege attgagegaa ttcgtcatcg aaggcattga gacaacaatc 1260
cctttecatt taaaactget tgaacacgaa acatttgtga gcggagagtt taatacgaaa 1320
tttttagaaa catatgatgt aatgggctca taa 1353
<210> 9

<211> 954

<212> DNA

<213> Bacillus subtilis

<400> 9

atgagtaaga ttgcattttt attcccgggt cagggatcac aatttatcgg catgggaaaa 60
gagctttatg agcaggtgcec tgctgcaaag cgtctgtttg atgaagecga tgaaacgttg 120
gaaacaaaac tcagctcgct tatttttgag ggggatgctg aagaattaac acttacatac 180
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aatgcgcagc
ggcattacac
gctggegete
aatgaagcgg
gcattaaagc
ctcaactgtc

gaactggcaa

cattctgaac
ataaaagacg
gcagatatca
attaacaagc
ctttcaggcc

gaaacgatcg

ctgetttgcet
ctgatttcac
tgtctttcaa
tgeeggetgg
aagtaaccga
ctggccaaat

aagagaacgg

tgatgaaacc
ctgacgttcc
aagaaaaact
tgatcgcaga
ttgtgaaaaa

agctggcaat

tacgacaagc
agcaggacac
agatgctgtt
cgaaggagca
taaagtcaca
cgtcatttcc

cgcaaaacgc

ggctgctgaa
ggtcatctca
tattgagcag
gggtgttacg
agtgaataga

tcaaacgctt

atcgctgttc
agccttggtg
tatactgtca
atggctgcga
gaggaaggca
ggaacagcta

gcaattccge

aagctgaaag
aatgtttctg
ctttactcte
acttttattg
cggttaaaaa

aaggaggaga

ttgagaaatt
aatattctgc
gaaagecgcegg
ttctcggcat
accttgtaca
aaggggttga

ttgaagtaag

aggtattgga
ctgacgtgat
cggttegttt
aaatcggtcc
caattgctgt

atgataatgc
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taaagaatct
actggttgcg
agagtttatg
ggatgctgaa
gcttgcegaat
gettgceatcet

cggtecegttce

cgectgtgac
gactgaaaaa
tgaggaaagc
cggaaaagtg
atcagatccg

ttaa

240
300
360
420
480
540

600

660
720
780
840
900

954
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