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3 Al A

7Y

A7 1

SEQ ID NO: 79] oFAd CAR Zg|elol=o tisle] Aok 85 % AE FUA (sequence identity)S zte= ofn)
A4S E3EE W (variant) 72224 39 & A (carboxylic acid reductase: CAR) Zg]SE]=of QlojA],

o714 A7) WY CAR ZHE=x oln| Al $1X5 S3R, DISR, DI18L, DI8T, D18P, E20V, E20S, E20R, S22R,
S22N, S22G, L8OR, R87G, R87E, V191 S, F288R, F288S, F288G, Q473L, Q473W, Q473Y, Q4731, Q473H, A535S,
D750A, R827C, R827A, I870L, R873S, V926A, V926E, S927K, S927G, MI30K, M9I30R 2 L1128W& o] Folxd 1%
o 2RE HExE ofn:Ab XA Holm el EdWol(mutation) S ZEE FHHoR FAE=

(genetically engineered), W3 CAR ZZ|FEI=2H,

ANxg w5 AE o] 7] Wd CAR S| E=9] 22 SEQ ID NO: 79 o4 ¥ (AR ZEfE =5 d
A7l AES w5 AlEet vlaste] o 52 A7Htiter)o] AWH I =SS g =
g E =,

A7 2

Al 1 ol QlojA,

A7) WE EYPH =,

(a) =] AG35S;

(b) &AW o] E20R, F288G, Q4731 % A535S;

(c) Bl E20R, F288G, Q473H, A535S, R827A % S927G;

(d) &Aool E20R, S22R, F288G, Q473H, A535S, R827A  S927G;

(e) Bl S3R, E20R, S22R, F288G, Q473H, A535S, R873S, S927G, MO30R 2 L1128W;

(f) &Aool E20R, S22R, F288G, Q473H, A535S, R873S, $927G, MO30R % LI 128W.

(g) &Aool DI8R, E20R, S22R, F288G, Q4731, A535S, $927G, MO30K % L1128W;

(h) EWo] E20R, S22R, F288G, Q4731, A535S, R827C, VI26E, S927K = MI30R;

(i) 4ol DI8R, E20R, 288G, Q4731, A535S, R827C, VI26E, MO30K 2 LI 128W;

(j) E4¥o] E20R, S22R, F288G, Q473H, A535S, R827C, V926A, S927K % MI30R;

(k) EdWo] E20R, S22R, F288G, Q473H, A535S % R827C;

(1) &Aool E20R, S22R, F288G, Q4731, A535S, R827C = MI30R;

(m) EAWo] E20R, S22R, F288G, Q4731, A535S, I870L, S927G = MI30R;

(n) &AW E20R, S22R, F288G, Q4731, A535S, I870L % S927G;

g

(0) E<Wo] DI8R, E20R, S22R, F288G, Q4731, A535S, R827C, I870L, V926A % S927G;
(p) &AW E20R, S22R, F288G, Q473H, A535S, R827C, 1870L 2 L1128W;

(q) E<1¥o] DI8R, E20R, S22R, F288G, Q473H, A535S, R827C, I1870L, S927G 2 L1128W;
(r) EAWo] E20R, S22R, F288G, Q4731, A535S, R827C, I1870L, S927G 2 L1128W;

(s) &AW E20R, S22R, F288G, Q4731, A535S, R827C, I1870L, S927G, M930K 2 L1128W;

(t) &AWl E20R, S22R, F288G, Q473H, A535S, I870L, S927G 2 MI30K;
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(u) el E20R, F288G, Q4731, A535S, 1870L, MI30K;

(v) o] E20R, S22R, F288G, Q473H, A535S, S927G, MO30K % L1128W;

(w) o] DISR, E20R, S22R, F288G, Q4731, A535S, S927G H L1128W;

(x) EA¥e] E20R, S22R, F288G, Q4731, A535S, , R827C, I870L % S927G;

(y) 9] DISR, E20R, S22R, F288G, Q4731, A535S, R827C, I870L, S927G % 11128W;
(z) 4] DISR, E20R, S22R, F288G, Q4731, A535S, S927G, M930R % L1128W;

(xx) E<I¥o] E20R, S22R, F288G, Q473H, A535S, VI26E, S927G 2 MI30R; HE&

(zz) E<A¥o] E20R, S22R, F288G, Q473H, A535S, R827C, I870L, V926A X L1128W

¢

=
=

3at=, W3 CAR ZEPE =,

b

7% 3

olml Al 9)X% S3R, DI8R, DISL, DI8T, DI18P, E20V, E20S, E20R, S22R, S22N, S22G, L8OR, R87G, RSTE,
V191 S, F288R, F288S, F288G, Q473L, Q473W, Q473Y, Q4731, Q473H, A535S, D750A, R827C, R827A, 1870L,
R873S, V926A, V926E, S927K, S927G, MO30K, M9I30R 2 L1128WE o]Folxl ZF o RRE HEmE= ofn| =ik ¢
Ao A Hojx shte] EAHelE 7k SEQ ID NO: 79 o3 CAR ZEREI= tiste] Hojx 90 % A4 &

AP e WY A2RAN BARLCRE JTPsE TeRFAoHE NG9S TP AxF 5T AL

HE CAR ZEFE=E B 7= a5 21 E slolA &x FF
L& x5ske A oA s = A9, SEQ ID NO: 7¢] ol E CAR Z|PEI=E A 7]E 5 AXZHE
oY 52 97 B FEGyield)E AWS ¢3s 2A4ES Aiste, A2 <5 Ax
AT 4
Al 3 el el A
El Qo2 ZtolAl (thioesterase) ZBRNEEE AFZHGse ZHFWEULEEE o E38ts, MRS &5 AX

AT% 5
Al 4 el Qlo] A,
(i) FabB P HE ¥ FadR ZE|HPHE, =&

(ii) A= dds|= ddaxs

271 A w5 Axs A7 Axd S5 Axs $dd 215 stlA wigE= A, diedte okl ¥
CAR ZZH =g WA E S5 AXS 97 e F8ET Hojk 3 v o 2 97F e 85 2te, Az
& =5 Al

A7 Az %5 AEE 30 g/L WA 250 g/Lo 97F, T 90 g/L WA 120 g/Le] 971E zt=, Axdg &5
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3 Eujzrgel o edE S Avk. e, o /%S A4 BhsEn, ¥ 4% g L #PHoE &
g sk v Eah weHnh, webd, AWE dme Qi) ANE gEsel Wasuy, L uge oldd
240 ths) thEt,

Wiy o &

[e]
E/K

Arlo]l o SWolA = SEQ ID NO: 7l thale] Hojk oF 90 % MY FYAAS 7HAE oAt A EES

= WE JfEERAL S EA(CAR) ZPHEE AlFsta, o714 ¥d AR ZEHHEE ofv it 9XE 3,
18, 20, 22, 80, 87, 191, 288, 473, 535, 750, 827, 870, 873, 926, 927, 930 Z 1128¢] L F O RRE Ny
E oluxal fxlo]l AHolkx  Fhte] EdWol(mutation)E ZEE FHAFoer  xZdv(genetically
engineered). & WAAoA, AXF SF AE YA ©EH CAR ZTPHE=EE O&3she o8 EEPHEE
AN = AT S5 AES) Hlaste] AUE 43S 2AAEEY U F

ZwoA, CAR ZYNE=E CarB ZYFE=olth, = O ddd SdoA, ¥d AR ZYJEH=E X E
S3R, DI8R, DI8L, DIST, D18P, E20V, E20S, E20R, S22R, S22N, S22G, L8OR, R87G, R87E, VI191S, F288R,
F288S, F288G, Q473L, Q473W, Q473Y, Q4731, Q473H, A535S, D750A, R827C, R827A, I870L, R873S, V926A,
V926E, S927K, S927G, M930K, M930R /= L1128We] E¢dwolE X &3ditl, #Add ZHwolr, CAR Z|HE
== E9Wo] A535S; X EdWolE E20R, F288G, Q4731 @ A535S; il E9WolE E20R, F288G, Q473H,
A535S, R827A H S927G; T EdWo]E E20R, S22R, F288G, Q473H, A535S, R827A E S927G; i EdWolE
S3R, E20R, S22R, F288G, Q473H, A535S, R873S, $927G, MI30R 2 L1128W; =+ E20R, S22R, F288G, Q473H,
A535S, R873S, S927G, MO30R # L1128W; & =Wo]E DISR, E20R, S22R, F283G, Q4731, A535S, S927G,
M930K % L1128W; Hi: E4wWolE E20R, S22R, F288G, Q473I, A535S, R827C, VI926E, S927K ' MI30R; HE: =
AW olE DISR, E20R, F288G, Q4731, A535S, R827C, V926E, MO30K = L1128W; i EwWolE E20R, S22R,
F288G, Q473H, A535S, R827C, V926A, S927K L MNI30R; Wi EdWolE E20R, S22R, F288G, Q473H, A535S 2
R827C; W EdAwWolE E20R, S22R, F288G, Q4731, A535S, R827C 2 MNI30R; H: E¢iwolE E20R, S22R,
F288G, Q4731, A535S, I870L, S927G % M930R; T =W olE E20R, S22R, F288G, Q4731, A535S, 1870L 2
S927G; T E4WolE DISR, E20R, S22R, F288G, Q4731, A535S, R827C, I870L, V926A 2 S927G; Wt &9
o]& E20R, S22R, F288G, Q473H, A535S, R827C, I870L % L1128W; iz E<¢o]E DISR, E20R, S22R, F288G,
Q473H, A535S, R827C, I870L, S927G % L1128W; = E9dolE E20R, S22R, F288G, Q4731, A535S, R827C,
I870L, S927G 2 L1128W; Wi =¢dWolE E20R, S22R, F288G, Q4731, A535S, R827C, I870L, $927G, M930K 2=
L1128W; H+x E9WolE E20R, S22R, F288G, Q473H, A535S, I870L, $927G % MI30K; Hix E4WolEs E20R,
F288G, Q4731, A535S, I870L, M930K; = E¢IWol& E20R, S22R, F288G, Q473H, A535S, S927G, M930K =
L1128W; %+ E9WolE DISR, E20R, S22R, F288G, Q4731, A535S, S927G 2 L1128W; Hix E4WolEs E20R,
S22R, F288G, Q4731, A535S, R827C, I870L % $927G; H+ E9WolE DISR, E20R, S22R, F288G, Q473I,
A535S, R827C, 1870L, S927G % L1128W; T& EAWolE DI8R, E20R, S22R, F288G, Q4731, A535S, S$927G,
M930R 2 L1128W; X Edwo]E E20R, S22R, F288G, Q473H, A535S, VI26E, S927G 2 MI30R; Hi E¢1wo]
5 E20R, S22R, F288G, Q473H, A535S, R827C, I870L, V926A Z L1128W; & ol59] 2355 ¥3H3it},

FAe HE T

w e g SudAe ofvnat fAE 3

873, 926, 927, 930 B 11285 EFah= opv]iit Aol Aok shife] ElwolE 7FXa SEQ 1D NO: 7¢]
dto] Aojm= 90 % A TAAHE 7HAE WE JtERAA @ F2(CAR) EHE =S a9 (encoding) 3H=
g2 eEEs 2etE 5 AEE ATsha, E WY CAR EHE
= FAAEE 59442 = ¥ = oA el M g = A
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[0011]

[0012]

[0013]

[0014]

[0015]

ZIHSd 10-2017-0113710

Bodbgo] T SHo s A2F &3 AEE AFslal, oA §HHoR 2 &3 AXE §HFo
2 2qd 4% AT BAS 2AE solA WPEE A9o) B ob8d R FelwE=g w@A e
%3 AEe A7tu ok 3w o 2 orhE gtk d wd® oM, fadom xaE &3 AE:
°F 30 g/L WA oF 250 g/Le] 97be zherh ® v dE SWelA, fder 24" S5 AEE o 90
g/L WA °F 120 g/Le] 75 Zheth

Houtmol g2 Syl A2 &3 AXE AFsta, o)A fRdos 2FE &£F AXE U800
2 2aH &7 XS AW 2AE oA g Ao gk b OR FAMHEE BRA)E
%% Axel Seuth Aok 3w O 2 488 2tth o ddd SwdN, fadom xaE L3 ¥
oF 10 % UIA oF 40 %9] &S zH=T}

S 35t AE uds o st 34
WA 7= AE a2 AAFE (productivity) T 2o
A, ABAELS oF 0.7 mg/L/hr WA 2F 3 g/L/hr9]

= AYS 438 2AES 2T, AYS 438 245
ME Qo M (extracellularly) AAHHT, AW 938 2AHES (6, €8, C10, Cl12, C13, Cl4, C15, C16,
Cl7 == (18 A= dxg F i} o)Ak T+ (10:1, Cl12:1, Cl4:1, C16:1 T+ C18:1 B3} A= o=
& 2T 7 o, E UE BdE SHAA, AW 43S 24ES (12 9 (4 AWUEF 435S 23
ok mooE #EE SHeA, A d3e 2AES C12 ¥ 4 ANS 435S oF 3119 vER £
ol I O TEE SHA, ANE d3e RAELS BXd AUE dIZES sy, T3, AN
AFE FAEL AWSH 4789 95 E P (reduced end) ZHE EhA ALY (73 (8 Abo] 7 YA o]F
AFS Zte ANS 43 &8 28 5 3 T OE SHdA, AuE d3as 245 X3 AUS d3s
55 ¥t UE SHA, WS d3e 24EL 24 ANE ¢3LES XY
FrHHeR, B AW £ 9V, & EE AER AYUE 43E 2AAES WNEE UHE agsty, 3
WHe A2 £ NEE A (engineering)shs WAl A7 AXE £ AEE v THYS E3st= o)
A ol A wltsteE w2 Adeidom AW 43E 2SS AV XA 2EA7E SAE 2t

= ANA AFAE fFEAE AFA=A ok CoAll Aikel o] &3tr] 913k oA A<l A
48 A=) A fRoltk. F7](eycle)= FRHE-ACP B obAlE-CoAl] Ftell ol 7HA H Tt

= gAFD ARRE ARAE F719 AR ALselal, 974 SRE-ACPE (EEd-CoA:ACP
ol AT FE A; fabDell 9 ERHE) DREH-CoAd) TEE-ACPRO] o}2 7] o] (transacylation)ol] 28] AJAikw]
w, o]%e B-AEE-ACP A& M(fab)+ oFAE-CoAZt T=2H-ACPY 7S JIAIgiY. Al F7]
(Elongation cycle)E2 B-AESFI-ACP a4 I(fabB) % B-AIESLA-ACP A A4 T (fabF)ol 93] =
e = d2U-ACP % ofH-ACPY] H£F 02 AAEo] B-AE-old-ACPE AAFstaL, o|Fdl 47| B-AE-o}d-
ACP= NADPH-9] &4 B-AEoHd-ACP S @Ai(fabG)el o8 Fw o] B-slo]=FA]-old-ACPE AAFsHH, o
B-dto]l=FAlobd-ACP D aa(fabA = fabZ)oll 9@l trans-2- Q. U-obd-ACP= gty H3F, FabA
trans—2-N S A-oFA-ACPE cis-3-A -0} A-ACPE o] A AL = 9li, o]+ fablE 33 & o
PHow (169 AW AkE Hol7kA]) fabBel o3 o] &Eo] B-AE-o}lA-ACPE A &+ vk, ZH7He]
71elA #HE QAT trans-2- 2 Y-oMd-ACPE o}d-ACPE 1 #A17]3= NADH H+= NADHPH-9]&4 ol -ACP
Yaa(fabDoll g3l SXdrt. 2 GAA o] AyE WHEAA, AUt Y FEe f8 ATitiree
fatty acid: FFA)S WESIEF oF2-ACPo A o}A7]9] E] Lo ~H 2lolA|(thioesterase) & A ATFOZH Lot

Bl 2H oA E (S 9], tesh) e E|QdAHE AFES 7leEastn, o= &= (sulfydryl)
FES St ofd AFEE 2 ACP AFolol A ottt

fe ol

B

o N

m;

E 32 olME-CoA 7IE2HAetolA|(accABCD) &4 A (complex)d 7% 2 ZF€7|(function)E EA| g},
|28 Jt2 5 A okA(Biotin carboxylase)® accC fFAAFe] 3] 1z = WhEd, H]oH Jt2E4 &
AR .

o
A (biotin carboxyl carrier protein: BCCP)-2 accB f-#A Ao ol&] <l 2 T}

Jud

=

2

FemAdgns &

o,

_8_
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dE 7 HJ ABFS (subunit)E accd B accD F+AAE 93] =zdH BCCPo] &+ A3+ veH
282 olE  Z7](carboxylate moiety)E FWH(carry)drtl.  (UERA &) bird F4A= E2
(holo)—accB%— H] @ ¥13}(biotinylate) 3Hc}.

rlo r:i

E i obd-ACPS 3 Aftehe ANE o

S m}o
o
ox
2
=2
=
ot
2
>
o
o
0%
oot
oX,
oy,
fr
o
=

it
)
r o
=
ko
il
T
o

Wiz, of7|A A dds|=o Ak OH—J_— P A A(AMR) = oo zHetold W FHEHAL S8
Z(Car)9] &4 A4 98] HHEg. AWSH dHFEs (d3e 954284025 Fde) ddsEs d9as
of of& AW dFE= AT, o] AR AWE o Cod FHEA(fadD) S EF3HA] 2+

= be figvr(E. coli) MG16550 oJgh A#al fr=A] A4k vluwste] ZHa ¥ (attenuated) S, ZAE] fadk
FAAE 2 MG1655 i el e Al f=A[F AW FH(Total Fatty Species)] AJAbE
TAjgth, = 5l YER dlolEl= fadE FAARS] A7 AAE FEA] Akl S A A gethes A
ERdTE

E 6a € &= 6b= Z82H| = pCL-WT TRC WT TesA7} 737 =WHEC Yeld 242t 4552 A, 234
7} 32 C(% 6a) €@ 37 C(= 6b) & BFoA A EE §%(induction)ZFE 2047+ FA2 H]A] U
Hi A9, olF2 ZYolE ~=¥(duplicate plate screen) EZ5-E "F A F7F"9] At o

S YERdT

X 7a 9@ X 7bi: FAB138¢] Uz %3 H(integrated) cat-loxP-T5 T EFE

1T5_1389] =A% 7b)& EF3she iFAB138 A+ AEl(locus) o] E=AA<1 HAPoIth,  cat-loxP-T5 ZZEH
F9 Zhzhe] S¥(side)ol YERH 50 M9 47149 454 (homology) S ZH FAB138S] AZo| E&H cat-
loxP-T5 Z2REHe g SEQ ID NO:1=2 AlF¥ L, 747t SHe 50 /o f7189 s ze 115138
T2RE FH9o] AME2 SEQ ID NO: 22 A|FHrY.

9] =2 (diagram)[= 7a]; 2

E 82 rph ¥ ilvG FAAES A (correcting) &S YeEbATt.  EG149(rph- ilvg-) % V668(EG149 rph+
11vGH) 2 D1912H-E AoJA+= pCL-tesA(Ppe—'tesAS SH3h= pCL1920 ZEk2n|=)¢) kA Jddskec, A
7] B+ EGl49 #F WY rph @ ilvG FAAEL F£AsE Aol rph @ ilvG FAAE] £AHHA XL V668
TR © 52 $£F(level) 9] FFA AALS 7H58HA St S e

& 9% o 105359 yijP ARl EdAEE JAE AF9i(transposon cassette 1nsert10n)[E%ﬂ =
= (transposon hit) 61118 £4H9 WAl 7] EAAEE AAE uel Twelsg e, o
%3 ]7(—16]— z%z], Hhsioﬂ oé]fzg:_% u];g "F 9}[2}

T 10S #F V324 oA CarB60ol ¢Jak 2] A|¥AH(free fatty acids)S A= 438 AIS e
A7) v SAAZEEH CarB60S HHA 7= AEE(HSA 9ol CarB(8F-4] wid) o} vlausle] o @
M AR AIFANTE AS

12
o B
N

S (greater fraction)®] C12 % C14 2 A4+

E 118 gAAZRE CarB60S LA 7|= AEE0] CarBe Hludle] o e HEY C12 E Cl4 8 Ait
S AYSE dFLR AIANYE AL v

s

Zg~a TR g dd-Ex|(single-copy) F&H carB oA E(icarBl, icarB2, icarB3 %

E 162 =57 (bioreactors) oA 7dE AW &3] AAS 9k At CarB HolAES YERd
1=

gy At et A &
70 (General Overview)
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o A A|-&3l= Swiss—Prot Hlo]EbHo]2~ & UniProt A2 H|o] 2~ (UniProtkB) 258 dojZlt}.

ah EFEC) WH3: EC W= A A3 2 BxAE3S A (International Union of Biochemistry and
Molecular Biology: IUBMB)S] ™™ $13lo] oJ3iA] AAEIL, o] Mg A2 d= ¢ol= 19 BB &
2 W AL Eo A o] &71FsE. EC MEs 8hE0 SHAY] = ¥so uelA a42E5S BRI

B ogAAeA AHgEE uhsh o], "pEEleE s e ol sERAtelZE Av), T % st ol Qi
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gto], AdEel osl sfus 9T 9

T AEE e HAE FsAde] A7 2 AEES HiE BLASTOF #2 3h4 adaEs
2ATHAltschul et al., J. Mol. Biol., 215(3):403-410(1990)]. 3, F oln]:=A NEE
438 Blossum 62 uHEaM TE PAM250 WiEZ” X~ F s, 216, 14, 12, 10, 8, 6 EE 49 7Y F=(gap
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[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

SIHS3 10-2017-0113710

Biol., 48:444-453 (1970)]. 3, F 7= MEE te] HAE 4592 NWSgapdna.CMP "EH 2 B
40, 50, 60, 70 W= 809 M T L 1, 2, 3, 4, 5 T 69 o] THS o] &dto], GG AJE"M 71 ]
o] GAP ZRIe AR AAE 4 vk, B VlsRerd] @A 27 e AREE AAE § i, ol
oty dags sehvEEsS 2% ¢ A wir g e s AlE(set) [ZEal J%k %Odz}
(practitioner)= A7} F7&E9] e AT Wl d=A9 oAF5 2As=d A& ook = devH

Eoll giste] FAlo] globd ARgHooF st v HES ME]+= 129 3] #H9E (gap penalty), 49 38 &3
H 9 El(gap extend penalty) % 59 ZAAZE 3 #HJE|(frameshift gap penalty)E 2z Blossum 62 2235
oY (scoring) WiEZZze|t},  Ad AFHo F/HFR] WHES AETI Forl &HA dnHAE =
Rosenberg, BMC Bioinformatics, 6:278(2005); Altschul, et al., FEBS J., 272(20):5101-5109(2005)].

)

-

oAl el ALgE = vlkel o], @ AAF(low stringency), VA3 (medium stringency), S AZ3
(high stringency) Wi o5 wj$- A ZA3(very high stringency) ZHE 3dlolA mmujsic} ghs gol= vl
2 AA et =AES Ayttt EA3} WS (hybridization reaction)ES AAE7] Y3+ ehll= olecular
Blology, John Wiley & Sons, N.Y.(1989), 6.3.1-6.3.6 o &zl Z=ZEZ(Protocol)EoA Z& 4+ Jr}.

24 (Aqueous) @ H-FA WHEe Ay HuEse] Mwwoe] 9, A WHE 2 Ut Aled 2 o)
B ‘ﬁ/‘ﬂ/ﬂoﬂ AFE SA wnf 215 oF3 Zok 1) @ dA4g wwf 271 - ¢F 45 CTollA 6X 4&w =

Zo|=/aF AIEHOIE(SSC), o]Fo] Aojx= 50 TollA] 0.2X SSC, 0.1 % SDSZE F W AAH(MAY 2xs W
0.?74*044 z71e A% 55 CT7HA =712 5 AS); 2) 943 wu] =71 - oF 45 CTolA 6X SSC, ©]Fol 60 C
o4 0.2X SSC, 0.1 % SDSZE 3 ol AA; 3) wl$ dAF wa) =74 - ¢F 45 T4 6X SSC, ©]Zd] 65 C
oA 0.2X SSC, 0.1 % SDS&E 3 1 1 A Bo4) o wig- dAG uwwf 3 - 65 TellA 0.5 M &F 2
ﬁﬂo]E, 7 % SDS, °]% ] °coﬂ X SSC, 1 % SDS= 3HH o)A AA. e PAsA = 3, ofF ml$-

WA, "o)F(heterologous)' o]k ol Fold FOENE FAsAY, EE Fol# FIAZNE F
A= A vk, B gANA AEHE wsh gol, 53T f71A ol AdHoR EANA BE
FeeEs A9 mt FEs A9e JBh oF WAL UM = EAESI nE ) Buas
IR o] o =9

A &= AMXe] Ad¥Ho=z HItH= AS 9ust = A¥ @A (transferred

protein)o] A&l FE&A(recipient) o= dolgt AME EY EE Aol FoRFE fdETE S

A, o E Eo], AE AXd UdA FEFEULHE ANES AXF WHE s wHEM &5 AMX
[e]

Wz =i o gl o]Fel 7] AEe EewEdE=rt Axdd wHderd w5 AE W olF &

& GAIAOIA AR = HFQ} 7L°1 e =] "2 (fragment)"olehe &oliz vl o] opwleit 7] WA

A WA 2715 AQF A7)e] ol AA Hole(full-length) EFE=

T %‘ﬂéﬂ é%}% e gt 2 2wl st AAldeA, 2 %EP“EP: E wmde Ll
2 = <

Zof wojel]e] A oAt A

1l

2 HAAA ALEEE vke} o], "EAWMO] F ¥ (mutagenesis)"olFE &olv fUIAY £d FRE AAHE
Ao R WEA7E BAS A, dwlE 39 A Mg EdWoe] e Edwio]l wulAS Akt
wgh, Eduo] e WdEE gid G485 oplete H-EY ;A AEE9 ®HstE At

2 GAA oA AR E = ule) o], "fHA" g fojE RNA v gilde] Wi JEFS WX = A5 7hss)
Al AZ% (operably-linked) 34 MEAE[dE Eo], TERE T FZA(enhancer) MEES £33} o=
AgtE]#] ge olHd AEE] T RNA v dulze] Bde] JFE mX= AE9ES dFZEsE Asrbsst
A A48 ik AEE[HE 59, grE 2 o9& =& WY ZZH(translational control) AEES X3
Bl ol2 AghE A ok o]# 3 MAE]I®E ofyEl, RNA A EI g HAHE F S dmdsts it
NEES A3

e - (Expression control) AEES & 7|&iokd 4#A A, odE &9 5 AX WA EwEE

_12_



[0039]

[0040]

[0041]
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QEIE Ado] WHS 9l ATHE TERE, FEZx}, ofd|dAEF NS A5 (polyadenylation signal),

Ab FZA A (transcription terminator), W% B]HE<E 94 (internal ribosome entry sites: IRES) ¥ o]¢} Tor
A AEE EFST. B - AIES 53] dAbl #HE AEAY dlASI A4S AES dHrh[Maniatis
et al., Science, 236:1237-1245(1937)]. dA1AR] Id =Hd ANEES, odE E°] Goeddel, Gene Expression
Technology: Methods in Enzymology, Vol. 185, Academic Press, San Diego, Calif.(1990)¢] Adw ),

A,
o]
H

2 o] s A, Uy x4 /‘1%% ZYwEULEE ML FAsrtEsiA AZ"EY.  "FErkEshl
Aol Z”“?} EAE(d S , AAF EAERIA didE)o] Il 2H AL (E)
grIds Ad 44y éﬂ Ad(E)o]l Fd2 #dE 7hsstA sk =
25715 3k Al 0475% ZEREES A B o] weke] #ele] MdEE EEwEdod
(upstream)dl] $1x€t}. 2Zs7tssA Jd2H SEAELS A8d ZYFEUE =9 %

3} (downstream) ol $1X€ 4= AT},

2 A A ALEE = ‘ﬂ]'g]r o], "Wl EE gl Av] WE dAFdHE =
HAe Zgpal 2 gl Al B2 Hil, 443 1

1l

AN

o,
to

o of gz fo M

Ia
Y
N
fu
fins
o
o o o
i)
apr
@
o]
6
o
=]
D
=
oy
o - 4

w4
o,
It
e
o
2
>
e
" 4
o X8
rir
Z o

°
ofy

N
N
HiLE
=

=
—(ru
[k o
o

(e}

o

)
Ll
oX!

-

(r o o2
=
N A

2
ol mﬂl
i)
rir
12

o)

E-7)) (extra-chromosomal repllcatlon)ﬂ 7bsst at]eltk. f&3 ¥WEHe 9E
A H/EE HEE ¢ Qe WEHolt. AsrhssH !
AR "l e 2 Fech, dukbd o= Alx3F DNA A
P, ol dnkxoz Wy YFuolx AMA] AFEHA = o
"Eopan st g ek fole 2 AN A F&E o] AL

WA o g ARREE Feolr] wEoltt. v, AR

&

o]

=4

e FE Id dyE x3En. g5 AAdESA, Az
%L *

1
©
[
o,

o

2
)

oo
i
rlr
=
I
o,
o
rlr
e
E
[
\I
s
=
_VE

3
TPt o] Fo £ 7]%5‘0@1] OLE%X]
He () ZYFEdess A 27t

A4 Hqd; (b)) ZHFEY ] el As7bssAl A4 A9 wiA;
7VestAl ddE v A A E FEALHE Ao #srtsstA 944
% AA E’_O]OiE](purlflcation moiety); (e) EgwE EJ]OE]C g As7bsstA dEd"E 2H AE
(secretion sequence); % (f) ZZwF EﬂoE]‘: Aol AE7hsstAl dZ2" xAst AMd(targeting
sequence)S E¥3sle AEE T Aok stue AEs X & HAAdd A

)

ol
=

rlr

(

r >

T =

VEE
_Y‘i

E YoM ZREdeEE Mg Wi A%e ZﬁEHJ 2 AN ArE = MYEs Xt
o, wd dEe] dAAE FHAAAHE 55 A AY, Yl ZYHREEY B FF 5 22 80EM
oET F UTE AS & TeEory FEAES AAT Aoltt. E WA AdE Id WHES 2 WA
Aol AR EE Ake} o] ZEFEUSHE AEEe] i dzPHE, §F ZTRHEES Edete 9
EE5E A7) 9kl 55 AxEd =949 5 o

A E, d& 5o JFHE. colNAAM ZYREEES AFGE FHAAY] HdS g7 53 9 ¥-F
ZYHAEEE 5 st 2EE AAEE A B 24 ZEERYHE ele WHER 9. 59
HMEES I £o Adx39y ZMEso], dutdor Az ZFE= ofnie EE J28A] wWoko] th
o] olHAtES Mg, AFHoR, olfd §F WHES U9 37HA A4 (1) Axd ZEHE=Y
DEE 7RI (2) Az EFERHEY fA=E 7RI a2l (3) WA AAl(affinity
purification)ollq FI=EA Z-&3Foeyn AxF ZEAHE BAE v e T30, T35, §F &
d Wy oA, §3 RoloE et A ZHFEH= HHdd dEs] dk(proteolytic cleavage) H917F =
A= ol S EZHFEEY AAl o]Fdd F3F RoloHEHH AxF ZPH = EE ThseiA
gttt ofskgl AAJoEolA, & U ZYFIULHE AES HHEHE TR ToERE il ZEZRE %

= L
F7hssAl AFET. Akst AAdENA, s AXxe &5 MXoln, @d WEHe= aF 3d ¥ o),
R HFEgHA(S. cerevisiae) WAl LS 93 WEHES dAELS pYepSecl[Baldari et al., EMBO
J., 6:229-234(1987)], pMFa[Kurjan et al., Cell, 30:933-943(1982)], pJRY88[Schultz et al., Gene,
54:113-123(1987)1, pYESZ(Invitrogen Corp., San Diego, CA) % picZ(Invitrogen Corp., San Diego, CA)Z
Zgheith, e AAj Sl A, A¥Es 2% Axelx, g W= vjFZvlo]# A (baculovirus) @& W
Holtt, wigE 2% AEE ‘ﬂoﬂ’ﬂ Gl Eo] ddS 95te] o] &Usgt HiFEEulolela WHES, o &
o] pAc Al (series)[(Smith et al., Mol. Cell Biol., 3:2156-2165(1983)] 2 pVL A&[Lucklow et al.,
Virology, 170: 31-39(1989)]5% XE3Fgth. = th& AA|dolA, & Ao Aid ZenIdeE= Ads

S IHEE 2y WEEZE o]l&sle] TRFEE HAEE Ul wHEE £ duk. dd 2 A AFEE E BT
3k oE A3k iE A A"HES B o yjEeRole @ d4#A vt o E £9], Sambrook et al., "Molecular
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[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]
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Cloning: A Laboratory Manual", second edition, Cold Spring Harbor Laboratory, (1989)Z5 ZFz3tc}.

2 AN AR uhg o], "obA-Co"= ZEA ACOA)®] 4'-EAEREE Y 7 (nojety) o] £
A/Ish o AR&e] Tt wa Abolol X PAEE obd Blod2H=g P, ol 8184 R-C(0)S-CoAE
A, 714 RE Hol® 47le] Ba AT 2 ofahE 2ot

B Aol A AREE]= upel ZFo], "olA-ACP"E obdv] ek @l (ACP) 9] xxxdtHHeld e &
grlet 4 AtEe] FtERY g4 Abolo A PAEE of B 2EHEE gt X AX A z
Z2(holo)-oHd 7] &¥k @il A a4 (ACPS)Ql EAE
A& Z7)ol o] Fo|-H & =2 (post-translationally)
 o}bA-ACPE el dolA] FRkAloltE. thE Al A
ol FzhAloltt, AR HA BN, Bh AES 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25 =& 26 /N9 ©@ARES 7Fd Aoltl. o]jd ofd-ACPES] 77t o5& AWt
FEAEZ AFAI]|= G425 HF 71D Eo),

L

L
L
L

=
L]

B oMo AHEEE vhek o, "AMAL B o)) fEAEE golE "AMA EE AWM fEAE
oulgith. "AAbolg Goli B18HY ROOHE 2= AH2EANS ojulaith. Re AWEV], whAslE @
1715 tehith, Re o 4 UX 22 Ao Ba 9AES I 4 Atk ARAEe 2i, vaREs mt
SEREsd Qe wEAS AAdA, A AR Y JRERY wEA. A FE
Aehs Sot AN HF AU AP ATH A2 ARlA wEoiAE YHES g, 9, 4
WA FEAS S oPAACP EE obU-AP FEASY AV wEoA: AHEES EFAT. dF S,
ANHY AW FEAFES obd-Cod, AWF FUIE, HE ALY 2 7 ALY Fng, BFs F o2
HE(g Sol, oo, A o 2E2 EE S o 26|2)E TP

B AN AL EE Hhsh gol, "AWA AFA AR'ehe Solt AW FEAE, dF B A%E da
SES AN AR ARE AnaTh. AN AFY JRE APLES AASES 2319 5+ da, 9y
ANAEANAE A5He BHES e AYS SaLEN 2 AP FEASS YNFES FbHe BAE
3 BEE Qe ANt FYELE ERAT

-@ A AREEE Hsh o], A GYss e AEndsl(c0) o EAHE S8 ROH0E 2
FUS =g gt AR AAAENA, AYE FUHTE AYS BaLRE WEolA :

= = =
otk ofstd AAEAA, RV Pol7k Mo 5, Holw 6, Holw 7, Hof® 8, Holw 9, HoE 10,
o= 11, Hojx= 12, Holk 13, Hol= 14, Hoj= 15, Holm 16, Hol= 17, Hoj= 18 Ei= Ho|= 19
Aol gagoltt, Yaom wi FrAMOR, RVE dolvk 20 ol3h, 19 ol3k, 18 oI}, 17 oI, 16 oI5,
15 ol3, 14 ©]3h, 13 oI}, 12 o3k, 11 e]ak, 10 ola}, 9 I3}, 8 o|a, 7 o]t & 6 olste] BaFolTh,

=0, R7Ii= Aeol7k 6 WAl 16 79 ©as, 10 WA 14 719 ©as, Ee 12 WA 18 /i) dasd

YR A EollA, AW ddls|=& G, Cr, Cs, Co, Cu, Cu, Ciz, Cs, Cu, Cis, Cis, Ciz, Cis, Cig, Coo, Co,
Coz, Coz, Cou, Cps T Gy AWF &Hldl=olt).  o5ks HAldEA, AW dus|== G, C, Cuo, Ci,

Cis, Cu, Cis, Cis, Cip BEE Cis A &g =olr}.

B oA A vk ol TS FE' e oY RIE AT FmE o)
FolA, R)% Ael7t ol 5, Holm 6, Holw 7, Hojx 8, Holw 9, Hol% 10, 4 ,

z 8 = Aok 19 7e] ©@AaEoltt.
o2 e FrHHOZ, R7IE dol7f 20 o8, 19 ¢3), 18 o]sk, 17 °o]d}f, 16 ©l3}, 15 ©|3}, 14 ©]s}, 13 °]
s, 12 o3, 11 ol3h, 10 ole, 9 olel, 8 ela}, 7 ola} iz 6 olake] WaxFolth. Wb, R B9l F

hu

@A (endpoint) & & I3t F JiE AFE = R7IE 7H vk & 5], R7I= Aol7F 6 WA 16 71
s, 10 WA 14 718 'Bas, B 12 A 18 7he] gAasd ¢ duk. dF AAdEelA, AN das

2 Cs, C7, Cs, Co, Cio, Cu, Cioy Cis, Cu, Cis, Cisy Cizy Cisy Croy Coo, Cory Gz, Cos, Cosy Cos TS Cps AL &
Zoltk.  ofakgk A S, AW A& G, Cs, Co, Ci2, Cs, Cu, Cs, G, Cp BT G A &3

£l
ot}
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WEm WX WIRRTRT I A SLAI PN HddHmH PRI IRTT S T DWW
ey =
<t V)
S S
S, S,

C10:1, C12:1, Cl14:1, C16:1 X+ (C18:10]t},

& (6:1, C7:1, €8:1, €9:1, Cl0:1, Cl1:1, Cl2:1,

1
C13:1, Ci4:1, Ci5:1, C16:1, C17:1, C18:1, C19:1, C20:1, C21:1, C22:1, (C23:1, (C24:1, (C25:1 HE=+ (26:1
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[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

SIHS51 10-2017-0113710

gxsarh, oad AxdSiA, Rxsl A, B¥S AW dess Er B¥s AUE 2mLL cis
% A% xFar

oA AFEEE e} o], Az me 2aE &F AT'E &3 A, dF 5o AWE dmeg
A ES W nAgelth, A% AAdsdA, AxF &7 ATE s olge] EhIUcHEES ¥
Fala, 7zte] Fah2UoHst ANE dusls W/mE AW dme AR B4 BHL 2 o
g Qdmystn, ojr)A Zelwesg waNsed ERHe 2A5 A wa Tadel 4 solA o
He A9, AxF SF ATE AWE dme 2B QAT

B AN ALEE L vlel ol dEdom "ZEiod: fojt RAdow fudon FUAF WY FE
Mzel Al AT 1§ T AX, olE 5ol el urejeloly ATolA WS Ba¥ (cloned) el

2 gAlMel ] ALEEE vke} o], "wigfrelEie §ojv ASUEdH(viable) AMEES XS dA A E

At A Ao, wigS Aoj® WL St mEl AR wid wjA] velA WAEtE AEE, d&

So] AdEgE wvih IFEd 2 HAAE XSt AA wiF el AAste AR sF AEEY] wdE

(culture)S ¥g3ttl.  "wjdst=(culturing)" =5 "Wl (cultivation)"S NA| T A wiA] WollA] A

g 215 StelA wAE AEES JRAT (population) s AFA7IE Ae Ak, 5A AA SN, "
) =

Y
" 714 HE AAHERY waA AEA3H(bioconversion)S A}, wjF v
gk ag XY Ao AEES, odE 5o A4E Difco™ % BBL™2lE o]F9 48 FHY(commercial
H]

source) E24-E ©]&7}53t}, -AE el A AA AN, A FUAS 5= viA| (aqueous nutrient
(r

medium)+= A4, (salt) B B4 AU FFAES st "IFol T3 WA (rich medium)", )&
g vz F 10 g/Le] fE R 10 g/l AR FEES EFets VP At &5 AEXE vw 59
5,000,000 5,028,539; 5,424,202; 5,482,846; 5,602,030; WO 20101273180 Aw¥ WHE] webx i F5F
dogx AERe 24 =H(cellulosic material) 55 AME3lL GHFo0E BAE FF3Ed FI/H4oE =
2 g glar, A7) ZArhe] 5352 53] & wWAMdA ledzEn. EF, 55 AEXc FARAE Ba

4 3 A
FRUoRA ST 5 YES AF PelAh(invertase) T BHSES 247 5 3},

AE el A e

natlve) & /‘ﬂji_ol

2,
Ll
il
2
fol
[
1o
2 o
oX,
1o
‘&
ofk
&
4
rlr

[o r1r BN
fr T
&5

o © ] H>

o
o
2

to
o,
i,
o
oX,

AHETE, o E Eol, Hydd SHES [dE Sl

A (number of copies), T¥HAS QI 3 o] F7MEAY Fad Ak, 2/EE nRNAZRFE 9
o] il W (protein translation)®] S7 AW #Ha® 4o AREA] AxF S5 Mxo] ofsf &
AL = dlde] myPE o didel 2 WI(dE %01, #55 = YA gy EY ¥, 71" 5o
o] WstE ofr|she ‘%‘ﬂ’é 29 /‘1@4 Hslel e zx9o] W), 9 wulz <rgAde] wE(dE
EdA, ZPEEE 2 HAAC A
EdA, 2 HAA Y AEE EE3E
=olth.  oE o, g WollA
3to] | sl oA IEELS o= %Oi GrOSJean et al., Gene 18:199-209(1982)¢ A% nje} 7

A<
T+

Aoz B Aol A&+ viel Zo] "ZdA MA(regulatory sequences)"o]d= fojE FIHOR
=y

Aojsts dillA S Q3G DNA A EE 2Hs7ksstAl 944, DNA e 9759 AES
e ZA AEe AJAELS RNA Z2RE Mg, ZHAF 2z A3t AL (transcription factor binding
AAF £4 M9h, [5ZA 22 (enhancer elements)9t 2] AALY] A<l ZF(modulators), RNA <F

sequences), HA}
Aol dEgs vAE FEALHE A4, € A9 24 Md[elE HY, grRF A% FH(dE £°], Shine-
Dalgarno sequences in prokaryotes or Kozak sequences in eukaryotes), /WA &, T2 ZE=]S X884

ol= AFE A b=
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[0057]

[0058]

[0059]

[0060]

[0061]
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oA AREE = mkel o], "] wEULEE I wEe ofgy Y L

Jeo e 7, 14%01@ FEUSEE Ao wE W/ 4 EE o|F EE Hl-1

g E-23Y FEUEHE Ade wd d/mE F4o FE(levelol Wi FT7F T RS R g}

B Aol AREEE ukel o], "hitdsit el fols B3 2UE Sl thedks okE AE el

A AR or BEEE ARt o 2 22 AE oA ZEPEs EE

ZNN7NAY == ddsks AS o] di),
il

el wstE et gl "IEe] MEPgE FEolgke 052 $8Ho AMEHA, YYo=, 8
HE i walsart £98 205 A ggshes oy AX yelAel olse] wEet nmste] e %
T AE el A Aolet wrE EATTE S ottt

ANl A ALEEE Hheh Zol, "edbel: goli &3 AL el vl By @ AHE AH Sud=
T =i o)
-1 L [¢} = =

A= d3ee] AHS A, B gAxe dyE i*é%

oF 25 mg/L, ¢ 50 mg/L, <F 75 mg/L, <F 100 mg/L, <F 1 150 mg/L, <F 175 mg/L, <F 200
mg/L, °F 225 mg/L, <F 250 mg/L, <F 275 mg/L, <F 300 mg/L, $ 325 mg/L, °F 350 mg/L, < 375 mg/L, <F
400 mg/L, ©°F 425 mg/L, 2F 450 mg/L, °F 475 mg/L, <F 500 mg/L, <F 525 mg/L, °F 550 mg/L, °F 575 mg/L,
F 600 mg/L, <F 625 mg/L, <F 650 mg/L, <F 675 mg/L, <F 700 mg/L, <F 725 mg/L, ¢F 750 mg/L, ¢ 775
mg/L, °F 800 mg/L, <F 825 mg/L, °F 850 mg/L, °F 875 mg/L, °F 900 mg/L, <F 925 mg/L, <F 950 mg/L, ©F
975 mg/L, <F 1000 mg/L, <F 1050 mg/L, ¢ 1075 mg/L, <F 1100 mg/L, <F 1125 mg/L, <F 1150 mg/L, <F 1175

k
tlo rir
flo

mg/L, °F 1200 mg/L, <F 1225 mg/L, ©<F 1250 mg/L, °F 1275 mg/L, °F 1300 mg/L, °F 1325 mg/L, °F 1350
mg/L, ©°F 1375 mg/L, °F 1400 mg/L, ©F 1425 mg/L, ©°F 1450 mg/L, °F 1475 mg/L, °F 1500 mg/L, °F 1525
mg/L, °F 1550 mg/L, °F 1575 mg/L, <F 1600 mg/L, °F 1625 mg/L, °F 1650 mg/L, °F 1675 mg/L, °F 1700
mg/L, °F 1725 mg/L, °F 1750 mg/L, °F 1775 mg/L, °F 1800 mg/L, °F 1825 mg/L, ©F 1850 mg/L, °F 1875

mg/L, °F 1900 mg/L, <F 1925 mg/L, °F 1950 mg/L, <F 1975 mg/L, <F 2000 mg/L(2 g/L), 3 g/L, 5 g/L, 10
g/L, 20 g/L, 30 g/L, 40 g/L, 50 g/L, 60 g/L, 70 g/L, 80 g/L, 90 g/L, 100 g/L %= 7] &E F ofsist
N fER AIRE = W9 qriE AdEd. tE AAdEddA, AN dhss Be ANS e
100 g/L %3}, 200 g/l 23}, 300 g/L %3} E&= 1 o4, o] HW 500 g/L, 700 g/L, 1000 g/L, 1200 g/L,
1500 g/L E=3= 2000 g/Le] 97bz Aitevk. 2 3o WSl wEkM Az S5 Aol o] AYikE= A
W dHE|E B ANS d3eo) v 97k 5 g/L WA 200g/L, 10 g/L WA 150 g/L, 20 g/L WA
120 g/L, 2 30 g/L WA 100 g/Lo|t}.

2 GAX oA AFEEE vhel o], "&F M 9F ALEE AWE ddsls BE AWNE 43L9 &
olgfl= B FF AX UeolA FJd"(input) A FEdel AHE(SH, AWSHF <ze == AW
Ay E)E AgdHE FE4S HIo, E o dyo] Wb o] wela WS d3SE W/ XHE oy g

= =
& AAAES 24H 53 AEES A% 3 6, Ho{E 4 &, HolE 5 &, HolE 6 &, HolE 7 &, Holw
b, AAZ 9 %, HoJ= 10 %, Ho= 11 %, HoA= 12 %, A% 13 %, doJ%= 14 %, A= 15 %, 2o
%, A= 17 %, A= 18 %, Hol%= 19 %, A% 20 %, Hol= 21 %, A% 22 %, HoA% 23 %, Ao
b, AAZ 25 %, HAX 26 b, FAE 27 %, HoZ 28 %, HoJZE 29 % & HoJx 30 %, = A7 #HE
ofte F O GER AVHE WA £ES 2dEth 0E AN, AYF dUs e AR

2L 30 %, 40 %, 50 %, 60 %, 70 %, 80 %, 90 % Ei+= L oS ZIsle FEE AAHET. YorHo=m
v FrhHom, 488 oF 30 % olal, °F 27 % o]fs} oF 25 % o]} wi= of 22 & olafolth. WA, FEL

7] @A (endpoint) S & t3 F A #EE AT F vt oS So], E o MhHEo] ululA zH
& =5 Al osiM ALtE = A %‘i% e ANS duls]=e] 82 5% WA 15 %, 10 % WA 2

%, 10 % WA 22 %, 15 % WA 27 %, 18 % WA 22 %, 20 % WA 28 %, =& 20 % WA 30 Y 5 Uvk. 2
g o] WSl webd Axd s Azl oA AitE = AN daEe] whgr e 8L 10 % WA 30 %

ot}

2 GAA oA AMEEE vhel o], "AAE"olEE folv 55 MXE MY ©e B3 w9 AZF J AL
H AL dHEE B WS 3o AFgS Aoy, 2 dye] duyE 2AEE 2 WUHE A5 5
ol A, A7 &5 Aol od] Aitd AwE ddsls e AWE d3&e] ALHES 100 mg/L/hour, 2o
% 200 mg/L/hour, Ao]% 300 mg/L/hour, A% 400 mg/L/hour, A% 500 mg/L/hour, &%= 600

mg/L/hour, Ao]% 700 mg/L/hour, Zol%= 800 mg/L/hour, AoI%= 900 mg/L/hour, AoI%= 1000 mg/L/hour, %
o]%= 1100 mg/L/hour, ZAoI%= 1200 mg/L/hour, A% 1300 mg/L/hour, Ho]% 1400 mg/L/hour, Zo]% 1500
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[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

SIHS3 10-2017-0113710

mg/L/hour, Ao]% 1600 mg/L/hour, A o]%= 1700 mg/L/hour, Ao]%= 1800 mg/L/hour, Ao]% 1900 mg/L/hour,
Ao]%= 2000 mg/L/hour, Ao]% 2100 mg/L/hour, Zo]% 2200 mg/L/hour, Aol%= 2300 mg/L/hour, Ao]%= 2400
mg/L/hour H= Ao 2500 mg/L/houre]th. diFHo® FiE FrpHoz AAHES 2500 mg/L/hour ©]3},
2000 mg/L/ODgo ©13F, 1500 mg/L/ODgyo ©13F, 120 mg/L/hour ©]3}, 1000 mg/L/hour ©]3}, 800 mg/L/hour ©]3s}

W= 600 mg/L/hour ofstolty.  webA, AAHELS A7l A (endpoint)E & I8k F V) @gER AdE &

gl dE 5o, AAES 3 WA 30 mg/L/hour, 6 WA 20 mg/L/hour, T+ 15 WA 30 mg/L/hourd <+
o 2 gl e wEtA] ARG s AEd oA AMEE AN dubls B ANS gage
g2 s S-S 500 mg/L/hour WA 2500 mg/L/hour, H 700 mg/L/hour WA 2000 mg/L/hour Z5-E A
R=

" AR SRR "F AR AEE"EE o5, =4 53 &Y FUH WO 2008/119082¢] AW E FAH
GC-FIDe o3l @7he= wie} Zo], AEF ulol EAehs A= d3s, AW ddlel=, fra] AgA 2 AW
= ol ~H 2] T Hste] E WA A S&FHo] AHEE & dnk. AEES wW wEbA g 7HA,

7HA, Al 7EA E= ] 7R 9 oEE seees 2EE ¢ o

2ol AHEEIE phst o], "2REHe o §E OlehE Solt 1@/E/ATHe/L/r)OR BuKE,
o9l Az G el ALEHE BRmese G o,

PAA A AE-E = vk} o], "
FUoEA AGE = Agtet g3

&, ddsls, AE, ofvw4l, HHE H JA(dE &
g PElE EAFE & Utk dAF g@A IEYS 2RI , , EQo

2 g ot Ze uRR; THE-gHaY 9 AgE-Zady e 2YadR; 59,
Agzox HAd 9 zdaxn g ggi; FIA20A YEeA Azues ¥ g9 A(turanose)$t
o 7, snAEZ 9 2 (hemicellulose), | g &

2 2 WHolAE; SAMO|E, gHIE

~

B rlr e

lo B>
[»
o
N

i
. A Sl A, H}O]OUﬂi% EJZC %%%_E A (process) ¥ 3L,
A S A, mlolemjas B FEdoRe] AYE o a8 Ferh.
T Ao qAA QL mle]emjae] FEAL S, AT
(switchgrass)9} #& AEA B4 mx A E(vegetation)o]th. I ThE o A| A<l nlo]Quj A
4 EALAdE 5, 9% (cow manure) ] 2 AZIhAL =& (metabolic waste products) ]D}. F7F
f

,
Q wholerfie FFAL 2F L S AEE EFAT.  EF, molenii

1l

>

PO
E)
)
N

=] g
(ensilage), A, AE, 95 (sewage), 2# 7], AZSZo 24 LA #H7|E(cellulosic urban waste) @ F&
2 E(food leftovers)S XS} o2 AghE x| ¢ Oé T, dg 2 Ao RHE Y #H7]E(waste
Tl =
=

=)
products)S X g3ttt H3H, "wlo]QujatE ol 5o, 937, °odF{ ke gdH)EH

2 A A AFEE = vbkel Zol, (XA 2 o] fEAe ) AH=EEC diste "EEH"olge &

MEZ AE(cellular components), AME vjek vjx], T 3}8t4 wE= A AFAZRE s YAE

Aoy, B wAlxel A WHEe s AitEE AWt 2 olo fEA= o oy

) oA doides E3EX &8 5 Advk. wEbA], Al 2 oo)e] FEAE AE W EE AX 99
A [e)

717 (organic phase)ol =8= < Ut}

2 A AREEE akel Ze], "AHASG", "AHAE" EE "FA'gE {5, odE Eo &
(isolation) H& T (separation)o] 28] W FHoZHRE B9 o]F(removal) Ev EZE v,
"AAH oz GAE" B AP e AEEEFRE HoR 9F 60 w(dE B, HoAx % 70 %, Holx
oF 75 %, Holw ok 85 %, Holw= ¢k 90 %, Holw= ¢k 95 %, Holw ok 97 %, Hol% oF 99 %) fzHT}
(free). & WAAA ALEE = ute} o], wdk o]yt &ol&2 MEEZHH A9 EdEY AAE Al
£ B9, RAEAE AAE AZ YoM AW LUd= i AW 4329 vl & (percentage) 7}

2
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[0069]

[0070]

[0071]

[0072]
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= L g E5ol, AWF dHslE e AWF dagol Axd S5 AEelM AiE=
Ao, 47 AW ddEE e AW 43 AXY S5 AX iAo AAd s GAE 9l
A 5, AE oA AS ddslE B AWS sl vEe] SvkEY. "AARH, AAEt 2 A
A folee Al &Xx(absolute purity)E 8784 @ ZHS] gojEoltt. wekA, oE 5o A
5 dHslE e ANS damso] AXF w5 AEAA ArtEs A, AAE ANS ddslE e AW
5 g e AE AL S

(g Fol, sit, FTelge=, AQ, watE we vl delra) 2Ry
= =

, AALE 3 AR

ZFo] [ Cronan

WAl Fadl-&

w7} (mediate)

, 994 A

}el FadRell A
A

P&

i)

H
et al., Mol. Microbiol., 29(4):937-943(1998)]. &+ AC
At F5 A=Y d5AQl FAQAEC|T. Fadlve A4S whEglold A=)
&}al, FadDie oFd-CoA o2H|Ze] PFAS wizfsitl. v & &4 Fgdo] o] 8715314

A =

o] wre|glotel olef F4r(taken up)HaL, o}d-CoA o AHIER ks, o= AL

on fo oo

o oby ol
o

w© 2 52 4
N

AT RS A S

gote o A-ACPEA AWAS sk, ole B-itstel digh 7]1de] ofyg}, QIAA FAdol A&Htt.
A, o}2-CoA F o}d-ACP & EFE Aoldt HE AAES oIE F e ARiEY 5940 54
t}HCaviglia et al., J. Biol. Chem., 279(12):1163-1169(2004)]. w]=+ 7}=< No. 61/470,989+=
ol A At FEAES Aiete /iAdE BHES 7IASH, 47 55 AEE gsste o3

e 4] FadRk ZEE|=9] 2d ¢33 ¥ wsA FadR ZPEI=9 wistd Od 758 2EF {34
B

T T R = A T

o x X

g7 2 &5 A AWt AFAAS ATAAL 5 e AAEA
£ (speculation)E°] EAgct, Ak AFAHE Bl S (flux)

2 A AZe] digk vkt a4E5S F&(manipulate)dtiE o] gL
(fab) A= 9 ofAd-CoA 7F=2EAolA(ace) EHFA(= 3)E Skl ofAl
TFE, ALE gd3s A FEE AGT vk, AAd 20 AAEA duE
gylure] 2] Z-FElP]F(Corynebacterium glutamicum) accABCD (xbirA)e] & ad= oyt FHA M3
So| glFaold obME-CoA 2 TRY-CoAQ FT7IE ojoid 4= = AL 513

Ze] o] v Hi(low rate)oll wiste] 7beAd = @7FA ol AWAL ARAEE A

ot
v
>
o
>
>,
0%
ot
X,

[o
off

I AFAE, S olAE-CoA 2, 53] T2H-CoA2 At FFoltt. HA|d
Wz £33 (integration) 2 W2H-CoAd] o}A-ACPsZ¢] AZHS 93 WA 7

E59 A (construction)s AWttt Arje] 4o AJAetA AHE = o2 A,
7 &5 AE WolA rph B iIvG FAAESY EdWelE o ®-2(higher) 8] AWAHFFA) A34k
WERSE S, o] d1g(higher) AW €3&o] Ao r HAHAT, HE oE HIEddA,

O
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(B M orlr ooy ofb i [ oot
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ut (& [o
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} ]
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Y52 o} A-ACPs9] 2] AAHFFAs) .29 HE-S FHZA7]= HoolzHElolA, 2 f8 A
A ER HEA7]= FFERAA F9a4(CAR)E HIAL
ANE(AE 59, gigs) ol SAs= 2 (W) &

A, dE B, CdAFHQd HdsHHoAE va 537 .
WA A Qlg3zET.  CarBE dAFQ 72844 ddaso)n,
AW G5 A ARONA FLF FLolth, WO 2010/0624808 Hw] A< (query sequence)ZA] NRRL 5646
CAR o}w]:=AF A< (Genpept accession AAR91681)(SEQ ID NO: 6)& AF&3}+= BLAST #HAM(search), ® W=k 20
el dsd AdEe] AES s Y] A9 AHgS At
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"FlEE A FPaAs", "CAR" % "X ddE= AT ZEHAEHE"gE L5 B g A ERE ]
Abgg, B oS AAge] glojA, JlEEAM d9a5s ZYUPEHEE dIYss FAAE S5 AE W
oA Wy i AP ET, AR AAYESoA, CarB ZFPE|=E SEQ ID NO: 79 obv|nAF AGES zhth.

2 AAdEdA, CarB ZHWE| =+ SEQ ID NO: 79 WHolAl T EdRio|Aoltt.  ofs)at HAoEolA],
CarB ZZRE == EH5E MXE, A& HNXE, &5 AXE, a2 AX, a7 HXE, 350 AxE, e ol AE,

TE tE fUIARFE SAHET. AR A S A, udreglo} M¥E=  plojFulE2lS LwZRlE]
(Mycobacterium smegmatis), vPEFO]JZHEIE[E]S- A=A (Mycobacterium abscessus), FFO]FZBElE[Z]<2 ofH]%
(Mycobacterium avium), ©Fo]=ZBlE]E] HH]=(Mycobacterium bovis), ©vFo]=ZHElE]E]S FEHEFZAA
(Mycobacterium tuberculosis), ©vFo]=ZBFE2]se  Z[Z2f(Mycobacterium leprae), ©PFo]ZBFE]E]S nle]&
(Mycobacterium marinum), 2 wlo]zule]a]s SAek>(Mycobacterium ulcerans)® ©]Fo]% 1280 2HE A
By = nlo] Zuke 2] & (mycobacterium)o]th. & AA|d S A, v go} MEE =FLE /ol Nocardia) &,
dE Eo] m=yFErjo} NRRL 5646, x=7}Erjol HZAJ1]7H Nocardia farcinica), ZEZEnLOJA]A 7242~
(Streptomyces griseus), AFejy =32} ofgi]=ZeH Salinispora arenicola), B Fefefu]elg| =2 p] x| 7] H]
AlA(Clavibacter michiganenesis)2HE] ZpAHETH, o2 AA =4, CarB Z]HME/ == SEQ ID NO: 79
ofni-AF A dof] thate] Hojx= 2F 80 %, 81 %, 82 %, 83 %, 84 %, 85 %, 86 %, 87 %, 88 %, 89 %, 90 %, 91
%, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 % L 99 % TUF olmwmal HIE zZHE CarBe BFA
(homologue)©]t.  SEQ ID NO: 79 opmi=il A del tfste] Zoj= <F 80 %, 81 %, 82 %, 83 %, 84 %, 85 %,
86 %, 87 %, 88 %, 89 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 % FE 99 % TIAAE Z+=
CarB ZEHAE =9 TUAHL 53] AR Za, £ 7|E&oFY FHAES g+ MG1655 F2¥-CarBY &=
AES GA A8 = Jdom, & Fdare] AYEe HES o8&ty o859 Vvs AXRE F U, v
Ao 5o A, CarB FE|HEI =+ SEQ 1D NO: 79] ofw]=2t W
103, 191, 288, 473, 827, 926, 927, 930 T+ 112804 &4
of AAstAl AiEtt. EPE =9 vigA g BAE v EA¥OAES USshe okl E

e HE =
=4 7 (g 501, A E4) T dF Ex ARE fAIY. AR AAdEddA, 24 Ee 5wl
= deshs ok EElAE ] A2 Ve T Aol oF 75 %, Aoi= °F 80 %, Holk oF 90 %, Aok
°F 95 % Wiz Aol® 9F 98 % EE 1 oS fAwth 2 AN EdA, B B 5dWlA= d&stE

N
§2
k]
ﬁf]
rlet
2
jins
i
s
U
i
=
o
@
D
2
i
¥
30
s
N

S AA3s7] 9138 A% (Guidance)<
A Q= AFEH TEaW JdE 59 LASERGENE™ 43 E ¢]o] (DNASTAR, Inc., Madison, WI)
()]

= EdWolAl: dshe okl FEHEI=s) vaste] FUhE AESHH Ve

= Ae teate ok d S =gt Hlalste] g4 @l loiA

o} 2 Aol oF 50 %, Holk ok 75 % L= Holk oF 90 % /MAE yErd
o2 A B, £4 e FdWoAE t&ehs oY T PE =9 vlaste] a4 46 3l

= % e Aol oF 500 %) NS vERdTh E WAA A A

4 e w-dg opwat A%

X 3to] FLEE=X (S, DNA AF = 54 A7 2o dste A

__)&l
o
12
)
-
o
ME,

F(‘

Ir
ox
2
et
o
QL
W
o
0%
rlo
=
olo

O

Az o ; Abg-oll .

AgS a8 AAsoiH, CarBe T3 F40 =2 wgE ook sttt A" AxRF 5 AxE, dF 5o 9

Fot QAARZEE BHEEE CAR 845 2=t AAld 60 YERA bhel o], Y] GAMAREE CarB &4

2 PN 7= MEEL Y (original) CarBoll Adoz © & 282244 3Ydags SA4S 714 o ge
o

a2 H, B
Cl2 % Cl4 Ates ANS dasss A8/ 5 vk, CarB= Z(large) F32H3.5 kb)olar Zek2m|
= A7E A93 FUAA, dF MRS e e AR FAAES HAES =Y pllL EvE &
= AL ofyA wEY.  CarBY 4E& TV ASHES oY &k, A4, dd H/EE UF
(functionality)S Z7HA71E AS o] HLHo A, CarBe N-Let(terminus) el

X EZ
o = —H =
o -9 (cleavage site) % 6 J|AEHES il &3 @A (fusion protein)o] AAtHETE, o] E4F N-

o o
o o M
T‘Eo]}l
e
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>
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0
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ko] 71491 60 7o) wEHSLE =S 93 CarBel “dolstH, CarB60So.2 Ww ¥, CarB X+ CarB600]
pIRC ZEXKE ] Ao} sloll X figy AMANERE THE= 45, CarB60s ot *ﬂ‘#—‘é—% & Az 7t=
AL geas gAS SRR, o B2 (12 % 4 fE AEFAs) B ANE dEZER
AEAZT. 2 7lsdore] A (@) AAlel 6ol AW E= Hhek o]l ¥ @2 C12 2 Cl4 e A
AHFFAs) 9] AW daSER] &S GAEY] Hstel 2= 249 4 dAEls de 94

| 2 gAlA el 2ETH(EAA 785 Fx).

rl

¥y el A2 & 4 (Phosphopantetheine transferases: PPTases)[E.C. 2.7.8.7]1% 4
CoAol A 71429 o]F(transfer)S ERAT,  =7f=2r]o} Car, CarB & o529 HE F=A|
HFHEHJIPPT)ol et FA S =(putative) F2 F5 X $th[He et al., Appl. Environ. Microbiol.,
70(3):1874-1881(2004)]. & &g e] A A EollA, PPTase= Z2d &5 AX oA 2d =
"o, o3et AAldEelA, PPTaser™ o F 7 MGI6552F-E 9] EntD(SEQ ID NO: 8)oJt}, ¥ A
El oo e gtolA] B 2R84 shdai e 24E S5 *]E ol A 28 = Faddc, o3 =
o A, E]leozElEfobAl = tesAo]al, FFEEMAL FBAE AT carBolth.  TRE AA|d S A, E]o| ~H ElokAl,
FIERAL Fdasr @ 43E Griashs 249 557 AE el wd e A, ofsig A4
SollA, EHeoxHeoAE tesAolal, JFE2EAMN SAYUa LT carBolH, &FE EFhase oA Y EYE 4
& 2](Acinetobacter baylyi) ADPIE—,—FJJ alrAadpl(GenPept 4B} WM& CAG70248.1)(SEQ ID NO: 4)o|t}. I
o2 AA s A, EHedzHeotAl, Ft2E5HA FYa A, PPTase ¥ 43E& 54 ashs 248 5 AxX
WelA g e R, oatd AAdEdA, BloiHEtolAlE tesAolal, FFEEAMN T AE
carBo]™, PPTaset entDo]il, &HE ©AaAE alrAadploltl. X T2 AN B A, Eoox Eﬂ"/]r‘)}lﬂ
CAR, PPTase B ¢ia @Fias T s 01*&% “‘?’54/\171% Hay e :'1“7|: AﬂEE Eis
zk=th, dAIARD w5 A ES ofE-CoA 7 "
ks | o]F iFAB Q¥ E(operon)d] wE T
2 (transposon insertion), & FAFSH
WAl A AR EE ofste WS os) AAEE = o
£ ostg BB o AAEE ANE d3sE 2AAES O SFES(AE B, TFA, AWLdA,
29, AE, &4, 3FA T), T M A8 &F9 H7F=(personal care additive)®] ABikE 91
A (starting materials) 24 2 H o2 ALEE 4 9k, HE3H, o|y3 IFEELS YE A “

sto] & ‘ﬂJo S AE BEo] 43}, (A5 B9, 423, & (pyrolisis), = & 2F
7]
e}

]
%‘/\1 Gﬂ—c—
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L Bpuhe] opmfigbel]l efsl oY EeRE =S Aol
of, EdWolAl= slr]e] BREA otvwAit AFAE T
2 ol AaRFAl e AWHA(aliphatic) olv]wAte] T thE AWA(a

(replacement); Al@e] E oozl thAE; Ez o AHozo thx ]%, of~3mt2EAL U
< 2 A7) ' e A A 2] giAlE; ofxmei]l 9 S RE Y e OFU]‘:ﬂ* B sk
ME7]E Bfdhs E UE VIR dAl=E; A 2 otz 3 a7 ]
3E(exchange); 18] Hddgd 2 g2y 2o da
AA S A, By ZeFE|= o 1, 2, 3, 4
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Abgsto A Azxd £ 3y, Fe 2 EA4HE 59} Arnold, Curr. Opin.
Biotech., 4:450-455(1993)¢] 71A1¥o] Qo). F-=2F Yk(error prone) PCRES AF&3}
of Gd4Al=E 4 Au}[Leung et al., Technique, 1:11-15(1989); 2 Caldwell et al., PCR Methods Applic.,
2:28-33(1992) #F=]. L7 Wi PCRAIA], PCRS DNA 3 & 29 24 HI T (copying fidelity) 7t @e =7
ol AL, H& HEY A EdAWo|(point mutation)”} PCR A& A (entire length)S weba Ao
Aok, 3] #waf, o]y e HAECA, Edde] fiHE dAME(AE B, JlEEAE FYaL A4S <
FYste ZERZULHE AYE)S PR AFES A3 webr =2 nj&9 H EduoE 43y sk
PCR Zglo]WE, Wk& & NgCl,, MnCl,, Taq T&&EA 2 A3 Fro ANIPEY EFdrt. oF B9,
HkS-0] 20 fmoleo EdWo] Fx= AA 30 pmoleo] ZFZbe] PCR =&to]lw | 50 mM KC1, 10 mM Tris HCl(pH
8.3) 2 0.01 % At S F3Fet= wh-S k= 7 mM MgCly, 0.5 mM MnCl,, 5 ©¥(unit) 9] Taqg TFaE4, 0.2
mM dGTP, 0.2 mM dATP, 1 mM dCTP, Zz¥]a 1 mM dTTPZ AM&3le] <=3)=E 4= vk, PCRS 94 TolA 1&, 45
TollA 1%, 28l 72 TolA 189 308 F7] & 32 4 A, a8y, olys IngEL 1 A5

watE 4 oglt Ao AXd Aolth, olFel, Edue] fuE ANEe A4 W U FzysH, 4]
-

RS

o
i
e

2

Ho
Mo uz

to o

ME
4
,

=2 DNGIA S-S0l el BNl BN SunE
Edde] s AREste] EAdE k. SYAREYEHE EdWHe fE82, o & £ Reidhaar-Olson
et al., Science, 241:53-57(1988)¢l] 71AA ). zters] wajja, oleldt Ao Z2YE DNA UE E9H
L oah ol EANCEE et Bao oF s LenhIeernEe] FAHL, S fuEe
S22 H NA(E E9], CAR ZEPEHEE J3ZYP3e FYFEIEHE AE) U= e, Edde] /4
H DNAE §Hiele SEES 3gH1, o5 1AWl ZYPUEES @0l Hrtdn. WHolAES A
X717 98 = 2 S %% (assembly) PCROITF. % PCRE 438 DNA #2509 ZIE2HE PR WA=
o & xFTt. v Aolg PR WHE-EC] Y viold WellA Welste] A=, §F vk A4
E5o ® ¢ = 7IENT. dE , &% PCRe v+ 53] 5,965,408 7|A€ct. W
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3} (random fragmentation)®] ZAHEMN & &7 o] AolstAwt =2 AHF DNA ALE9 DNA £XE Alo]
oA whAlglt}, 1 o] %), PCR HESOlA] Zho]lw Aol o]gk wA}(crossover)e] o] T HA
PCR EdWo] H&, dE £ Stemmer, Proc. Natl. Acad. Sci., U.S.A., 91:10747-10751(1994)0l
71 A A,

, WolAEL A ylo4] EAWe] o] o] AEE 4 k. AR AAdEAA, WA AL e
EAWol= st ool DNA 59 A= (repair pathway)EollA EdWolES & (carry) st ¥HE 2ot
A Y AT AES SAANFR oz HAET. ol "EdRe] §% A (mutator)"
-8 gFoll MRt & 529 Eddel&S e, FFHoR, oy #FE T T siA
(dE £, (AR ZHE=E A=Y} A
I3 otk A ool =AW A
S 5o IAl 53 &Y 70 No. WO 1991/16427o 71A €t @3, WHolAE
(cassette mutagenesis)S AR&3te] A" 4= Qltf. FHAE &AWl fdolA, olF 7ty
goo] Eo] My Aol FA YuFFULEE "IHE"R gAEY. FF, AV &
v g 2/me REFHom RExostd EYeo AMEde et mI, £33 S
HolA &
= #4
o 93]
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(Recursive ensemble mutagenesis)
ofu .eqt M E T} Aolsta EF A
A (S, dd Sdde] fib)

=
ZE =5 (successive rounds) & Alofstr] flste] F = 7S AFESTE. 53 AFE AW
e}

o
=
o

i Ho

9 g o

b
g
BN
o
—
T
BN
o
—
=N
—
© .
©
Do
=
N
2
)
Q‘ il
11
4z
i
>,
=2
R

£
102
tlo
~
>
oo
ol
ol
L
0%
oX,
i,
=
R
&
o2
o
A
iy
rO
to &
o
i)
ox o

%3t glo]B 2] 2] E(combinatorial libraries)
J |3t ZH2te] wistkel §X|ollA] o}l
]| F32, dE E°] Delegrave et al.,

, ¥ A HAx}(shuffling
55 d3dsts B s dFEEo], 4
] °)

= ool 9

~
L2 o
ot
i)
ot
o
H
2
N
>
2
N,
(il
1o,
Ny
lo
N,
il
o
N
of
ox,
ML
z
[

7

Biotech. Res, 11:1548-1552(1993)°l 7]A1<€t}. SR
procedure) 55 AM&3te] A=Y, o7]4 Hrel ZEHPE

=2 Bo] n= 53] 5,965,408 E 5,939,2500] /AAE Bpe} o

ALE 7 3Tt

MY Edwo] f(Insertional mutagenesis)<> st o]4Fe] 17]E59] 4tSlel ok DNAS] EAwie] frholt},
A9 EddolE Adz o WA 4= QY HlolElA EE EWATE ) wifE £ JAY, B AFH
Ao A At BEAHE 95te], A& B0 EYAELE o] o o dFFHoz A & k. 99l
] DNAZF 2] DNA Y2 53u e A%, ostete] A&He Edrole TdlE(severity)E Ao Z DNAVE
AdEE £59 Aw e A6 dEdnt. «dFE Eo], EWAXFE A4 FHAY F3H, TREE 99,
= I YA (repressor) X FZ 2 99 (enhancer region) Woll AYdctd, A3l o] Ed S 4
At EWdAXE EdWe] § 2 u&-UFF ~3de AWS 43 AU B 78S TVHAIIE 9
g ZdWol5S golll7] 98] AAldrk. E dge (a) SEQ ID NO: 79] o]l Ade] wthate] Hoj:m 80
%, 81 %, 82 %, 83 %, 84 %, 85 %, 86 %, 87 %, 88 %, 89 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97
%, 98 % T 99 % ME FUAHE ZE olnxt MES T AEEAM AYaLE dIYIE ZEwE
AdoEE Md, 2 (b) FEEAMN ddas S 2t ZHNE =S dmdste ZwFdeEss £ds
v AxY S5 AEES ATsta, o774 A7 AxF S5 Axe WS gk B AN 43ss A
Abek 4 9l

&5 Az 23

A A oA, ZYFEALHE (B 42 AMES ZEwEHLEHE AMEd FAe7hssiA d4de =
ERHE X3, AZRY JdEHE AA S5 AXo AFdy. o83 AAdENAN, TRREHE dd-2HH
(developmentally-regulated), A ¥A7]Z(organelle)-E0]4, ZZA-Eo|4d FEF 6 JF24 e HE-Eo|F

A
ZREHOTH AR A EelA, AxXTE AHE (a) ZEFEALHE AFl #E7Fs3H A (operatively)
A9 Fd 24 AY; (b) ZYFEULHE Aol As7kssiA d29 A9 q7; (o) EYFEUEHE A
doll ZE7bsstAl JdEE A AE; (1) ZRFHEE Mdel FErbssiAl dE®E gA Eolo
(purification moiety); (e) ZHFEHULHE Adel As7lssiAl ddd 9] AE; 2 (f) ZZwEdoH
= Mol ZHsrtesA dZ2E EH3 MA(targeting sequence)S EgHEHE.  E WA Ao Ay @y dE

oo iy
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2 5 HAX doA ZYwIULEs Ade Tdd Ae e B gAAd AdE ZEwIYUlEs
AEE x@eitt. 4d Wy AAle FEHIAEE 557 Mz MY, dite ZEPHEY Id v 5
22 olglgl aRlE YET F Urte AL B Ulsiold] FPAES AAT Fojrk.  E wHAA e AdH
Uy WHES & WA AWy es ZFEUdlHE AdEe 93 JdadEHe, 53 FYURHEES 233}
E EYUHEHEES A7) fste S5 Axse E9E T U, A3 E, AdE 5o dYT(E. coli)dA
ZYRAHEES JIFEE AR HHe g §F 2 -3 ZEREEE T e HEES AA G
TAY B R4 ZREREE 363t HHER ", §7 9EHES O &4 J3dHE EYFPE =,
dntd o7 ANzF ZYFPE =Y opnn EE JEHA] dudd v oln|wAtES Hubsit. AP Hom ) o
g3 3 WHES 59 7HA 53 (1) A2 FERYH = H3HS ST (2) A ZEHEEY
S =S Z7HA71; a8 (3) A AA(affinity purification)old =AM 2E3ozy A2 =
dHE =] GAE 55 AS FYddT. TF, §F Ld "M, &3 RoloEH e AR ZHPE= A
Fdoll whia] dek(proteolytic cleavage) F917F =YETE. ol& 3 ZZRH =9 A o|Fd §F =
olfE2HE Az ZHEE= EHE JFeshAl . olEd aAE 9 ol9 FF A4 AU(cognate

recognition sequence)E9] AAIEL Xa AAH(Factor Xa), EEH % e Z7)Uo}A](enterokinase) S F g3t
o}, oA Al g8 w3d WE = pGEX[Pharmacia Biotech, Inc., Piscataway, NJ; Smith et al., Gene, 67:31-
40(1988)], pMAL(New England Biolabs, Beverly, MA) 2 pRITS(Pharmacia Biotech, Inc., Piscataway, N.J.)
& Xgsta, olg2 A AxF FEHHE=M A7, FFEEHR S-Ad@A(glutathione S-transferase:

7)
GST), EQ~ E 2% vuid = G AS &3,

T4, v-8F P dd e oAlELS plrclAmann et al., Gene(1938) 69:301-315] 3 pET
11d[Studier et al., Gene Expression Technology: Methods in Enzymology 185, Academic Press, San Diego,
Calif.(1990) 60-89]& =3tgttt. plrec WHEFEHO #4 FH4 232 dtolHe]= trp-lac 8 ZERHZE
FE9 &5 RNA @& AR oEgth. pET 11d WMHEFE 9 24 F3x T8-S FAlo TdE = vlo
222 RNA SF a2 (T7 gn)oll <3 miZls]= T7 gnl0-lac 3 Z2ZRE|ZFE] Aol o&3tth, o] 3t n}
olgfx THELE laclV 5 ZEEE S HAL Ao} stelld T7 gnl FHAE Efshs WAl N ZEIA
(resident A prophage) Z%-E] %3 55 BL21(DE3) Hi= HMS174(DE3)el <j&] a3t A3 Ax 2 139
AFE B A e Al ARES B JjERoko I dex 9ar; o E £9], Sambrook et al., "Molecular
Cloning: A Laboratory Manual", second edition, Cold Spring Harbor Laboratory(1989)& ZFz3ht},
F=4, ¥-8% g 2d 9EHe A5 plrclAmann et al., Gene 69:301-315(1988)] 2 pET
11d[Studier et al., Gene Expression Technology: Methods in Enzymology 185, Academic Press, San Diego,
CA, pp.60-89(1990) 15 ¥ghattt. ofsjgh AAelSelA, & e ZewIdef= Ad2 v s 15
25 freje Z2RYd ZsrbseA ddEnt. A AN, S5 Alxs g8 Alxzoltt. d Aol
A, dd s a® dd dEgolr. WMEEL 9P (foreign) FAHEE £, NS &7 AX W2 =3}
7] flate] & ol AAREHE v VeES FE 48 Ax e 3 AX Y2 =9E F U
dE B9, &F AEXE FAAI T+ A (transfecting)A7]E=d] e HHES Sambrook et
al.(supra)oll A Frolm &= ik, whelgol AEE9] HF3t FAMTS flste], AME¥ = wd WE 3 4
3k 7)ol wed, A% (small fraction)e] MEET L@ WMHE FFsta BAletes Aoz d8A k. 4
AA Sl A, ol2lgt FAAZRAES dlstn A3y fste], Agrtsd wA(dE & A A o st
s i ste g 2
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e 2AE(HYS das 22 ANS s AR aaE T 294 2dE shelA g
Twdel EA sl Az w5 AEE WA oEAN AdE 5 3l A A Bl A, AH das
2= ANS da2S e, ANS s 2SS UE AN FEAES 28 g v dEH
og, AWNS dias A A2 55 Ax] Ax o &4, S AE wd wiAeA FgEn. @A A
IROlA, A S5 AES obE-ACPY] frE] AWAHFFAs) om0 M-S FXA7]= Bl Qo sEdotA], H
el AkS ANS ddslEs dgarls steRdst S9aACR)E TRl ANS dass A
Abeties 22T S5 MRS S0, i) el EAsks el (W) fdsls ddass A
F dHslEs ANS dagE A du. R AAdEddA, ANS g ANS dusEs A
WS dass AT AS 422 AR 24E de ZUHHES Jaddke EYnEdlEHES Al
23 S5 AE dddA 2 e AEFAF RN AiEn. dE 5o, dag gL aaE HAA A
desl= Fdasdaur: H3, odF 5o, EC 1.1.1. D)= & 2ES AAe=d AREE ¢ v 2 A
A ARG Ak o], "dEE Eeiastdhe Bolv ANS dHsl=e da(dE 5o, ANS d4A
)R HAES FNE & de ZYREE=EE A 2 Vsdoke A Adket dag gFisass
o] 3 & whgEe FIAA F i, oHE v-5ol4 das Eiiatr "¥as E9xlas'de
Soldl xddu= AS 4T Aojrh. & el wEbd {F83 g3 deiaas ZYPE = dA s
AlrAadpl(SEQ ID NO: 4) X+ AlrA 5FAE; 1812 YjgB(AACT7226)(SEQ ID NO: 5), DkgA(NP_417485),

DkgB(NP_414743), YdjL(AAC74846), YdjJ(NP_416288), AdhP(NP_415995), YhdH(NP_417719), YahK(NP_414859),
YphC(AAC75598), YqhD(446856) % YbbO[AAC73595.1]19F 22 WSId i+ €3& BGFAharss XEF5H,
ol A A v, FHHA AAELS TA4 53 =Y T/ Nos. WO 2007/136762, WO 2008/119082 Z WO
2010/0624801 71A =31, olEe] 747t 53] E HAACA A&FZHT. ofsle AAldEAA, AP
= d3s grhas FAEC 1.1.1.D)E Z2ed. E gs
= [e]
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sty =3 AXE Aok, =S, olgd Az
HPE G144 2AES gF3t. B AN
== 5o, zuuol #(Candida sp.)¥ & FFo], AMIRUAA #F

|

X, & ME, +d7F AE[AE <
(Saccharomyces sp.)¥ 2 Zo} @F(budding yeast)], &7 Al3¥(algal cell) 2 ureglo}d AXEZ o] Fof
A aFelA AddgE = ok, v gk A AAde A, xR 55 AEe AxH vAE Hxeltt. mA=

AEA &F AEe AGANEL  ofAAg]7]olEscherichia) <, HFYNEA(Bacillus) %, ZERMYIA
(Lactobacillus) %, RFo]BELA(Zymomonas) <5, ZXEFZF(Rhodococcus) %5, 7 EHLF(Pseudomonas) 45,
ofxml2de] ~(Aspergilius) %, EgZ0vKIrichoderma) %, 22322l Neurospora) <5, FAF S
(Fusarium) <5, Sr]ZFelHumicola) %, 2FFZ(Rhizomucor) %, EFol#|Zrlo]l2(Kluyveromyces) <5, I
ZIoK Pichia) %, FHZ(Mucor) %, r]de] e Z = Myceliophtora) %, Y& el5(Penicillium) %, ZuZ3}
o B Phanerochaete) <, XZElZ](Pleurotus) <, EZ}oe|=(Trametes) %5, Fe]223E2]9(Chrysosporium)
& AlFEEplo] A A(Saccharomyces) 25, XEH|=EZIHUA(Stenotrophamonas) Ly, A7 EARTFE o] A
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(Schizosaccharomyces) %3, oFZ9lolYarrowia) & T+ AEHEDLO]AA(Streptomyces) SO.2HE Q] MEE
4

S EssiY, olZ AR %t U5 A oA, 7 MEE 28-$A (Grampositive) HrH 2o}
A|3Eo]t}, 0415} Ao A, "ﬂE’E IH-57d (Gramnegative) T Eold Aol AR AA 5o
S | = "1]401‘:} g2 AAAEANAN, S5 NEE vlges dFEA(Bacillus lentus) A3E

B4 2] Eﬂf/Hlé(Baczllus brevis) AE, vl e AEofZRX B H 2] A(Bacillus stearothermophilus) *ﬂ;
npdle]2 gAY EZn]2(Bacillus licheniformis) M|X, wREelx ZZHF2(Bacillus alkalophilus)
N¥E, Blge|~ FHolz @ A(Bacillus coagulans) M¥E, v~ Z]Z2FZe~(Bacillus circulans) A, v}
&2 Fa]2(Bacillus pumilis) MXE, HRAE > FH7]AA2(Bacillus thuringiensis) M3, HIH# = Faf
*Al(Bacillus clausii) M3, #HY# 2 oj7bee]$(Bacillus megaterium) M X, BFYE]S AJHEZ A
(Bacillus subtilis) AX & vl ofd Za]FGlA]d(Bacillus amyloliquefaciens) A|3Eo]th. ThE
ANAEANY, &5 MAEE Eglzgrl 24Y7/(Irichoderma koningii) MXE, E&lzrinl #]e]d(Trichoderma
viride) AX, Egzrlo} ZoJ4o](Trichoderma reesei) MY, Eglzrin} Fr]Hea}l7]olE(Trichoderma
longibrachiatum) A3, ofxu2ZFx ol Eel(Aspergillus awamori) M|, ofAF|E2Zde]x Fojr e
(Aspergillus fumigates) AX, of=F2Ze]~ EJE]F(Aspergillus foetidus) AXE, ofx¥2dels s
et>(Aspergillus nidulans) M3, ofxFj2de]> YA E(Aspergillus niger) A3, of~FE2de]x Q2]
(Aspergillus oryzae) AE, Fr|Fal QLd~(Humicola insolens) AXE, FrjFel elF7]=A(Humicola
lanuginose) A, ZEFFA Q37 A(Rhodococcus opacus) M|, 2]ZFF 1]oj&)]o](Rhizomucor miehei) Al
X = 7 vldgo](Mucor michei) AlES]|T},

T OE AANdEANA, 5 AEs 2EHEplojix 2] v~(Streptomyces lividans) A¥E T 2EHED]
ojil~  FzlF=A(Streptomyces murinus) A Eo|t}. T gE AAdEddA, S5 HAEe W
(Actinomycetes) Al|3Eo]t}. AR AN BN, SF MIEE  DEGHEA(Saccharomyces cerevisiae)

M Eolth, A HAd SN, %F MEE IFEFE H A Saccharomyces cerevisiae) AXEo|th. TE AN 4%
oA, =F AEZE & AE(eukaryotic plant), ZF, Al (cyanobacterium), =M-3} A|¢, =4 u]-3}
(green non-sulfur) A=, AA A, AA ¥]-3 A, =34 *ﬁ%(extremophile) 25, ¥F, oY £

2 3

2 f71A B2 A4 FUIAIREEL] Mxzeltt. Ay AAdEd A, Axe F &l AY ©§AE

AAZIY, A AN EAA, 5 AExE F gEAY 3RS X“V]EP A5 HAAdEAA, &5 A
e SHIYEH @48 Z2er. 4 AAdEA A, S5 AEE 9o EA ALt o], FEHAgd &
) (photoautotrophic activity)< Z&= AX AN Eo A, &3 AL Ho B oA FH9UF =

el otk HAACENA, sF MEE of7]Fdl(Avabidopsis thaliana), FU# HETHE
(Panicum virgatum), P|2ZHC]2 Z]7FE]-P-2(Miscanthus giganteus), Ao} mjo]Z(Zea mays), HEZQTH»
Hal-21)(Botryococcuse braunii), ZFefr]EXE i}l 2918l = E/(Chlamydomonas reinhardtii), -“Fife]dzl &z]
v Dunaliela salina), AY]ZZ# 2 &(Synechococcus Sp.) PCC 7002, AlH|ZZA2 & PCC 7942, A]H|HA] =
E]~ F(Synechocystis Sp.) PCC 6803, AREAUZIAAZ AFAlo] E(Thermosynechococcus elongates) BP-I,
FZZH]% H¥&(Chlorobium tepidum), FZZEZeJA]A of-2etE]FZA(Chloroflexus auranticus), ZZ}FE
H] =& Chromat fumm ~ vinosum), ZBX2¥ 2l FHEF(Rhodospirillum  rubrum), ZXH'E fEFefFEA
(Rhodobacter capsulatus), ZEZFERL}A IFFE22]2(Rhodopseudomonas palusris), HZ2EZC]s §4o]
(Clostridium  ljungdahlii), —EZ2=Eo]t)- 282 HAF(Clostridiuthermocellum), — FH ¥ 2lss Ae2A5
(Penicillium chrysogenum), ¥JX|o} Jt=Ea]=(Pichia pastoris), "4 ZX7*(Saccharomyces cerevisiae), ==
Z|ZAPFFE ol Al A 3 F H(Schizosaccharomyces pombe), iR U FFQ ZLEA(Pseudomonas fluorescens)
e Xfo]BE il HHE]A(Zymomonas mobilis) ZH-E 2] A|Eo]t),

z39 7 AZY WY L 25

2 GAA A AMEE = kel Zo], Tae FRHYEA 5 MEd 9% {7 EE
substance) 29 H3, & HSo] E 39
TAANPDOZHN ANET &5 ‘ﬂioﬂ ogk g F

AHGA B S Bol, A el HEHE TARE 45 AL A
: %

EE AL FEAE ANSIES sk oJakdt 2UES u|dth. AR, WEY] LY FEUEE A dol
DHE = 2152 S5 A7t ZYFPUEE T e Aste 2U1ES ougtt. 495 5o, A%e
FRES wE 2AES %Y. g 2UELS 2k YL, 57 FoE 9 A 240 22 B v
HES ¥33 4= b, o33t 2459 7L ME-er agu 2FHo2, &5 AX7 AFT ¢ Jd=
2 g}, dals 374, 8714 = [v-37] 48 (micro—aerobic)d® 72] ©]9] W3l (variation)d & Ur}.
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;OD
2!

il

all

il
B

2]

A
o
oF
1o

A
!

o

BC/IZC ‘gl

12
1

C/Cu&e A

o AselA <
4] £k wae

1

]_13

kel

1

pud

[e]

of i

g]

e
o Ad BdE dAEE F =

A=

Ho] & g4

% (marine carbonate)E E5F+=
C, A=

A}
)
°f H

+ k.

=
=

yol @

1 <3
5], G
e A=

3]
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] 42} 7F2 523} (primary carboxylation)[Z, 7] & (0,

°

12
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WALgel A, 5

Hpo] 9 A4k
(the broadleaf)], C, AEE[5HZ(the grasses)]
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[0095]
[0096]

[0097]

SIMES 10-2017-0113710

E dkgoA e zlolEx WHSHA AHEEG.  AA(vegetation)d F HA FFEL (G (B Adl-dHE

(Calvin-Benson)] A4 I=E WHFgsE= AE 2 (¢ [EE dX-E8 (Hatch-Slack)] A 322 Hss=
<

RAEolty. C AEEodA, 42 0, 14 E&= 7FE25A3) ghg2 G492 gE222-1,5-1XXAToE 25

FtaEAetolAlE X stE FUHARl stERAs) v o g ' 3)
FEe oo grtEEAsEE 4-wA4k(carbon acid)o 2o <3l

WA ok -130]1 , C; AESo sl mil G ¢F -19 YA ¢k -270]tH & & Eo], Stuiver et al., Radiocarbon

13

19:365(1977) =], A 9 MfE dwrromn oo Fa w9l "ol 9t C 2% A%
(measurement scale)i= -2 Pee Dee Belemnite(PDB) 4]3|%toll 28] A= A E(zero set)Z BLEw, of7]A
FAEE oleid ARBIE A B A WAR Fojdnt. 50" FAE A 2] AHL(per nil)], ool
= %R BdE I, 7|9 o] AxdT:

8BC (%) = [(PC/PC) wz - (PCIPCyuzza) (PC/PC) nzzax 1000

PDB X& EZRWo] s loerm=z  due] dieh& <l RME©] TAEA, USGS, NIST ¥ tj& dele oA 59
92 APAEST FAYste] Ausa vk, PBESE #HW(per mil) AAS] tiF ¥r)E 5 Colf. ZAL

A
AeF 44, 45 D 469 FA} o] 25 uigh w9 A 2P A= v]&e] I A7) [high precision stable
ratio mass spectrometry](IRMS)ell &l CO, “gollAl o]HAZIE. £ WA A AHEE ZFEES 2 HAA
A s ofsle B o8] AAEE vl LAAEE, O o AWF dYs|s 2 43 AYES
= EFETE. 53], nlo]l e A ELS oF -28 o4, oF 27 o], -20 o], -18 o]/, -15 o4, -13 o],

-10 o, Ei -8 o] § €% A F vk olE o, wloloAgES o -30 Ul oF -15, ¢ -27 U

2
R
>

A ek -19, oF -25 WA| oF -21, °F -15 A ok -5, °F -13 A oF -7, mi oF -13 A °F -109] § (=

M & ok ThE elAEeA, meleddES o -10, -11, -12 ¥ -12.39 5 8 7 S 9

T3, —“‘é HWAA L] gAg Aol wEbA] A EE v QA EES et B}O]_‘i*ﬁ*é%%% zt7kol F3tE
oA Mcol ke mmFomA 7] HFBSL Mo st= Algel pHE £ 9. = s wizv]t
5730dol ==, "t 2@ ¥(older)" BAE FHFabe MF 7 due "HE(newer)" BAE FHFate HiolQ
AAAEI FHEE = YudE 59, Currie, "Source Apportionment of Atmospheric Particles",

Characterization of Environmental Particles, J. Buffle and H. P. van Leeuwen, Eds., 1 of Vol. I of the
IUPAC Environmental Analytical Chemistry Series(Lewis Publishers, Inc.) 3-74, (1992) Z-%].

- 14 -
WAL B2 AdlES A (radiocarbon dating)olA 7]1EAQ AL tl7] Fo € %9 444 (constancy) O]

AE(living organism)S ol 'Col @dAe] o|ZA &l Aelth. e}, 1950 o] ERE <] gy|He]
9% 2 1850 o FHE Q] M Ane daw dstel, C: A 29, ATHEAN AF EAL A, Ty
Z 00y, @ 79 W= AEA(living biosphere)d] oA o] EEE= 1960t 4k A& ] A H (peak) el
=g F gk, o] Fof, thEF 7 WA 10d7ke] "ek-7k7]" o] (relaxation "half-life")S 7FAl&, oF 1.2X%
10 °9) -l S0 71E BA92 e/ OR AXE HEe ertold Fae] W]
A gz FHaAE Aol ohgek; 98# %] Alth(nuclear age)el A% olFZ ty] 2 AEA Feo cel
WHelE FH3517] st &AAS 7] 8 F4/5 39 7]5(atmospheric nuclear input/decay function)< A}
galof @h]. ol Aol ARA wao] gak Wde] AthZ (annual dating)®] AW AT FA] A
7 0 AR Sgeltt. e rdd Bas BE(1)9 W9R FolAe AREL 2, eV A% Y 2

X (accelerator mass spectrometry: AMS)ol 98] =A4= 4 Urt. S MFFEF7|EATANISD Y EFE 7|

Al

e
r-{n



[0098]

[0099]

[0100]

[0101]

[0102]

SIHE3dl 10-2017-0113710

EZE5(SRMs) 4990B % 4990Ce] ©Jal] Aeojert. B WA olA AREE= mbel go], ) vhAol E&(f) S

4
Z+zy SAE 71 HoxI 2 HOxIOD 2 4d7, voEF7]sdAF+AaWNISDHe ¥+ 7] EZ-E(SRMs) 4990B #
4990Cel o3 Aol¥i= wheb T TUF ouE zh=vh. V]EAHQ) FeE (AD 19502 VIEo®) 0.95 wje
C/°C 59194 H& HOxIo &3 Aolth. o] #Ah-4H @ (decay-corrected) A ™ o] de] ZA9} Ao
5t AAlY AEAE AR)el Ik, 2 ik 110tk ol #FA-FA4 ¥ (decay-corrected) AH
g olde HEAlet A FEattt. AA A=A E A=)l i, £ tiEf 1100,

rr

il

B

14
T AN AEe 2EEES Hoj oF 1 o3 fy (5 7HE & e HoleAd=ES

gad. o

2 Zo] woloANES Holw oF 1.019 £, C, oF 1 WA ¢k 1.59) £, C. o 1.04 U= °F 1.189] f, C. &

= ooF 1111 WA oF 1.1249] £,CS 742 % k. oo ® oE 4o g v JAEGN) R LA

= AAsrle] A9, AD 195092 "FAH 71" dAX(zero years
MC= UEbTE,  wi7] F9 "SE7] €2 (Bomb carbon)"E G-I 59 HH
ok g7l el o)y BxE, dF7] ©ae T4 o|F, AD

of th3ale] 100 pMCH.T} H T FAES HEHE A=
Zro] AWbHA A ZFasta 9l ol S @2 A
who] @ uj 2 A EE 107.5 pMCell 7 'C 54 (signature) S Holaks AL omatt, A4 ) FPESS
0] pMC A& 714 ZHelth., A A9} fi‘r“ ghae] A3 Ao pMC #-f-Z(content) 9] 3|A4& of7]3k 7

olth. 107.5 pliC7} @) whol vl ARES] ¢ TS eI 0 pMCF A5 uk AREE e Fa
S veEbdtha g o 2, Amel disk SAHE pMC FAE T e AR Byl fig vES v d sl
E Bof, e ForEE 100 ¢ FAE AMEE 107.5 pMColl 7M7he WAL g EAE AT Aot}
wheF Amrb A 7k BAEER 50 % SAHATHE, o= tiEf 54 plCe] AN B4 5SS AT Aotk
AESA 7kl ©hA SRR 107.5 plCek ZoW "100 %"elar, 0 pMCeh Zow "0 %"#hir A AT RN F

S
ok
S

=

"ok, dE E0], 99 pMCE SAHE HMES 93 99 T AEEA 7Nk g S ATE A
FAE AETH 7vre] B4 AdE ouei, ddle] AETH A5 e AR 7 ARZFE F
AE AR YA BE JBRES F23= AoZ AT, E wHAAA AHEE v e A=
= °k 50, 60, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99 EEE 1009 pMCE 7HE &
, B gAAo A AHEE blo] QA ES oF 50 WA ok 100; ¢ 60 WA °F 100; °F
70 WA ok 100; ¢F 80 WA ¢F 100; °F 85 WX °F 100; °F 87 WA oF 98; wE ok 90 WA ok 959 pMCE
74 $ k. E OE QAEA, B Ao AHEE Hlel e RS oF 90, 91, 92, 93, 94 T 94.2
o] pMCE 7Hd 4= 3dtt.

AZY 47 ALl g ANHE AWE d=e 2HBEY 2394

HdS 7hesiAl & v el R AE AA3] fekd, olF f3A e WEE EHo fHAE X
Fot= Az SF AEE, dF So] ok 4, 8, 12, 24, 36 L= 4847 B¢ v £ k. g Hor 2/
EE g o]F, MEo] dofXa, AWFH dFE A FE(AUE, & EE AbE)o] MPEA &L U8t
v oMY B Axe AWF d3E A e UdEAE AAs] et E4E S A odE 59, &5
AEZEo] 44 wAE d3le AAES] EAlel diste] HAER & k. AAES] EA diste] HAES)
= A%, o2 ®™ TLC, HPLC, GC/FID, GC/MS, LC/MS, MS7F AM&E 4= A|wt o= A3E A s B
(assays)o] AHgE 4 duh.  AZRF &5 ALY #FELS Wed ALF 43 = AW FTH(fatty
species)?] AAF =50 sle] A3 (screen)dt”] ¢k A (small volumes)[0.001 L WA 1 L9 =4
olE e ¥ Zgtad oA udE 4 k. duk FH(candidate) wFE T "S|E(hit)E"0] AR

(small scale)ellAl A=W, olejdt #FE52 A AW L3¢ == AW T/ AN 55 24317

= 1

9] AERFS7], BT (tanks) 2 =8 ZWE(pilot plants) Wel WF(larger volumes)[1 L WA
L19 vl WollA wikEct. o]ydh =k vk 2AELS Ydtes AWFH 43S =8 AW T/ A4S 471 §

& 2AES HAseH] flske] & rlaitore] IabEel s AHgE
A GHFE # AES d32e 2AEEY ol &(Utility)

dHlsl == B2

|

T 3gEs st ARgEH. dE S0, dHlsl=s TA, FAE 5o, HeolE

_29_
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e
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=BT RTTWLEDE S0 R WHY T HNETE W YN mmlmw
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%max%mﬂ%momv%%ﬂ%%7mo%uﬂwafmwl%mm%ﬂ%gwﬂo& N
1l 3 ™ o I o " W ‘H_a o ahy T W iR m X o TR W oF My o
= i~ - " 0 o o - iy T S QT
o o) of EK =X o _,r_o‘_ N = P o TO o)) R €5 Wr;L ™ Mnﬁ o " u M~_| s = 8 50
— EE j— N~ E‘.* = I 0 EE Z‘._ E.E o - O o — X - X — A A‘
0 E.E S EE ‘;Iopﬂ _ 0~ z.L T KX Eﬁ z.:v oﬁ ity ‘Ul o =2 N = 9 — o = C,* —~ o) = —_
Ao dp ok B o8 Uom ooy om0k o w R o g -
No fom e H o) o) BK T WE o X T H _ o) or L oT s :.L = oy m Ry N+ 20 c o~
Eaaﬂw%%i%z%@%ﬂ_tx%Mi,gé.w;m%%%ﬁ%@%u 2 ° %
ORI o ST O A I I R s 8%
;&H ‘A‘.ﬁ i T —_ e X ,mW mu_.o E‘.* k) T ‘;lmu — = ol o N Z.rl E..ﬁ \.WE E J N 0
Aoy PER R T e T o e mxE W yTugel S T
®RW DS HEw ° T g g MR R o W =
W 2 =2 L o T _ = = — = ok X o o s
oK T R ]11%01@%023 J.q —_ . st =
%ME@.MMMEE%%;%H@%%HO@3%w,wazﬁmfm%é%%gwr.@ Mwa.m
[ - R —_ 7 A n Lo X —~ — 1A e
I o= R T M L I I O = . O
T OB R ooy S =X 2 Ty P oo B g BN Y o Moo I 5 = b
Prg YR ET R AT iR AT des i de ¢ 59
= < _ N o . D = < ol o,
MM o oy Bﬁ MA@ 70 % ~ MA o E ) B° < o ﬂl w o " or N : mv o 1 M o EME G E
R F o BN M T oW R gy w ST e %ummm
pr e EEHETLY F Ry NI R T e T N om L
0 = j— X S [3+] - .
Eaut_%@.neoo,mgﬁu%ﬂﬂﬂoT%E%ATZEal,mm@ﬂﬂm_mﬂmm%EEdu N =
il fm TX w2 ey R EIM T g NGNS
e B PR T T R R o £
~ [ L~ = — 0 f i = O = =
o =k N7 0 olJ =T WA ] ~ e - < o X N o}
it 3 SR PEE AR B G N PR L oy s
Foy I R TR S - Sy T R E TXE
W %%dr %a«ﬂﬂdr ﬂﬁoxW%f@S E_bo%%@kmi . % g
R A FRTEX pTER N L8 g T e o :
st q MME WE_I ﬁo ‘M.o Mri .o Wﬁ :.L = Eﬁ e Y B ,..mur ~ mwo Mu . 1rLy E; . E ‘LI#] " Lf oT 3
-2 oL <O w T = o R o E.
e S T BT < e TR T A I T g g
wEwﬂ%moﬁﬂz%ﬂ%m_@%&%MEVKE% pEL T NIRRT B ET
T f o O fax ' — X ~ ~
° aélmm&wuﬂl,mo%fmmmwﬂxoﬁnvﬁ%mﬁ%m@ BBy O
Cr Pl Ko w~ e e PRy T T AWy 4 @i T
el HEECATHETTI M = S I P
N =T TR B N o HOI jo = = T ! = M.o _ o H % o iy X or U — A.._ S
s PR TS Ao p P TR T SNCI o= S
< T T ., B o= B aSe = T = )T g o AR s HEILDY UG R R
o= e W Koo R Bz TR ~ T M T T o o D
= do 2 R @ om n_moqﬁlﬂﬂﬂl ) Ny ow ) or H A - 4 = k- < Ko 8
N ° B N o X W = e M A - S =
~3 - =) B o B 0 T Ty =y 5 " : QB =
- X 50 X7 m do o oy R B o 25 o) 2% Lo PRz 2
gi%émﬁ%l%uHaio%ﬂmoﬂodudvﬁmﬂ R o B %,qorLE W
P U BB RFE - T ETda g Tode 4N 2 o2 F O = o 88
TR TR e BT om BT s Ty 88 L RES
TR TR I R T P R IR LB Y e 2SRy R =
W9 e rod By mpweps EPT . HSE W % ol
st R — E.E * X0 ~o = -~ o = = of E..ﬁ » = R fi EE 1#_. ol 1_,.Ad
rija R N W M T g0 o mo o Wr TR Mo ® T N ~= Z 5 = U I ey
0. ot RO N N o= T T O o 5 2 e 3 - = = % o~ oo
. B oy 63 . X <74 - = H - B B T CIEGS —~ XN 7T o <
—~ g ™ o o N ) = X0 o) - o O = X N = BT r X = il — B o
_— = X —_ KL _— — ﬂﬁiono N X .I.IATuA N
U = o 2 R No ! WK = o B T W o T N QL P S %o T o T T g
CHLR Moo TR o e B Lo A T o 2 &y = oo < < % TR T
WH UM EHK M RBP PR MET NPT NPT LMW EMRT I NTT MWW R TR 2W

[0104]
[0105]
[0106]
[0107]

g v = pkDI3E

=

=4

1 (A7]19] Datsenko et al.,ol] 7]x1%)
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|

2 PCRol| ¢

=
=

2o v

A

Del-fadE-R

=

F5’-AAAAACAGCAACAATGTGAGCTTTGTTGTAATTATATTGTAAACATATTGATTCC
wul

GGGGATCCGTCGACC (SEQ ID NO: 9); &
R5’-AAACGGAGCCTTTCGGCTCCGTTATTCATTTACGCGGCTTCAACTTTCCTGTA

GGCTGGAGCTGCTTC (SEQ ID NO: 10)

Del-fadE-F

Del-fadE-
Del-fadE-

[0108]
[0109]

[0110]



[0111]

[0112]

[0113]

[0114]
[0115]

[0116]

[0117]
[0118]
[0119]

[0120]

ZIHSd 10-2017-0113710

FE Jhwlelal A8k (kanamycin resistance: KmR) 7}*1]‘53 SHEA 7= AT, o], PCR A=
o A A 3 WA 4 A7 Fot ol w e AR FEEHE (A9 Datsenko et al., o 7]A1F) pkD46E g3k
7] A7 (electrocompetent) fZa NG1655 AEES A A7) = AFEHATE. 37 TolA o3t thAlE <
Al(catabolite repression)d& X 713 3123&}% vj kol (super optimal broth with catabolite
repression: S0C) WA WlelA 3 A7 Bk A olF, AESE 50 pg/mle] Fiviolale el Luria
agar ZolE ol Hdaf(plated) HAT. A4 FEUY(Resistant colony)Ee]l AHHJL, 37 TolA 3t
Zab e & FYEAT. fadE FAAE lL]’H(Dlsruptlon)t gt fadE FA2 W AR =S
AAE, fadi-L2 2 fadi-R1 Zelo]m S-S AR&ate] PR S0 o3 el it

fadE 24 &<l Zefo|mEd

F

==

o
5

fadE-L2 5°-CGGGCAGGTGCTATGACCAGGAC (SEQID NO: 11);
fadE-R1 5°-CGCGGCGTTGACCGGCAGCCTGG (SEQ ID NO: 12) o|t}

fadE 224& gol3 5 dd F2Yr} 479 Datsenko et al., ol 7]A® wpe} & p(P20 ZEfAn =g ALE
st KR "HAE AAS = AREEHAT.  fadE FHATE AAEL KR oFA7F AR AHH R dojzl
(resulting) MG1655 Dj3F7¢ w5+ 3+ MG1655 AfadE S ofZFe~ MG 1655 Dlolt}.  fadE #-#x7F 24w
MG1655 et el o)k AWt FEA("F A S/") AL figer NG1655¢ o gk A Ak A AL

AF A
HuEgrr, MEZEELS A ZeAn= pDG109(pCL1920_Prge_carBopt_12H08_alrAadpl_fabB[A329G]_fadR) o &
2 Ha(g

HFAASE Y 3, lucose minimal) ¥iA| WellA 2FEHAT. = 50 eEbd HolelE fadE &
AA7Y Aat A Aibell s PR EdttE RS YERdT.

1~ﬂ ﬂJU e

Ao 2
olAE CoA FEE2EA LA WiEE - At A4 A2E B EH=Flwx) 7t

AHAE Aol 23 ATFAEL DR2E-CoA B ol E-CoAoltHE 1). o]&3 AFAEL g oA
A AFAE SEE Attt HoE ArEnt. O] AAldel A, 3 acc LABE[ZF Y B ES FF

n]#H( Corynebacterium glutamicum) accABCD (£birA)]2 A, g7t oA ofdld-CoA & E=d
CoA A F742 olojxitl, 37FA FoWellA, T2d-CA FXZ F7HN 717 Ystel, Zgyute el F7

HF(C. FFEHF) ZHE O ol E-CoA 7F28detolA a4 B{AE g/da ol FTAEUT.  ofAd-
CoA ZFEEAetotA(acc)w= Ul 7He] 7/PEAQ] ABFH (subunit)EQ! accA, accB, accC 2 accDE o] Fofzl
(%= 3). €. ZFFEHF accy o172 F /M MEFRES] ZZF acc(B 2 accDA?l &3 duldz dddo=
dolar, o] ol HPAR] LHE LolstA gt FIFHOE, accB AEAFHE HL”EEA = . FFE]
# birA(%E 3)7F F2AGUT.  AAe] 3& AA fab LHEZEF A acc FHAAEY FF HFAS Ay}

-

lom

o

Ao 3

2 oM At A ARE B YRS STV AR A i el Bold
ZAERTE 9 AA AR AEe] 2d 2 Zde] gide A A wdAEe] AEd = 2
FE RS, o] ATelA, Bold FrIAERFEH At A

, A
A}, iFABs 130-1458 93 16 79 #FEo] H7FE Yl iFABs 130-1459] AMA|st tx: 3§17

iFABs ¥ 10| et}

_31_



[0121]

[0122]
[0123]

[0124]

[0125]

[0126]

¥ 1.

iFABs 130-14594 27 =

ZIHSd 10-2017-0113710

B (Full Description

_stmRp . AeEAT HDREA
nSt_fabH 24 RBSE EErsts NEIFAT fabH RHX
sStfabH | &M RBSE mESIS FEIEAT fabd REX
Cac_fabF = gie| 2 (ATCC824) fabF 23 xr
. Stfabe | NEZAp fabG AN
St_fabA FEZAT fabA SHX
stz | | AeExg fabZ wER
BS_fabl AR A MEEA fabl REA
_ BSRabL | HIAEA MEEEA fapl SHRE
Vc_FabV 2222 fabV FEA
EcFabl. | a7 fabl S}
ztzko]l "iFAB"E o 22 &A1 thYksh fab Trxw—‘é—% Z3gtt: 1) A A-ACP A E A (BS_fabl,
BS_FabL, Vc_FabV = Ec_Fabl); 2) b-#AEo}A-ACP &4 &4 M(St_fabl); 3) Zd-CoA-ACP o} AT E A
(St_fabD); 4) b-AEFA-ACP FYPA(St_fabG); 5) 3-3FO|=FA|-o}a-ACP ©FaA(St_fabd EE

St_fabZ);
a4 A (ref)S 7HA L
Zh=tl= Aol

6) b-AESIA-ACP /@& M (Cac_fabF).
, Cac_fabF&=
&3} Zhu et al., BMC Microbiology 9:119(2009)].

St_fabAx= ®3F trans-2, cis-3-dA|x=A-ACP o] A3}
b- ﬂ]Eo]_N -ACP ﬁl—/\‘]:g‘_}\ I :d—x—] U1 b- ﬂ]Eo]_N -ACP UL/K-]:Q‘_/\ I%]—C-)]
iFABs 130- 1454 EA 24 tsto,

3719 § 55 #F3}. FAB138Y] UZFo TEE cat-loxP-T5 TRRE]Q EA(% 7a); % iT5_1389 =4
(= 7b)& £33} iFAB138 44 A2l (locus) el =42 HAME Al338l: = 7a 2 = 7bE FE30)
X 2. iFABs 130-1459] %A

0 0 1 1 0 1

ifab131 R o 0. i -0 S in S0 e 1

ifab132 | 1 0 0 0 0 1 1 1 1 0 1
b1z 1l 0] 0 ToEiiico e i 10 i 1

ifab134 0 1 0 0 1 0 1 1 1 0 1
Cifab13s | 0 - 1 0 0 R o T Een i 1

ifab136 0 1 0 0 0 1 1 1 1 0 1

ifab137 | 0 - 1 G007 0. 0 1 Tl S0 1 it

ifab138 0 0 1 0 1 0 1 1 1 0 1

ifab1z0 | o [ o et L0 = 0 1 1 SR0 i 1

ifab140 0 0 1 0 0 1 1 1 1 0 i

ifab1ai | 0 0 i 0 0 i i e 0. 1 i

ifab142 0 0 0 1 1 0 1 1 1 0 1

ifab1a3- ] on o il o o i H0 et 1 w0 i i

ifab144 o 0 0 1 0 1 1 1 1 0 1

ifb14s | 0. [0 | o oo T e T 0 e T
3z = o o,
Z2m = p(L P tesAs 24240 552 FAATHUL, E32C %237 CE BFAA dojA ==
° . . - - -
fE(induction) ZFE 2047k FAZ WA el A2k, o] F¢] ZelolE madornE F P F7o
Abell gk HlolBh=s = 6a R = 6bell YERATE.  o]2ld glolB 2] ™ (library screen) SENE, 7

o FZAE= FAB 138 X 3bsl: DVeE AAHATE.  iFABI38 FRAE w3 EGI49E WHEY] 98iA #5
D178 U= o]FH AT, o] #F= F714< Zz}oﬂ A}ﬁﬂomr EG1492] Als el iFAB1382] M L& SEQ 1D
NO: 130® uyEiv.  F 32 9 r/Wz? Ein a4 5EAS veda, & wWAAelA AREe Ty
TEAES Hee FHavE=Ee] Y] dFE LHE st7le]l AW EE vkep o] E={iFElth. ol dFE
9 ZgaueEd e W] ofshet A 1011 of gt AxH w5+ AEE, W (culture)E 2 FHRES 9

o AFREAT. FE 39 - WA (genetic designation)ES B V)& Rold ddxEA dER EF
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[0127]

[0128]

[0129]

[0130]

[0131]
[0132]

[0133]

[0134]

ZIHSd 10-2017-0113710

R 3: g7 45E9 34 54

i FHA o
DV2 MG1655 F-, h-, ilvG-, tfb-50, rph-1, AfhuA::FRT,
AfadE::FRT

DV2.1 DV2 fabB::fabB[A329V]

D178 DV2.1 entD:;FRT Pqs_entD

EG149 D178 AinsH-1 lP]A(‘[va—IFAB138

V642 EG149 rpht+

SL313 V642 laclZ::Pa; 'tesA/pDG109

V668 V642 ilvG*

Fitn 78 E4M
LC397 V668 laclZ::Prrc_‘tesA(var) kan
SL571 V668 laclZ:: Prre ’tesA(var) FRT
L.C942 SL571 attTn7::Prrc ’tesA(var)
DG16 LC942/pL.C56

V940 | LC397/pVI711
D851 | SI571 yijP:Tn5-cat/pV171.1

ZoAvEE: pDG109, pLC56 =2 pV171.1& carB El tesA2] o}eFsk iRy
pCL_P;._carB_tesA_alrA_fabB_fadR ¥ &o|t}. {FAB138-2 SEQ ID NO:139¢|t}.

e
s

A 4

rph 2 ilvG Sl S 3 E(Repairing) AR 2ZR £ AHAHEFFA) AAE9 < =7}

ilvG 2 rph EdMol= olgd #F ol & (corrected) o], © w-e& FFA Aito] opr|ddut. #FE
D178, EG149 2 V668(3E 3)2 pCL_P._tesAZ FAAZHJT. pCL_P,_tesAE X33l= o5 D178, EG149
2 V6682] FFA AAHS vlwslr] Yate] 40 AJZF 5<F FA2 %] oA 32 Tolld wark A= det. rph 2
ilvG Edwolo] 42 p(L_P_tesAS X385 2714 (base) TF2 FFA AJito] dolA 116 % S7HE oF7] 8}
gk, = 8o vrebd wpel o], V668/pCL_Pyr_tesAE D178/pCL_Py.._tesA B3 EG149/pCL_Py._tesA THZT-H
t o B2 FFAS A4Stk FRAE LS9 A =59 AyAlolnz, o @2 FFA A A= +57F 9 =
2 F A (higher levels)Z LS9 WA ES A & Qi 2 AFolth., &g 2 FEFL 7] dAH+= &

& FALC a ZeR3d mebr APl

AeEE g3y 779 48 A wWH upo]Y(cell bank vial)2 115 ug/mLe] FEZ AHE| mnfolil FAYE
A (spectinomycin antibiotic)& &3l 125 ml ZA®E (baffled) FE &= W9 20 mLe] LB #jYd
(broth)E % (inoculate)s}7] #3te] AFEHAT. 7] I® 8235 U= 6 AIZE &9 32 TolA 33

X®7](orbital shaker) WlolA wjkEdar, o]Fo] 1.25 mLe ®iYNe 500 ml AW Azt A" Zgkxaz
(baffled Erlenmeyer shake flask) W9 125 mLe] Z2 PFA2 %= wiX](low PFA2 seed media)[2 g/L NH/CI,
0.5 g/L NaCl, 3 g/L KH,PO,, 0.25 g/L MgSO,~7H,0, 0.015 g/L mM CaCl,—2H,0, 30 g/L SF 322, 1 mL/Le "
2 F7)2 &N (trace minerals solution)(2 g/L9 ZnCl, - 4H,0, 2 g/L9 CaCl, - 6H,0, 2 g/L¢] NaMoO, - 2H,0,
1.9 g/L9 CuS0, - 5H,0, 0.5 g/L<] HiBO;, 2 10 mL/Le] == HCl), 10 mg/LY T4+ H(ferric citrate), 100
mMe] Bis-Tris =N (pH 7.0), % 115 pg/mLe 2=FExnlo]Al] Y& olBx i, 32 ColA &9 g7
Aol A v AT, 100 mLe] A& PFA2 HE viUE(low P FA2 seed culture)2 Ao 1.9 Lo HuH Fl
AENRS Y] g wiXE EeEl=, 5 L Biostat Aplus AEWHS-7|(Sartorius BBI)Ol F=Yst=d AL
A7) wiA = Aol 3.5 g/Le] KHPOs, 0.5 g/Le) (NH,)»S04, 0.5 g/Le] MgSO, 75-8}& (heptahydrate), 10 g/L<]
W o3y FFF22, 80 mg/L 794 H, 5 g/L 7] =4H(Casamino acids), 10 mL/Le] B+ o] 3% n|gk
FA gN 1,25 nL/Le HBi 7% HEN £[0.42 g/Lo] @RI, 5.4 g/Le] HERA, 6 g/Le Yol
oFAl(niacin), 1.4 g/Le] I2]=41, 0.06 g/Le] v]o¥l 2 0.04 g/Le] Pik(folic acid)], 2 7] HF HiA
of o8¢ A FU} T AFEwnfo]iloR o]FojA gt wY=E9 pHe 28 % w/v YEUYIFE o] &
3le] 6.9%, &%+ 33 CTH, 37 F3%H(aeration rate)< 1 1pm(0.5 v/v/mE, L8lal A4 H 3Z(oxygen
supplementation) % DO Alo7]o] %< H<(cascaded) ¥ W F+X(agitation loop)E o]&35le] && 2 &
QF(dissolved oxygen tension)< 30 %9 X3==2  FA3AT). A% WA (Foaming)&  #E A A
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[0135]

[0136]
[0137]

[0138]

[0139]
[0140]

ZIHSd 10-2017-0113710

(antifoam)[Dow Corning 1410] 7|¥F Ag& oA AF2A < Ao 28] Aow ).
z27] WA U 23227 (79 F U= 4 WA 6 AZE o)) A9 azdd Aol 3.9 g/L MgS0, 73=

2600 g/l FFIAR o]FojA g FF(nutrient feed)o] 0.
(exponential feed rate)’} % ¥ +=(under) 10-12 g/L/hre] LAZ F
maximal glucose feed rate)® AZ=E A, 2 Lo HEA] (nominal
FA 3 o=k 3 WA 4 AIZE Fol) 1M IPTG A &9 (stock soluti
AUS] ODell o]ZA & uf, AEWEY] YA AW d3E AYito] FEEHUTE. L F
T oM BEH(sampled) H A, FH F digF 72 A7F Fol] FEEIA
broth) % 0.5 mLe] AMZL 15 nL 923 FH(conical tube)[VIR AHl WZ AR, 5 me & olAEo]E
o} $bd3] EFEAT. EF3S] fete FRE B2 A HAAL, 2 o gk 2 B Fe FAA LE&Et
A= 5 th(vortexed). ©o]F°, FEE= #715% 445 (organic and aqueous layers)2 #&35t7] 93t
ol 5 & T dAwHHAL, #7159 I (portion)E 7hx ARmEINY A& k] fE] nlold
(glass vial) W2 &AX

[© RN
2
tlo
—
=
=
lo
B
of\
off
H
=2
i)
N
N
oot
lo
fit
=
()]

i)
)
ot
el
%
kﬂ‘ =
M o2

4

gl o8 AatEle ANE dmge] 9rt, &, AAES AATY] Y5te], ERAEE EHo] {3
2 mE-tF 2Fgdo] AAEA, §93 EdWolEo] AlAY (sequenced) H AT, yiiP #F W EWRAXE
ZE Y-S Ay Zgtam @ f7) Hjg 2E O EFoN #5o AwE d3E 85 AN Row e

Fe AYS & & ==

g #o FAAE S ® 3o ATt o] Fdf, An
2~

o|Fol FE olAEo|E

HEoln =) 2 FXA3H(derivatized)
Ast7] fste] BE A A E wwlo)
FE Ay, dxTRg o 52 ¥
Z25S Ao ay 3| E(Hit)So]
ate] g Zepaa waEelA AFEAY. R T SL313%F EWRAEE
T EF FAE 97k F AW F/HE AASIY, 68F112 dERTFET ¥ 52 HAER S 43
E At AL etk LCs35= WH e, S|E(hit) 68F119] 9 FEY= EdATE A 9
laty] glste] AT, b e, Al DNAE AlZARe] XAl wEhA 7R Fungal/Bacterial DNA
MiniPrep™(Zymo Research Corporation, Irvine, CA) 7]E(Kit)E ARg3dle] 10 mL 3FEwo] A H(overnight)
LB MIFE=25E A=A, AAE A DNAE 37]1¢] ERAEE U9 Zofo|WES AMEste] ERLEE
vl A Al = A

Q
K

= ) ?_]_ =
< LBE FHdle He-F(deep-well) ZEo]EoA Zolx, shdt AdAHo, Mz LB Wl F4
(inoculated) ¥ a1 3AIZF ZoF A ZAoH | N2 FA2.1 viX] Wol] FAHAL, 16417 S¢F AAA| 7 om
2 AbgEte] FZET. mAA FEES BSIFAN,O-bis[EFHE AP EZZF o 2o}
] X

=
GC/FIDE ARg3sle] 459tk pDGl09 Z&ksm
100 mg/L)e]
A g

Sk, w5 68F110] 3 E(hit)ZA A AL, FA2.1 ¥lA]
3| E(hit) 68F112] H]nli=,

>

A

=

=,
(m
tt

|

2t
=z
N

N

M oo WY o Ho

Ny

=

DG150 5°-GCAGTTATTGGTGCCCTTAAACGCCTGGTTGCTACGCCTG-3?
(SEQ ID NO:14)

DG131 5°- GAGCCAATATGCGAGAACACCCGAGAA-3’ (SEQ ID NO:15)

oy

g 2> > o

T LC535% yijP A o] EREEE SIS 2eF AAHJIHE 9). yijPe 7)o EEHe
Y5 = d¥ A (conserved inner membrane protein)g QIHICH  yijP FAAE LHE o &A43
2 EFEA FERAGOIAE IAH s ppe AR, B LEAA FS 71Fe ddE= DNA-AF
Alo] 1A} (predicted DNA-binding transcriptional regulator)& Sl1IZY3dI= yij0 FAxIe} kA FA 9
(co-transcribed)|th. ofute, EMAEE F-O Z2HEHELS yijP, ppe B yijoe] AAF Al7I(timing) R
Fa(level)dl 93 wxa, A FAXE frwd, pflC, pfld B argEll® F&FS v& 4 vy, EWANE
& JHIE Ui ZR2REES £ 9o YERa, ek Ak e %S A F oAk, o5 L35+
oo Aeld dRE fo i dgeA] HrkEAT. 7 odE K54 Le5357F tjxT SL3I3ETH ¢ %

= a1, BhA FYJ & (carbon input)ell A8 1.3 WA 1.9 % Ao} $&
SHAL. yijP EWNAEE JMEE FrHH 0 R Ao|dt F V9400

[

O A~ 0. 0O =]
& FES AL AWE B2LES YWY
[e]

(absolute yield)o] WA= Act= Ho
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[0141]

[0142]

[0143]
[0144]

[0145]

[0146]
[0147]

[0148]

[0149]

[0150]

ZIHSd 10-2017-0113710

W 4325 AAS Y. yijPiiTnb-cat 7 EE 317

A B{I QAL o] i SL3I3ETF O] & 82 A
55 AMgsle] o5 LC535EFE FEH Q)

o ZeholH
LC277 5
CGCTGAACGTATTGCAGGCCGAGTTGCTGCACCGCTCCCGCCAGGCAG-3’
(SEQ ID NO:16)

LC278 5
GGAATTGCCACGGTGCGGCAGGCTCCATACGCGAGGCCAGGTTATCCAACG-3’

(SEQ ID NO:17)

A3 DNA= o5 SLo71 W= A7]H-F(electroporated)HA3L, lambda red AF3F Al=ES ALEdle] GAA|
Y2 =Y. FEYUES EWAEE oo g oA 7|9 Zto|HES ALt 23 EdEH T
DG407 5°-AATCACCAGCACTAAAGTGCGCGGTTCGTTACCCG-3° (SEQ ID NO: 18)

DG408 5°-ATCTGCCGTGGATTGCAGAGTCTATTCAGCTACG-3" (SEQ ID NO: 19)

23 gle=(correct) yijP EWAEE MM E(R 9)F Xdsle F2Ye #F D8B1S AABIEE il ZElan
= pV171.12 FFASEACE. D81(VY40 yijP::TnS-cat) yijP EWNAXLE FHAEE {34 &= 52 #
AR (isogenic) = V940¢} tixste] 1% Zetx~d dadA] HAEHJT. o] #ae] 4 2
EE FHAIEZF V940 o59F vl alsked D851 %Toﬂ o ¥ £ HAES AHE 4FE LS Fofstar, V40
2T dFAYE FARE 97 B AR SRE AAEE AR YERt. 75 D85l F

2 H7F A ZaelA FrkEAT. oldd daEe] did doleke i 99 YEra, U] R 47 5-FEH Y
71 wjFa wtaol QlejA, yijPiiTns-cat EMAEE FYUS Ze #5500 F AW TF(FAS") &9 57}
2 HAE AL dIZS('FALC") Y F7HE Zethe e w0 BRoerh. "AW F/H"s FALC B FFAE X
Eia=

¥ 4: FAS € FALCY 9/t © &9 g yijP ER2EE A9 a7

A

o FAS &7t FAS =8 4 E FALC | FALC 8
V940 68 g/L 18.70% 95.00% 17.80%
D851 70 g/L 19.40% 96.10% 18.60%
V940 64 g/L 18.40% 91.90% 16.90%
D851 67 g/L 19.00% 94.00% 17.80%

B9 ¥ ¥ (Tank Fermentation Method):

%ﬂ el A o] Ak ol ~H =5 ks Brstr] flste], dste w59 SelAlE vhold(glycerol vial)

g Zok=a el 20 nl LB+ = E muteo]dls F918h7] flsto] AREH AL, oiEf oAl AIRE 5F 32 TollA
H%E]‘}M. 4 mLo] LB wloFE-S 125 mLe] A& PFA A Wl (Low PFA Seed Media)[3}7]]ol F=943}7] 98t
AREEIR AL, o]l 32 C FA'RIIAA - wigE AT, 50 mLe] o] Ak wldEE 1 Lo B wjA|d
Fost7] Yste] AFgEAY. #BaE 16 g/L/hr (FF3e2 = Heke)o A T3 (maximum feed rate)
S 7FAY pH ZH(stat) 24 3kl pll 7.2 2 30.5 Coz ZFH AL},

5: A2 PFA 2% wlA (Low PFA Seed Media)

Me =
NH,CI 2g/L
NaCl 0.5 ¢g/L
KH,PO, lg/L
MgSO4-7TH,0 0.25 g/L
CaCl,-2H,0 0.015 g/L
EEETPN 20 g/L,
TM2 0|z 27|32 89 1 mL/L
Fol M 10 mg/L.
Bis Tris 2% (pH 7.0) 100 mM
A E| ofo] Al 115 mg/L
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[0151]

[0152]
[0153]
[0154]

[0155]

[0156]
[0157]

[0158]
[0159]

[0160]

SIHS3 10-2017-0113710

E 6: B3 A
HE 5=
(NH4),S0,4 0.5 g/L,
TodM H 0.034 /L
TM2 o|g 27|& 89 10 mL/L
FhAta| o &H Casamino acids) 5¢g/L
Hd F A 72 (Post sterile additions)
MgS0,-7H,0 2.2 g/L
o| g H|ER] 2N 1.25 mL/L
Z=a0A 5g/L
& Z 2 (Inoculum) 50 mL/L
EREN:

CarBol N-2¢+ 60bp 83 ®)Z(Fusion Tag)¢ 37} CarB60)

Sudl gaE, gy, BA EE /15 I A% BE PuEel EAR. CaBel $AEE F7
A7 @ A geEeld, §3 Bovk 94 Aol 22Yd Ak CarBel WAL 3] A9
Aol dug AT LARS) T ZERes dsE £ du elUd AFelA,

6

2
1

NO: 7)& N-get 60bp &5 H1E #H7isto=A Wy, (& PAlAMA "CarB60" o2 A3}
=) taagﬂ Gl dS WA 7] $5te], carBe W WA Blr]9] EZefo|HES ARESte] pET1ch WH U= S
9 A

5’- GCAATTCCATATGACGAGCGATGTTCACGA-3’ (SEQ ID NO:20); =

5’- CCGCTCGAGTAAATCAGACCGAACTCGCG (SEQ ID NO:21).

pET15b - carB FZAE= carB @AY w2 AFo(directly upstream) 60 719 FEHLE=ES
g 5190

5

ATGGGCAGCAGCCATCATCATCATCATCACAGCAGCGGCCTGGTGCCGCGCGGCAG

CCAT (SEQ ID NO:22)

carBY &3 Bl vAE carB60oE AEHEATE.  o]F o, pET15b_carB60-S A3+ & A(restriction enzym
e)E Neol @ HindIIIE AF&3le] E&fl(digested)H AT, TUd G250 98] Ah(cut)®E pCL1920—F 2] =)
= WE 0P80 U2 AMBEI 2 (subcloned) | Att. olelgr EFefAw| =& FALC A4S H7bshr] fleke o5
V324(MG1655 AfadE::FRT AfhuA::FRT fabB::A329V entD::T5-entD laclZ: :Pye'TesA)® FAAZEUAY. +5
< (7]l 8.9%kE=) BF Aabel webA HaEHJn, F AL FTH IV 2 F ALS g3&o] 9Upt
d%3} (quantified) FtF. = 102 CarB60o] AW 4329 97ls S/MA7I2R ) o554 (multicopy) =
gan =R RE By E A

o

_I}ﬂ: A

o CarB60 & A7} CarBEU U] & F MXE &84S zhe=ts AS Yeldo.

(e}

7o
At A5 WS d3s] AS HUksh] fete, FAAEAEL 37 ColA FAEd(antibiotics) 2
BZE 2 nl9 LB vl oA A=, skt Adadsk $ol, 40 ul9] WYE2 JAELRZ BFE 2 ml
o] =& LB = %A4A 3 AZE s S, 2 mle] MlSES 20 W W FU1A &9, 10 wg/L FAAE
H(iron citrate), 1 ug/L E]O]—‘ﬂ 9 FANEA(FA2 HIADE BEH 3 6 2FILAE E3sE 20 mle] M9 Hj
A& ke 125 mb EE23 Y2 SAAY. WEEY Dol 1.09] Estes 49, 1 mMY IPT6E 2+t
o FetxFo| HIFHATE. 37 ToA 20 Al Bt st o, 7o) EFAaRREH 400 o] WEES
gojla, AW dIEE] 400 we] HY olMHCOER FEHUTE. FdE CarB 49 WirtlES WS
olallsl7] 93}, CarB60L 'TesAS %L%a}z] &= 5 D178(MG1655 AfadE::FRT A fhuA::FRT fabB::A329V
entD: :Prs—entD) 258 AAE At 23] DA, pCL1920_carB60-S w5 D178 FA AL, o] X|ut
= d3s ANS Y5t 2&HY, BasE 2FEerpo]Al(100 pg/ml)E BFE FA-2 wX|ol A 37 TolA A4
Hltk,  wmlFEY 0Dgeol 1.60 sl Ao, MESES 1 mMl oJAZ2E-B-D-FodadEygA
(isopropyl-B-D-thiogalactopyranoside: IPTG)E H=FHS, 37 TolAd FrHHoz 23 A7k E<t
HI R QATE,  CarB602] AAZ 918te], MFEELS 4,500 rpm@ = 4 ColA 20 ¥ F¢F dAEd s =3H
o}, A¥E Ho]~AE(cell paste)[10 gle ZZHolA AAAIx ZHed & (protease inhibitor cocktail
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[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

SIHS3 10-2017-0113710

solution) 2 BugBuster MasterMix[Novagen AF19] 12 ml o AEHUT. HMEELS Zdlx] T =(French
Press)ol 98] E5Na, Zaxoz dojd M EEH N (homogenate) > M E 33 & (cellular debris)< A7
3171 93kl 10,000 rpm_‘li AARGEJY.  Ni-NTAZF Bapg oz dojzxl EgEe] HriEda, dgo
(suspension) 344 Z®7|(rotary shaker) ZgolA 1 AJZF F<eF 100 rpme2 4 TeollA WY =k
(swirled). %Eiﬂ(slurry)b Ad W2 Foxda, F39(flow-through)o]l == ATk, Ni-NTA =2 300
mM NaClS &3l= pll 8.09] 50 mM SIMUEF <5 el 10 mM ojvgZE2 AAEAI, 300 mM NaClS
3= pH 8.09] 50 mM QIXMUEF =N e 20 mM o|r|tER Fr7HH oz AAEHUAT.  CarB60 Tz
300 mM NaCl& -3} pH 8.09 50 mM SIAUER <9 9] 250 mM ojv|tfE= &2 (eluted)F L, SDS-
PAGES] 98] A=, dAS pH 7.59] 50 mMAIAMUEE =9 el 20 %(v/v) FE|A=ol JOH E“ﬂ
o, &< ZE(liter) & HEF 10 mge CarB60o] AH&F At w¥lAE& F<4 W5 (flash frozen)H
228 wW71x] -80 CTE AFE A}

CarB60 wuldLe thsiz Zglan|=z2RE F83|(abundantly) ZEHAT. F7FF<e SDS-PAGE HA&
CarB609] W& o] CarB ¥t} ¥ #rhes AS YeRATE  CarB609 o =& T
3 carB60 AR BA3 999 carB FAART ¥ @e dwAdS gakdi
A& H2ZESY] fste], carB60 FHdAe gl GAA U2 S@FEAY. res] @A, carB60 A=
Anpek Zelolv (forward primer):

5 ACGGATCCCCGGAATGCGCAACGCAATTAATGTaAGTTAGCGC-3’ (SEQ ID NO:23) : m odubsl  alo] v (reverse

[}

primer):

5-TGCGTCATCGCCATTGAATTCCTAAATCAGACCGAACTCGCGCAGG-3” (SEQ ID NO:24)

THH A

£ A}g&to] pCL_carB60= = WA

Al 2 PR B &2 483 Zefoln:

5’-ATTCCGGGGATCCGTCGACC-3" (SEQ IDNO25) . w1 cympar s gl
} 3 :
5'-AATGGCGATGACGCATCCTCACG-3’ (SEQID NO26) = a}g3e] wlE] pAHS60.2 =E 9T},

olgal A (fragment)S ZhmlolAl A &A FFA E(kanamycin resistance cassette), AattP ¢ 2 yR6k
B4 71Hd(origin of replication)S 3&3tct. F 719 PCR AAEEL ZgtAn= pSL116-126S A5
9)3led InFusion 7]E(kit)(Clontech AHE AF&3ted H&(joined)H AT, &y Zef~u|=(helper plasmid)
pINT ¥ 'TesA12H089] %3 &E|(integrated form)E TFole= AWEH 432 A 455 carB60 FAAE g
%_} pSL116-126 H=+= carB §4AE dF3ts 2= F27 F o= sz A=Y, ol e o5
52 7)ol AdE wiel e, M Fepem dao s BT dAECd uwhEha FA2 viA] dlelA] R ).
= dFEE YW AP d2HE2ES EAAST AZFsEr] A8k, B o3} A=7]({lame ionization
detectlon "FIDMel dZA2¥ 7t~ AZwEa I ("GC")7F AFEEATE.  HAGA FEE2 BSTFANN,0-bis[ EZF]
HE AL EgEF 0 ZolEoln|E) 2 F A8 (derivatized) FaL, GC/FIDE AM&ste BAHAT. A3}
= 7l AZRvEI#I(GC), A 4 7](mass spectroscopy: MS), € ELEUPEJFJ]‘](thin layer
chromatography: TLC), 1-A% A I2ulE 713 (HPLC), NA I =2ZrlE28di9(LC), &2 o]=3 #HAZE7|d
AZ% GC(GC-FID), GC-MS B LC-MSE =&l o2 A=A &= AeE + e —Eréi Bk ofyel, A7)l
ArE GC WS AFESte] Uddt sxo HEE AF5HE TF EZ(references) S FUToZH AAFAT
ZY e =] Bdol dlste] HAEsE Ao, 94" EE2Y ) 2 ¥ E=Z¥(dot blottin
@) £ V&5 AHgE & 9l

Ry
OEE FIO 01

(Western blotting

Mol #FS9 = AW AAE Arl= §AH2.4 g/l & A
+ Ca

W 7)) skARE, B3% CarB602 N-Zet Ej rBe} vl ale] ¥ & v &(greater fraction)® CI12
9 Cl4 A& Zolo] frg] AiteEs AYE %fi%% 2 AZAZY. olgfgt HloJEl= CarB60E THA 7= Al
EEo] U EL Axe ERAM Sdas 48 VXA, Y B FRAE WS ISER A8ANE 3
e AS AAbet. wEbA, AR Yo F3tEs A5l carB60E NAE carB ®ES (template)o] i, 7]
M carB HERS AME carB HolAES 2WHel7] f38te] carB FAAE T (evolving) 21717 $1g s}
= 48 ATt
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[0169]
[0170]

[0171]

[0172]

[0173]

[0174]

[0175]
[0176]

[0177]

[0178]
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Ao 7
CarB < W o] A (Generation)

CarB E4+F A5lst A2 275 slolA] AW =z AYitel 9l
EAsg. a8HoE AW d3SS ALelr] 9lste], CarB &
A

A E-Al3 GA (rate-limiting step)oll
o BA4E& FUMATI7] e = Eo] oF

B2

Q5 Wik PCR #olB 2] 2~ H(Error prone PCR library screen):

25 R PCRE AMESH F2H9] Eddoe
fidelity)7} W& =715 stollA 3= S
PCRol| ¥ oJo] m&-djg ~Aedo] (3}7]
o] M3e FUMATIE Fog EdRolES &Y
AER EAROAZT. T wd ofm Al EWo

He AW FFY Pl&(fraction)s F7MAIZEY. s8] DElA, FA9 EAWol= Genemorph I 7]|E
(Stratagene APE AFg3te] % Wik PCRo ¢J8l carB60opt -FFAxfoll A EAE AT, EdAWolx= FEYo] &
o]l JHHAH O R carB60opt T 7N =W Ql(domain)E F 232 3 ZHoloA wrAE Y. FeolBdg 1&
carB60opte] FWA 759 VES TR, 719 ZElolmES ARESte] F W PCRel <3
R = AT}

HZ117 5°- ACGGAAAGGAGCTAGCACATGGGCAGCAGCCATCATCAT-3’

44 (Random mutagenesis)& DNA =3
o Ed¥e] fUHE s dW
|
2

(SEQ ID NO:27); 2

DG264 5°- GTAAAGGATGGACGGCGGTCACCCGCC-3’ (SEQ ID NO:28). glolBele] 1o tek WEE §45 Nhel
2 PshAlo] o]a) E&f(digested) ¥ Zetaw = pDGllselth.  #lelH# g 2% carB60opt o] whA|9 435 Z7|&
= FHRekala, B1719 ZEto]lMES AREste] @ F Wi PCRe]l o] A E AT

DG263 5’- CACGGCGGGTGACCGCCGTCCATCC-3’(SEQ ID NO:29); =

HZ118 5>- TTAATTCCGGGGATCCCTAAATCAGACCGAACTCGCGCAGGTC-3’

(SEQ ID NO:30).

gholB 2] 2] digt WME]= PshAl 2 BamHIol 93 #3l(digested)H+= 2w = pDGl150])th. 7/ W 4
A A (error-prone insert)E-< InFusion Advantage(Clontech AH)E Al&3le] WEHER F24Y 3

7+ NEB Turbo(New England Biolabs A& &3l THFHUL. o]Fd, olvyYHELS
Tn7::PyeABR laclZ::Pr—ABR) = HAAEEHATH.  o]Fo], 2/ R carBOopt EEES A
cbe FA4sh7] flete] g ~aEdEdAn. ds] waA, FERUES LBE FHrele 72— (deep-
well) FEOlEECA Zehdilar, adt Az en, A2 LB ded + ‘(moculated)ﬂi’iﬂ 3AIZE St
AR, 2L FA-2.1 viA] el FYHAL, 16417 52t AFAIZ o, o]Fo HY olAHEE A}
g3lo] FEHJY. MAA] FEFELS BSIFAN,0-bis[EHEABEHZFQ iovﬂEo}ﬂlC)i A
(derivatized)¥]13L, 3EF GC/FID WS Ab&ate] £ =30k pDG115 Eetav=o] MEs §4]317]
BE iAo 29 E et 21 (100 mg/L)e] AT, xR itk vaste] o] 42 F frE] AWAke] o
449 & F AYUF d3ge qrtg Alsts FEES Adugdoz A JEMit)EC] AYEAE. ol daE
2A-MERRE Y S|E(hit)ES Hlste] 9ste], 7 Ak AS a2 [ Aatstd
Wk NORM FFA = E91o] HAE FFA / U2 HAE FFAQ] WE&S Alatgtozyn AtatEdar, o7
AE FFA"= 2 2l A S/ 97 W7l & A S/ 9rteltk. shrlel AW E= upek Zo
Zelas HES AFREe] 3 EHit)EC] FrHHo® AFHAUT.

EMINES # 1?‘& EAWolES A3y 9o ARAHAG. AlFAL F7]e ZElolHES A&}
A carB60opt 1 AFe] F=24 PCRAl 93l T4 A

SL59 5°- CAGCCGTTTATTGCCGACTGGATG-3’(SEQ ID NO:31); &

=
Nt

EG442(EG149

% 489 4

oz

of

EG479 5°- CTGTTTTATCAGACCGCTTCTGCGTTC-3” (SEQIDNO32)  wronojmze A1g3he] carBbOopt &

2z == aa
Yol AlgAEST.  CarB60opt E4E HAA7|E Fol8H %ﬂ%o]%% ¥ 7o) yErAT. A tstE S7 A
WAH(NORM FFA) &(column) &4E9 /MAS vehla, FA7F Fe4E 71 £ A4S vepdg. &
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[0179]

[0180]
[0181]

[0182]

ZIHSd 10-2017-0113710

(Well) #"& o]E]3r EdAWol7} WAL E HX(primary) 2389 &8 yeidith, =2E 7] WS (residue
numbers) CarB @@ XIS Falal, 60 bp Bl2E E3epx] Fevh. EAWMCELS AFF(prefix) "Bl
(Tag)": 60 bp/20 7] N-Htk Bz o] ¥A] E9AWol(indication mutations)$} o] YERATE,

mln

E 7 F W 238 5 AEH CarB £49 93 EAWO|E(TAG EGHolE AA)
& WelDit INorm FFA{O| AM A Z Q10| (Missense Mutations) HAA EHAHO|(Silent Mutations)
131B08 70.50%|L799M V810F S927R M1062L A 1158V F11701 CCG1116CCT
20C07 71.80%|AS535S
65802 74.70%|MI30R ACC867ACA
54810 76.30%|1.80Q T231M F288L A418T V530M AS541V G677D P712A
67E1 78.20%)| D750G R827C DIB6G G1026D P1149S GCA1031GCT GTC1073GTT
65C03 78.90%|V926A ATT941ATA
12C10 80.30%| V46l
GEE0R 80.10%{V926A
70F02 80.90%|D750G R827C D9I86G G1026D P1149S GCA1031GCT GTC1073GTT
07001 82.40%)E20K V191A
66609 82.40%|R827C 111288 ACG780ACA CTG923TTG
25H02 83.50%|F2885
06C01 85.10%| V46l 06C01
105D02 85.20%73968 Cce477¢CT
[124£03 86.00%6|R827C 111285 ACG780ACA CTG923TTG
17A04 86.20%|AST4T GCA237GCT ACC676ACT GCC529GCT
132C08 87.0086|M1062T R1080H TTGB30TTA TACB34TAT

72009 87.30%)| P8OSL M1062V
10F02 87.70%)|E636K

71R03 88.10%|R827C L1128 ACG780ACA CTG923TTG
38G04 88.90%|D143E A612T GCA181GCG
42F08 90.20%| T90M CTG186CTT

66C04 90.30%|111285
18C03 90.40%6|Q473L

12E02 90.60%|DI9N S22N R87H L4165 CCG167CCA

28809 91.10%|E28K H212N Q473L CCG122CCA ACG178ACA CTG283TTG CTG340CTA ACCA0IACT GCA681GCG
103E09 92.20%|E936K P1134R CGT829CGG CTG1007CTA

03E09 93.20%6|M2591

74G11 93.80%6|1870V 59271 9851 11164F GTG1000GTC

46C01 95.60%| D18V D292N

X3} Aol fek(Saturation Mutagenesis) [ A= FH (Combo) 1 2 2 o]H g ]:

OF W PR Fol AWH Fme A Fojairin o AXE ofulnit ANEL FAHOE Fehwo] s
ST, EH(degenerate) TEALHEE WK E WSE THIAE TeloliEe ol2ld AAES e ofr]
wAHER EAMo] Avled ASHAG. ARHom dojzl "Es Bdve] £ goluddE e oF W
eholmejelEol diste] 47le] AHE vheh ol AALYHAL, HEMIDES AWEF Fme A2 HY )
ARG T FRe wamstel B A F fd AW 97 2 ¥ 2 F AYS dmee Gt
Aoz AT, AwE 2:mee ALS AMATIE 9 A9 Aold AASH oA B ojual/3E
Wahs E sl UEith ¥ malAel A@EE vl o], WY Fetad wEE AMgSl] SIEMIDSC] F
Mo AFHU.

_39_



[0183]

[0184]
[0185]

ZIHSd 10-2017-0113710

Ly
neA
g
o
i

£ 8: ofvl:Al X3} SAMo] HF F AW CarB HL £

WT ofo|at |WT FE [soiwoldl ofn|icdf=0lvolsd 3E |[Norm FFA
E20 GAG F T7C 92.20%
L CTG 94.50%
L 6 96.20%
R CGC 86.50%
S TCG 87.40%
Vv GTG 86.00%
\ GTC 85.30%
Y TAC 88.80%
V191 GTC A GCC 88.70%
S AGT 98.00%
F288 T G GGG 70.30%
R AGG 77.20%
S TCcT 85.60%
S AGC 79.60%
Q473 CAA A GCG 89.50%
F e 89.10%
H CAC 84.10%
| ATC 77.20%
K AAG 90.30%
L CTA 90.10%
M ATG 89.00%
R AGG 88.00%
) GTG 89.20%
W TGG 84.50%
Y TAC 86.00%
A535 GCC A TcC 71.80%
R827 e A GCC 93.20%
C TG6T 87.90%
£ TGC 83.20%
V926 GTT A GCT 78.10%
A GCG 66.30%
A GCC 69.50%
E GAG 65.80%
G GGC 78.60%
$927 AGC G GGG 77.60%
G GGT 79.30%
| ATC 90.80%
K AAG 70.70%
v GTG 87.90%
M930 ATG K AAG 82.30%
R CG6 73.80%
R AGG 69.80%
L1128 TG A GCG 92.70%
G GGG 89.70%
K AAG 94.80%
M ATG 95.80%
P cca 98.40%
R AGG 90.90%
R CGG 88.50%
S TCG 88.90%
T ACG 96.30%
\4 GTG 93.90%
w 166 78.80%
Y TAC 87.90%

kel felettta AR E ofm At XS (substitution)Eo] thgol Z¥EATt.  PCR
gt Y3te EAWH)ES 3t carBopt FHAY FREES FEAFV] HA AHEHAT
= 13t dREEo] Mz s At Horton, R.M., Hunt, H.D., Ho, S.N., Pullen, J.K. and
Pease, L.R. 1989). carBopt &A= 60 bp N-Zt e1 glo] ~AYHATE. o]y g =3 olr g
23 EARIOIES 1 99 YEhi.
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[0186]

[0187]
[0188]

[0189]

[0190]
[0191]

[0192]
[0193]

[0194]

[0195]

[0196]

ZIHSd 10-2017-0113710

£ 9: AWUA £¢ Zo|HHRFE 9 CarB EFWOlE

E20S TCG
E20R CGC
V1918 AGT
F288R AGG
F288S AGC
F288G GGG
Q473L CTG
Q473W TGG
Q473Y TAC
Q4731 ATC
Q473H CAC
A5358 TCC
2389E &olatA 37 H3te], o]Fo AT|Ao 7 CarB =¥ #olB gl lacZz A2 Al (locu

s)oll = V6682 GAA W= Eﬂﬂ“t} o] &3t % }X}ﬂoﬂ carBopt 8] A& SEQ ID NO: 72 1}
itk 5 V6689l FAAES (% 3 % &= 160 uEkdl mkeh #2) MG1655( A fadE::FRT AfhuA::FRT A
fabB::A329V AentD::T5-entD AlnsH—ll--Pladm;fabISS rpht ilvGH)olth. o]Fof, #FEL ZTAu|= pVA3R
FAXANGE AL, o]E TeshA, EAZIHHCS Bz 2= Iﬂrﬂlé}‘:f Zu] ¥]&A (catalytically inactive) CarB
291 CarB[S693A], B F& AAte] Aiks F7HA17]= FAAES SFHet. 27 golReg e 4]
AvE upel go] o F v golr ] sty *ﬂﬂ”ﬂ ATh. pVA3S ER8tal lacZ FY Wdd 8E

=2 folr ot

carB opt (A5359)E ZF: VA8 UlZT2A] AJLEH A, AWE Az o AAS Z7A7)E FEMIt)SE] A
%“El%iﬂ, Ao 5ol Ay upe}l o], Y Zgad FFE ALESlY] FrHor AFHAT. CarB 2%
EARoAE WA= AxT 5 AXEY g Zkxag 2E Fo WS d3e ik g uEs
(e}

S = 129 e

arB 23 EAWOAES 51719 ZtolmES AREste]l PCROl o8] F3E carB 3 E(hit) EZFH <

EGS58 5°- GCACTCGACCGGAATTATCG (SEQ 1D NO:33); 2
EG626 5°- GCACTACGCGTACTGTGAGCCAGAG (SEQ ID NO:34).

olel g AA(insert) E& 34719 TetolEL Agste] A-FEs ALk

DG243 5°- GAGGAATAAACCATGACGAGCGATGTTCACGACGCGACCGACGGC
(SEQ ID NO:35); =
DG210 5°- CTAAATCAGACCGAACTCGCGCAGG (SEQ ID NO:36).

A Z=24Y(InFusion cloning)S AF&3te], EH H(pooled) carB EAWHO|AEL ik ZEf2n] =2 pV8eI=
2 HAI, o= 7|9 Zelo|HES ARES] & ¥ PCRoIUTH:

DG228 5°- CATGGTTTATTCCTCCTTATTTAATCGATAC(SEQ ID NO:37); =

DG318 5°- TGACCTGCGCGAGTTCGGTCTGATTTAG (SEQ ID NO:38).

iy 4y

g Zgtx2g wg Zkan= 23944 Pg & $8ld carB B4
F718t9 3L, carBoptE F°%(carrying)slsE ET £ [A5355]+= VAS2E ®%7 ]ﬂ"ﬂﬁ} T 13& #Fx3)

2t Folsitta oA AR = carB94 A4 =l (reduction domain) el o}v]:=AF X|3HE
7} £& carB-L Z:?}&" golBelg] 3E(hit)E & sttt =dE AT}, "carB3"(E 11). PRE 94 ©

2 HolE $hfr3le carBopt Trﬂx]'J d & 7171 943te] AH&E UL, SOE P
TEol AR HIHEATH. olegh 3 Folrygdd X3E EAHNES

|

i

BR=o
HEES SZ A
3
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[0197]

[0198]
[0199]

[0200]

[0201]
[0202]
[0203]

[0204]

[0205]

ZIHSd 10-2017-0113710

£ 10: FHA =3 Fo|BAEFH CarB EANE

R827C TGC

R827A GCA
V926A GCG
V926E GAG
S927K AAG
S927G GGG
M930K AAG
M930R AGG
L1128W  TGG

3 golugEe Aol AwdE viel o] o F Wil glojHelEd tjste] 2~ H ATt pVA3E ekl
lacZ 949 ol carB3E zt= V6682 EHZ:—?EH /\}J@LQC’*E} A dmLo A SUHE YER=
SJEMit)Ee]l A=A, A7]d AR vpel o], WY Zupad HasE AMgste] FUHH o R S E.
=714 Q1 CarB 2% =AWo|(carB4) & A&l A4 f %}i% Arke] e w
AREE £ 119 yepdtk. A& A4 (low copy) CarB WolAES] A=l He a&

de = 140 YeRdt, ® 110 72E AnEL 5UT 2UE S AAEHE Ll
o}

ol rlr
o
)

¥ 11: CAR WA=

WA |[EdHol(E) o B3 ool EH(Tank data) H| 2 (Notes)

carB__|None =WT (E20 V191 F288 Q473) CHetAlS SEQID NO:7

carB60|None +tag V324

carB1 |A5355 V940 83% FALC; C12/C14=3.4 TEQ Btbel = A (

carB2 |E20R, F288G, 04731, A5355 LH375 97% FALC; C12/C14=3.6 121 TS| F JHel =X 2Ha
carB2 |E20R, F288G, 04731, A5355 LH346 96% FALC; C12/C14=3.7 i TES| Btibel

carB3 |E20R, F288G, Q473H, A5355 L5 2folzee] (42827 Lol olEo 8 #ES0 #&

carB4 [E20R, F288G, Q473H, A5355, R827A, 5927G_[RE & Bfo|=eig] (VA-219) 97% FALC; C12/C14=3.9 12H08 G4 =2 TES S 742 =A (copy) £ I4E
carA_|None 0|3 S5 274 No. 20100105963 ZH%E o SEQ 1D NO:39

FadD9 |None 0|2 S3| 370 No. 20100105963 A% tixle SEQ D NO:40

CarA, FadD9, CarB ¥ CarB602] DNA MEE2 242t 2 gAAlollA SEQ ID NO: 41, 42, 43 ¥ 442 ERATE,
23} Edwo] fdol] 9Tk CarB &4 W9 F7FEQ Foldt EdWolEe] 4!

olF-FtanE 238 Al~Ho] o sfdtE i, FALC ABA4tel digh CarB4dll H|slo] 7lAE CarB WolAE
< AdE] et AFEHUG.  o)F-EFHAT|E AAHE ] VEE SFHIQIT: 1) Edvely EEE
& CarB &4& zdste] Atk F8 28 AFetr] st 2 FA 9718 At o= f AWike
ab& &d71717] f1ske] Ew B4 (catalytically inactive) CarB &4l CarB[S693A1¢} &7 FALC S.¥ &S

3l ZobAm| = (plYC4, pCL1920_ Py carDead_tesA_alrAadpl fabB[A329G]_fadR)E 7] A (base) 5[
Aol TES] 7 M EAll(copy) & 2 V66315 FHAASTA Do 2H DdHT); 2) vpgAlelA 9-kbHT} ¢ =
carB EdWoldy REI S Zte ~38d Egtav|=Es 2t Edvio] §8 HAd AHud  da, dds
slod pLYC4s} FHE 4= o), 3) CarB 449 54 W (dynamic range)+ £=4& 4 Ar}t. o]& CarB4
TS 2487 98kl Fdh(weaker) TREE(Pre) 2 thobH Sl Al ZEE(GIG & TI6)S 2FAIA
A ogdEd. 3) F

sE RS X

= o o m‘ﬂ

4
ofy 1
ll

lo nZ
- HUrﬂhﬁrlo

1

S EHanE A, H4/354A EE(toxin/antitoxin module)[cedBA L3 #]S
371 flste] == AT

2reks] weiA, A8 Z82n = pBZ1(pACYCDuet—1_Prgei—carBAGTG_rrnBter_ccdAB)E In-Fusion HD &4
W (Clontech APDS Abgsle] %93 2 ®l(molar ratios)d 4l 719 R85 (Pra, ATG/TIG/GIG 7/AA] ZEES

Zk= carB4, ccdABE ZE rrnB TIT2 FZ2AF, R pACYCDuet-1 WED S o =24 U 7o FEE
Ak, A7 FEE0 WA 42 s ZEkelw H(primer pair)Eol 93 FFHE = PROIUT: (1) Pra -
A28 0 2 A pVA232(pCL1920_Prre_carB4_tesA_alrAadpl_fabB[A329G]_fadR) Z#}An =& Algsls, AWsE =

(3

HU
-
o,
i

.
CGGTTCTGGCAAATATTCTGAAATGAGCTGTTGACAATTAATCAAATCCGGCTCGTA
TAATGTGTG-3' (SEQ ID NO:45 = ST
2ol 163 (SEQIDNO:4S) 3 gug Zooy
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[0206]

[0207]

[0208]
[0209]

[0210]

[0211]

ZIHSd 10-2017-0113710

5'- GGTTTATTCCTCCTTATTTAATCGATACAT-3' (SEQ ID NO:46 ) (2) ATG/TIG/GIG 7NA] ZESS z+
. T =

=~

rr

carB4 - FIE 02 pVA232 ZetAV|EE ARSShs, AW Lol

carB4 ATG
5'ATGTATCGATTAAATAAGGAGGAATAAACCATGGGCACGAGCGATGTTCACGACG

CGAC-3' (SEQ ID NO:47); carB4 GTG
S'ATGTATCGATTAAATAAGGAGGAATAAACCGTGGGCACGAGCGATGTTCACGACG
CGAC-3' (SEQ ID NO:48); = carB4 TTG 5

ATGTATCGATTAAATAAGGAGGAATAAACCTTGGGCACGAGCGATGTTCACGACGC

GAC-3' (SEQ ID NO:49); il ol u}a} s ajol
carB4 rev 5'- TTCTAAATCAGACCGAACTCGCGCAG-3' (SEQ ID NO:50) ) (3) ccdABE zH= rrnB TIT2 =2 x} _
Zglan= pAHO08(pV171_ccdBA eHES AFS-3HE, vk zaloly
rrnB T1T2 term 5'-

CTGCGCGAGTTCGGTCTGATTTAGAATTCCTCGAGGATGGTAGTGTGG-3' (SEQ ID

BRRRL 3 2 o upgk Zloly
ccdAB rev 5'-CAGTCGACATACGAAACGGGAATGCGG-3' (SEQ ID NO:52) (4) pACYCDuet-1 B_,] E1 =2 A (backbone) -

5
CCGCATTCCCGTTTCGTATGTCGACTGAAACCTCAGGCATTGAGAAGCACACGGTC-

T e § o Ulg 4G Zefolv) pACyC e 2 o
W etoln] pACYC ¥E]

rev 5'-
CTCATTTCAGAATATTTGCCAGAACCGTTAATTTCCTAATGCAGGAGTCGCATAAG-3'

(SEQ ID NO:54).

pBZ1 EE}*H]CE 716l AWE 5 delA pLYC4st sAlel HdFHAL, IF Eetea dg 2 0e-F

(deep-well) Z#|olE wgo & ASHAY. Wi 2H1EL FZ3FHo, CarB4_GIG B1Z32 2 Ao 5o A

W wpel o] & mFe] wa EAEA AA7FsE Al (reproducibly) ~65 % FALC H3HS k=% sigivk. 7l
g3 dtao] disk A7E5S &= 159 YER

NdE CarB WolAlE Wl EAMClE(E 7)& ke F7HA #9508, 19, 22, 28, 80, 87, 90, 143,
212, 231, 259, 292, 396, 416, 418, 530, 541, 574, 612, 636, 677, 712, 750, 799, 809, 810, 870, 936,
985, 986, 1026, 1062, 1080, 1134, 1149, 1158, 1161, 1170)= Xqiﬂ(full) ¥3 2o FEFHAY. =FFH
¥ (degenerate) wEZHLEE=E NNK & NNSE $Hf-dh X9l <& PCR-7]4F el o3 o]e]dk AES
T2 ol tER S’ A]?]%Eﬂ AHE-5 2 tH(Sawano and Mlyawakl 2000, Nucl. Acids Res. 28: e78). X
s} glolBejg]i= pBZ1(pACYCDuet-1_Prei—carBAGTG_rrnBter_ccdAB) Z#tsw|= BIEZ S AMSste] A5 AT}
EdWoly FEZE5L NEB Turbo(New England Biolabs A}) 224 #FE5Z2 JAASEA, ZEAv=EEL B
A3 E™ (pooled) = Att. o|Fof, ZEH(pooled)®d ZTAVE=EL %E]ri“]‘: pLYC4E  FHbsh=
(carrying) V668 7|¥F w52 HAAAEG 1, FAHAIAES FAHEHD(100 mg/L =HAE =vfo]2l 2 34 mg/L
ZYAYUF)E B39 LB e (agar) ZE]EEA HelE L),

Z3} golBHe ZH-E 2 CarB WHolAEL AWE I3 Aalbd Eﬁé}oq A9 H AT, ‘:JO‘ 24
Al 5ol Ad wpe} e WEHE 7S~ (deep-well) = 13 =

] AR =ghudch. gz 779 vaste] o 22 F fY A 0—17} 2o & F AYS 4=
A7Fe AsteE FEES dEgoEy s|EMit)Ee] AYHAT. dolgh wra wiX](batch) EZF-EH 9
(hit)E& vlwstr] sk, e Aike] A das=2o A3 Aarstd Fg Aate] Hiss 7
o228 AFstE AT, mE, NORM FFA(%) = A Ao 50| Awe wlel o] 3E F<l(hits validation)ol
=tk NORM FFA(%) = &Weo] HAE FFA / tiz2+ HAE FFA; o174 "HAE FFA"E & frel A4t
A7F W7l F A FRG Grteltt. AAld| 5ol AwE wpel go], XY Fetad HEaE AREekY
Hit)Eo] #7192 ASHAY. Arsid Trﬂ A WFAH(NORM FFA) #(column ) 2459 MdE YER
A7} AEFE 7P 2L AAE vEdig. 'S EMit) D" HZx(primary) 23EY ZHoE & 9x
Ehlaz, o714 B A& NORM FFA F@Fo] WHHATE. J|E EAWol=(Hits mutations)S EARC|E
° JX]——E:'-O]@ Ea_oltq_% B71 5-GGATCTCGACGCTCTCCCTT-3' (SEQ ID NO:55) 2 B712_ccdAB _1:;‘4%94

el

o]

m>~
o

=
>

o [

o

>~
M 4t ob & [ Lo at o i
hE e

mlp

Ll ‘H o oy

= L

o
o
=

(unique)
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[0212]

[0213]
[0214]

[0215]

[0216]

[0217]

[0218]

ZIHSd 10-2017-0113710

stato)n) S-TCAAAAACGCCATTAACCTGATGTTCTG-3' (SEQIDNO:S6) = x}.g 5po) pBZl ZajrmmEs -
Hit)"Z25H $3H PR AAEES ATz AEHAT. gld SE(hit)E W Add =dAdolE
2 NORM FFA #E2 ¥ 120] Qofer).

¥ 12: oprix=4t 23 EdWo] 2 T A CarB4 A2 FoF EAWlE

WT ofo|:=d | WT ZE  [3IE(Hit)ID(olo]cth)[E#HolE Z=| NORM FFA(%)
D18 GAT P10H5(R) AGG 755
P684(L) CTG 83.6
PAH11(T) ACG 80.8
P8D11(P) CCG 81.8
522 AGC P1F3(R} AGG 57.7
P2GY(R} AGG 55.7
P2A7(N) AAC 50
P8D7(G) GGG 82,1
L8O aG P8H11(R) AGG 87.4
R87 CGT P7D7(G) GGG 85.2
PSD12(E) GAG 89.4
D750 GAT P8F11{A) GCG 87.6
1870 ATT P3A12(L) CTG 76.6

A %3 =do]l 2 (full combinatorial mutagenesis)ell ©]3F CarB &40 Alqf WHolAE9] 21¥:

AA =g golrnEg = 31719 ofuxAl )& 18D, 18R, 22S, 22R, 473H, 4731, 827R, 827C, 8701, 870L,
926V, 926A, 926E, 9275, 927K, 927G, 930M, 930K, 930R, 1128L % 1128W& ¥t PAHUT. BE 9|
AEAA 2 IZ= 2 EdWoly I=S Fishe Zgo|HELS PR-7INE Wl o3 glelBgd FAAS
=3le] wrEo]HtH(Horton, R.M., Hunt, H.D., Ho, S.N., Pullen, J.K. and Pease, L.R. 1989). CarB2,
CarB3 %! CarB4(20R, 288G 3! 5358) ulell WEE Foldh Edwe]Ed Wstex] ggkom= . pBZ1(HHPH
pPBZ1_Prrci_carB2GTG_ccdAB) & S 2 H carB2GTGE PR B Z3 o 24 ALEFHIY.  olv# g 4L PR 4
58 Z2H3l] A7) 23 &9l (combinatorial mutation)ES -3k CarB ORFsZ WHR oA A E AT,
130, 2dWold CarB ORFst In-Fusion ¥ (Clontech Ab)ol ¢l&l pBZ1 &7 (backbone) o2 2 AL},
In-Fusion AAE2 HH(precipitated) ¥, FFA=F= pLYC4E FHk(carrying)dls 2=38d 5 U=
2% A7) F(electroporated) F A,  FolHgg] 238, Z2-E(deep-well) ZHo|E H g Zghrad
gE A 5ol ARE nkef o] AAHAT. EA £F EdWolES ZE CarB EARAEY] E4E
(CarB2oll <3l #5Fs}¥ NORM FFA, 100 %) 3% 13¢] S.9F=|9it}. CarB2, CarB4 ¥ CarB5(CarB4-S22R)&= o
T2 EEHS Y. NORM FFA @ (column)2 CarB &4€9 /M-S Yeda, X171 F&45 714 2 714
S yERdYh, giz5+(CarB2)2] H3¥ 7RA(fold improvement)(X-FIOC) = YEMSTE. dAH BE Ed®o|EL
CarB wto] ZHe|FEI= AMA(SEQ 1D NO:7)3} #H&dE o] vk, & 5°], CarBl AS355 =@MolE 7HAH,
CarBDead(Zu} H]Z4] CarB &4)v E~XFEEHQ 72 F9& gste S6934 0¥ olE FrREgr).

[*]

¢

.

BEWST] WAAS ARE AYE Gme YIS 9% A CarB Aol AE:

E 130 Fold AlgF CarB WolAES A¥Edts 542 dd AWS 43e AYNS fske] A7) dHolAsES
AFR3L7] 9Jgtolty.  E 1304 W 919 CarB Wo|A|(PO6B6 — S3R, E20R, S22R, F288G, Q473H, A535S, R873S,
S927G, M930R, L1128W): [oFAd AGCOlA AGAR] 3 91X o] A4 =W o] (spontaneous mutation)S FHESHT},
T 70 PO6B6 CarB WolAls RF, = CarB7(3 X0l AGA°]l 23+ olm]:=AF R - S3R, E20R, S22R, F288G,
Q473H, A535S, R873S, $927G, M930R, L1128W) 2 CarB8(3 $1x|oll AGCol 23+ oAl d ofw:=2F S - E20R, S22R,
F288G, Q473H, A535S, R873S, S927G, MO30R, L1128W)7} wrsolA ar, CarBoll tlalAut Aol al71e] A= o
I HEES TAAFY] Yot HE EA(low copy number)e AHE dFmEL A Ztav=E T4
pCL19202.2 F2Y¥Art. ®E CarB WolA|E(CarB2, CarB7 E carB8)S 93 MY JfA] HE(translation
initiation codon)[GTG]-> &S Husslr] fste] ATGE HE3H U (reverted).

pCL1920 Prpc carB2 tesA alrAadpl fabB[A329G] fadR
pCL1920 Prgrc carB7 tesA alrAadpl fabB[A329G] fadR
pCL1920 Prpc carB8 tesA alrAadpl fabB[A329G] fadR
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[0219]

[0220]

[0221]

[0222]

SIMES 10-2017-0113710
7)ol e 52 AAA 9 TEdml dhe] EA|(copy)E Zb V668 719 =2 FAAIAHRJUL, 4
HHog doj AFE2 AAd 49 dyE vie} Fo] AERESY] WA 2329 EHAT.  CarB2ell w]ste
CarB7 ¥ CarB89] (A&WHS7] &

Foham =

e AAE U ¢ ANS 43 &R S45e) MAS = 160 vERd. &4
A= CarB7 > CarB8 ) CarB2o|t}. [AGCollA] AGA R 8]¥# ZE(rare codon)2Z] CarB72] 3 $1x]2] = Wol
= CarB8HET} O & A4S Fo31% L, T3, = 7184 @A (total soluble proteins)®] SDS-PAGE #4
< CarB8 ¥ CarB2E.U} CarB7¢] U &2 @dS yebdllty. CarB2 B CarB8e] @ &2 AT o]
2o 6ol AT E CarB60 dlolelet UA|8kar, 3 $1x]9] AGA R 3]7] = EdWo] 4l o]o] N-ehol] CarB60 Ei
1 F B CarB 2dS /MAAZ = vk, CarB7 2 CarBg¢] % #FE8& AW H/EE AWS &
g AL AR UE ARES Z2AFOZA {7 AWiate] Frtel o8] ¥FE el CarB2Ett o # S
Y3k Aolgtil o3 .

D o]T-EEtaTE AAY e 3 FolETERE AEd CarB HoJAEY 29

Soiviol s [NORM FFA (%) X-FIOC £ 91690/ = (Mutat i ons)

POGBG 165 606 |S3R, F20R, S2OR, F288G, Q4T3H, A5358, R8T3S, $927G, MO3OR, LI 128W

P13A3 239 408 |DISR, E20R, S22R, F288G, Q4731 AS358, $927G, MO3OK, LL128W

P02A2 2.5 377 |F20R, S22R, F288G, Q473], A535S, R827C, V9268, S927K, MI3OR

POSH3 2.7 375 |DISR, E20R, 288G, Q473L, AS35S, R827C, VO2GE, MO30K, LI128W

PI0F10 319 303 |F20R, S22R, F288G, Q473H, A535S, R827C, V926A, S927K, MO3OR

POICI2 342 292 |E20R, S22R, F288G, Q473H, AS35S, R827C

PO3BI 369 271 |F20R, S22R, F288G, Q473], A535S, R827C, MI30R

POGE4 369 271 |F20R, S22R, F288G, Q473], AS35S, I870L, 8927G, MI30R

P14C6 374 2.61___|F20R, S22R, F288G, Q4731, AS35S, I870L, S927G

POSF10 404 245 |DISR, F20R, S22R, F288G, Q473], AS3S, R827C, I870L, V9264, S927G

P06CS 408 245 [E20R, S22R, F288G, Q473H, AS35S, R821C, 18701, L1128W

PISE4 1038 245 |DISR, F20R, S22R, F288G, Q473H, AS35S, R827C, 18701, $927G, LI 128W

POSH7 40.9 244 |F20R, S22R, F288G, Q473], AS35S, R827C, I870L, $927, L1128W

PISAG 4l 244 [F20R, S22R, F288G, Q473 A35S, R827C, I870L, $927G, M930K, L1128W

POSFS 412 245 |F20R, S22R, F288G, Q473H, AS35S, I870L, $927G, MI3UK

PI4CT 413 242 |F20R, F288G, Q473], AS35S, I870L, M930K

PIGHI0 2.1 238 |F20R, S22R, F288G, Q473H, AS358, 8927G, MO30K, L1128W

PIGAI 441 227 |DISR, E20R, S22R, F288, Q473], AS35S, $927G, L1128W

PI4FH 442 226 |E20R, S22R, F288G, Q4731, AS35S, , RE27C, I870L, 8927G

PI5CI 465 215 |DISR, E20R, S22R, F288G, Q473], AS35S, R82TC, I870L, $927G, LLI28W

PI6ES 412 212 |DISR, E20R, S22R, 288G, Q473], AS35S, $927G, M93OR, L1128W

P15A3 712 212 |F20R, S2OR, F288G, Q4T3H, AS35S, V926E, 8927, M93OR

POSA2 524 191 |E20R, S22R, F288G, Q473H, A535S, RE2TC, I870L, V926A, L1128W

CarB2 100 1 E20R, F288G, Q4731 AS35S

CarB4 778 129 |F20R, F288G, Q73H, A335S, R827A, S927G

CarBs 489 204 |F20R, S22R, F285G, Q473H, AS535S, R827A, 8927G

CarBl ND A5358

CarB wt ND SEQ IDNO?7

CarBDead ND S693A

B A AE BE UHES B A 2] AXNHAY £ e BAHA Gerhd ofsket 4
e AR A 5 gl 3 gAIMel AlolE = skt B B dAlE Ei= oA} (exemplary language)
[E 0], "ol& HW"] ARES 24 & WS o 2 distr] Agteld, de] FHeA Fevkd 2 EH
o] ®9E AdstE= Aol ofdnk. & Ew el AAjol glojA Al Zolu FAHA G2 o5kt a4E
el Aoz giduojer st 2 galre Fd(language)= Slth. B WAAA AEE= HAE g0l
54 AAdes Agstds HATS 9 Aoy, AgstHa =g Ao ofyetal ofsigity. I g el u
HAFE A 2 BAAol A, ole g mEEg AAdEe WMAES Ve dEs domexn &
Z)ewoke] GdAEd A waE 4 Qlvk. WHAES dgAEe] A4 oy MIFES AE&ATE A
= e, dEAES 2 o] & wWAlAol FAsHA AwE ukel vEA AAHES SRt webA,
o2 A8 e Wl dd s&EE v 2 AN HRE ATFEEC Vled A RE HEE
2 7Fe(equivalent) 55 EFIh. S, 2 WAIAMCA 2 AAEAY Z9d BHetA FAHEA e
g, BT 7hssk Wstel oA Adrlel AwE 8459 Qoo o] ¥ el xaHT)
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=915
7 100%
H L 90%
6 : ,
& -80%
- 70%
— B’
5 -60%
= L 50%
< 3 0%
2 -30%
- 20%
1
////// /// -10%
0 T T v
pBZ1_2BATG/pLYC4  pBZ1_33TTG/pLYC4 pBZ1_38GTG/plYC4
ZEHI6
100
9%
98
g7
96
52
; 95
g4
93
92
91
% ~#CarB2 ~e-CarB7 -&-CarB8
24 3 48 55 72
== Al2H Run Hours)
Al g & =

SEQUENCE LISTING

<110> LS9, INC.

<120> IMPROVED PRODUCTION OF FATTY ALCOHOLS
<130> LS00039PCT

<140><141><150> 61/619,309

<151> 2012-04-02

<160> 56

<170> PatentIn version 3.5
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<210> 1

<211> 1232

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide"

<400> 1

ttgtccatct ttatataatt tgggggtagg gtgttcttta tgtaaaaaaa acgttttagg 60
atgcatatgg cggccgcata acttcgtata gcatacatta tacgaagtta tctagagttg 120
catgcctgeca ggtccgetta ttatcactta ttcaggegta gcaaccagge gtttaagggce 180
accaataact gccttaaaaa aattacgccc cgecctgeca ctcatcgecag tactgttgta 240
attcattaag cattctgccg acatggaagc catcacaaac ggcatgatga acctgaatcg 300
ccagcggcat cagcaccttg tcgecttgeg tataatattt gcccatggtg aaaacggggg 360
cgaagaagtt gtccatattg gccacgttta aatcaaaact ggtgaaactc acccagggat 420
tggctgagac gaaaaacata ttctcaataa accctttagg gaaataggcec aggttttcac 480
cgtaacacgc cacatcttgc gaatatatgt gtagaaactg ccggaaatcg tcgtggtatt 540
cactccagag cgatgaaaac gtttcagttt gctcatggaa aacggtgtaa caagggtgaa 600
cactatccca tatcaccage tcaccgtctt tcattgccat acggaattcc ggatgagcat 660
tcatcaggcg ggcaagaatg tgaataaagg ccggataaaa cttgtgetta tttttcttta 720
cggtctttaa aaaggccgta atatccagct gaacggtctg gttataggta cattgagcaa 780
ctgactgaaa tgcctcaaaa tgttctttac gatgccattg ggatatatca acggtggtat 840
atccagtgat ttttttctcc attttagett ccttagectcc tgaaaatctc gataactcaa 900
aaaatacgcc cggtagtgat cttatttcat tatggtgaaa gttggaacct cttacgtgcec 960
gatcaacgtc tcattttcge caaaagttgg cccagggett cccggtatca acagggacac 1020
caggatttat ttattctgcg aagtgatctt ccgtcacagg tatttattcg actctagata 1080
acttcgtata gcatacatta tacgaagtta tggatccagec ttatcgatac cgtcaaacaa 1140
atcataaaaa atttatttgc tttcaggaaa atttttctgt ataatagatt caattgcgat 1200
gacgacgaac acgcacctgc aggaggagac ca 1232
<210> 2

<211> 232

<212> DNA
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<213> Artificial Sequence
<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide"

<400> 2

ttgtccatct ttatataatt tgggggtagg gtgttcttta tgtaaaaaaa acgttttagg 60
atgcatatgg cggccgcata acttcgtata gcatacatta tacgaagtta tggatccagce 120
ttatcgatac cgtcaaacaa atcataaaaa atttatttgc tttcaggaaa atttttctgt 180
ataatagatt caattgcgat gacgacgaac acgcacctgc aggaggagac ca 232
<210> 3

<211> 340

<212> PRT

<213> Acinetobacter sp.
<400> 3
Met Ser Asn His Gln Ile Arg Ala Tyr Ala Ala Met Gln Ala Gly Glu

1 5 10 15

GIn Val Val Pro Tyr Gln Phe Asp Ala Gly Glu Leu Lys Ala His Gln
20 25 30
Val Glu Val Lys Val Glu Tyr Cys Gly Leu Cys His Ser Asp Leu Ser
35 40 45
Val Ile Asn Asn Glu Trp Gln Ser Ser Val Tyr Pro Ala Val Ala Gly
50 55 60
His Glu Ile Ile Gly Thr Ile Ile Ala Leu Gly Ser Glu Ala Lys Gly

65 70 75 80

Leu Lys Leu Gly GIn Arg Val Gly Ile Gly Trp Thr Ala Glu Thr Cys
85 90 95
GIn Ala Cys Asp Pro Cys Ile Gly Gly Asn Gln Val Leu Cys Thr Gly
100 105 110
Glu Lys Lys Ala Thr Ile Ile Gly His Ala Gly Gly Phe Ala Asp Lys
115 120 125

Val Arg Ala Gly Trp Gln Trp Val Ile Pro Leu Pro Asp Asp Leu Asp

_57_



130 135

Pro Glu Ser Ala Gly Pro Leu Leu Cys Gly Gly

145 150

155

Pro Leu Leu Lys His Lys Ile Gln Ala Thr His

165 170

Gly Ile Gly Gly Leu Gly His Ile Ala Ile Lys

180 185
Gly Cys Glu Ile Thr Ala Phe Ser Ser Asn

195 200

Leu Lys Ala Asn Gly Ala Asp Gln Val Val
210 215
Ala Ile Lys Gly Thr Arg Trp Lys Leu Ile
225 230
Gly Thr Leu Asn Val Lys Ala Tyr Leu Asn
245 250
Ser Leu His Phe Leu Gly Val Thr Leu Glu

260 265

Gly Ala Ile Met Gly Gly Ala Lys Ser Val
275 280
Ser Pro Leu Ala Leu Arg Gln Leu Leu Gln
290 295
Ile Ala Pro Gln Val Glu Leu Phe Pro Met

305 310

Pro

Asn

Ile

235

Thr

Pro

Thr

Phe

Ser

315

140

Ile Thr Val Leu Asp
160
His Val Gly Val Ile
175
Leu Leu Lys Ala Trp
190
Asp Lys Thr Glu Glu

205

Ser Arg Asp Ala Gln
220
Leu Ser Thr Ala Asn
240
Leu Ala Pro Lys Gly
255
Ile Pro Val Ser Val

270

Ser Ser Pro Thr Gly
285
Ala Ala Arg Lys Asn
300
GIn Leu Asn Glu Ala
320

Ile Glu Arg Leu His Ser Gly Gln Ala Arg Tyr Arg Ile Val Leu Lys

325 330

Ala Asp Phe Asp
340

<210> 4

<211> 314

<212> PRT

<213> Acinetobacter sp.

335
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<400> 4
Met Ala Thr
1

Glu Ala Leu

Gln Val Glu
35

Ser Val Leu

50
Gly His Glu
65

Gly Leu Lys

Cys Gln Ala

Gly Glu Asn

115
Lys Val Arg
130
Asp Pro Thr
145

Asp Pro Ile

[le Gly Ile

Trp Gly Cys

195

Glu Leu Lys
210

Ala Glu Ile

225

Thr

Val

20

Val

Asn

Val

Cys
100

Thr

Ala

Ser

Leu

Lys

Asn Val Ile

Pro Tyr Ser

Lys Val Glu

Asn Glu Trp

55
Ile Gly Thr
70
Gly Gln Arg
85

Asp Gln Cys

Ala Thr Ile

Gly Trp Gln
135
Ala Gly Pro
150
Lys His Gln
165

Gly Leu Gly

Ile Thr Ala
Met Gly Ala

215
Ser

230

His

Phe

Tyr

40

His

Val

120

Trp

Leu

His

Phe
200

Asp

Asp
25

Cys

Ser

Thr

Ser

105

Val

Leu

Met

185

Ser

His

Gln Gln Gly Lys

Tyr

10

Ser

His

Cys

Ser

Val

Phe

Ala Ala Met

15

Gly Glu Leu Gln Pro

Leu

Val

Leu

75

Gly

Gln

Ala

Pro

Gly

155

Ile

Ile

Asn

Val

Cys

Tyr

60

Gly

Trp

Gln

Gly

Leu

140

Gly

His

Lys

Pro

Asn

220

30
His Ser Asp
45

Pro Val Val

Ser Glu Ala

Thr Ala Glu

95
Val Leu Cys
110

Gly Phe Ala

125

Pro Asp Glu

Ile Thr Val

His

Val Ala

175

Leu Leu Lys

190
Asn Lys Thr
205

Ser Arg Asp

Asp Leu Leu Leu Ser

235
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Val Asn Val Pro Leu Asn

245
Asn Gly Thr Phe His Phe
260
Pro Val Gly Ala Leu Leu
275
Thr Gly Ser Pro Ala Ala
290
Lys Asn Ile Ala Pro Gln

305 310

<210> 5

<211> 1020

<212> DNA

<213> Escherichia coli

<400> 5

Trp Asn Ala Tyr Leu Asn Thr Leu Ala Pro

250 255
Leu Gly Val Val Met Glu Pro Ile Pro Val
265 270
Gly Gly Ala Lys Ser Leu Thr Ala Ser Pro
280 285
Leu Arg Lys Leu Leu Glu Phe Ala Ala Arg
295 300

Ile Glu Met Tyr

atgtcgatga taaaaagcta tgccgcaaaa gaagcecgggeg gcgaactgga agtttatgag

tacgatcccg gtgagectgag gceccacaagat gttgaagtgce aggtggatta ctgegggatce

tgccattccg atctgtcgat gatcgataac gaatggggat tttcacaata tccgetggtt

gccecgggecatg aggtgattgg gegegtggtg gecactcecggga gegecgegea ggataaaggt

ttgcaggtcg gtcagegtgt cgggattgge tggacggege gtagetgtgg tcactgegac

gcctgtatta geggtaatca gatcaactge gagcaaggtg cggtgecgac gattatgaat

cgeggtgget ttgecgagaa gttgegtgeg gactggcecaat gggtgattcc actgcecagaa

aatattgata tcgagtccge cgggecgetg ttgtgeggeg gtatcacggt ctttaaacca

ctgttgatgc accatatcac tgctaccagce cgegttgggg taattggtat tggegggcetg

gggcatatcg ctataaaact tctgcacgca atgggatgcg aggtgacage ctttagttct

aatccggcga aagagcagga agtgetggeg atgggtgecg ataaagtggt gaatagcecgce

gatccgcagg cactgaaagc actggegggg cagtttgatc tcattatcaa caccgtcaac

gtcagcctcg actggcagece ctattttgag gecgetgacct atggeggtaa tttccatacg

gtcggtgegg ttctcacgee getgtetgtt ccggecttta cgttaattge gggegatcge

agcgtctctg gttcectgetac cggcacgect tatgagetge gtaagectgat gegttttgec

gccecgeagea aggttgegece gaccaccgaa ctgtteccga tgtcgaaaat taacgacgcec
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60
120
180
240
300

360

420
480
540
600
660
720

780

840
900

960
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ZIHSdl 10-2017-0113710

atccagcatg tgcgcgacgg taaggcegegt taccgegtgg tgttgaaage cgatttttga 1020
<210> 6
<211> 1174
<212> PRT
<213> Artificial Sequence
<220><221> source
<223> /note="Description of Artificial Sequence: Synthetic
polypeptide"
<400> 6

Met Ala Val Asp Ser Pro Asp Glu Arg Leu Gln Arg Arg Ile Ala Gln

1 5 10 15
Leu Phe Ala Glu Asp Glu Gln Val Lys Ala Ala Arg Pro Leu Glu Ala
20 25 30
Val Ser Ala Ala Val Ser Ala Pro Gly Met Arg Leu Ala GIn Ile Ala
35 40 45
Ala Thr Val Met Ala Gly Tyr Ala Asp Arg Pro Ala Ala Gly Gln Arg
50 95 60

Ala Phe Glu Leu Asn Thr Asp Asp Ala Thr Gly Arg Thr Ser Leu Arg

65 70 75 80
Leu Leu Pro Arg Phe Glu Thr Ile Thr Tyr Arg Glu Leu Trp Gln Arg
85 90 95
Val Gly Glu Val Ala Ala Ala Trp His His Asp Pro Glu Asn Pro Leu
100 105 110
Arg Ala Gly Asp Phe Val Ala Leu Leu Gly Phe Thr Ser Ile Asp Tyr
115 120 125

Ala Thr Leu Asp Leu Ala Asp Ile His Leu Gly Ala Val Thr Val Pro

130 135 140
Leu GIn Ala Ser Ala Ala Val Ser Gln Leu Ile Ala Ile Leu Thr Glu
145 150 155 160
Thr Ser Pro Arg Leu Leu Ala Ser Thr Pro Glu His Leu Asp Ala Ala
165 170 175

Val Glu Cys Leu Leu Ala Gly Thr Thr Pro Glu Arg Leu Val Val Phe

_61_



Asp Tyr

Arg Arg

210
Asp Ala
225

Val Pro

Gly Ser

Ala Thr

Val Gly

290
Ile Ser
305

Ala Lys

Pro Thr

Arg Tyr

Asp Thr

370

Gly Gly

385

Glu Met

Gly Tyr

180

His Pro

195

Arg Leu

Val Arg

Asp Thr

Thr Gly

260

Met Trp

275

Ile Asn

Leu Phe

Ser Asp

Gln Ser
355

Leu Asp

Arg Phe

Lys Thr

Gly Ser

420

185

190

Glu Asp Asp Asp Gln Arg Ala Ala Phe Glu Ser

200
Ala Asp Ala Gly Ser Leu
215
Ala Arg Gly Arg Asp Leu
230
Asp Asp Asp Pro Leu Ala
245 250

Thr Pro Lys Gly Ala Met

265
Gln Gly Asn Ser Met Leu
280
Leu Asn Tyr Met Pro Met
295
Gly Val Leu Ala Arg Gly
310

Met Ser Thr Leu Phe Glu

325 330
Phe Phe Val Pro Arg Val
345
Glu Leu Asp Arg Arg Ser
360
Arg Glu Val Lys Ala Asp
375

Leu Val Ala Val Val Gly

390
Phe Met Glu Ser Val Leu
405 410
Thr Glu Ala Gly Ala Ser

425

Val

Pro

235

Leu

Tyr

Ser

Gly

315

Asp

Cys

Val

Leu

Ser

395

Asp

Val

205
Ile Val Glu Thr
220

Ala Ala Pro Leu

Leu Ile Tyr Thr
255

Thr Asn Arg Leu

270
Gly Asn Ser Gln
285
His Ile Ala Gly
300

Thr Ala Tyr Phe

Ile Gly Leu Val

335
Asp Met Val Phe
350
Ala Gly Ala Asp
365
Arg Gln Asn Tyr
380

Ala Pro Leu Ala

Leu Pro Leu His
415
Leu Leu Asp Asn

430

_62_

Leu

Phe

240

Ser

Arg

Arg

320

Arg

Leu

Leu

400

Asp

Gln

ZIHSd 10-2017-0113710



Ile Gln Arg Pro
435

Leu Gly Tyr Phe

450
Leu Lys Ala Glu
465

Thr Ala Glu Ile

Val Ala Glu Leu
500

Asn Val Leu Lys

515
Glu Ala Val Phe
530
Gly Ser Ser Glu
545

Asp Ala Leu Arg

Glu Ser Ile Gln

580
Ile Pro Arg Asp
595
Gly Leu Leu Ser
610
Arg Tyr Gly Ala
625

Gln Ala Asp Glu

Val Leu Glu Thr
660

Ser Ala Asp Met

Pro Val

Arg Thr

Thr Thr

470
Phe Asp
485

Glu His

Leu Ser

Ala Ser

Arg Ser

950
Gly Arg
565

Arg Ile

Phe Leu

GIn Leu
630

Leu Leu

645

Val Ser

Arg Pro

Leu Asp Tyr Lys
440

Asp Arg Pro His

455

Ile Pro Gly Tyr

Glu Asp Gly Phe

490

Asp Arg Leu Val
505

Gln Gly Glu Phe

520
Ser Pro Leu Ile
535

Tyr Leu Leu Ala

Asp Thr Ala Thr
570

Ala Lys Asp Ala

585
Ile Glu Thr Glu
600
Ala Lys Leu Leu
615

Glu Gln Met Tyr

Ala Leu Arg Arg

650
Arg Ala Ala Lys
665

Asp Ala His Phe

Leu Val Asp Val Pro Glu

Pro

Tyr

475

Tyr

Tyr

Val

Arg

Val

555

Leu

Asn

Pro

Arg

Thr

635

Glu

Ala

Thr

Arg

460

Lys

Lys

Val

Thr

Lys

Leu

Phe

Pro

620

Asp

Met

Asp

445

Gly Glu Leu Leu

Arg Pro Glu Val
480
Thr Gly Asp Ile
495
Asp Arg Arg Asn
510

Val Ala His Leu

525

Ile Phe Ile Tyr

Val Pro Thr Asp

560

Ser Ala Leu Ala
975

Gln Pro Tyr Glu

Thr Ile Ala Asn
605

Asn Leu Lys Glu

Leu Ala Thr Gly
640

Ala Asp Leu Pro

655
Leu Gly Val Ala
670

Leu Gly Gly Asp

_63_

ZIHSd 10-2017-0113710



675
Ser Leu Ser
690

Val Glu Val

705

Asp Leu Ala

Pro Thr Phe

Asp Leu Thr

755

Asp Ser Ile

770
Gly Ala Asn
785

Arg Leu Asp

Asp Ala Ala

Asp Pro Gly

835
Glu Val Leu
850

Ala Thr Trp

Ala Ala Leu

Asn Val Val

Arg Lys Pro

915

Ala Leu

Pro Val

Asn Tyr

725
Thr Ser
740

Leu Asp

Pro His

Gly Tyr

Lys Thr

805

Ala Gly

Gln Arg

Val Asn

885

Gly Thr

900

Val Thr

Ser Phe
695

Gly Val

Val His

Lys Phe

Ala Pro

Arg Lys

Glu His

Asp Ile

855
Leu Ala
870

His Val

Tyr Leu

680
Ser Asn Leu Leu His
700

Val Val Ser Pro Ala

715
Ala Glu Arg Asn Ser
730
Gly Gly Gly Ser Glu
745
Ile Asp Ala Arg Thr
760

Val Pro Ala GIn Thr

780
Arg Phe Leu Cys Leu
795
Thr Leu Ile Cys Val
810
Arg Leu Asp Ser Ala
825

Tyr Gln Gln Leu Ala

840
Gly Asp Pro Asn Leu
860
Glu Thr Val Asp Leu
875
Leu Pro Tyr Thr Gln
890

Ile Val Arg Leu Ala

905
Ser Thr Val Gly Val
920

685

Glu Ile Phe

Asn Glu Leu

Gly Ala Lys
735
Ile Arg Ala
750
Leu Ala Ala
765

Val Leu Leu

Glu Trp Leu

Val Arg Gly

815

Phe Asp Ser
830

Ala Arg Thr

845

Gly Leu Asp

Ile Val His

Leu Phe Gly
895

Ile Thr Ala

910
Ala Asp Gln

925

_64_

Arg

720

Arg

Thr

800

Ser

Leu

Asp

Pro

880

Pro

Arg

Val
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ZIHSd 10-2017-0113710

Asp Pro Ala Glu Tyr Gln Glu Asp Ser Asp Val Arg Glu Met Ser Ala
930 935 940

Val Arg Val Val Arg Glu Ser Tyr Ala Asn Gly Tyr Gly Asn Ser Lys

945 950 955 960

Trp Ala Gly Glu Val Leu Leu Arg Glu Ala His Asp Leu Cys Gly Leu

965 970 975
Pro Val Ala Val Phe Arg Ser Asp Met Ile Leu Ala His Ser Arg Tyr
980 985 990
Ala Gly Gln Leu Asn Val Gln Asp Val Phe Thr Arg Leu Ile Leu Ser
995 1000 1005
Leu Val Ala Thr Gly Ile Ala Pro Tyr Ser Phe Tyr Arg Thr Asp
1010 1015 1020

Ala Asp Gly Asn Arg Gln Arg Ala His Tyr Asp Gly Leu Pro Ala

1025 1030 1035

Asp Phe Thr Ala Ala Ala Ile Thr Ala Leu Gly Ile Gln Ala Thr
1040 1045 1050

Glu Gly Phe Arg Thr Tyr Asp Val Leu Asn Pro Tyr Asp Asp Gly
1055 1060 1065

Ile Ser Leu Asp Glu Phe Val Asp Trp Leu Val Glu Ser Gly His
1070 1075 1080

Pro Ile GIn Arg Ile Thr Asp Tyr Ser Asp Trp Phe His Arg Phe

1085 1090 1095

Glu Thr Ala Ile Arg Ala Leu Pro Glu Lys Gln Arg Gln Ala Ser
1100 1105 1110

Val Leu Pro Leu Leu Asp Ala Tyr Arg Asn Pro Cys Pro Ala Val
1115 1120 1125

Arg Gly Ala Ile Leu Pro Ala Lys Glu Phe Gln Ala Ala Val Gln
1130 1135 1140

Thr Ala Lys Ile Gly Pro Glu Gln Asp Ile Pro His Leu Ser Ala

1145 1150 1155

Pro Leu Ile Asp Lys Tyr Val Ser Asp Leu Glu Leu Leu Gln Leu

_65_



1160

Leu

<210> 7

<211> 1173

<212> PRT

1165 1170

<213> Mycobacterium smegmatis

<400> 7
Met Thr
1

Leu Asp

Asp Pro

Ala His

50
Thr Gly
65

Ala Thr

Asp Thr

Ala Ala

Val Ala

130

Val Cys

145

Pro Val

Leu Thr

Ser

Asp

35

Lys

Tyr

Asp

Leu

Leu

115

Thr

Ser

Val

Asp Val His Asp Ala Thr Asp Gly Val Thr Glu
5 10
Glu Gln Ser Thr Arg Arg Ile Ala Glu Leu Tyr

20 25 30

Phe Ala Ala Ala Ala Pro Leu Pro Ala Val Val
40 45
Pro Gly Leu Arg Leu Ala Glu Ile Leu Gln Thr
95 60
Gly Asp Arg Pro Ala Leu Gly Tyr Arg Ala Arg
70 75
Glu Gly Gly Arg Thr Val Thr Arg Leu Leu Pro

85 90

Thr Tyr Ala Gln Val Trp Ser Arg Val Gln Ala
100 105 110
Arg His Asn Phe Ala Gln Pro Ile Tyr Pro Gly
120 125
Ile Gly Phe Ala Ser Pro Asp Tyr Leu Thr Leu
135 140
Tyr Leu Gly Leu Val Ser Val Pro Leu Gln His

150 155

Arg Leu Ala Pro Ile Leu Ala Glu Val Glu Pro
165 170
Ser Ala Glu Tyr Leu Asp Leu Ala Val Glu Ser

180 185 190

_66_

Thr Ala
15

Ala Thr

Asp Ala

Leu Phe

Glu Leu

80

Arg Phe

95

Val Ala

Asp Ala

Asp Leu

Asn Ala

160

Arg Ile
175

Val Arg
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Asp Val Asn
195
Val Asp Asp

210

Gly Lys Gly
225

Ala Gly Leu

Leu Ala Met

Ala Met

Tyr

275

Ile Thr Gly
290

Asn His Leu

305

Gly Thr Ser

Asp Leu Ala

Ala Asp Met
355
Thr Gln Gly
370
Leu Arg Glu
385

Thr Ala Pro

Gly Ala His

Thr Arg Asp

Ser

His

Pro

260

Thr

Asp

Tyr

Leu

340

Leu

Ala

Gln

Leu

Ile
420

Gly

Val

Arg

245

Leu

Pro

Phe
325

Val

Tyr

Asp

Val

405

Val

Val

Ser Gln Leu Val Val Phe Asp His His

200
Asp Ala Leu

215

Val Thr Thr
230

Glu Pro

Tyr Thr Ser

Ala Met

Val

280

Thr Pro Val

295
Arg Ile Pro
310

Val Pro Glu

Arg Pro Thr

GIn His His
360
Glu Leu Thr
375
Leu Gly Gly
390

Ala Glu Met

Asp Gly Tyr

Ile Val Arg

Ala Arg Ala

Leu Asp Ala

Tyr Thr Ala

250
Gly Ser Thr
265

Ala Arg Leu

Ile Asn Val

Ile Ser Thr

315

Ser Asp Met
330

Glu Leu Gly

345

Leu Ala Thr

Ala Glu Lys

Arg Val
395
Arg Ala Phe

410

Gly Leu Thr
425

Pro Pro Val

205
Arg Glu Gln

220

[le Ala Asp

Asp His Asp

Gly Ala Pro
270
Trp Thr Met

285

Asn Phe Met
300

Ala Val

Ser Thr Leu

Leu Val Pro

350

Pro

Leu

255

Lys

Ser

Pro

Asn

Phe

335

Arg

240

Arg

Phe

Leu

Val

Val Asp Arg Leu Val

365
Gln Ala Gly
380

Thr Gly Phe

Leu Asp

Glu Thr Gly
430

Ile Asp Tyr

_67_

Val

Thr

415

Ala

Lys

Ser
400

Leu

Val

Leu
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Ile

Arg

465

Lys

His

Val

545

Val

Lys

Leu

Phe

Pro

625

Asp

Ile

435

440

Asp Val Pro Glu Leu Gly Tyr Phe

450

Gly Glu Leu

Arg Pro Glu

Thr Gly Asp

500

Asp Arg Arg
515

Val Ala Asn

530

Ile Phe Val

Val Pro Thr

Ala Ala Leu
580
Gln Ser Tyr

595

Ser Ala Ala
610

Ala Thr Gln
660

Leu Gly Thr

675

Leu

Val

485

Val

Asn

Leu

Tyr

Pro

565

Asn

Asp

Thr

645

Pro

Gly

Val

470

Thr

Met

Asn

Gly

550

Asp

Val

Gly

Arg

630

Val

Ser

455

Arg

Val

535

Asn

Ser

Pro

Leu
615

Tyr

Glu

Ser Gln

Ser Val

Glu Thr

505
Leu Lys
520

Val Phe

Ser Glu

Leu Glu

Leu Gln

585

Ala Asp
600

Leu Ser

Asn Gln

Asp Thr

665

Val Ala

680

Ser Thr

Thr Leu

475

Phe Asp
490

Ala Pro

Leu Ala

Ser Gly

Arg Ser

955
Gln Tyr
570

Arg Thr

Phe Ile

Gly Val

Arg Leu

635
Leu Arg
650

Leu Thr

Ser Asp

445
Asp Lys Pro Tyr
460

Thr Pro Gly Tyr

Arg Asp Gly Tyr
495
Asp His Leu Val
510
Gln Gly Glu Phe
525

Ala Ala Leu Val

Phe Leu Leu Ala

Asp Pro Ala Ala

975

Ala Arg Asp Ala
590

Val Glu Thr Glu

605

Gly Lys Leu Leu
620

Glu Gln Met Tyr

Glu Leu Arg Arg
655
Gln Ala Ala Ala

670

Ala His Phe Thr

685

_68_

Pro

Tyr

480

Tyr

Tyr

Val

Arg

Val
560

Leu

Pro

Arg

Thr

Asp
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Leu Gly

690
Asp Phe
705

Thr Asn

Gly Asp

Glu Ile

Thr Leu

770

Thr Val

785

Leu Gln

Ile Val

Ala Tyr

Asp Arg

850

Gly Leu

865

Val Val

Leu Phe

Leu Thr

Ala Met

Gly Asp

Phe Gly

Leu Ala

Arg Arg

740
Arg Ala
755

Arg Ala

Leu Leu

Trp Leu

Arg Gly

820
Asp Thr
835

His Leu

Thr Pro

His Pro

Gly Pro

900

Glu Arg

915

Gly Ile

Ser

Phe

725

Pro

Ser

Ser

805

Arg

Asp

Arg

885

Asn

Ile

Pro

Leu Ser Ala Leu Thr Leu Ser Asn Leu Leu

695

710

Leu Ala

Ser Phe

Glu Leu

Pro Gly

775

Arg Leu

Asp Asp

Pro Glu

Val Val

855

Ile Trp

Ala Leu

Val Val

Lys Pro

Asp Phe

Pro Val Gly

Gln His Ile

730

Thr Thr Val
745

Thr Leu Asp

760

Leu Pro Lys

Asn Gly Trp

Leu Ser Arg
840

Ala Gly Asp

His Arg Leu

Val Asn His
890
Gly Thr Ala
905
Val Thr Tyr
920

Glu Glu Asp

700
Thr Ile Val Asn Pro
715
Glu Ala Gln Arg Thr

735

His Gly Ala Asp Ala
750
Lys Phe Ile Asp Ala
765
Val Thr Thr Glu Pro
780
Leu Gly Arg Phe Leu

795

Gly Gly Thr Leu Ile

815
Arg Ala Arg Leu Thr

830
Arg Phe Ala Glu Leu
845
Ile Gly Asp Pro Asn
860

Ala Ala Glu Val Asp
875
Val Leu Pro Tyr Arg
895
Glu Val Ile Lys Leu
910
Leu Ser Thr Val Ser

925

Gly Asp Ile Arg Thr
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Ser

Thr

Arg

Thr

800

Thr

Leu

Leu

880

Gln

Ala

Val

Val
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Ser
945

Ser

Arg

Leu

Asp

Pro

Val

Arg

Thr

Leu

930 935 940
Pro Val Arg Pro Leu Asp Gly Gly Tyr Ala Asn Gly Tyr Gly Asn
950 955 960
Lys Trp Ala Gly Glu Val Leu Leu Arg Glu Ala His Asp Leu Cys
965 970 975
Leu Pro Val Ala Thr Phe Arg Ser Asp Met Ile Leu Ala His Pro

980 985 990

Tyr Arg Gly Gln Val Asn Val Pro Asp Met Phe Thr Arg Leu Leu
995 1000 1005

Ser Leu Leu Ile Thr Gly Val Ala Pro Arg Ser Phe Tyr Ile
1010 1015 1020

Asp Gly Glu Arg Pro Arg Ala His Tyr Pro Gly Leu Thr Val
1025 1030 1035

Phe Val Ala Glu Ala Val Thr Thr Leu Gly Ala Gln Gln Arg
1040 1045 1050

Gly Tyr Val Ser Tyr Asp Val Met Asn Pro His Asp Asp Gly
1055 1060 1065

Ser Leu Asp Val Phe Val Asp Trp Leu Ile Arg Ala Gly His
1070 1075 1080

I[le Asp Arg Val Asp Asp Tyr Asp Asp Trp Val Arg Arg Phe
1085 1090 1095

Thr Ala Leu Thr Ala Leu Pro Glu Lys Arg Arg Ala Gln Thr

1100 1105 1110

Leu Pro Leu Leu His Ala Phe Arg Ala Pro Gln Ala Pro Leu

1115 1120 1125
Gly Ala Pro Glu Pro Thr Glu Val Phe His Ala Ala Val Arg
1130 1135 1140
Ala Lys Val Gly Pro Gly Asp Ile Pro His Leu Asp Glu Ala
1145 1150 1155
Ile Asp Lys Tyr Ile Arg Asp Leu Arg Glu Phe Gly Leu Ile

1160 1165 1170

_70_
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<210> 8
<211> 209

<212> PRT

<213> Escherichia coli

<400> 8

Met Val Asp Met Lys Thr Thr

1

Thr Leu His

Leu Leu Trp
35

Arg Lys Thr

50
Arg Glu Tyr
65

Pro Val Trp

Thr Ala Leu

Glu Ile Phe

115
Thr Pro Ala
130
Leu Ala Leu
145

Ser Glu Ile

Trp Asn Lys

Val His Trp
195

Asp

5
Phe Val
20

Leu Pro

Glu His

Gly Tyr

Pro Ala

85
Ala Val
100

Ser Val

Glu His

Thr Leu

GIn Thr

165

180

Gln Ile

Glu Phe

His Tyr

Leu Ala

55
Lys Cys
70

Glu Val

Val Ser

Gln Thr

Glu Arg

135
Ala Phe
150

Asp Ala

Val Ile

Lys Glu

His

Asp

Val

Tyr

Arg

120

Leu

Ser

Lys

200

Thr Ser Leu
10

Pro Ala Asn

25

Gln Leu Gln

Arg Ile Ala

Pro Ala Ile

Gly Ser Ile
90
Gln Pro Ile

105

Pro Phe Ala

Phe Cys Glu
30
His Ala Gly
45

Ala Val Tyr

60

Gly Glu Leu

Ser His Cys

Gly Ile Asp
110

Gly His
15

Gln Asp

Arg Lys

Ala Leu

Arg Gln

80
Gly Thr
95

Ile Glu

Arg Glu Leu Thr Asp Asn Ile Ile

Ala Asp Cys

125
Gly Leu Ala
140

Phe Ser

Ala Lys Glu Ser Ala Phe Lys Ala

155
Phe Leu Asp
170

His Arg Glu

185

Ile Val Ile

Tyr Gln Ile

Asn Glu Met

190
Thr Leu Cys

205
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160
Ile Ser
175

Phe Ala

Gln His
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<210> 9

<211> 70

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
oligonucleotide"

<400> 9

aaaaacagca acaatgtgag ctttgttgta attatattgt aaacatattg attccgggga 60

tcecgtcgace 70

<210> 10

<211> 68

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
oligonucleotide"

<400> 10

aaacggagcc tttcggetce gttattcatt tacgecggett caactttcct gtaggcectgga 60

gctgette 68

<210> 11

<211> 23

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
oligonucleotide"

<400> 11

cgggcaggtg ctatgaccag gac 23

<210> 12
<211> 23

<212> DNA

_72_
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<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence
oligonucleotide"

<400> 12

cgcggegttg accggecagece tgg

<210> 13

<211> 5659

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence
polynucleotide"

<400> 13

. Synthetic

. Synthetic

atgatcatca aacctaaaat tcgtggattt atctgtacaa caacgcaccc

gaagcgaacg taaaagaaca aattgcctac acaaaagcac aaggtccgat

cctaagcgeg tgttggttgt cggatcgtcect ageggctatg gtctgtcatce

geggegtttg geggtggtge ggcgacgatce ggegtatttt tcgaaaagcec

aaaaaaccag gtactgeggg tttctacaat gcagcagegt ttgacaagcet

gcgggettgt acgcaaaaag cctgaacgge gatgegttct cgaacgaagce

gcgattgage tgattaagca agacctcgge cagattgatt tggtggttta

tctccagtge gtaagatgcec agacacgggt gagctagtge getctgeact

ggcgaaacgt acacctctac cgcggtagat accaataaag atgtgatcat

gttgaacctg cgaccgagca agaaatcgct gacactgtca ccgtgatggg

tgggaactgt ggatccaagc actggaagag gcgggtgttc ttgctgaagg

gtggcgtaca gctacatcgg tactgaattg acttggccaa tttactggga

ggccgtgeca agatggacct agatcgcgca gcgacagcge tgaacgaaaa

aaaggtggta ccgcgaacgt tgcagttttg aaatcagtgg tgactcaagce

attcctgtga tgccgectcta catcgcaatg gtgttcaaga agatgcegtga

catgaaggct gtatggagca gatctaccgc atgttcagtc aacgtctgta

ggttcagcge cggaagtgga tgatcacaat cgtctgegtt tggatgactg

gatgacattc agcagcactg ccgtgatctg tggccacaaa tcaccacaga

_73_

agtgggttgt

caaaaacgca
acgcatcgct
gggcactgac
agcgcatgaa
gaagcaaaaa
ctcgttggcet

aaaaccgatc

tgaagccagt
cggtcaagat
ttgcaaaacc
tggcgcttta
gctggeageg
aagctctgceg

acagggcegtg

caaagaagat

ggaactgegt

gaacctgegt

23

60

120
180
240
300
360
420

480

540
600
660
720
780
840

900

960
1020

1080
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gagctgaccg
gaaggcattg
gagtaattta

cccgaacaag

attgtcactc
acgatgggct
attggcttga
cagattcaaa
gcaggtttca
cacgcgctgg

acgatcatta

ggtattatct
aatgccgatc
tttaaagtgg
ctggatcgct
gcgacagega
ggcaatacct

attaaagccg

gecgetgattce
ggtcagggtt
gaagaaacgt
caaggtccag
tcegtegege
ggtcacagcc

geegttegte

ggeggcatgt
tctgccgaag
gcegggeata
cgegegetge
gataagctgg

aacaacgttg

attacgacat
attacgatgc
gtgactgagc

tgcggactaa

gtacaggtat
ttaccgctgce
ttgtggtgge
gtatgctcgg
cctacgegtt
tggteggtte

ttttcggcga

ccactcatct
gcgtaaatcc
cggtcactga
cagaactcga
aaaaactcgg
ccgeggcette

gtcagctggt

gtttctagta
ctcagagcgt
ttgctgaagce
cggaagaact
tttggcgegt
tgggcgaata

tggtggaaat

ctgcgatcat
ggcaggttgt
aagaggcggt
cgctgeceggt
cggttgaatt

acgtgaaatg

gtacaaagaa
tgacgtcaat
gtacatgtat

cgccgatctg

tcgtaaacgc
gaatcgecgceg
taccacatca
tattaaaggt
aagcatcgcc
cgatgtatta

tggcgeagge

tcatgccgat
ggataacccg
actggcgcat
ttggctggtg
catgtcgatg
tgtgcegtgce

attgcttgaa

taaggattta
tgggatgttg
ttctgeggcet
gaataaaacc
ttggcagcag
ttccgegetg

gcgeggtaaa

cgggcetggat
ttcgecggtt
agaacgtgcg
gagcgtaccg
agccaaaatt

tgaaaccgat

gagttcatca
ccagaagtcg
acgaagatta

gaaaaaatgg

catatcgccg
attgagatgg
gcaacgcatg
tgceeggegt
gaccagtacg
gcecgeactt

gecggecegtac

ggccgttacg
atttacctga
attgtcgatg
ccgcatcagg
gacaatgtcg
gcgetggatg

gecttegggg

aacatgacgc
gcegagatgg
ctgggatatg
tggcagacgc
cagggeggta
gtttgcgetg

ttcatgcagg

gatgcctcta
aactttaact
ggcgcagect
tcgcactgceg
acctttagceg

gecegecgeta

agctgtttgg
aatttgatgt
ttggtactgg

ttgagacctc

cgccgaatga
cggggatcga
catttccaag
ttgatgtcgc
ttaaatccgg
gcgatcectgg

tgagcgcttc

gtgaattact
caatggcggg
agacgctggce
ctaacctgcg
tcgtcacgct
aagccgtgceg

gtggattcac

aatttgcatt
cggcaaatta
atctgtgggc
agccggegtt
aaatgcctgc
gcgtcatcaa

aagcggttcc

ttgctaaagc
cgcegggaca
gtaaagccgc
cgctgatgaa
cgccaacggt

tccgegatge

_74_

ctttggcatt
gattgatatc
cagctatctg

tgacgagtgg

aactgtcgceg
taaagaccaa
cgcggcatgt
ggcagegtgc
cgcggttaaa
cgatcgceggt

tgaagaaccg

gaccctgeceg
caatgaagtc
ggctaataac
tatcattagc
ggacaggcac
tgacgggcga

ctggggctcc

tgtgttccec
ccctatcgta
gctcacccag
attaaccgct
gttaatggca
ctttgctgat

ggaaggcact

ctgtgaagaa
ggtggttatc
tggcgcgaaa
accagcggea
gceggtagtg

getggttege

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

2640
2700
2760
2820
2880

2940
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cagttgtaca

gaacatcttt
gacaccctga
taaaagagga
ggcataggcc
gcgaccagtg
ttgatgttga

gaatttggtg

atgcgaatga
cgcctgtcaa
attggttctg
gcgggectga
gtcaatgttg
cagegtgegg

gccagtgegg

cacgtcaacg
aacgcgaatc
ctaaagggcc
ccgaaacggg
atctatggtt
tggatgctat

gecegegetcet

aagtcaccta
cggacggtga
gtttgttcca
cattacgggt
catcaaagag
agttaagctg

ggcgaaccgt

atccggtaca

atgaagtggg
cagcgtcggce
aaaccatgag
gcgcaattge
aaaatggtgc
atgtgaccga

aagtggatat

aagatgatga
aagcggtaat
tggttggtac
tcggtttcag
tggcteeggg
gtatcctgge

ttgcattttt

gcggaatgta
ctatacaaaa
gcaactccct
cggcaatttc
cttcggatgc
gtggcaattg

gggcegtggge

tcgtattcat
ggttetggtg
ggatacttcc
attggtgcag
ggtaaatgtg
gctgecgaag

atggaccgtt

gtggacgaag

tccaggtaaa
gctgaacgag
ctttgaagga
agagactctc
gaagaacatt
tcctgeatct

cctggttaat

gtggaacgat
gcgcegcetatg
catgggaaat
taaatcactg
ttttattgaa
gcaggtgcect

agcctctgac

catggtttaa
gaagaccttc
gcaccgaaca
gacaaaggct
cactttatcg
gtgggattct

gaagtgaaat

ttcaaacgta
gatggtcgcce
gcgttctaaa
tgacgccggt
gcattgacaa
tgaaggactt

ttagccagtt

agcgtggaat

gtcctcactg
ccggegegcegce
aagattgcgc
gttgccegeg
agcgactatt
attgaatctg

aatgccggta

attatcgaaa
atgaaaaagc
gcaggtcagg
gcgcgtgaag
acggacatga
gegggtegee

gaagcgagtt

ttttaaggtt
ttgectcectgg
tgctgatgat
atgtcgaagc
gcgatceggt
acctgggctg

ttaccggcca

tcgtaaaccg
tgatctatac
aggaggcaac
gggtaacaac
gatcaaagcg
caccccggag

tgcgatcgtt

ttatcgcggce

gtctgacgaa
tgtctgeggce
tggtgactgg
gcgcgaaagt
taggtgctaa
ttctggaaaa

tcactcgtga

ccaacttatc
gttgtggtceg
caaactacgc
ttgcgtccecg
cgegtgeget
tcggeggege

acatcactgg

tacataaaac
tcgtggtgaa
ggaccgegtce
cgagctggat
gatgcceggt
gttgggcegge

ggttctgecg

tcgcctgatce
cgcacacgat
aaaatgaatc
gctgatagcet
tttgacgcaa
gactttatcg

geggeggatg

_75_

gcagggegtt

acgtattgtc
acttacgcaa
tgcaagccgt
tatcgggact
cgggaaaggt
tattcgcgca

taatctgttg

atccgttttc
cattatcact
tgcggcecgaaa
tggtattact
gtctgacgat
tcaggaaatc

tgagactctg

atggtagata
ctgtttggceg
gttaagatga
atcaatccgg
tgtctgggtc
gaaggcaaag

acagccagga

atgggectgg
ttgaaagtcg
geegegttgt
tctggtgcag
ccgatttcaa
acaagcgtga

aggcaatcaa

3000

3060
3120
3180
3240
3300
3360

3420

3480
3540
3600
3660
3720
3780

3840

3900
3960
4020
4080
4140
4200

4260

4320
4380
4440
4500
4560
4620

4680
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ggacagcaaa
cggcattggce
gggtegtgtg
ggcgattcegt
gaacaacagc
ctctggtggt

ggccgtgacce

cggttttgtg
gaagcgtggt
tcatatcacg
ggaagaagat
ggcgtacaat
caaagtgccg

agtcgaagcg

ctacaaagag
agaagtcaac
gttcaaaaag
<210> 14
<211> 40

<212> DNA

ctggacctgg
ggcatcggca
agccctatga
tatggcgcta
attggtgagt
agcgaagcag

aaatctgagg

atgggegagg
gccaaaatct
agcccagegce
aatgtccgcec
gacagcttcg
gtgtctagca

attatctgtg

gcggatcecgg
tacgttctgt

tacaaatga

agtcgattga
ccattgagaa
ctattccgat
aaggtatttg
ccttecgtaa
gtatcacccce

acccgaagcg

gcagcggtat
atgccgagat
cgaatggtga
cagaggacat
aaacccaagc
ccaagagcat

ccaaagctat

aatgcgacct

ccaacagcct

<213> Artificial Sequence

<220><221>

<223> /note="Description of Artificial Sequence

oligonucleotide"

<400> 14

source

taagaatcgt
gcaggatgaa
gatcattgcg
cacgaccatt
cattaagttt
gttgagectg

cgccagcatc

cgttatcttg
cgttggctat
aggtggtgca
ttcctatatce
gatcaagacg
gaccggecac

tgaagagggt

ggattacgtt

gggctteggt

gcagttattg gtgcccttaa acgectggtt gctacgectg

<210> 15

<211> 27

<212

> DNA

<213> Artificial Sequence

<220><221>

<223> /note="Description of Artificial Sequence

source

ttcggegtcea
aagctgatta
aatatggcaa
gtcaccgcat
ggttatagcg
gegggttttg

ccgttcgata

gaagagttgg
ggtgcgacct
cgtgcaatga
aacgcgcacg
gtcetgggtg
ctgetgggeg

ttcattccgce

cctaacgagg

ggccataatg

_76_

ttgttggtag
ccaaaggtcc
gcggtaatct
gtgcgagege
acgttatgat
cctcgatgaa

aggatcgcag

agcacgcgct
gcgacgcata
aactggcaat
gtacgagcac
aatacgccta
ctggeggtge

cgaccatcgg

gccgtaatge

cgactctgct

. Synthetic

. Synthetic

4740
4800
4860
4920
4980
5040

5100

5160
5220
5280
5340
5400
5460

5520

5580
5640

5659

40
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oligonucleotide"

<400> 15

gagccaatat gcgagaacac ccgagaa 27

<210> 16

<211> 48

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
oligonucleotide"

<400> 16

cgctgaacgt attgcaggcc gagttgetge accgcetcceccg ccaggceag 48

<210> 17

<211> 51

<212>

DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
oligonucleotide"

<400> 17

ggaattgcca cggtgeggea ggctccatac gecgaggcecag gttatccaac g 51

<210> 18

<211> 35

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
oligonucleotide"

<400> 18

aatcaccagc actaaagtgc geggttcgtt acccg 35

<210> 19

<211> 34

<212> DNA

_77_
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<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence
oligonucleotide"

<400> 19

atctgccgtg gattgcagag tctattcagce tacg

<210> 20

<211> 30

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence
primer"

<400> 20

gcaattccat atgacgagcg atgttcacga

<210> 21

<211> 29

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence
primer"

<400> 21

ccgctcgagt aaatcagacc gaactcgeg

<210> 22

<211> 60

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence
oligonucleotide"

<400> 22

. Synthetic

34

. Synthetic

30

. Synthetic

29

. Synthetic

atgggcagca gccatcatca tcatcatcac agcagcggec tggtgecgeg cggcagcecat 60

<210> 23

_78_
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<211> 43
<212> DNA

<213> Artificial Sequence

<220><221

> source

<223> /note="Description of Artificial Sequence: Synthetic
oligonucleotide"

<400> 23

acggatcccc ggaatgegca acgcaattaa tgtaagttag cgce 43

<210> 24

<211> 46

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
oligonucleotide"

<400> 24

tgcgtcatcg ccattgaatt cctaaatcag accgaactcg cgcagg 46

<210> 25

<211> 20

<212> DNA

<213> Artificial Sequence

<220><221>

source

<223> /note="Description of Artificial Sequence: Synthetic
oligonucleotide"

<400> 25

attccgggga tccgtcgacce 20

<210> 26

<211> 23

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"
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<400> 26

aatggcgatg acgcatcctc acg
<210> 27

<211> 39

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence
primer"

<400> 27

acggaaagga gctagcacat gggcagcagce catcatcat

<210> 28

<211> 27

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence
primer"

<400> 28

gtaaaggatg gacggcggtc acccgcec

<210> 29

<211> 25

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence

primer"
<400> 29
cacggegggt gaccgeegtce catcce
<210> 30
<211> 43
<212> DNA

<213> Artificial Sequence

. Synthetic

. Synthetic

. Synthetic
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<220><221> source

<223> /note="Description of Artificial Sequence
primer"

<400> 30

ttaattccgg ggatccctaa atcagaccga actcgegecag gtc

<210> 31

<211> 24

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence
primer"

<400

> 31

cagccgttta ttgeccgactg gatg

<210> 32

<211> 27

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence
primer"

<400> 32

ctgttttatc agaccgcttc tgegttce

<210> 33

<211> 20

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence
primer"

<400> 33

gcactcgacc ggaattatcg

<210> 34

. Synthetic

. Synthetic

. Synthetic

. Synthetic
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20

SIHS31 10-2017-0113710



<211> 25
<212> DNA
<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
primer"
<400> 34
gcactacgcg tactgtgage cagag 25
<210> 35
<211> 45
<212> DNA
<213> Artificial Sequence
<220><221> source
<223> /note="Description of Artificial Sequence: Synthetic
primer"
<400> 35
gaggaataaa ccatgacgag cgatgttcac gacgcgaccg acggce 45
<210> 36
<211> 25
<212> DNA
<213> Artificial Sequence
<220><221> source
<223> /note="Description of Artificial Sequence: Synthetic
primer"
<400> 36
ctaaatcaga ccgaactcgc gcagg 25
<210> 37
<211> 31
<212> DNA
<213> Artificial Sequence
<220><221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 37

_82_
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catggtttat tcctccttat ttaatcgata ¢ 31
<210> 38

<211> 28

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
primer"

<400> 38

tgacctgcge gagttcggtc tgatttag 28

<210> 39

<211> 1168

<212> PRT

<213> Mycobacterium smegmatis

<400> 39

Met Thr Ile Glu Thr Arg Glu Asp Arg Phe Asn Arg Arg Ile Asp His

1 5 10 15

Leu Phe Glu Thr Asp Pro Gln Phe Ala Ala Ala Arg Pro Asp Glu Ala

20 25 30

Ile Ser Ala Ala Ala Ala Asp Pro Glu Leu Arg Leu Pro Ala Ala Val
35 40 45
Lys Gln Ile Leu Ala Gly Tyr Ala Asp Arg Pro Ala Leu Gly Lys Arg
50 55 60
Ala Val Glu Phe Val Thr Asp Glu Glu Gly Arg Thr Thr Ala Lys Leu
65 70 75 80
Leu Pro Arg Phe Asp Thr Ile Thr Tyr Arg Gln Leu Ala Gly Arg Ile

85 90 95

Gln Ala Val Thr Asn Ala Trp His Asn His Pro Val Asn Ala Gly Asp
100 105 110
Arg Val Ala Ile Leu Gly Phe Thr Ser Val Asp Tyr Thr Thr Ile Asp
115 120 125

Ile Ala Leu Leu Glu Leu Gly Ala Val Ser Val Pro Leu GIn Thr Ser

_83_



130
Ala Pro Val

145

Val Ile Ala

Glu Ser Gly

Glu Val Asp
195
Ala Gly Thr

210

Gly Arg Ser
225

Pro Leu Thr

Gly Ala Met

Ser Lys Ala

275

Leu Asn Phe
290

Ser Thr Leu

305

Leu Ser Thr

Asn Phe Val

Arg Leu Asp

355

135
Ala Gln Leu Gln

150

Ser Ser Val Asp
165

Pro Ala Pro Ser

180

Asp Gln Arg Glu

Gly Val Val Val

215

Leu Ala Asp Ala
230
Leu Leu Ile Tyr
245
Tyr Pro Glu Ser
260

Arg Trp Asp Glu

Met Pro Met Ser
295
Ala Ser Gly Gly
310
Phe Leu Glu Asp
325
Pro Arg Ile Trp

340

Asn Arg Arg Ala

140

Pro Ile Val Ala Glu

155

Phe Leu Ala Asp Ala

Arg

Ala

200

Pro

Thr

Lys

Thr

280

His

Thr

Leu

Asp

Leu
185

Phe

Thr

Leu

Ser

Thr

265

Leu

Val

Ala

Met

345

170

Val Val Phe

[le Thr Asp

220

Tyr Val Pro

235
Gly Ser Thr
250

Ala Thr Met

Gly Val Met

Met Gly Arg
300
Tyr Phe Ala
315
Leu Val Arg
330

Leu Phe Gln

Glu Gly Ser Glu Asp

360

Ala Val Leu Glu Glu Val Arg Thr Gln Leu Leu Gly

370

375

380

Thr Glu Pro Lys

160

Val Ala Leu Val
175
Asp Tyr Ser His
190
Lys Gly Lys Leu
205

Ala Leu Asp Arg

Asp Glu Ala Asp
240
Gly Thr Pro Lys
255
Trp Gln Ala Gly
270
Pro Ser Ile Thr

285

Gly Ile Leu Cys

Ala Arg Ser Asp
320

Pro Thr GIn Leu

Glu Tyr Gln Ser

350

Arg Ala Glu Ala
365

Gly Arg Phe Val
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Ser Ala Leu Thr
385

Val Glu Asp Leu

Glu Ala Gly Ala
420
Ile Asp Tyr Lys
435
Asp Arg Pro Tyr
450
Phe Pro Gly Tyr

465

Glu Asp Gly Tyr

Asp His Leu Glu

500

Gln Gly Glu Phe
515

Ser Pro Leu Val

530

Tyr Leu Leu Ala
545

Asp Gly Asp Glu

Ala Arg Ala Ala
580
Val Glu Thr Thr

595

Arg Lys Leu Ala
610

Glu Gln Leu Tyr

Leu

405

Val

Leu

Pro

Tyr

Tyr

485

Tyr

Val

Arg

Val

Leu

565

Pro

Arg

Thr

Ser Ala Pro
390

Asp Met His

Phe Ile Asp

Val Asp Val

440

Arg Gly Glu
455

Lys Arg Pro

470

Arg Thr Gly

Leu Asp Arg

Thr Val Ser
520
Gln Ile Tyr

535

Val Val Pro
550

Lys Ser Arg

Leu Gln Ser

Phe Thr Leu

600

Pro Lys Leu

615

Ile Ser

Leu Leu

410

Pro Asp

Leu Leu

Asp Ile

490
Arg Asn
505

Lys Leu

Val Tyr

Thr Glu

Ile Ser

570
Tyr Glu
585

Glu Asn

Lys Ala

Ala Glu Met Lys Ser Trp
395 400
Glu Gly Tyr Gly Ser Thr

415

Ile Gln Arg Pro Pro Val
430
Leu Gly Tyr Phe Ala Thr
445
Val Lys Ser Glu Gln Met
460
Thr Ala Glu Met Phe Asp

475 480

Val Ala Glu Leu Gly Pro
495
Asn Val Leu Lys Leu Ser
510
Glu Ala Val Phe Gly Asp
525
Gly Asn Ser Ala Arg Ser

540

Glu Ala Leu Ser Arg Trp
955 560
Asp Ser Leu Gln Asp Ala
975
Ile Pro Arg Asp Phe Leu
590
Gly Leu Leu Thr Gly Ile

605

His Tyr Gly Glu Arg Leu

620

Asp Leu Ala Glu Gly Gln Ala Asn Glu Leu Arg
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625

Glu Leu Arg Arg Asn

630

645

Arg Ala Ala Val Ala Leu

660

Asp Ala His Phe Thr Asp

Phe

Val

705

Phe

His

Lys

Ala

865

675
Ser Asn

690

Arg Asp

Ile Asp

755
Thr Glu
770

Arg Tyr

Lys Val

Arg Leu

Tyr Arg

835

Gly Glu

850

Asp Thr

Leu Leu His

Ser Pro Ala
710
Leu Arg Gly

725

Ala Thr Glu
740

Ala Lys Thr

Ile Arg Thr

Leu Ala Leu

790

Ile Cys Leu
805

Asp Ala Thr

820

Ala Leu Ala

Ala Asp Leu

Val Asp Leu

870

Leu Gly

Leu Gly

630

695

Thr Asp

Ser Lys

Val Arg

Leu Ser

760
Val Leu
775

Glu Trp

Val Arg

Phe Asp

Ala Asp

840

Gly Leu

855

Ile Val

Gly Ala Asp Arg

Ala

665

Gly

Phe

Leu

Arg

Ala

745

Leu

Leu

Ala

Thr

825

His

Asp

Asp

635
Pro Val
650

Ser Val

Asp Ser

Asp Val

Ala Gly

715

Pro Thr

730

Arg Asp

Ala Pro

Thr Gly

Arg Ser

810

Gly Asp

Leu Glu

His Asp

Pro Ala

875

Val

Thr

Leu

Asp

700

Val

Tyr

Leu

Asp

Val

Thr
860

Ala

Glu Thr Val
655
Asp Leu Arg

670

Ser Ala Leu
685

Val Pro Val

Ala Ala Tyr

Ala Ser Val

735

Ala Leu Gly
750

Leu Pro Arg

765

Thr Gly Phe

Asp Leu Val

Asp Glu Ala

815

Thr Leu Leu
830

845

Trp Gln Arg

Leu Val Asn
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Ser

Ser

Ser

720

His

Lys

Ser

Leu

Asp

800

Arg

Asp

Leu

His

880
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Val

Val

Ser
945

Leu

Cys

Pro

Arg

His

Val

Asp

Leu

Asn

Leu Pro Tyr Ser Gln Met Phe Gly Pro Asn Ala Leu Gly Thr Ala
885 890 895
Leu Ile Arg Ile Ala Leu Thr Thr Thr Ile Lys Pro Tyr Val Tyr
900 905 910
Ser Thr Ile Gly Val Gly GIn Gly Ile Ser Pro Glu Ala Phe Val

915 920 925

Asp Ala Asp Ile Arg Glu Ile Ser Ala Thr Arg Arg Val Asp Asp
930 935 940
Tyr Ala Asn Gly Tyr Gly Asn Ser Lys Trp Ala Gly Glu Val Leu

950 955 960

Arg Glu Ala His Asp Trp Cys Gly Leu Pro Val Ser Val Phe Arg
965 970 975

Asp Met Ile Leu Ala Asp Thr Thr Tyr Ser Gly Gln Leu Asn Leu

980 985 990

Asp Met Phe Thr Arg Leu Met Leu Ser Leu Val Ala Thr Gly Ile

995 1000 1005
Pro Gly Ser Phe Tyr Glu Leu Asp Ala Asp Gly Asn Arg Gln
1010 1015 1020
Ala His Tyr Asp Gly Leu Pro Val Glu Phe Ile Ala Glu Ala
1025 1030 1035
Ser Thr Ile Gly Ser Gln Val Thr Asp Gly Phe Glu Thr Phe

1040 1045 1050

Val Met Asn Pro Tyr Asp Asp Gly Ile Gly Leu Asp Glu Tyr
1055 1060 1065
Asp Trp Leu Ile Glu Ala Gly Tyr Pro Val His Arg Val Asp
1070 1075 1080
Tyr Ala Thr Trp Leu Ser Arg Phe Glu Thr Ala Leu Arg Ala
1085 1090 1095
Pro Glu Arg Gln Arg Gln Ala Ser Leu Leu Pro Leu Leu His

1100 1105 1110

Tyr GIn Gln Pro Ser Pro Pro Val Cys Gly Ala Met Ala Pro
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1115 1120 1125

Thr Asp Arg Phe Arg Ala Ala Val Gln Asp Ala Lys Ile Gly Pro
1130 1135 1140

Asp Lys Asp Ile Pro His Val Thr Ala Asp Val Ile Val Lys Tyr
1145 1150 1155

[le Ser Asn Leu GIn Met Leu Gly Leu Leu
1160 1165

<210> 40

<211> 1168

<212> PRT

<213> Mycobacterium tuberculosis

<400> 40

Met Ser Ile Asn Asp Gln Arg Leu Thr Arg Arg Val Glu Asp Leu Tyr

1 5 10 15

Ala Ser Asp Ala Gln Phe Ala Ala Ala Ser Pro Asn Glu Ala Ile Thr

20 25 30

GIn Ala Ile Asp Gln Pro Gly Val Ala Leu Pro Gln Leu Ile Arg Met
35 40 45

Val Met Glu Gly Tyr Ala Asp Arg Pro Ala Leu Gly Gln Arg Ala Leu

50 95 60

Arg Phe Val Thr Asp Pro Asp Ser Gly Arg Thr Met Val Glu Leu Leu
65 70 75 80
Pro Arg Phe Glu Thr Ile Thr Tyr Arg Glu Leu Trp Ala Arg Ala Gly
85 90 95
Thr Leu Ala Thr Ala Leu Ser Ala Glu Pro Ala Ile Arg Pro Gly Asp
100 105 110
Arg Val Cys Val Leu Gly Phe Asn Ser Val Asp Tyr Thr Thr Ile Asp

115 120 125

Ile Ala Leu Ile Arg Leu Gly Ala Val Ser Val Pro Leu GIn Thr Ser
130 135 140
Ala Pro Val Thr Gly Leu Arg Pro Ile Val Thr Glu Thr Glu Pro Thr

145 150 155 160
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Met

Val

225

Leu

Tyr

Phe

Ser

305

Asp

Trp

Val

Leu

Ser
385

Ala

Ile Ala

Gly His

Asp Thr

195
Ser Val
210

Leu Pro

Leu Ile

Arg Glu

Glu Pro

275
His Val
290

Thr Ala

Leu Ala

Asp Met

Asp Gly

355

Arg Glu

370

Ala Pro

Asp Val

Thr

180

His

Thr

Tyr

Ser
260

Ser

Tyr

Leu

Val
340

Asn

Ile

His

Ser
165

Pro

Arg

Thr

Thr

245

Phe

Val

325

Phe

Asp

Val

Ser

Ile Asp Asn Leu Gly Asp Ala Val

Ala Arg Leu

Glu Ala Val
200
Asp Thr Leu
215
Pro Ile Ala
230

Ser Gly Ser

Val Met Ser
Tyr Pro Ser
280
Arg Gln Val
295
Val Ala Lys
310

Arg Pro Thr

Ala Glu Phe

Arg Ala Ala
360
Leu Gly Gly

375

Ala Glu Met

390

Val

185

Asp

Thr

Phe

265

Leu

Ser

His
345

Leu

Arg

Thr

Leu Val Glu Gly Tyr

170

Val Phe Asp

Ala Ala Arg

Glu Leu

220

Ser Ala Asp
235

Gly Ala Pro

250

Trp Arg Lys

Thr Leu Asn

Tyr Gly Thr
300
Asp Leu Ser

315

Leu Cys Phe
330

Ser Glu Val

Glu Ala Gln

Phe Val Met

380

Ala Trp Val
395

Gly Ser Thr

Tyr

Ala

205

Glu

Asp

Lys

Ser

Phe

285

Leu

Thr

Val

Asp

Val

365

Glu

Glu

Glu Val Leu
175
His Gly Lys

190

Arg Leu Ala

Arg Gly Arg

Ala Leu Ala
240
Gly Ala Met

255

Ser Gly Trp
270

Met Pro Met

Ser Asn Gly

Leu Phe Glu

Pro Arg

335
Arg Arg Leu
350

Lys Ala Glu

Leu Thr

Ser Leu Leu
400

Ala Gly Met
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Val

Leu

Pro

Tyr

465

Tyr

Tyr

Arg

Val

545

Leu

Pro

Arg

Thr

625

Ser

Leu Asn Asp
420
Val Asp Val

435

Arg Gly Glu
450

Gln Arg Pro

Arg Thr Gly

Leu Asp Arg

500

Ala Val Ser
515

GIn Ile Phe

530

Val Val Pro

Lys Pro Val

Leu Gln Ser
580
Phe Thr Leu
595
Pro GIn Leu
610

Glu Leu Ala

Gly Pro Asp

405

Gly

Pro

Leu

Asp

Asp
485

Arg

Lys

Ser

565

Tyr

Lys

Asp

Ala

645

Met

Leu

Val

470

Asn

Leu

Tyr

Gly

550

Ser

Glu

Asn

Lys

Ser

630

Pro

410

Val Arg Arg Pro
425

Leu Gly Tyr Phe

440

Val Lys Thr Gln
455

Thr Ala Glu Val

Met Ala Lys Val
490
Asn Val Leu Lys

505

Glu Ala Val Phe
520

Gly Asn Ser Ala

935

Asp Ala Leu Ser

Glu Ser Leu Gln

570

Ile Pro Arg Asp
585
Gly Leu Leu Thr
600
Phe Tyr Gly Glu
615

Gln Ser Asn Glu

Val Leu Pro Thr

650

Ala Val

Gly Thr

Thr Met

460
Phe Asp
475

Gly Pro

Leu Ser

Gly Asp

Arg Ala

540
Arg His
955

Glu Val

Phe Ile

Gly Ile

Arg Leu

620

Leu Arg

635

Leu Cys

415
Ile Asp Tyr Lys
430
Asp Gln Pro Tyr

445

Phe Pro Gly Tyr

Pro Asp Gly Phe

480

Asp Gln Phe Val
495

Gln Gly Glu Phe

510

Ser Pro Leu Val
525

Tyr Pro Leu Ala

Gly Ile Glu Asn
560
Ala Arg Ala Ala

975

Ile Glu Thr Thr
590

Arg Lys Leu Ala

605

Glu Arg Leu Tyr

Glu Leu Arg Gln

640

Arg Ala Ala Ala

655
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Ala Leu Leu Gly Ser Thr Ala Ala Asp Val

Ala Asp

Leu His

690

Pro Ala
705

Thr Gly

Thr Glu

Ala Thr

Arg Thr

770
Ala Leu
785

Cys Leu

Ala Thr

Leu Gly

Asp Leu

850
Asp Leu
865

Ser Gln

Leu Ala

660
Leu Gly Gly
675

Glu Ile Phe

Ser Asp Leu

Val Arg Arg

725

Val His Ala
740

Leu Ala Ala

755

Val Leu Leu

Glu Trp Leu

Val Arg Ala

805

Phe Asp Ser
820

Ala Gly Arg

835

Gly Leu Asp

[le Val Asp

Leu Phe Gly

885

Leu Thr Gly

665
Asp Ser Leu Ser Ala
680
Gly Val Asp Val Pro

695

Arg Ala Leu Ala Asp
710
Pro Ser Phe Ala Ser
730
Ser Asp Leu Thr Leu
745
Ala Pro Asn Leu Pro

760

Thr Gly Ala Thr Gly
775
Asp Arg Met Asp Leu
790
Arg Ser Asp Glu Glu
810
Gly Asp Pro Tyr Leu

825

Leu Glu Val Leu Ala
840
Arg Val Thr Trp Gln
855
Pro Ala Ala Leu Val
870
Pro Asn Ala Ala Gly

890

Lys Arg Lys Pro Tyr

Arg Pro Asp Ala His

Leu Ser

Val Gly

His Ile
715

Ile His

Asp Lys

Ala Pro

Phe Leu
780
Val Asn

795

Val Arg

Gly Asp

Arg Leu

860
Asn His
875

Thr Ala

Ile Tyr

Leu
685

Val

Phe

Ser

765

His

Lys

845

Val

Glu

Thr

670

Ala Asn

Ile Val

Ala Ala

Arg Ser

735

Ile Asp

750

Ala Gln

Arg Tyr

Lys Leu

Arg Leu

815

Tyr Arg

830

Gly Glu

Asp Thr

Leu Pro

Leu Leu

895

Ser Thr
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Phe

Leu

Ser

Arg

720

Val

Leu

800

Asp

Val

Tyr

880

Arg

Ile
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Ala

Ile

945

His

Leu

Thr

Phe

Asp

Pro

Asn

Asp

Leu

Asn

Thr

900 905 910
Val Gly Glu Gln Ile Pro Pro Glu Ala Phe Thr Glu Asp Ala Asp
915 920 925
Arg Ala Ile Ser Pro Thr Arg Arg Ile Asp Asp Ser Tyr Ala Asn
930 935 940
Tyr Ala Asn Ser Lys Trp Ala Gly Glu Val Leu Leu Arg Glu Ala

950 955 960

Glu Gln Cys Gly Leu Pro Val Thr Val Phe Arg Cys Asp Met Ile
965 970 975
Ala Asp Thr Ser Tyr Thr Gly Gln Leu Asn Leu Pro Asp Met Phe
980 985 990
Arg Leu Met Leu Ser Leu Ala Ala Thr Gly Ile Ala Pro Gly Ser
995 1000 1005
Tyr Glu Leu Asp Ala His Gly Asn Arg Gln Arg Ala His Tyr

1010 1015 1020

Gly Leu Pro Val Glu Phe Val Ala Glu Ala Ile Cys Thr Leu
1025 1030 1035
Thr His Ser Pro Asp Arg Phe Val Thr Tyr His Val Met Asn
1040 1045 1050
Tyr Asp Asp Gly Ile Gly Leu Asp Glu Phe Val Asp Trp Leu
1055 1060 1065
Ser Pro Thr Ser Gly Ser Gly Cys Thr Ile Gln Arg Ile Ala

1070 1075 1080

Tyr Gly Glu Trp Leu GIn Arg Phe Glu Thr Ser Leu Arg Ala
1085 1090 1095
Pro Asp Arg Gln Arg His Ala Ser Leu Leu Pro Leu Leu His
1100 1105 1110
Tyr Arg Glu Pro Ala Lys Pro Ile Cys Gly Ser Ile Ala Pro
1115 1120 1125
Asp Gln Phe Arg Ala Ala Val Gln Glu Ala Lys Ile Gly Pro

1130 1135 1140
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Asp Lys Asp Ile Pro His Leu Thr Ala Ala Ile Ile Ala Lys Tyr

1145

1150

[le Ser Asn Leu Arg Leu Leu Gly Leu Leu

1160
<210> 41
<211> 3507

<212> DNA

1165

<213> Mycobacterium smegmatis

<400> 41
atgacgatcg
gacccgcagt

gagttgcgcc

ctgggcaagc
ctgcececget
aatgcctggce
agtgtcgact
ctgcagacca
gtgatcgegt

gecgecegtege

ttcgaggegg
gcactggacc
ccgetgaccce
cccgagtcca
ctcggegtga
ggcatcctgt

ctgtccacct

cgcatctggg
ggatccgagg
gggegattceg
gtcgaggacc
gtgttcatcg

cccgatctceg

aaacgcgcga
tcgeegecegce

ttcetgecge

gcgcecegtcega
tcgacaccat
acaaccatcc
acacgacgat
gtgcgeeggt
cgagcgtcga

gactggtggt

ccaagggcaa
gcgggeggte
ttctcatcta
agaccgccac
tgccgtcegat
gcagcacact

tcctggagga

acatgctgtt
accgagccga
tttcggecect
tgctcgacat
acgggcagat

gctacttcge

agaccgcttc
ccgteccgac

ggtcaaacag

gttcgtcacc
cacctaccgt
ggtgaatgcc
cgacatcgcc
ggcccaactg
cttcectegec

gttcgactac

gctcgecagge
actcgccgac
cacctceggce
gatgtggcag
caccctgaac
cgccageggce

cctegecectce

ccaggagtac
agccgcagtc
gaccggatcg
gcatctgctg
ccagcgceeg

cacggaccgg

aaccggegea

gaggcgatca

attctggccg

gacgaagaag
cagctcgcag
ggtgaccgeg
ctgctcgaac
cagccgatcg
gacgcagtcg

agccacgagg

accggegtceg
gcaccgcetcet
agcaccggca
gcegggtceca
ttcatgccca
ggaaccgegt

gtgcggcecca

cagagccgece
ctcgaagagg
gctcececatcet
gagggctacg
ccggtcatcg

ccctaccecege

1155

ttgaccactt
gecgeggetge

gctatgegga

gccgceaccac
gcceggatceca
tggccatcct
tcggegecegt
tcgccgagac
ctctegtcga

tcgacgatca

tcgtcgagac
acgtgcccga
ctcccaaggg
aggceeggtg
tgagtcacgt
acttcgccgce

cgcagctcaa

tcgacaaccg
tccgcaccca
cggcggagat
gctccaccga
actacaagct

gcggcegaact
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gttcgaaacc
cgccgatceceg

ccgeectgeg

cgcgaagctce
ggccgtgacce
gggtttcacc
gtccgtaccg
cgagcccaag
gtcegggecce

gcgtgaggeg

gatcaccgac
cgaggccgac
cgcgatgtac
ggacgagacc
catggggegc
acgcagcgac

cttcgttcect

ccgegecgag
actgctcggce
gaagagctgg
ggcegecegceg
ggtcgacgtg

tctggtcaag

60
120

180

240
300
360
420
480
540

600

660
720
780
840
900
960

1020

1080
1140
1200
1260
1320

1380
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tccgagcaga

gaggacgggt
tacctcgacc
aagctggagg
agcgcgeggt
gacggtgacg
ggattgcagt

gagaacggcc

ggcgaacgcece
gagttgcgcc
gcactgctcg
ggagattcgt
gtgeeggteg
gagggcgaac

accgaggtgce

geegegecegg
accgggttce
ggcaaggtga
gccacgttceg
cacctcgagg
tggcagcgac

gtcetgeegt

atcgcgctga
ggcatctcce
cgggtegacg
ctgcgggagg
ctggecgaca
ctgagcctcg

aaccggcagce

tgttceecgg

actaccgcac
gccgcaacaa
cggtgttegg
cctatctgct
aactcaagtc
cgtatgagat

tgctgaccgg

tcgaacagct
gcaacggagc
gtgccteegt
tgtcggectt
gcgtcatcegt
tgecgeggcte

gecgegegtga

gtctgeegeg
tgggecgceta
tctgectggt
acaccgggga
tgatcgccgg
tggccgacac

acagccagat

ccaccacgat
ccgaggegtt
actcgtacgc
cgcacgactg
cgacctactc
tggcgaccgg

gcgceccacta

ctactacaag

cggcgacatc
cgtgctgaaa
cgacagcccce
ggeggtegtg
gcgcatcage
ccegegtgac

tatccgcaag

ctacaccgac
cgaccggecce
cacggatctg
gagcttctcg
cagcccggece
caagcgcccce

tctcgeectg

ttcgggcacc
tctggegcetg
gcgegeecge
cgcgacactg
tgacaagggc
cgtcgatctg

gttcggaccc

caagccgtac
cgtcgaggac
caacggctac
gtgtggtctg
gggtcagetg
catcgcgccc

cgacgggctg

cgtccggaga

gtcgecgage
ctgtcgcagg
ctggtacgcc
gtcccgacceg
gactcactgc
ttcectegteg

ctggececeggce

ctggcegagg
gtggtcgaga
cggtccgatg
aacctgttgc
accgacctgg
acatacgcgt

ggcaagttca

gagatccgca
gaatggcetgg
agcgacgacg
ctcgagcact
gaggccgatc
atcgtcgatc

aatgcgctcg

gtgtacgtct
gccgacatcce
ggcaacagca
ccggtetcegg
aacctgccgg
ggttegttcet

ccecgtggagt

tcaccgccga

tcgggececga
gcgaattcegt
agatctacgt
aagaggcact
aggacgecggc
agacaacacc

cgaaactgaa

ggcaggccaa
ccgtcagecg
cgcacttcac
acgagatctt
caggcecgtcgce
cggtgcacgg

tcgacgccaa

ccgtgetget
agcgcatgga
aggceceeggec
accgecgegct
tgggtctcga
cggecegecect

gcaccgcecega

cgacgatcgg
gcgagatcag
agtgggeegg
tgttcecgetg
acatgttcac
acgaactcga

tcatcgccga
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gatgttcgac

ccatctcgaa
cacggtctcc
ctacggcaac
gtcacgttgg
acgagccgece
tttcacgctg

ggcgcactac

cgagttgcgce
cgecgeggtce
cgatctgggt
cgatgtcgac
ggcctacatce
gcgegacgcece

gaccctgtcec

gaccggegcec
cctggtggac
gegtcetggac
ggcagccgat
ccacgacacg
ggtcaatcac

actcatccgg

tgtgggacag
cgcgacgegce
cgaggtcctg
cgacatgatc
ccgectgatg
tgcggacggce

ggcgatctcec

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
3000
3060

3120
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accatcggct
gacggcatcg
cgcgtcgacg
gaacggcaac
ccegtgtgeg
atcggccccg

aacctgcaga

<210> 42
<211> 3507

<212> DNA

cgcaggtcac
gcctcgacga
actacgccac
gtcaggcectce
gtgccatgge
acaaggacat

tgctcggatt

cgacggattc
gtacgtggac
ctggectgage
gctgetgeceg
acccaccgac
tccgcacgtce

gctgtaa

<213> Mycobacterium tuberculosis

<400> 42

atgtcgatca
cagttcgccg
gecgcttecac
cagcgtgcege
ccgeggttceg

gegttgageg

agcgtcgact
ctgcagacca
atgatcgcca
ccggeeeggce
gaagccgecce
gaacgcggcea

ctgctgattt

caggtgatga
atcacgctga
ctttccaacg
gacctcgecc
ttcgcagagt

ctggaagcgc

acgatcagcg
ccgcecagtcec
agctcatccg
tcegettegt
agaccatcac

ctgagcccgce

acacaaccat
gtgcgeeggt
ccagcatcga
tggtcgtatt
gagctcggtt
gggegetgcece

acacctcggg

gcttetggeg
acttcatgcc
gcggtaccge
tggtgcggece
tccacagcga

aggtgaaggc

actgacacgc
caacgaggcg
tatggtcatg
caccgacccce
ctaccgcgaa

gatccggecg

cgacatcgcg
caccgggttg
caatcttggc
cgattaccac
ggeceggeteg
ggccacaccce

tagtaccggc

caagtcgagt
gatgagccac
ctacttcgtc
cacagaattg
ggtcgaccgce

cgagctgcegg

gagacgttcc
tggctgatcg
cggttcgaaa
ctgctgcaca
cggttceegtg

acggccgacg

cgegtcgagg
atcacccagg
gagggctacg
gacagcggcc
ctgtgggcce

ggcgaccgsg

ctgatccggt
cgccecgatceg
gacgccgtceg
ggcaaggttg
gtgaccatcg
attgccgaca

gcacccaaag

ggctggttceg
gtcgggggcece
gccaagageg
tgcttegtge
cgettggtgg

gagaacgtgc

acgtgatgaa
aggccggcta
ccgcactgeg
actatcagca
ccgeggtgea

tgatcgtcaa

acctatacgc
cgatcgacca
ccgatcggcec
gcaccatggt
gcgecggeac

tttgcgtgct

tgggegeegt
tcaccgagac
aagtgctgge
acacccaccg
acacacttgc
gcgecgacga

gcgccatgta

agccgagegg
gtcaggtgct
acctgtcgac
cgcgcatctg
acggcgecga

tcggecggacg
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ccecgtacgac
cceegtgeac
ggccectgeceg
gcectcacceg
ggacgcgaag

gtacatcagc

cagcgacgcc
gceeggggte
ggcactcggce
cgagctactg
attggccacc

gggcttcaac

gtcggttcca
cgagccgacg
cggtcacgcec
cgaggccgtc
cgaactgatc
cgegetggeg

tcgcgagagce

ttacccctcg
ctacgggacg
gctgttcgag
ggacatggtg
tcgageggeg

gtttgtcatg

3180
3240
3300
3360
3420
3480

3507

60
120
180
240
300

360

420
480
540
600
660
720

780

840
900
960
1020
1080

1140
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gcgctgaccg

gccegacgtge
ggcatggtge
tacttcggca
ttcceegget
taccggaccg
cgcaacaacg

gtgtteggeg

tacccgcetgg
ctcaagcccg
tacgagattc
ctcaccggca
gagcggcetct
agcggtcccg

tctaccgctg

tcggegetgt
gtcattgtca
accggcegtca
gccagegacc
ctgceggeac
ggtcgctacce

tgcetggtcece

agcggcgacce
ctcgeeggeg
gccgacacgg
agccagctgt
ggcaagcgcea
gaggcgttca

agctacgcca

gttcegegee

atttggtgga
ggegeeecge
ccgatcagcc
actaccagcg
gggacatcat
tgctaaagct

acagcccgct

cggtggttgt
tgatcagcga
cacgcgactt
tccgcaagct
ataccgagct
atgcgccggt

cggatgtgceg

cgttggccaa
gcecggeaag
ggcgacccag
tcacgctgga
cgagcgccca
tggegetgga

gcgcecagatc

cgtatttggt
acaagggcga
tggacctgat
tcggcccaaa
agccatacat
ccgaggacgce

acggctacgc

gatctcegcet

gggttacgge
ggtgatcgac
ctacccceegg
ccecggatgtce
ggccaaagta
ctcccagggce

ggtccgacag

ccegteeggg
gtcectgeag
catcatcgaa
ggcacgeccg
ggccgatage
gcttccgacg

gccggacgeg

cctgetgcac
cgacctgcegg
cttcgecteg
caagttcatc
agtgcgcacc
atggctcgac

cgacgaggaa

gcggcactac
ggccgacctg
cgtggaccce
cgecggegeec
ctacacctcg
cgacatccgg

gaacagcaag

gagatgacgg

tccaccgagg
tacaagctgg
ggcgagetge
accgccgagg
ggceccgacce
gagttcatcg

atcttcatct

gacgcegcettt
gaggtagcga
accacgccgt
cagttgaaga
caatccaacg
ctgtgccegtg

cacttcgccg

gagatcttcg
gcectggeceg
atacacggtc
gacgctgcca
gtactgctga
cgcatggacc

gcacaagccce

cgcgaattgg
ggcctggacce
geggeectgg
accgccgagt
acgatcgccg
gccatcagcec

tgggccggcg

cgtgggtcga

ccgggatggt
tcgacgtgcec
tggtcaagac
tgttcgaccc
agttcgtcta
ccgtgtcgaa

acggcaacag

ctcgccatgg
g8gcgegccgg
tcaccctgga
agttctatgg
agctgcgcega
ccgeggetge

acctgggtgg

gcgtcgacgt
accacatcga
gctcegegac
ccetggecege
ccggegecac
tggtcaacgg

ggctggacge

gcgeegaceceg
gggtcacctg
tcaaccacgt
tgcttcgget
tgggcgagea
cgacccgcag

aggtgctgct
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gtcectgetg

cctgaacgac
cgagcetgggc
gcaaaccatg
cgacggctte
cctcgaccgce
gctcgaggeg

tgcccegggcece

catcgagaat
cctgcaatcc
gaacggcctg
cgaacgtctc
gctgeggceaa
gttgetggge

tgactcgctc

gceggtgggt
agcagcgegce
ggaagtgcac
agccccgaac
cggctttttg
caagctgatc

gacgttcgat

cctcgaggtg
gcagcggcta
gctgecgtat
ggegcetgacce
gatcccgecg
gatcgacgac

gcgcegaagcet

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
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cacgagcagt
agctataccg
gctaccggcea
gcccactatg
catagcccgg
ctggacgagt

cggatcgcecg

gatcgccagce
ccgatatgceg
atcggtccgg
aacctgcgac
<210> 43

<211> 3522

<212> DNA

gecggectgee
gtcagctcaa
tcgcacccegg
acggcttgcec
accgttttgt
tcgtcgactg

actacggcga

gccacgcectce
ggtcaatcgc
acaaagacat

tgctegggcet

ggtgacggtc
cctgecggac
ttcgttctat
ggtcgaattc
cacctaccac
gctcaactcce

gtggetgeag

gectgetgece
gcecaccgac
tccgcacctce

gctgtga

<213> Mycobacterium smegmatis

<400> 43
atgaccagcg

cagtcgaccc

ccgttgececeg
cagaccctgt
gccaccgacg
tacgcccagg
cagccgatct
acgctggatc

ccggtcagcec

gccgaatacce
gtggtgttceg
gaacaactcg
gcegggetge
ctgtacacct

gecgeggetgt

atgttcacga

gccegeatcege

ccgtggtcga
tcaccggcta
agggcgeecyg
tgtggtcgeg
accccggega
tcgtatgege

ggctcgecce

tcgacctcge
accatcaccc
CCggcaagegg
cggccegaacce
cgggttccac

ggaccatgtc

cgccacagac

cgagctgtac

cgcggegeac
cggtgaccgce
caccgtgacg
cgtgcaagcg
cgeegtegeg
ctacctggge

gatcctggece

agtcgaatcc
cgaggtcgac
catcgccgtc
gatctacacc
cggcgcacce

gttcatcacg

ttcegetgeg
atgttcaccc
gagctggatg
gtcgcagaag
gtgatgaacc
ccaactagcg

cggttcgaga

ttgctgcaca
cagttccgceg

acggeggega

ggcgtcaccg

gccaccgatce

aaacccgggce
ccggegetgg
cgtctgetgce
gtcgeegegg
acgatcggtt
ctcgtgagtg

gaggtcgaac

gtgcgggacg
gaccaccgeg
accaccctgg
gccgaccatg
aagggtgcega

ggtgacccca

acatgatcct
ggctgatgcet
cgcacggcaa
ccatttgcac
cctacgacga
ggteeggttg

cttcgetgeg

actaccgaga
ctgcegtcca

tcatcgcgaa

aaaccgcact

ccgagttcgce

tgeggetgge
gataccgcgc
cgcggttcga
ccctgegeca
tcgcgagtcce
ttccgetgea

cgcggatcct

tcaactcggt
acgcactggc
acgcgatcgc
atcagcgcct
tgtacaccga

cgccggtcat

_97_

ggccegacacce
gagcctggece
tcggcaacgc
ccttgggaca
cggcatcggg
cacgatccag

tgecttgecg

gcctgcaaag
agaagcgaaa

gtacatcagc

cgacgacgag

cgccegcecegea

agagatcctg
ccgtgaactg
caccctcacc
caacttcgcg
cgattacctg
gcacaacgca

caccgtgagce

gtcgcagcetce
ccgegegegt
cgacgagggc
cgcgatgatc
ggcgatggtg

caacgtcaac

2940
3000
3060
3120
3180
3240

3300

3360
3420
3480

3507

60
120

180
240
300
360
420
480

540

600
660
720
780
840

900
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ttcatgccgce

ggaaccagtt
gtgcgececga
ctcgeccaccg
gceggtgeeg
accgcaccgce
gtcgacggct

ccaccggtga

aagccctacc
aagcgcecceg
gtcatggecg
aaactcgcgc
gecgetggtgce
gtggtcecga

gccegactcege

gatttcatcg
aaactgctgc
gatatcgcegg
ccggtgatcg
gcatccgacg
aacctgctga

accaacctcg

ccgagtttca
ctggacaagt
accgagccac
ttgcagtggce
cgcgacgacg
tccegeeget

gacccgaatce

tcaaccacct

acttcgtacc
ccgaactcgg
tcgaccgcect
aactgcgtga
tggcegegga
acgggctcac

tcgactacaa

cgecgtggcega
aggtcaccgc
agaccgcacc
agggcgagtt
gccagatctt
cgceggagec

tgcagcgcac

tcgagaccga
ggcccaacct
ccacgcaggce
acaccctcac
cccacttcac
gcgatttett

cccaactcgce

ccaccgtgca
tcatcgacgc
ggacggtgtt
tggaacgcct
ccgeggeeeg
tcgccgagcet

tgggcctcac

888c8g8cgc

ggaatccgac
cctggttceeg
ggtcacgcag
gcaggtgctce
gatgagggceg
cgagaccggce

gctgatcgac

actgctggtc
gagcgtcecttce
cgaccacctg
cgtggeggtce
cgtgtacggc
gctcgagcag

cgcacgegac

gcegttcage
caaagaccgc
caaccagttg
ccaggccgct
cgacctgggce
cggtttcgaa

ccagcacatc

cggcgeggac
cgaaacgctc
gctcteggge
ggcacctgtce
cgcacggctg
ggceegaccge

acccgagatc

atccccattt

atgtccacgc
cgegtegecg
ggcegeegacg
ggcggacgceg
ttcctcecgaca
gccegtgacac

gttcccgaac

aggtcgcaaa
gaccgggacg
gtgtacgtgg
gccaacctgg
aacagcgagce
tacgatccgg

gccgaactge

gcegecaacg
tacgggcagc
cgcgaactgce
gccacgatcce
ggggattccce
gttceegteg

gaggcegeage

gccaccgaga
cgggecgeac
gccaacggct
ggcggeaccce
acccaggcct
cacctgcecggg

tggcaccggce

ccaccgecgt

tgttcgagga
acatgctcta
aactgaccgc
tgatcaccgg
tcaccctggg
gcgacggtgt

tcggctactt

cgctgactcc
gctactacca
accgtcgcaa
aggcggtgtt
gcagtttcect
ccgegetcaa

aatcctacga

ggectgetgte
gccetggagcea
ggcgegeggc
tcggcaccgg
tgtcggeget
gcaccatcgt

gcaccgegss

tccgggegag
cgggtcetgee
ggetgggeceg
tcatcacgat
acgacaccga
tggtcgeegg

tcgccgecega

_98_

gcagaacggt

tctcgegetg
ccagcaccac
cgagaagcag
attcgtcagc
cgcacacatc
gatcgtgcegg

cagcaccgac

cgggtactac
caccggcgac
caacgtcctc
ctcecggegeg
tctggeegtyg
ggeegegetg

ggtgecggece

gggtgtegga
gatgtacgcc
cgccacacaa
gagcgaggtg
gacactttcg
gaacccggcec

tgaccgcagg

tgagctgacc
caaggtcacc
gttcctcacg
cgtgeggggc
tcccgagttg
tgacatcggc

ggtcgacctg

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

2640
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gtggtgcatc
aacgtcgtgg
acgtacctgt
atccggaccg
agcaagtggg
gcgacgttce

ccagacatgt

ttctacatcg
gtggcecegagg
gtgatgaacc
gcgggcecatce
gcgttgaccg
ttcecgegcetce

gecggtgegea

gacaagtaca
<210> 44
<211> 3582

<212> DNA

cggcagcegct
gcacggecga
ccaccgtgtc
tgagcccggt
ccggcegaggt
gctcggacat

tcacgcgact

gagacggtga
cggtcacgac
cgcacgacga
cgatcgaccg
cgcttececga
cgcaggcacc

ccgcgaaggt

tacgcgatct

ggtcaaccac
ggtgatcaag
ggtggccatg
gecgececgetce
gctgetgegg
gatcctggeg

cctgttgagce

gcgeeegegg
gcteggegeg
cgggatctcc
ggtcgacgac
gaagcgecege
gttgegegge

gggeeegegsga

gegtgagttce

<213> Artificial Sequence

<220><221>

source

gtgctcecect
ctggccectca
gggatccceceg
gacggcggat
gaggcccacg
catccgegct

ctcttgatca

gcgcactacc
cagcagcgeg
ctggatgtgt
tacgacgact
gcacagaccg
gcacccgaac

gacatcccgc

ggtctgatct

accggcagct
ccgaacggat
acttcgagga
acgccaacgg
atctgtgcgg
accgeggtca

ccggegtege

ccggectgac
agggatacgt
tcgtggactg
gggtgegtceg
tactgccgct
ccacggaggt

acctcgacga

ga

gttcggeccce
caagcccgtc
ggacggcgac
ctacggcaac
gctgecegtg
ggtcaacgtg

geegeggteg

ggtcgatttce
gtcctacgac
gctgatcegg
gttcgagacc
gctgcacgeg
gttccacgcee

ggcgcetgatce

<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide"

<400> 44

atgggcagca
atgacgagcg
cagagcactc

cctetgecegg

cagaccctgt
gcgacggacg
tatgcacagg
caaccgattt

acgctggatc

gccatcatca
atgttcacga
gtcgtattge

ccgttgtcga

tcaccggcta
aaggeggtceg
tgtggageceg
acccgggega

tggtgtgcgce

tcatcatcac
cgcgaccgac
agaactgtac

tgcggegeac

cggcgatcgt
tacggtcacg
tgttcaagca
cgeggtegeg

gtatctgggce

agcagcggcec
ggcgttaccg
gcaacggacc

aaaccgggcc

ccggegetgg
cgtctgetge
gtggetgceag
actatcggct

ctggtcagceg

tggtgccgeg
agactgcact
cagagttcgc

tgcgtctgge

gctatcgtge
cgecgettcga
cgttgcgtca
ttgcgagccc

ttcctttgeca
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cggcagccat
ggatgatgag
agcagcagct

ggaaatcctg

acgtgagctg
taccctgacc
caatttcgca
ggactatttg

gcataacgct

2700
2760
2820
2880
2940
3000

3060

3120
3180
3240
3300
3360
3420

3480

3522

60
120
180

240

300
360
420
480

540
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ccggtgtctce

gcagaatacc

gttgttttcg
gagcagctgg
gcaggtttge
ctgtatacca
gctcegeetgt
ttcatgccgce

ggtaccagct

gtccgececta
ctggcgaccg
gceggtgegg
accgecgecgt
gttgacggtt
cctceggtca

aaaccgtacc

aagcgcccag
gtgatggcag
aagctggcegce
gctetggtcee
gttgtcecta
gcggattcge

gacttcattg

aagttgctgc
gacatcgcegg
ccggtgatcg
gcaagcgacg
aacttgctgt

actaatctgg

geetggeccce

tggacctggce

accatcatcc
ccggcaaagg
cggctgagcec
gecggcetetac
ggactatgag
tgaaccatct

acttcgttcc

ccgaactggg
tggatcgcct
aactgcgtga
tggcggeaga
acggtctgac
ttgattacaa

cgecgtggcga

aagtcaccgc
aaaccgcgece
aaggtgaatt
gccagatttt
ccceggaggce
tgcagcgtac

ttgagactga

gtccgaattt
ctacgcaggc
acacgctgac
cacactttac
ctgacttctt

cacagctggc

gattctggcc

ggttgaatcc

ggaagtggac
tatcgcagtt
gatttacacg
gggtgcteeg
ctttatcacg
gggeggtegt

ggaaagcgac

tctggtgccg
ggtgacccag
acaggtcttg
gatgcgtgct
cgaaaccggt
gctgatcgat

getgetggtt

gteegtttte
agaccacctg
tgtcgeegtg
cgtgtatggt
gctggagcaa
ggcgegtgat

gecttttage

gaaggatcgc
gaaccaattg
gcaagctgeg
tgatttgggc
tggctttgaa

gcaacatatc

gaggtggaac

gtccgtgatg

gatcaccgtg
acgaccctgg
gcggatcacg
aaaggcgcga
ggcgacccga
atcccgatta

atgagcacgc

cgtgttgcgg
ggcgeggacg
ggeggtegtg
tttctggata
gcggtcacce
gtgccggage

cgtagccaaa

gatcgcgacg
gtgtatgtgg
gctaacctgg
aacagcgage
tacgaccctg
gccegagetge

gctgcgaacg

tacggtcagc
cgtgaactgc
gcgaccatcce
ggtgattctc
gtceeggttg

gaggcegeage

cgegtattct

tgaactccgt

acgcactggc
atgcgatcgc
atcagcgtct
tgtacaccga
cceceggttat
gcaccgecegt

tgtttgagga

acatgctgta
aactgactgc
ttatcaccgg
tcaccttggg
gtgatggtgt
tgggttactt

cgttgactcc

gctattacca
accgccegeaa
aggcecgtttt
gcagctttct
ccgcattgaa
agagctatga

gtctgctgag

gtttggagca
geegtgetge
tgggtaccgg
tgagcgcegct
gcacgattgt

gcacggregss

gacggtgage

cagccagctg

tcgecgceacgce
agacgaaggc
ggccatgatt
agcgatggtg
caacgtgaac
gcagaatggc

tctggeectg

ccagcatcat
ggaaaagcag
ttttgtttcec
tgcacacatc
gattgttcgt
ctccaccgac

gggttactac

caccggcgac
caatgttctg
cagcggcegct
gttggectgtt
agcagccctg
agtgccggceg

cggtgttggce

gatgtacgcg
ggctactcaa
cagcgaggtt
gacgttgagc
taacccagcg

tgaccgecegt
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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
2160
2220

2280
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ccatccttta

ctggacaaat
actgagccgce
ctgcagtgge
cgtgacgatg
tccegeeget
gatccgaatc

gtcgttcatce

aatgttgttg
acctacctgt
attcgtaccg
agcaagtggg
gcgacgtttce
ccggacatgt

ttctacattg

gttgcggaag
gttatgaatc
gcgggecacce
gcgttgaccg
tttcgegege
gcggtgegta

gacaagtaca

<210> 45
<211> 66

<212> DNA

cgacggtcca

tcatcgacgc
gtacggtcct
tggaacgttt
cagcggcacg
tcgctgagtt
tgggcctgac

cagcggccct

gcaccgecga
ccacggttag
tcagccceggt
ctggcgaggt
gtagcgacat
tcacccgtct

gtgatggcga

cggttactac
cgcacgatga
caattgaccg
ccttgecgga
cacaggcgcece
ccgctaaagt

tccgtgacct

cggtgcggat

tgagactctg
gttgageggt
ggcaccggtt
tgcacgtttg
ggcggatcege
cccggagatt

ggtcaaccac

agttatcaag
cgtcgegatg
tcgteegetg
gectgetgege
gattctggcc
getgcetgtcee

gegtcecgegt

cctgggtgcet
cggtattagc
tgttgacgac
gaaacgtcgt
gttgegtgge
cggtcegggt

gcgcegagttce

<213> Artificial Sequence

<220><221>

source

gctacggaaa

cgcgcagcac
gccaatggtt
ggcggtacce
actcaggctt
cacttgcegtg
tggcaccgtc

gtcetgeegt

ttggctctga
ggtattcctg
gatggtggcet
gaggcacatg
cacccgegct
ctgctgatca

gcacactacc

cagcaacgtg
ttggatgtct
tatgatgact
gcgcagaccg
gccecctgaac
gatattccge

ggtctgattt

tccgtgcaag

ctggtttgcec
ggttgggceeg
tgatcaccat
acgatacgga
tggtggeagg
tggcagcaga

accgccagct

ccgagcgcat
attttgagga
atgcaaatgg
acctgtgtgg
accgtggceca
cgggtgtgge

cgggectgac

agggttatgt
ttgtggactg
gggtgegtceg
ttctgecget
cgaccgaagt
acctggatga

ag

cgaactgact

gaaggttacg
cttcctgacc
tgtgecgeggt
cccagagctg
tgatatcggc
ggtcgatctg

gtttggtcecg

caagcctgtt
ggacggtgac
ctatggcaac
cctgeeggtt
agtgaatgtg
accgegttcc

cgtcgatttt

ctcgtatgac
gctgattcegt
ttttgaaacc
gctgcatgece
gtttcatgca

agccctgatce

<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 45

cggttctgge aaatattctg aaatgagctg ttgacaatta atcaaatccg gctcgtataa
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2340

2400
2460
2520
2580
2640
2700

2760

2820
2880
2940
3000
3060
3120

3180

3240
3300
3360
3420
3480
3540

3582

60
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tgtgtg

<210> 46

<211> 30

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
primer"

<400> 46

ggtttattcc tecttattta atcgatacat

<210> 47

<211> 59

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
primer"

<400> 47

atgtatcgat taaataagga ggaataaacc atgggcacga gcgatgttca cgacgcgac

<210> 48

<211> 59

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
primer"

<400> 48

atgtatcgat taaataagga ggaataaacc gtgggcacga gcgatgttca cgacgegac

<210> 49

<211> 59

<212> DNA
<213> Artificial Sequence

<220><221> source
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SIEdl

66

30

59

59
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<223> /note="Description of Artificial Sequence: Synthetic
primer"

<400> 49

atgtatcgat taaataagga ggaataaacc ttgggcacga gcgatgttca cgacgegac

<210> 50

<211> 26

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
primer"

<400> 50

ttctaaatca gaccgaactc gcgcag

<210> 51

<211> 48

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
primer"

<400> 51

ctgcgegagt tcggtctgat ttagaattcc tcgaggatgg tagtgtgg

<210> 52

<211> 27

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
primer"

<400> 52

cagtcgacat acgaaacggg aatgcgg

<210> 53

<211> 56

<212> DNA
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26

48
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<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
primer"

<400> 53

ccgcattcee gtttcecgtatg tcgactgaaa cctcaggcat tgagaagcac acggtce

<210> 54

<211> 56

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic
primer"

<400> 54

ctcatttcag aatatttgcc agaaccgtta atttcctaat gcaggagtcg cataag

<210> 55

<211> 20

<212> DNA

<213> Artificial Sequence

<220><221> source

<223> /note="Description of Artificial Sequence: Synthetic

primer"
<400> 55
ggatctcgac gctctceectt
<210> 56
<211> 28
<212> DNA
<213> Artificial Sequence
<220><221> source
<223> /note="Description of Artificial Sequence: Synthetic
primer"
<400> 56

tcaaaaacgc cattaacctg atgttctg
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