© 2017115993 A1 I 0O T OO OO

) 53 EY 5‘-94‘\"11 3o FAE FAEd

A A AALA 7 ~
19 AAR 4 A4 7 T 0 A0 D A 0 00
SRS ;
é 10) FAF/NHE
) SAZA < = WO 2017/115993 A1
20171 7€ 6 (06.07.2017) WIPO | PCT
51) TASHEF: 8 AAF (2= A7 & 8, /e BE T/
CI2N 15/70 (2006.01) CI12N 9/04 (2006.01) U A8 B3I E 989]): AE, AG, AL, AM, AO,
CI2N 15/75 (2006.01) CI2N 9/24 (2006.01) AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CI2N 15/77 (2006.01) CI2N 9/00 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
CI2N 15/81 (2006.01) CI2P 7/64 (2006.01) DO, DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
N HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP,
(21 FASLIS: PCT/KR2016/012439 KW. KZ. LA, LC. LK. LR, LS, LU, LY, MA, MD. ME,
(22) FAESLY: 2016 11 € 1Y (01.11.2016) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
i OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
25 &9 Fharof SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
26) B! g0 g\IV TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(G0 FAARH: )= (5 0 s
o = } = 3} 7]———?7]— EE}—EQ
10-2015-0190682 20154 12 € 31 Y (31.12.2015) KR 39 ABF (B=e] AV fle &, 7bed B8 $7
=( ) o fele HEE 9 5e]): ARIPO (BW, GH, GM,
(7)) €499 AP FALATHH G (KOREA UNIVER- KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, UG,
SITY RESEARCH AND BUSINESS FOUNDATION) M, ZW), - 2F Ao} (AM, AZ, BY, KG, KZ, RU, TJ,
[KR/KR]; 02841 Al & A A& <= 145 224 st TM), # 9 (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,
3, Seoul (KR). ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC,
(72) '@9F: FAE (HAN, Sung Ok); 02714 A &-A] A= MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, 8K, SM, TR),
2 o OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, KM,
&2 119, 209-1503, Seoul (KR). H 4 T (YOU, ML, MR, NE, SN, TD, TG)
Seung-Kyou); 55022 At H = AFA YA F TR P T B B T
=10, 102-504, Jeollabuk-do (KR). @& (HYEON, 7
Jeong-Eun); 02843 A1 &A] A5 IER 132 1821, sogeaimmaqel s (29 4 21 2(3)
1 %, Seoul (KR). b
— HAAY NG ES L2 A (FE 52(a
(74) &2 o)A Y (LEE, Cheo Young) 5; 06133 A& A] ° =TT (T 5.2(2))

T HE FE 123 11 3, Seoul (KR).

(54) Title: RECOMBINANT MICROORGANISM HAVING IMPROVED FATTY ACID PRODUCTIVITY AND METHOD FOR
PRODUCING FATTY ACIDS BY USING SAME

(54 &g o] FF : XL Y Aksol

Statel Mz ol e o

(=] (=] =

"Glucose’
Acetyl-CoA Carboxylase [

Malonyl-CoA

\j

Malonyl-ACP

Pyruvate =g
v

Acetyl-CoA

Acetyl-CoA el

Malic Enzyme I

Fatty Acids

I

Acyl-ACP == Acyl-CoA

S. cerevisiae

Citrate

OAA

NADPH NADPH
NADPH
cycle

NADP*,

Acyle CoA

TCA cycle .
¥ Thioesterase

FA Elongation

Malate A
NADP

(57) Abstract: The present invention relates to a recombinant microorganism having improved fatty acid productivity, and a method
for producing fatty acids by using the same and, more specifically, to: a recombinant microorganism into which a gene coding for an
acetyl-CoA carboxylase involved in the fatty acid biosynthesis process, a gene coding for a malic enzyme, and a gene coding for a
thioesterase are introduced; and a method for producing fatty acids by culturing the same so as to synthesize fatty acids. The recom-
binant microorganism, according to the present invention, having improved fatty acid productivity can be industrially useful by be-
ing linked with conventional techniques for producing fuel or compounds derived from fatty acids.
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oA E-CoA-7F= A Zol Al (AccDE E &Y 5H7] Adto] el vvhd 2]
=FEM F9 A=yl o] 27 H accl FA A G714 LS FalE sl
Accl®] subunit = AccBC%} AceD1S 331 7] 98l X o}o] W accBC-f, accBC-r,
accD1-f, accD1-r=2 PCRE 36} 51 ). o] & g 2.9 AWM E Ql pESC-Trp= Z}7}
Qlske] A W E pAcclE A 28 THE 2).

[52]

[53] 3 g}o] W (accBC-f) A € & 7: GGATCCGATGTCAGTCGAGACTAGGAA

[54] 3 g}o] W (aceBC-r) A € T 8: GTCGACTTACTTGATCTCGAGGAGAA

[55] Z o] (aceD1-f) A EHZ 9: GCGGCCGCAATGACCATTTCCTCACCTTT

[56] Zg}ko]l W (aceD1-r) A 2 Z 10: ACTAGTGCTTACAGTGGCATGTTGCCGT

[57]

[58] A Akl AR AL & A %W AEe] elongation T S 2 EE A4
Aateds Fst7] 918HA] putativedt B] .o 2B gfol Al 9] F-H A} F 3E S
TR g AR o 742} cgl1664, cgl2451, cgl0091S- EH R E T} o] &
Z323517] &) Zelo] pCel1664-f, pCgl1664-r, pCgl2451-f, pCgl2451-r,
pCgl0091-f, pCgl0091-rZ PCRS -3 3131}, o] & a7 o] 3 gl
pESC-Trp& 22} k2]]8}e] Wkl M| & A 215}, pCel1664, pCgl2451, pCgl0091
g W S A2 sE A vh(E 2).

[59]

[60] S g}o| ] (pCgl1664-f) A LM 11:
GGATCCGATGAAAACTATTGAAGATATTTTGAC

[61] 3 2}o] H(pCgl1664-r) A D H & 12: GTCGACTTAGTCTTTGCGCATCGG

[62] 3 glo] H(pCgl2451-f) A 2 H & 13: GGACTTGATGGCAGCCAACAATGT

[63] 3 glo] H(pCgl2451-r) A € H & 14: GTCGACCTACTTTTCTAGAGCTTCCT

[64] 3 gZ}o] M (pCgl0091-f) A EH & 15: GGATCCGATGTTTCTCACACTCTCAG

[65] 3 g o] (pCgl0091-r) A AWM & 16: GTCGACCTAGACGGCGTCGAGA

[66]

[67] A ebake] A AL 2 A B3 & o] F 3L 2+ NADPHE Al A sH7] 91
B4R EE g4 5 FRYSHY] f5to] ALFEApol Al 2 A ¢ 8] X of] 24F-F]
B RS FRE o, ALTFEwFo] A 2 Al H] %] o] cDNAE Zefo]
pMael-f, pMael-r= PCR-E =8 5to] el g4 FARE F5E351aL, o] & 829
A E Q1 pESC-TrpE 22 =91 sto] 3 & A 2}k vh(= 2).

[68]

[69] 3 g}o| W (pMael-f) A 2 H T 17: GGATCCGATGCTTAGAACCAGACTAT

[70] 3 glo] H(pMael-r) 4] € & 18: GTCGACCTACAATTGGTTGGTGTGC

[71]

[72] AT el 2: o] WM E ZRE F 7HA] o) e Bl x2S Rl Y]

95 ud wE A%
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[73] Ao 104 &R pMael C 2 HH B 45 Y= 72 A2 mael=
E 313155 319] promoteri-E] terminator7FA] 3838} = cassette £ 3 210 ™ Mael
cassette-f, Mael cassette-rE AF-23}¢] PCRS =38l 5-3%3}% Tt} o] & A Ao 1] A4

SR 3 pAcclell =131 pAccIiMael2] el W E & #2151t

[74]

[75] 3 2} o] ™ (Mael cassette-f) 4] @M & 19: GGTACCGCAGATCCGCTCTAACC

[76] 3z }o] 1 (Mael cassette-r) A D & 20: GCTAGCCCTACAATTGGTTGGTGTG

[77]

[78] AT e 10 A &K 3 pCgl1664 32 -F putative E] Q.o ~E 2lol A & Z W 8=
A AT cgl1664E5 33355 3] promoter-¥| terminator”7}A| 3 §ah=
cassette S 3 ©}0] ™ Cgl1664 cassette-f, Cgl1664 cassette-f5 AF-8-3}o] PCR-S- -3
&R T o] & A A4 194 ZFR.SF pAcclel] =% 3H] pAcclCgll6642] Wd
HE S A 2st 3l T

[79]

[80] 3 g}o] ) (Cgl1664 cassette-f) 4] DH & 21:
ACTAGTACAATTCTTCGCCAGAGGTTT

[81] 3 g} o] 1 (Cgl1664 cassette-r) A1 D H & 22:
GTCGACTTAGTCTTTGCGCATCGGAATT

[82]

[83] Ao 3: A Aol 104 SR I WS R R RYste] RS A
F R Aat AskeF B4

[84] A Ao 1o A B H 3 EFE W E 11“ & 5.5 Yeastmaker kitS ©]-&3}o]
FAASH o™, A 27 & F = 30°Col A overnight > =2 SG-Trp media (Yeast

nitrogen base (without ammonium sulfate) 1.7g/L, Amino acid supplement (without
Trp) 0.74g/L, Galactose 20g/L)E 7| ¥+ o 2 0] F3}3] 1, o] F 50ml 2] SG-Trp
media®ll ] &3} 7241 {F & oF wl &F3F It A HHAE A 4FEF A A] agilent 7890
GC-FID 7|71 & 2-43}¢] 2.5mm, 30m<] HP5-MS column-S- ©]-83}9] total fatty
acid2] A 4FeF-S- W41 6151 01 B4 A] injection volume- 544, injector < 5%
200°C, detector ¥-523= 300°CE &} %121 oven<> 100°Coll A 527k th7] -
100°CH-¥] A 2Faho] 250°C7HA] 1290 10°CH S-7Fst == A5kt
250°CoN M = &l = ol v w2 5= =5 1021 th7] sk == &kl

85] L ATE E 3@ dehRom, WA favt B Az E A
O AU S F s

[86]

[87] Aol 4: A Aol 20014 BRI e S }o] 818k A =3

o

Ot

BE %]

pol

[88] Ao 20| A B H S HFE W E = g W 2 Yeastmaker kitS- ©]-835}¢]
FAASH o™, A 27 & F = 30°Col A overnight > =2 SG-Trp media (Yeast
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nitrogen base (without ammonium sulfate) 1.7g/L, Amino acid supplement (without
Trp) 0.74g/L, Galactose 20g/L)E 7§ o 2 0] =] ¢l 01 o] F 50ml 2] SG-Trp
media®l] ] F 3t 72413 F b Wl vk A AL Ak LA Al agilent 7890
GC-FID 7|71 & 43} 2.5mm, 30m<] HP5-MS columns ©]-&-3}9] total fatty
acid2] A 4FeF-S- W41 6151 01 B4 A] injection volume- 544, injector < 5%
200°C, detector -5+ 300°CE 3} 31 2™ oven<> 100°COl| A 531t T 7] &
100°CE] Al 2F5}o] 250°C7H ] 13-el] 10°CH Z7bshie s Mg 3l o
250°Cell A = ko] o T LhE A QLS 10%4) B7] 8% s,

[89] T AINE B3 EEd YRl o, Bl 5 49t
oF Al E-CoA-7h2 5 A ol Al 5 B .ol 2Bl ol Al 7h S A sl Al w0l A
TH 3 A A Sl o,

[90]
[91] Aol 5: AA o 4ol A FA] g ARl Cl6 H C189] &4 5 profiling
[92] A ukak Ay 2kgk B2 Al agilent 7890 GC-FID 7| 7] & &-8-3}o] 2.5mm, 30m<]

HP5-MS columnS- ©]-838}] C16 2 C18 A4S 77 #4313 o A A
injection volume-2 54, injector <% 200°C, detector +- %=+ 300°C= 5} 5 &
oven 100°Cell A 533+ th 7] $= 100°CH-E Al 2Fate] 250°C7HA] 130l 10°CH)
Z 75 Ak glth 250°Cel A = ol B o] o g 5= QL 103 3E
th7]e 5 sk it 7] WS 2-85ke] 2429 Cl6 E C189] & A& sto
WAt o ZH 2] FAS sl

[93] T ANE E 49 YER A o, WA § 49 ol E-CoA-7HE H A glol A X
E] Qo) Bl dtol A 7F #hb A H A 23 R oA Cl6 H C18 A HHake] AJ4tol

[94]

[95] o ol upE, At At o] g Al 7]Ee] A gat

E3 e
& Ak 913k 7] 5 A H o] Ak A 0w

ool AR = e
&8 AbeE = o

[96]

[97] oo g W& SAT RS S 71wsk i vl A
gl A A 7ER Aol Al Q1o A, ol e & Al A V] A ukek A g
AAFH L o), ofol] olaff g o 7L A ‘e = Alo] ofd &
et Zlolth upebA g ol A ARl M= WA YdEd AlEe
s7hzol elste] Heoldrhar & Aol

[98]

X EEZ Free Text

[99] Aot HRe9 S
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(7478 1]

[7d - 2]

[+ 3]
[7d - 4]

4% 5]

[ % 6]

(7478 7]

[ % 8]

2799
ol A E-CoA-7} 2 E- A oA S =
A2 " E Qo A etol Al & Y 8}
A =S THR = A 27 v A=,

;q 16]—0] 01/\1 371 oA E-CoA-7+ 2B A glolAl = A EH T 1 A 2

O of,
Ot
S

]*gi.
J13}el] QoA A7) 2 Eam AW E 39] opu] Al A 2k
Ae P2 = A2 A=,

|13l oA, 7] Bl Qo 2Bl ghobAli= AU L 4 WA 6 7ol A
ol shite] ofm A DL 2h= A B O R o= Al 1A
A1l doiA, 471 vl A E S AFFR TR Al 2~ Al E B
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woll A B Sl Ae SH LR sk 2

24

_>Ai

:.:
E

STAIE-CoA7h 2 58 4 kel A & ol 714, i
FRA 2 Qo) e ol A 2 T A FAAE AR AT
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b G2 Eais A gake] A2

@ A1 WA A5F 5 of = & Fol AT v B2 W o] A ArS
WA A7) @)

(b) 371 B4 E A At
A7l oA, 7] AEAEE €16 (AW E/EE CI8(AHhl 21

£7.0% shiz Apake] AW,
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