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As world population increases, traditional bioresources such as
sugars are less suitable for use in the production of chemicals and fuels.
As an alternative, using non-food feedstock to produce value-added
chemicals is attractive. While the overproduction of carbon dioxide,
which is the most abundant greenhouse gas over the world, during
petrochemical industrial process causing serious greenhouse effect,
carbon dioxide utilization attracts significant attention. Cyanobacteria is
a photoautotroph microbe, which has been studied for chemical
production such as alcohols, acids, hydrocarbons and terpenoids.
Fragrances, including terpenoids, ester, ketone and aldehyde, are
valuable compounds due to their application on food industry, perfumes
and cosmetics. Cyanobacteria has been previously engineered for serval
different fragrances production, including limonene, isobutyraldehyde,
coumaric acid, etc. However, production of ester, which can be
biologically produced from esterification of an alcohol and an acyl-CoA,
has never been reported in cyanobacteria. In this study, we are interested
in metabolic engineering cyanobacteria for the butyl acetate production.

While there was no literature showed the butyl acetate production
directly from sole carbon source without external butanol added, we will
first demonstrate the butyl acetate in Escherichia coli using glucose as
feedstock. Based on the known Atfl gene sequence from Saccharomyces
cerevisiae, we will bioprospect alcohol acetyltransferase genes for higher

butyl acetate production in E. coli. Consequently, we demonstrated butyl
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acetate production reaching 23.46 g/L by fermentation.

Then, to achieve butyl acetate production in cyanobacteria, we
will overexpress Atfl in the previously constructed butanol constructed
cyanobacteria strain. However, engineered cyanobacteria didn’t produce
butyl acetate. Both in vitro and in vivo assay showed undetectable ATF1
activity in cyanobacteria. To achieve butyl acetate production from
carbon dioxide, we design two-steps method to first produce butanol and
succinate from cyanobacteria, and then convert them to butyl acetate
using E. coli. Finally, we showed butyl acetate production with the titer
21 mg/L from carbon dioxide. In addition, we also evaluated the
potential of other microorganism, Ralstonia eutropha H16, which can
utilize carbon dioxide, hydrogen and oxygen to grow. The initial data
showed the enzyme activity of ATF1 in Ralstonia eutropha HI16,
indicating that it’s a promising host for producing butyl acetate from

carbon dioxide.

FH6H  H58H



F R GARE D D

74

W

CTEFPHLT R RAAAEIR I et 1 EFB LI BT RA R

N

B

B EHEEN R L AE D R RPERY o LR T L

]

4
TE
[
\ N

/\-
|k
fd
b}
=Ry
el
[

LA REF BTN F AL

FRUA TR HRS R A pEES ARSI E 08
SRR R T E e B FREAS L G

LR A e HPEA AL B AR KA U S %

=
S

B A RENE R - B
AR 5y

4%

et A ROFEENS T g fpaRE A
AL T - AR o ANTELTE O RBRFAFN H S 2 2k
LA deh g T R T S F CREEELF R A E

Fo A E-ERSFL S o

PSR B8 SE Y o FhA 2016 & B3 A E 271 &

22021 T LT 370 i E o0 F]pH B B4R Y R <

,““
¢
&y

vy
-k

o pwme e Y UERIRBESFAL VI LT

-
a0,
\
f
X
o
=
[3S
=1
T3
4
m
- \,\

B A€ G RI &P

H A LA ERK KR ARl EN LA Fd

FTH  H58H



s de B F

Wb R F g2 B

AAEF Rz VLS EHRERRFNDE o A NI A
4_ ‘?‘J‘\""L N z (—& . = . .\f—l—ﬂ_‘:.,— \ lik) ‘qj’ Q |2 -
dipipit g4 (et fig ~ WA PEivpr + U RN

¥ XX

LR OB e Rk 2

SRR R 8 R X REGRTE RS

e 2o et P

4 A F 2

L

BL 2
Bt ff B2 EF e

Avk A3 0 B-F - ,fédﬁtf«;g

BAEFZ M2 4 50
FWAREFFMF A Y NRREFENE AR
HEFEFLANBEAN CHARBR-F ORI IE R R E 5
ESFL M F o a1 ki #o § AT AHAEP
R R R A B R FREAL G ATIEES

N gjzk;xggj-é#ﬂgxﬁéii%%;ga g 'é‘]’:iﬁfé 7N B A7

FESFLALBA XA NEARL b > BHRIRFE

BEREART R hI LR PEF RAFARAS ADRES P

EHEcEahd 4/00 3.0 f ~ 7 BF ~23-7 2 fF > ghIapk
FPRECRPWHE AR S IS G OE

FH8H

#£58H



RN L P LRSS A PR AT 0 0 AR A
W T A0 F RSB A R 0 Y AT e
BT F Y i B EATE A MR AT E 8
P MR AR PIY ALY (AR BREFEF) LA
S4 b (A=) [1]od 20 PHREAMMET Y L F 12
SREFCSLAT SEY FEBICARRLATE Lo b

EHE 1P 2§ CRAATE L PP REP L LS

SREFARAESY o ARG UM PR JIY TS
Az PRIMEOEET S AL RFS R () It
YRS A FTEBEIBEEZER 1 IR F R
TRA AL AERBERTIERR; B RREE G Faib]
B Q) MEsBEROES  RIVE LRE S 2RO R
fer b r o ViR NERBAEF B e AEP L IRH
BARAR AF RN AT FEF  ArRanfipig > B E N

R H - A PERACRR AT o A I L S P ESFL AR

FHOH  H58H



2 T RE: (1) A MY g F o 3@&&8@? (ATP) #* v
RESREF G G 2 AT BAEFR R EEZERE 0 R

CREREZAA Q) I EID TR R AR
TEARY BA DA R F R BRI BE o A F

SEA D AP AR G R D T F o

Flpww A P FEFAEE - F PR REDT 5 XAEF
#-Lorid Ao il 7 fig (Butyl Acetate) 5 F & P R - F bR T
Fofferflige o B $£4 A @I 7 figen 2 LR T YL
ez i F > TR b EGHEFEFSI2] R - 7R
Kprp AR FA AR AGEDAS T EERE D]
oo Rl B PR A H[4]e ¢ Bl T g
2008 &% HF 95 158 24/ 7[5] HE L B2 g 5iE:

A1 2 pAe] a Bt At BT gREEE - RY

§

2 TR EAR & HIE R SR RIS ok
BRREA N ERIEFHERM L T PR FFL £
HEPHT - g LA LARER SAECKE 2 H RS
BARDE S 2 - 0 TR FL A KRS & R A ol i

ook pRiERERE c CEETREF S e 2 kY

% 10H > £58



R S B A

Ll f0 A F o A B A1 ATP 22 02dfp A £ 2
B PN B RmgR e LM it F R = R
¥(#% =)[7]: (1) The wax synthase/diacylglycerol acyltransferase

(WS/DGAT, AtfA) family; (2) The alcohol acetyltransferase family

(Atf1); (3) The condensation family (PapAS) o AtfA 1 & F M 5 &7
£ R AR 0 AL F RN R R - v T A
w4 7 fe g4l infE ik -CoA B Ae7 e pldaf B chfig 405 & - fi
B e f8 (diacylglicerol, DAG) % & =¥ (waxes , WE) fr=
faH ¥ fin (triglycerides, TAG)[8, 9] > ¥ * A B2 & » AtfA ¥ {r
SR - PR frl 7 e {ofibA-CoA F i o 2 ¢ > palmitoyl-
CoA B4 5B L h— B[OLa H¥ ML - miz Lige
s - LR Rk IFT ARSI/ RAFT AR
( mono/diacylglicerol, M/DAG) ¢ it %22 5 J& > ¥ & & B piddn
A5 BB e o R R (9] 5 Atfl 1 BB Fdoo FRBAF A X e
SRR A B S AT R o GLEREEER ¢ 0 A SdkA e Ffad

s fifs% ATF1 4v ATF2 v » # ¢ » ATF] ¢ ffiasi2 4 ¢ &

£ & cpE o ik 80% e R Nfgd A 759 o phe g4 A e

F11H > k58 H



X 4096 he fhe fig & $[10] % F) ATF2 f & i jE B is o f it
1 feec bl ATFL 2 Afqdf 5 4 > 4ot 2014 £[11] > 7 §
B4 %% 2 22k p EFER 0 ATFL fo & 0 7 ih cn it 3
RITVE S A (e O R C BT R ER)
FTHRERET R TR A ANHRE (B EAEE 36
g/L[12] » F]#* ATF1 #& % FIPRP 5 PapAS #g3] f & & & 3 gaps &1
B FE o foR @ v &4 (Polyketide) 4p BE[13] > % = % 1% f
LEHRTF P RRaf o bk 4B PR K & 0 B % 4p 0l PapAS i fg
I H BT~ BDE e L 4BAE ) 2 B fEEda s R D2 Z fRe 1,3-
= B% 0 2t % > PapAS if st 49 L1t tetramethyl-branched fatty acid
(MBFA) {c 7 fi§ ~ £ 3 fBi& 73 * £ 5[14] > PapAS L &4 i %
BiF AN ERAF RS LA T o = AR )T

ATFl i £ 87 fai 7 figend &

ATFl 2 e et " g2 A3 R S BN fpifps A~
fRilg & > L fplips A IR A ERa?y LAY » 35 A =
FEFEESERFY G ARAL > A LT BRI A fEREL XX
Af o ZEA AFHIBINENRAFANAED c R T A

- 5 4 *];?]:* cEAFBAED s H SR LAl chden v R Vi

F12H > $k58 H



LR EAIE 0 i A ATFI B Flehgpha J1 % b kom0 g e p
CARHTAT A B L BEIL T fig 0 BEARICE A Flekid 1 S R AR
e R BB T FEMF oL AT RS RPw ARG A&
AT e T I B - ke FRERL AL T

AT T iR d AT &g p Clostridium
butyricum X IR FR-T fR-C AR R (Rl- )0 ot AL fie
WEFARY p Ad - B ALf2fF (thiolase) #-= B2 felffs A% &
o R K EE A RFC RC MM A o AR RS 3o
B A Lo HKE RS T 2 A R
fedifr AW prd-" Siplfpr AR R 57 mEpF A 24 fi-
fRit g ARt TR R A DT 7R o L AR - 2T HE T <SR
g ¢ o FILT Rl fE A R E fEEp £ IR > F|yt trans-enoyl-CoA
reductase #& * kP~ 7 AElffps A Wi fFo ot - SRS
RERE~SEFH"EIN{I P BAE - LESFHROT T RE
A A PHFEL KA ERY v E DA ERE PR AT
2R RIESHFH" PR B HEET A AT T E(16]

AERTFGESFC RRAAT ARRRS > RIF AR BRl AT A £

F13H > k58 H



*FE G FRFIEL G s ek K fE R fE-f8 R & fF (AdhE2) ¢
Wi FEME n PREFRETY wRe 22 3§ 0 BEME-fM
AR o A < NP ESRFL AL T BBOUHE 0 T F £ R
Fe A3 T ene Rl Rl PS A & S PEALSLR[1T] 0 1 R A

FFBRBET AR AR G pF (Pdup) P~ AdhE2 8 44 fiE 4

[18] ' R B ESFHe PR A REFTRBETEFTTHBAE -

AFFHFPF N ES AR - F PR AT T g M

Fl2 A7 WL 5 AR ATFI A7) g v 2 & e

=
I
J

fip o - ERREAXBEFANT 7 ABREMEAEY LTS

CEED TR T S ARLTHEY B R A oA 2

PR U

F14H > 58 H



A MR £ L
- B R A

F o v & 27 ¢ _Sigma-aldrich, J.T. Baker, & Amresco F» o
% #rr DNA F & pr £_## * Merck Biosciences 77 KOD or KOD
Xtreme ° T4 polymerase /¢_New England Biolabs B » - 32 % & LB ~
Yeast extract % tryptone j¥_ focusBio P& ». Bacto agar f_ BD
Bioscience PL » o A 3t F @ * 2 F & 5 Escherichia coli
Synechococcus elongatus PCC 7942 % Ralstonia eutropha H16
-~ R 2 e

FagEHer g & o7 DNA ¥ Ba w1 * k32515 2 PCR =
o &= L % Gibson assembly » ;= & = F 4> E. coli XL1-blue f
RN T3 0 EF @ * plasmid mini-prep kit ¥ it FRE > TR F A
fachpk e > VTR e o

AR N AT T I M G TR G ik
FREZ FHE ASEFRAR LY A FIRIZLIBRAELE G
# o L U PCRAE:RE AT F 7 o

FREES LG ERAZ Y 200 ul OD 0.6 2 % fF

FRRfer 1.5 ml 2 3ps g P o gRiEA e R e gk TR

F15H > $£58 H



30 ARAREARE S F 16 S H#100 pl 2 R{eiRiog %
BERZFLRAE N T D 10 ATT ARAE Y EIIAHE

- ~

I T
B Fi$ °

P ARAEAE S NI LTI AR ESRELET

RE ~ T 5 e a0k S AFIR E. coli S17-10 F {r2 88 mre

e e X R e

piul
»
Ag_
o
st
F_*
=
~=$
A
_"_.énr
dw
—h
)
oS
/L
E-
T

(gentamicin) 2_ 33 £ 4 F A > W3 RABREL S HF F T2
Favsn i s 2 & > &1 PCRAEZRHE A A F = 5 o
S FBRBAZZIACEDT T

A EFHLY LBRAREAD ITABE M Do i 2
A F o A ACEE T fadu BRI e T E M ¥ AR
e F ek B2 A IPTG ¥ % ATFl 28 £ 2 B fr
Tzt A e

F % F L AT BGll FF 4+ - B FM ~ 7 40

mL BG11 3 % 2 g B4a 255 p > T4 » f F 2 20 B B4

F16H > £58



mL # 5 i ts A 4 o

f4v49 8 A+ 2mL & NYB medium ( Nutrient and Yeast
extract Broth)*> L2 ¢ £ & > I P % Fig 1 1% & 12 FNG
Medium (Fructose NH4Cl1 Glycerol Medium) #5532 % 30 mL » — =
ek RRIEE (OD600 75 dptk) fHird 4 & w » #-fik
H16 buffer # i% 13 )k f54 ~ 5 22 g EEd fotff 0.6 L 2 5 f i
(FN Medium + 5 g/L @ fedh ) 2 & = OD 5 0.1 > & B >3 fE i
AR TR E RS S% oz sEF 2 05 vvm o #
# 5 300rpm o pH E 5 6.8 % OD 600:E 3] 0.6 FF » 12 0.1%[F £ 15
¥ (arabonose) & (TH HF > M FREFE O ) FOFRMEM KL - &
Ggd NAE O R AR 4 FDRR  fordLiE T B2 AV
RV EE R F O BERI ZACEDT Ty X 24 SR
tk
o~ REP AR E SRR

WP R EERFEAE RIS BL 25 5 2R
ATFl 2 At e 1% a kP 2 " WBEHF S Kl " Z 421
ATF1 &7 R EfE (* S H - ESH - fHHAE 2 Biid

BEXREi4 T Ak W IPTG 4 35 ATF1 » 28530 %% ¢ R

FHITH  $£58 H



BEEBE- % RFRERSERL L T M2 AE A B

5

|

RN A ST e I
W0 S ALIRGE A4 R ATFL 2 B 1 AR i 4 7 b
%o iy A RplEre b ATFL 2 7802 0§ © el iF A F 8 ¢ 1§
TAHEEFA ST A g iR 7 e 55 R EQ-AFT
fe) DINB £ 52 & 410 nm § sfc 2 i &4 > fFd pl & 2 & o
4 N K de 8 ATFl 2 &1 o
Ao AP ERL AL g
WUEFEE A 10 mL X B FER - X SEERL 1% L b
oo 5o A EEE fo A 1 L2 % p%ig (Terrific Broth Medium + 2%
FERE)RLE > REREREENAE > kB ARRIEE (OD600
TidptR) R A ERR o FARFNEF B 5 20 % 0 5 OD 600 &
Fl 8P MBPF F ERELFFEF > RHPMBTEDN 0%
MEFRBEEF TR a2 A 0 SRS RL R AT HHE

FiFES05vvmo #iE 5 450rpm o pH i 5 70 § 5 4k & o

J

B2% > 12 PELE =R EFRERY 2T e Bk R~ BA SR

RACT E AR > S 0B N F AR E 3 F AR FRAER

F18H > k58 H



AR g

Jr..ﬂ;
i

."1;‘}\5‘{' E ﬁg‘b ]ﬁr]#i’??] fé_ﬁé}z'ﬂ I“ » AT E’:

2

~

Iy

~N

AGFLRE > mAhEwE - KR IL $ R REE
Y L ILZ 40 kkER s FIR 53807 { Sofbmad o
e R

AR R AT R A AT 7 ¥ pc 4 % Agilent HiPlex-H (700
X 7.7 mm) 7 @A 47 ¢ & o Agilent 1260 HPLC #7/4 47 » Bio-Rad
Micro-Guard Cation H guard column (30 x 4.6 mm) R Z_ %X ¥ &~ 47 ¢
o )ik B 4 5| 5 diode array detector (DAD) % refractive index
detector (RID) o ¥ +if B 474 & 65°C > & # & 4p 4 % 5 mM #n
f& > ik 5 0.6 mL/min o

FARRATRA . o P MBS R L £ 4 FID-
A0C-20S auto sampler 2 AoC-20i1 Auto Injector 2. Shimadzu GC-2010
k47 o g 4Lig * DB-Wax capillary column (30 m length, 0.32 mm
diameter, 0.50 pm film thickness) - GC /8 & 4245 5 40°C 23F 3 & 45 >
B A 248 45°CH R 1 235°C I 'adF 3 & 43 - Injector Jf & #74] &
225°C > @ FID R B 44 2 330°C o ji 64884 5 1 pL > 02 15:1 v

P PRAMEFF o AP RERIE AR

F19H > $£58 H



T~ 3 BRPFREEH

- NASBEFRREZ KD T Rt AR

(=) GREHARE B2 7 2 2L THE

R RAEFYEZCRE TRA A APRY L ARG E
B Rlded e o & AU frdF Proeor £ K p ER Fe0 ATFI >
2T L RP A-BD-F A L S (IPTG) ik A 3 #¢0 pMWOL 2
PMWO3 o 5 7 &7 4 23 ¢ it 7 fpingddk o AP E AR A
TR 4 A F A pRWI3 ~ pRWIS ~ pRW22[19]¢ pRWIS i ik %
(Chloramphenicol) #ui+ # Fl#& = & # % (Spectinomycin) fuf & #] »
FIFRE pYA4 At A AR AR L B e i+
P AL 7 faends R > BF > A A pRW22 ¢ fer A F2 (4
ATFI » (93588 pYA2 » * g X S 524 A2 75 ¢ il ”
fa o Btk JCLI66 1% 70 < 5% F7 e i ~ Sk~ a8 9 & PLs i
T © BRI k2 A7 FR[15] 0 & JCL299 FtkY RIGE Y -

%Pl € 2 A ATP fhe g i TR 4o & iRl fF AR R DB e

(=) eRE 7 ¥~ G EF LR

bicA B EA AT o APHME P2 A BEE RS E

F20H > k58



Tiga RFAFAE > FI o GAEAHRFIEZ BT RE A

T Lo EA S APEH b R ER DT T fig (0-5¢gL) BRER

T
o]
1,
e
frt.
‘_‘i\éz_
(S
o

PR o PR R R  VHFR S RELLE
BMERCRDT T fafrd| > T ho il " figkARET 4L 5R2kA2

=

food rEET AT < Eﬁ—k B4R CED T fyechiAer o

-
!
&)
&
)
H—
V¥
B
¥
p=8
X
=5
|3
-Ag_.
*‘.\
!nhn
kg
b

(=) WP pRATF] 2R3 S Fv 2 E

5 ORILATFL 2R A AP £ 2 e e " il 2 &
F e AP E L1 Fk JCL16 £ |4 § ATF1 0 8 pMWOL
(B= A) & ImM IPTG # ¥ ATF1 #-v % Mt > §1* SDS-page
R R (B2 B-C) #2in ATFL i 3 2 B 7 £ 7R
A AL P fig o d SDS-page ¥ % & IR pMWOI {8 > & ATFI
ALY 61 kDa oz B g A £ R FHOFRG L 5 P 0
¥ oA ATFI A+ S EHAKY FAEFALR - BF  fI* A
e v e TR EE R SR > B AT 2R ATFL 3t Preo
BEERY BT R e FRlAT ARGTO T T b iR b - F
.5 5 0.0385 pmol/mg/min » 43+ 2 Jr POBRITRE T BRW AR T

S EE[9] AR REF e BE T AT N E >

F21H > 358 H



e 2

AT RGE ATFL S04 S FRIp § R T e fl 7 i
Feep > AP R H Y T RS N AR
PMWOL = 4% FFth e m ¥ TREL TR T 7 2 ikl pF A 2o
Fil 7 finchigik (Bl= D) 24 ] B peis £ % 061 g/L & fen
Tfg @ ivd 112 g/L RAREEHE > 22 iR (7 o0kl oF BE R S LRI
R VAT E ATFL 2 B A7 it % & - F1E7 g & 4

a7

PLHF A E o

() £RAR TGS BRI ATE] 27|00 § 544 2 2 B 7 f
SR REFF BRI CRBE T i A WAt BB
SEEh A A APREI T S AR A2 T A A #RT[19]¢ ATFI
BEOoWFEIAF AT @mA FEBL A ELT faihp e
5 %24 Atk JCL166 # 4 3 pRWI13 ~ pYA2 ~ YA4 i F2 fe it -
fr A 02 gL (Ble): PEAPRERIN AR § £ 2
(422 g/L)ws Mot 2 ged 7 i A F F AR AL TR ARG
AR § R BRI FREaERY o I R AR fdh AT R
WG F Y (Bl- ) 7 PR NADH en-T (7> ~ 15 %

i A&

Ik

A BT F LRI fRE FREY O F LR

F22H > 458 H



ATF1 £ 1@ % iz 2% > ¢ 3 % NADH B $| > » 6| NADH

g

ERY BRI RS PRPFCRTI T RAE
gt AT fdhse & @ NADH ®# » e § ¥ acfie Mol 7 g A &
Flpt A E k2 £ fdh A @)% pRWI3 ~ pYA2 &7 ¢ B 7 fiy
4 F o RAAEET042gL -

S E-HE/BOEDE T MRAE APKIES e T AT

¢ % fdh che pal 7 fip 2 A PRI Y - Btk JCL299 - JCL299 i
ICL166 7I*f pta £ F118 hpix > 28 FIRFI BRE BT £ 2 1% ¢

feditps A 3o fechibded & ATP chiv 4 » 5 e fdgfzicr £ @

wdoom R EH F AL IR A FRY DT g
23 fdh Bv N EMAEEE LI0gL > ¥ 7 > EEF 5B £ E

e o FERA L 24 2 JCL166 B F H4e o Tt > AP IRT

5 ﬁ%)’fﬁj—m‘; # 3. fdh T = NADH & - ¢ far ﬁ%mié_%"ﬁﬁl g

& fdh # > T & JCL299 FAth? 3 BB che it " g A &
(7 ) ATFl 2 R E$f ¢ il 7 fig 2 12 F 5
F1F % prdp 0 ATFL 2 550 )R fm 24 2R3

BEAMRELFRERRE BT oy FMEE S TR Fpt

i # ATF1 #€_pYA2 ¥ b= 31 %k 2 pMWO3 > # §]* & IPTG 3% #1+

F23H > k58 H



41 Praor i€ 17 % T > Bl3E 4 T pRWI3 ~ pRW22 ~ pMWO3 ¢
JCL299 ka7 b IPTG AR AT A N2 e i " AR (BT)-

b 257w ATFl chZ2 B A IOUMIPTG e Tt £ 7|53 A £

s
<k
g,

1.12 g/L » £ % 7 IPTG # $2 Fth A £ BT > it
ATFI P> e et " g A £ ¢ €M 2™ (02 1 uM) FFEAR
PFo T ATF] 36 BT 2 44 Atk FE a3 9 02 g/l che fe -
faZd® @ €A% 1.7 g/L 07 fR e® (100 & 1000 uM) 34 ik
BpE o ATFL it ih} »od 3> ¥ & Flhv TR E > RRE T

Mo EFERENE N RN Er T g A o

flr A B EEFe B TR RERL A E LA AR
zZ e P Y B T fpR M3 RS R EF S 2 F
AR AR RRCBE T el FIE o Tl A1 BEE
A 4 A AR o AP 0.5 vwm chF F i~ R A3 RE
BB EHBFFART DO R T g 0 I A G (R - W RS
B kiERRFFAPY ¢ B T frchdfdie 2 AEARE L1 10
T 4551 pRWI3 fr pYA2 0 JCL299 ik 4846 1L 32 4 jp 2 {1 *

3 '—?‘ﬁél ﬁ: /p* I’sq,\ 20% 1——;?]@*"_%{ ’ 1’Li_ OD600 ‘/] 8 B??EG:J‘J

F24H > $k58 H



0.5 vvm ¥ F i » > AlERE BB FEL A B " iy 2R
AACEHI T A BAAEEY AP 2MEF AR
B A% H F AR R pH % & 6.8 £ 0.05fc FAEER B 1% -
Figw * B p% o effective titer 8 :E 3| 2346 g/L (Bl ) d 2 fatt
ThARBRAREFAN T DERVHTBER ¥ - FokiF ke @
7 fgendf ok BdF o (FL R A ORAER F B R AW Rk
Vo RRERAFFEATRCECDS DT F - o NPT S
AR T AR AL I B R RIER Y o ¥k d A
— ARG T E T 48 f e R Tl ik R T OH
PRI RIL e § ¥ P T fig T ORI R EATH RS A
DEne PEE My o @t 48 ) FELE o B - G k4P RO R R BT

LFEE T BB ER O RS- gk ke BB T RkRAE

S ONESHY KL T - F bR S DTy

(=) 2RI 7 G errfl g 4 p)

4\

d MO EE TR EFEEEL S FRAKREFL AR
T AiEARY VAR FEEFMERERTARARY L ERENX

Ao L AEER D AP AY R TR F IR R A6

F25H > $£58 H



e~ 2g/L~02¢g/L % 0.02¢g/L 2 Cﬁ’x_l_'jqu » H X B F AT
dF AT REFRERER (B-) vEZN 2 gL che it 7 fy

BEET RSN TN A2 - kR O MRELFRFA A S

[

PR AR E R 0 KA S EEG Bt fh e T T

-

g 0@ 02g/L % 002 g/l ot 7 figr ikl X 23044

N~

= BN

# o @I Y5 G 10 mg/ll he fel T fiy 0 2 1 FREAT 4 A

el TRl EF R E &P 2T IA PR g R 3

(=) el 7 B ESFL 3 R

S SEEF SIVEE R RN R TS X 2

i

A4 S0 mg/L 2 500 mg/L ¢ Bl T fa T ES FR L £ 2 B
(B A) frftRadpt » At d kR FRRARL LT 2P

BAW ¥ EEC BT i LRREE R R A S AR

L

SV A FBECRE T R kT o FHAL RS RL T RY

Bl FAGoBE O B §AMEL e BT mIrd E¥ L&

(2) 24 epE~ fi2 ERFREWES ¢ B2 7 f3 4 2l
el X B FHLBE T M2 AR APSESAKRY 4 FH#

EHOMHA AT AR ATFL A% F A2~ B3 ATF1l 2

F26H > £58 H



T4 pML55 (Bl4 ) > ¢ ATF1 A Flfest i 2 A< 5 FH2 A Fk
ek p fE* 7 Fl > & Pracor £x® + % 0 ATF1 # ;ﬁd 7 4o 3 8|

IPTG L jFp 23> ¥ ob o WA 3 £% Fik aldh & Fleos X

PRI FRFROATINY > o8 T @d FRIT 2 F¥REK
(BUOH-SE) & »r L mid A F k3~ #E > I[18] - &% » &
pML55 FHisg e~ fi 4 & Fth BUOH-SE > o % Fam ki
TF X AR h K F R > A pMLSS5 v BUOH-SE iR £ % ¥ 2
PR A FG ERRA AR GE NS M EAZ FIk 0 &
REE R PEET TBA AR {rR R ATF A 5120 % Fzk ML6O -

AR A RE R FTR MLO0 3 &t e R & 4 1F 5 R D
BGll B %% % A%t BhORTHA Y 2 £ 1 ODgpyo 5 04-
0.6 P » 4v » 3 %A IPTG @ F% FE 44 M7 f82 A4 /T 2 ATFI
AF TE2ARIREIF FAARITRAITC BRE T L ER
AR C AR ES AN f@E T i (R T i RS
ATFl AR FESFH" 2 2R3 & B * W d aiip@in

WATF ehd g 3 0 5k kit » i i 47 -

F2TH 358 H



(2 ) F# 2 ATFI gEF 8 5 [ 072

B3R ATFl A FSFARp 435 B NP $e s
PP B e m BACE A S LB B R B - 0 H
W4 R ATFl fr# 4 3 ATF1 %2 7 f§ 2 & % /&2 Ft (ML62
ML60) » f4 % 3 ATF1 (PCC 7942) #4p'- @ P &g £ %] » kg1 ATF1
fEF T REMS AR A% A3 ATFL 2 < % F+ (75 8241
oo g Rl ATFL i it > T A& R RGBS S #aho

d s E R T ATFL 2 ESFY 27 g > A
1952 peir & ATFL A G5 &5 55 L — Bai R helix B -

TRMIFPEY YOV U R R B L awie p 0 50 (lipid droplet)

RSB AR VL s Y i g BRER L RE A
— A AN UE MR M o Tt RgR R }*Jc“ri% Eixd 352 helix . g’f#‘ﬁj

Balo FZEEREHE > nd Pl Bl o i) il py
FAI A H AL RT AR R (RS BRA AR
Fl o BTt A B helix B pend %  BET A AR A L B TNy

Vi o e Bl BRE LS

(7)) It <SR ESFEL A2 7 FeET 7 g

ATFl s L ES AP 2 2 ¥ 2R > ABBFfI* 3 FF &

F28H > $£58 H

-



G F P RERS ORI T gAY ERRT BLARK
BUOH-SE #-- § f“gsidt = 7 f3 > £ 4 £ 3 ATF1 & 72 % %4
RESHIAL " BHEES BRI o ES - F PR2ACED
TRz Pehe SN I T A rEd - F CRAES S A BRE
2 AL H v et AR ARHBORAILARGRY
-T2 AP AR FHEFRR LAN3 > dopt £ 22 Bt 7 g #7 5 2
¢ e pE Ageicd pLrapiiE e oo Jpd 1Y PEEL AL 2

PIaph o pe T faytid o F AT A & o

o~

F-oMEIAE SRRV ESHLIAT MBI B AR ¢
FERREBECGBRFREIESRF NEAASBEFRT AL LTS
FIBGI %% > o W AP A TS FREE R h@E
AT bR G Pt R A T2 TH#E e ~ JCL16 + pMWI FA

S BA2 Fth o ¥ 0 AP P LAN3 4 2035 g/L 2 7519

pesp &R 2 £ BA2> A PH I 74 > FRRZRY ESFTY
2 AR R & 4D 0.05% TS HF R LR
% A IPTG & BA2 @i ATFI g% - = -

FoOMEBRA 2 BA2 ARTTESFHL AT B AR

Afed Ao fl 7 fa > ¥ FZ T PE3 %k 4L BUOH-SE Fih 5

F29H > $£58 H



8 X ehd A > A MK 150 mg/L 7 fF 0 d 3 BA2 2 Fi kR % T
PR RTEREI e B "z 2 AR AP RERT B
(3:1~1:1-1:3) R4 BA2 Hie2 "W 4R 2L § 0 0
UL RBRE LRI T REF L Fn - R SRRl B
TR TR BER A F o Z A B R RG 4
AN EI T 2 IR T 2N E 3 2 21 mg/L the e~

=

fig > ¥R AV H TR AR T T BERLFRERABRERS. B

J
™
.3 'y

2FRRG L1V HReE o AP N E B R 2 F L p

T VIR - BRGNP IR ER

CHFEAL A RER -3 PRECEI T RV A
(- ) FFEATFI B34 f 4 52 512
AR Ak Ep o —ES R AEBRATEY PR
BV - B p ¥ mEA—48 A F & F) (Ralstonia eutropha H16) 1F
AR CAVAIF D F bR e G F AR T M EBRED A%
fE2 BV R F CREBR IR RO REL TR 7
FRESE MATHA ZRFALEFIE  FEES T F R

SRFRIRTT o FP BHAS LY N R A 2 A

$30H > k58 H



ERARAL AT AL AR A RAS > TR AR
Sl bR FI A a A S o F] ATFL fsF 5 Fth? 2 EF 2 73

FREDOF PN ARG P HAFTHFAER S F RS R
TL s ABEE-A Y AR ATFL > g vbser "Bk 4 Ao pan ™

Iﬁﬂ a'-p:\.‘»ATFl ﬁ_ﬂ&iﬁéﬁfﬁf]ﬂl m?\lﬁ,"’b’ .ﬁ,w} °

W
P

FrABEE bS5 EFAY S # AR 2T T it AR

>

ik 2 JH pIYLO24 del = o 1% Ppap %k p o pypEs
ATF1 » & # ¥ X [ 3= (a4% (arabinose) Jk B 4 37 o ¥ pJYL024 #

AEeHAFTHRAL  FERLZAPERARY FHAMEARL

bl

ODggo = 0.4-0.6 pF 12 [7 2 fa3f 5 18 4 IR ATF] A FI T 4 > & 7 ff
MRABRY CRFRLFEFRARES I ML FF Y R
Z LT fRE AN Z e R T g g < B o N 24 LR
ApFERE 5Tmg/L che et " fr A Y (Bl w) /A7 ATFI

BAAF AT ARG RAIRT AN e B T g o

F31H  $k58H



(=) PIAEIL F o pRBESFS Z2 S e @r 7
BANY ARRE 2 AT L LS FF BUOH-SE & 7 7 fi%
AA AR 10 A iy THIBA R EFRIRR X
FORAK R TR (B E) WEARE T KR hE
PR ATFI 2 &9 F4vFse % 2 OD 05 PR (73 B M-t
A GG Yo JPFR M RJEB IS A R YR Y B8 R AR
AL

=

WooERa F LR AMURT ARET #4947

2

ATFI'T?i%%/IQ‘:Jm—J ﬁ%j\tgf‘rbﬁ’x_]_ﬂﬁq ﬁ*ﬁ"” od._;}g‘

ey

g A IR D HORE R 24 PR i EP e @I T A
2o B RN RS SR 3 IE R TR

FI7OEEE U pEenfl T o iRl s F R 43O o

$32H » $k58 H



F > 2

10.

11.

12.

13.

\\\?Q

¥

Carroll AL, Desai SH, Atsumi S: Microbial production of scent and flavor
compounds. Current opinion in biotechnology 2016, 37:8-15.

Gangadwala J, Kienle A, Stein E, Mahajani S: Production of butyl acetate
by catalytic distillation: process design studies. /ndustrial & engineering
chemistry research 2004, 43(1):136-143.

Bizzari S, Gubler R: Chemical economics handbook. /HS Chemical,
Englewood 2004:1-29.

Jones JH: The cativa™ process for the manufacture of acetic acid.
Platinum Metals Review 2000, 44(3):94-105.

Chang J: Indicative chemical prices A—Z. chemical market reporter, web
http://www icis com/chemicals/channel-info-chemicals-az/ Updated 2008.
n-Butyl Acetate [http://product-finder.basf.com/group/corporate/product-
finder/en/brand/N_BUTYL_ ACETATE]

Menendez-Bravo S, Comba S, Gramajo H, Arabolaza A: Metabolic
engineering of microorganisms for the production of structurally diverse
esters. Applied microbiology and biotechnology 2017, 101(8):3043-3053.

Janssen HJ, Steinbuchel A: Production of triacylglycerols in Escherichia

coli by deletion of the diacylglycerol kinase gene and heterologous
overexpression of atfA from Acinetobacter baylyi ADP1. Applied
microbiology and biotechnology 2014, 98(4):1913-1924.

Stoveken T, Kalscheuer R, Malkus U, Reichelt R, Steinbuchel A: The wax
ester synthase/acyl coenzyme A:diacylglycerol acyltransferase from
Acinetobacter sp. strain ADP1: characterization of a novel type of
acyltransferase. J Bacteriol 2005, 187(4):1369-1376.

Verstrepen KJ, Van Laere SD, Vanderhaegen BM, Derdelinckx G, Dufour JP,
Pretorius IS, Winderickx J, Thevelein JM, Delvaux FR: Expression levels of
the yeast alcohol acetyltransferase genes ATF1, Lg-ATF1, and ATF2
control the formation of a broad range of volatile esters. Applied and
environmental microbiology 2003, 69(9):5228-5237.

Rodriguez GM, Tashiro Y, Atsumi S: Expanding ester biosynthesis in
Escherichia coli. Nat Chem Biol 2014, 10(4):259-265.

Tai YS, Xiong M, Zhang K: Engineered biosynthesis of medium-chain
esters in Escherichia coli. Metabolic engineering 2015, 27:20-28.
Menendez-Bravo S, Comba S, Sabatini M, Arabolaza A, Gramajo H:

Expanding the chemical diversity of natural esters by engineering a

$33H > k58 H


http://www/
http://product-finder.basf.com/group/corporate/product-finder/en/brand/N_BUTYL_ACETATE
http://product-finder.basf.com/group/corporate/product-finder/en/brand/N_BUTYL_ACETATE

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

polyketide-derived pathway into Escherichia coli. Metabolic engineering
2014, 24:97-106.

Onwueme KC, Ferreras JA, Buglino J, Lima CD, Quadri LE: Mycobacterial
polyketide-associated proteins are acyltransferases: proof of principle
with Mycobacterium tuberculosis PapAS. Proceedings of the National
Academy of Sciences of the United States of America 2004, 101(13):4608-
4613.

Shen CR, Lan EI, Dekishima Y, Baez A, Cho KM, Liao JC: Driving forces
enable high-titer anaerobic 1-butanol synthesis in Escherichia coli.
Applied and environmental microbiology 2011, 77(9):2905-2915.

Lan EI, Liao JC: Metabolic engineering of cyanobacteria for 1-butanol
production from carbon dioxide. Metabolic engineering 2011, 13(4):353-
363.

Lan EI, Liao JC: ATP drives direct photosynthetic production of 1-
butanol in cyanobacteria. Proceedings of the National Academy of Sciences
2012, 109(16):6018-6023.

Lan EI, Ro SY, Liao JC: Oxygen-tolerant coenzyme A-acylating aldehyde
dehydrogenase facilitates efficient photosynthetic n-butanol biosynthesis
in cyanobacteria. Energy & Environmental Science 2013, 6(9):2672-2681.
Wen RC, Shen CR: Self-regulated 1-butanol production in Escherichia
coli based on the endogenous fermentative control. Biotechnology for
biofuels 2016, 9(1):267.

Nielsen DR, Yoon SH, Yuan CJ, Prather KL: Metabolic engineering of
acetoin and meso-2, 3-butanediol biosynthesis in E. coli. Biotechnol J
2010, 5(3):274-284.

Li SB, Xu N, Liu LM, Chen J: Engineering of carboligase activity reaction
in Candida glabrata for acetoin production. Metabolic engineering 2014,
22:32-39.

Zhang X, Zhang R, Bao T, Rao Z, Yang T, Xu M, Xu Z, Li H, Yang S: The
rebalanced pathway significantly enhances acetoin production by
disruption of acetoin reductase gene and moderate-expression of a new
water-forming NADH oxidase in Bacillus subtilis. Metabolic engineering
2014, 23:34-41.

Zhang L, Zhang Y, Liu Q, Meng L, Hu M, Lv M, Li K, Gao C, Xu P, Ma C:
Production of diacetyl by metabolically engineered Enterobacter cloacae.
Scientific reports 2015, 5:9033.

Goh EB, Baidoo EEK, Burd H, Lee TS, Keasling JD, Beller HR: Substantial

34 H > $k58 H



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

improvements in methyl ketone production in E. coli and insights on the
pathway from in vitro studies. Metabolic engineering 2014, 26:67-76.
Rodriguez GM, Atsumi S: Isobutyraldehyde production from Escherichia
coli by removing aldehyde reductase activity. Microb Cell Fact 2012,
11:90.

Kunjapur AM, Tarasova Y, Prather KL: Synthesis and accumulation of
aromatic aldehydes in an engineered strain of Escherichia coli. Journal of
the American Chemical Society 2014, 136(33):11644-11654.

Craig T, Daugulis AJ: Polymer characterization and optimization of
conditions for the enhanced bioproduction of benzaldehyde by Pichia
pastoris in a two-phase partitioning bioreactor. Biotechnol Bioeng 2013,
110(4):1098-1105.

Buchhaupt M, Guder JC, Etschmann MM, Schrader J: Synthesis of green
note aroma compounds by biotransformation of fatty acids using yeast
cells coexpressing lipoxygenase and hydroperoxide lyase. Applied
microbiology and biotechnology 2012, 93(1):159-168.

Tashiro Y, Desai SH, Atsumi S: Two-dimensional isobutyl acetate
production pathways to improve carbon yield. Nature communications
2015, 6:7488.

Kim EM, Eom JH, Um Y, Kim Y, Woo HM: Microbial Synthesis of
Myrcene by Metabolically Engineered Escherichia coli. Journal of
agricultural and food chemistry 2015, 63(18):4606-4612.

Alonso-Gutierrez J, Chan R, Batth TS, Adams PD, Keasling JD, Petzold CJ,
Lee TS: Metabolic engineering of Escherichia coli for limonene and
perillyl alcohol production. Metabolic engineering 2013, 19:33-41.
Willrodt C, David C, Cornelissen S, Buhler B, Julsing MK, Schmid A:
Engineering the productivity of recombinant Escherichia coli for
limonene formation from glycerol in minimal media. Biotechnol J 2014,
9(8):1000-1012.

Mi J, Becher D, Lubuta P, Dany S, Tusch K, Schewe H, Buchhaupt M,
Schrader J: De novo production of the monoterpenoid geranic acid by
metabolically engineered Pseudomonas putida. Microb Cell Fact 2014,
13:170.

Vargas-Tah A, Martinez LM, Hernandez-Chavez G, Rocha M, Martinez A,
Bolivar F, Gosset G: Production of cinnamic and p-hydroxycinnamic acid
from sugar mixtures with engineered Escherichia coli. Microb Cell Fact
2015, 14:6.

% 35H > k58 H



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Atsumi S, Higashide W, Liao JC: Direct photosynthetic recycling of carbon
dioxide to isobutyraldehyde. Nature biotechnology 2009, 27(12):1177-1180.
Halfmann C, Gu L, Zhou R: Engineering cyanobacteria for the production
of a cyclic hydrocarbon fuel from CO 2 and H 2 O. Green Chemistry 2014,
16(6):3175-3185.

Davies FK, Work VH, Beliaev AS, Posewitz MC: Engineering limonene
and bisabolene production in type and a glycogen-deficient mutant of
Synechococcus sp. PCC 7002. Front Bioeng Biotechnol 2014, 2:1-11.
Kiyota H, Okuda Y, Ito M, Hirai MY, Ikeuchi M: Engineering of
cyanobacteria for the photosynthetic production of limonene from CO 2.
Journal of biotechnology 2014, 185:1-7.

Wang X, Liu W, Xin C, Zheng Y, Cheng Y, Sun S, Li R, Zhu X-G, Dai SY,
Rentzepis PM: Enhanced limonene production in cyanobacteria reveals
photosynthesis limitations. Proceedings of the National Academy of
Sciences 2016, 113(50):14225-14230.

Formighieri C, Melis A: Regulation of B-phellandrene synthase gene
expression, recombinant protein accumulation, and monoterpene
hydrocarbons production in Synechocystis transformants. Planta 2014,
240(2):309-324.

Halfmann C, Gu L, Gibbons W, Zhou R: Genetically engineering
cyanobacteria to convert CO2, water, and light into the long-chain
hydrocarbon farnesene. Applied microbiology and biotechnology 2014,
98(23):9869-9877.

Englund E, Pattanaik B, Ubhayasekera SJK, Stensjo K, Bergquist J, Lindberg
P: Production of squalene in Synechocystis sp. PCC 6803. PloS one 2014,
9(3):€90270.

XueY, Zhang Y, Grace S, He Q: Functional expression of an Arabidopsis
p450 enzyme, p-coumarate-3-hydroxylase, in the cyanobacterium
Synechocystis PCC 6803 for the biosynthesis of caffeic acid. Journal of
applied phycology 2014, 26(1):219-226.

Xue'Y, Zhang Y, Cheng D, Daddy S, He Q: Genetically engineering
Synechocystis sp. Pasteur Culture Collection 6803 for the sustainable
production of the plant secondary metabolite p-coumaric acid.
Proceedings of the National Academy of Sciences 2014, 111(26):9449-9454.
Guo DY, Zhu J, Deng ZX, Liu TG: Metabolic engineering of Escherichia
coli for production of fatty acid short-chain esters through combination

of the fatty acid and 2-keto acid pathways. Metabolic engineering 2014,

36 H > k58 H



46.

47.

48.

22:69-75.

Elbahloul Y, Steinbuchel A: Pilot-scale production of fatty acid ethyl esters
by an engineered Escherichia coli strain harboring the p(Microdiesel)
plasmid. Applied and environmental microbiology 2010, 76(13):4560-4565.
Yu KO, Jung J, Kim SW, Park CH, Han SO: Synthesis of FAEEs from
glycerol in engineered Saccharomyces cerevisiae using endogenously
produced ethanol by heterologous expression of an unspecific bacterial
acyltransferase. Biotechnol Bioeng 2012, 109(1):110-115.

Menendez-Bravo S, Roulet J, Sabatini M, Comba S, Dunn R, Gramajo H,
Arabolaza A: High cell density production of multimethyl-branched long-
chain esters in Escherichia coli and determination of their

physicochemical properties. Biotechnology for biofuels 2016, 9:215.

F3TH 58 H



AN

P~ RAEREFLATE N EF(] AR AR E coli : Escherichia
coli ; L. lactis : Lactococcus lactis ; C. glabrata : Candida glabrata ; B. subtilis :
Bacillus subtilis ; E. cloacae : Enterobacter cloacae ; P. pastoris : Pichia

pastoris ; S. cerevisiae : Saccharomyces cerevisiae ; P. putida : Pseudomonas

putida
. Titer
Type Target chemical Flavor Host substrate (g/L) Ref.
Acetoin butter E. co{i ’ glucose 0.87 [20]
L. lactis
C. lucose 7.3 [21]
Ketone glabrata  ©
B. subtilis glucose 57 [22]
Diacetyl butter E. cloacae glucose 1.5 [23]
Methyl ketones oils E. coli  glucose 3.4 [24]
Isobutyraldehyde malt-like  E. coli glucose 35 [25]
Vanillin vanilla E. coli  glucose 0.119 [26]
Aldehyde an dBenzaldehyde cherry; E. coli  glucose 0.35 [26]
alcohol almond- . benzyl
like P. pastoris alcohol 5 [27]
Hexenal grass 5. . . 11nplen1c 0.06 [28]
cerevisiae acid
Isobutyl acetate raspberries; E. coli glucose 36 [23]
Ester pears; E. coli glucose 17.5 [11]
pineapples E, coli  glucose 19.7 [29]
Butyl butyrate  pineapples E. coli  glucose 0.0149 [11]
Myrcene pleasant  E. coli  glycerol 0.058 [30]
Limonene oranges E. coli  glucose  0.435 [31]
Terpe Ines E. coli glycerol 2.7 [32]

Perillyl alcohol lavender E. coli  glucose  0.105 [31]

. . sweet; .
Geranic acid woody P. putida glycerol 0.193 [33]
Cinnamic acid cinnamon E. coli arabinose 0.151 [34]
Phenyl ids P- -
enyipropanods P. hydrqu . cinnamon E. coli sugat 0.058 [34]
cinnamic acid mixture
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A T EEFRHCFCRLIATEC LS AR LR
T :PCC7942, Synechococcus elongatus PCC7942; PCC6803, Synechocystis sp.
PCC 6803; PCC7002, Synechococcus sp. PCC 7002; 7102, Calothrix desertica
PCC 7102.

Culture

Type Target Chemical Host strain ~ Titer (mg/L) time (day) Ref.
Aldehyde Isobutyraldehyde PCC7942 1,100 8 [35]
PCC7120 0.52 12 [36]

Limonene PCC7002 4 4 [37]

PCC6803 1 30 [38]

Terpenes PCC7942 885.1 pug/L/OD/d [39]
Bisabolene PCC6803 0.6 4 [37]

B-Phellandrene PCC6803 0.9 2 [40]

Farnesene PCC7120 0.3 15 [41]

Squalene PCC6803 0.5 mg/L/OD [42]
Phenylpropanoids Caffeicacid PCC6803 7.2 3 [43]
p-Coumaric acid PCC6803 82.6 4 [44]
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2z Rt R EZEAS R E A B G (1) AtfA, Wax

synthase/diacylglycerol

acyltransferase

family;

(2)

Atfl,

Alcohol

acetyltransferase family; (3) PapAS, Condensation family ; F#k&5®: E. coli :

Escherichia coli ; S. cerevisiae : Saccharomyces cerevisiae

Condensing Host Product Maximum Titer Ref
Enzyme (g/L)
AtfA E. coli fatty acid short ester 1 [45]
fatty acid ethyl ester 14.8 [46]
S. :
cereviside fatty acid ethyl ester 0.52 [47]
ATF1 E. coli cthyl acetate 0.33 [11]
butyl acetate 1.7 [11]
propyl acetate 0.02 [11]
3-/2-methyl-butyl 0.04 [11]
acetate
2-phenylethyl acetate 0.02 [11]
tetradecyl acetate 0.14 [11]
isobutyl acetate 17.2 [11]
19.7 [29]
36 [12]
PapA5 E coli multi-methyl-branched 0.79 [48]

ester
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CBEFRARECREE " RIATH

Strain Relevant Genotype Ref.
BW25113 Wild-type Escherichia coli BW25113
JCL16 BW25113/F’ [traD36 proAB* laclgZAM15 (Tet")] [15]
JCL166 JCL16 AdadhE AldhA AfrdBC [15]
JCL299 JCL16 dadhE AldhA AfrdBC Apta [15]
PCC 7942 Wild-type Synechococcus elongatus PCC 7942
BUOH.SE Prrc::His-tagged ter integrated at NSI and P jsc01::nphT7, [18]
pduP_S. enterica, yghD, crt, hbd integrated at NSl
Plasmid Relevant Genotype Ref.
pMWO01 PLaco1::ATF1; Cola ori; Kan' This w
pMWO03 PLaco1::ATF1; pSC101 ori; Spec' This w
pRW13 Paek::atoB, adhE2, crt, hbd; ColE1 ori; Amp' [15]
pRWI18 Pagne::fdh; pSC101 ori; Cm' [15]
pRW22 P.ane: ter; Cola ori; Kan' [15]
PYA2 P.ane:ter, ATF1; Cola ori; Kan' This w
pYA4 Padne::fdh; pSC101 ori; Spec’ This w
pML55 cm”; Aldh targeting; Pj.co1::atf1 (Saccharomyces cerevisiae)

This w
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