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Abstract: The effects of fatty acid synthase 1 gene (FAS1) and fatty acid synthase 2 gene FAS2 overexpression on medium cahin fatty
acid ethyl esters (MCFAEESs) in Saccharomyces cerevisiae were investigated. Previous experiment showed that FAS1 gene-expression strains,

aSF-FASI and a50-FASI, could improve the productio

AEEs in S. cerevisiae. The 154.31% and 65.22% improvement of ethyl
caproate and ethyl octanoate production and 23.53% increasement of ethyl caprate accumulation were observed in the Co-overexpression of
FAS1 and FAS2 with FAA1 deletion engifieered strain FF1F2 comp’ared to strains a5F-FAS1. Consistent with this effect, the Co-overexpression
strain OF1F2 achieved 17.34%, 30.71% and 27.12% increasement of the three substances mentioned above and 28.13% improvement of ethyl
dodecanoate, respectively, compared to strains a5O-FAS1. The results showed that FAS1 and FAS2 gene co-overexpression could further

enhance the yield of MCFAEEs in S: cerevisiae. At-the same time, we also found that overexpression of FAS1 gene can improve the production

of ethyl acetate. To, explore th iminary machnism of this phenomenon, the relative expression level of Acetyl-CoA related genes was
measured by CR. The results sho
to the up-re ati(‘f ATF1 gene expression.

K&vor accharomyces cerevisiae; fatty acid synthase; medium chain fatty acid ethyl ester; ethyl acetate

that the increase in the amount of ethyl acetate produced by FAS1 overexpression is mainly attributed
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Fig.1 Flow chart of recombinant plasmid Yep-PF2 construction
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Table 1 PCR primers used in this study
HE] A3 (5—3") M B &,
At
FAS2-U CGGAATTCCAGATCTCCTCGAGATGAAGCCGGAAGTTGAG Xhol
FAS2-D GATCTATCGCAGATCCCTCGAGCTATTTCTTAGTAGAAAC Xhol
FA-U(Hxt16) ATTATGCCCTTACTTCATTTCAC
FA-D(Hxt16) GACCTGCAGCGTACGAAGCTTCAGCTGTACCCCGCACTCTACTGTTTTTG
KAN-U CAAAAACAGTAGAGTGCGGGGTACAGCTGAAGCTTCGTACGCTGCAGGTC | 4
KAN-D TCAGTTTTGGATAGATCAGTTAGAGCATAGGCCACTAGTGGATCTGATAT
PGK1p-U ATATCAGATCCACTAGTGGCCTATGCTCTAACTGATCTATCCAAAACTGA
PGK1:-D ACTTCCCCATCTTCATCACCACTAACGAACGCAGAATTTTCGAGTTATTA

FB-U(Hxt16)
FB-D(Hxt16)

TAATAACTCGAAAATTCTGCGTTCGTTAGTGGTGATG. TGGGGAAG
TATCGCAAAATGAAAAGAAGAA
TGTACGGAATTGTGGTAAGG

Hxt16 3-U
Hxt16 32-D TTTAATTGTCATAGTAACAGTCTGG) ~
RT-PCR 3|45
ACTI-F CGTCTGGATTGGTGGTTCTA -
ACTI-R GTGGTG ATAGATGG
ACS1-F ATGTC CTCTGCCGTA
ACSI-R GCACGATCTTGACCGAAGTC
ACS2-F ATGACAATCAAGGAACATAAAGTAG
ACS2-R GTATGGAGCATCCCAATGCAAG
FAS2-F ATGAAGCCGGAAGTTGAGCA
FAS2-R G ATTTCTCTATGTA
ATF1-F AAATCGATGAG
ATFI-R TGAGCTGATCCCTAGTAC
123 BEEEL 13 A

MBREERE (Saccharomyces. cerevisiae) a5 )3
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M YEPD #Hi_EHREC 1 AN 5 mL —2
TP REFRRARE T, 30 CHHEREFE 24 h, BEAFEE
WG, $HR 10% M Bl HEERN B 2 45 mL 2 Fh
TEFRRI =

30 CiBERFF 16~17 h ZXHO G, R5i%
R 10% Eeph P 2 KB 7 5L . 30 CH B KRE,
B 12 h FREE 1 IR, KIEESSHGIIE CO, Rt R, 7;2
FERTIR) S TRIARGRE . RV AR I SR S R I 75
AMREE 3 NPT, BCESIME.

TR LR,
1.34 BEgmz 7k
134.1 2R HgmE 7

REEEE RGN R IEEOAT 2508, 3318 R L
PIRE A T S A B b . ARTE Agilent GC7890 S AH
T B 5 A O A A B Ak e Al vy
SN il 105 mx0.530 mm B
FEIR 50 ‘COR%F 8 min, #AJ5 LA 5 °C/min I FEFHE 2
150 °C, FHRKF 15 min; HEFE TR 200 C; Al 2%
HPE 200 C; #AIMIE 20 mL/min; S/ 30
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mL/min; 7% 400 mL/min; FEYGEE 25 mL/min;
S 10:1; B 1 ul.
1342 EEASITIR 2B & gyt

RS R RO T 2508, 15308 ek lg
R ZERHIRE S T A S RIS B3 (GC-MS) 47
Mo BHPFERBESE 12%(V/V), B8 mL BT 20 mL 2
OISR, N3 g &ALEN, ONIEMERE 7, FZR
VUSR 2B I B st . RE SRR iR ad v
60 CFH 10 min, FFEEBCLIENIHA TSI 40
min. U HRERCELIEN GC-MS RGudtFE 11,250 C
fEEI B 5 mins
1343 SAHEE R

itk Agilent CP-Wax (60 mx0.25 mmx0.5
um); HEFECRE A 250 C, Aol AR ARE
79 0.8 mL/min; FHEFEF AL 40 ‘CHERF 2 min, 1%
8 2 “C/min FEEETFE] 100 'C, FH%ZIE 4 “C/min (1)3E
FEFFR 230 °C, 4EHF 3 min. JRIGZAE: EL 70 eV:
VG 30~500 us B URIERE 230 C.
135 #dEH

LI = AP 47, FRfEH SPSS 11.0
EXCEL 2013 #nt see e dh 47 22 7 i 2 A 56 4y
Hr (ANOVA).
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Fig.2 The verification of recombinant plasmid of Yep-PF2
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Fig.4 The verification of transformants
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Fig.5 The verification of transformants a5F-FAS1,2
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Hh W CO & Flg BHE(%. V) HiE(g100mL)
o5 23.9140.56 15.410.2 0.1820.03
GSF-FASI  2370:0.78 15.23+0.2 0.1920.02
050-FAS]  23.63:0.89 14.94+0.1 0.1920.04
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2.3 3k FASI, FAS2 A [ xt o 4k fis B 2
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B} E=IFFIF2
g 4l s =Z0FIF2
&3t
=
~
i
=
g_%

B 6 HAEMRMRE

fili bR FAS2 I BIRR Y FELF2 I IR CE. IR
Llg. ZIR LMESR T T 15431%, 65.22% Fl
23:53%, B+ —MRAES. HIUROBEFEANE ., St

SERSRAL: AHELELT o50-FASI Hikk, (3L Bt
FIAFAS2 THHEI MR OF1F2 IR ZHE. ElE Z.lE.

FEMR MRS T 2 OER AT T 17.34%, 30.71%,
2712%41 28.13%, {H+VUFER ZFEIEAAAE , 455 BR
ik FAS1 F FAS2 J:[R v LAE i — B R4t b ik
NEWIR BRI~ 5, FenleCROlE. ¥R O, %
% BRI &, B e 2o liaE] 4.049 me/L,
3.89 mg/L, 2.34 mg/L.
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(PFEDE FAS2 HIERIE,  AITIHE S g IR & Rt P i i
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% 3 IWFRIA FAS1 MELRIA FAST, 2 WZERZBRFNZ B &
Table 3 The production of Acetate and Ethyl ester between Co-overexpression of FAS1 and FAS2 strains and overexpression of FAS1

strains
A as aSF-FASI a50-FASI FF1F2 OFIF2
B TB/(mg/L) 16.11 40.62 56.83 51.14 94.35
T/ (mg/L) 281.15 196.44 21773 179.52 183.91
M 3 WLLEH, id3E FAST il LA R & NTHRAALANG, UHKEK o5 FIREK
P & BRI PSRRI & & . MHLERIA FASL2 & o50-FAS1 HHT FKERIKIE, KFERTFE 48 h BUA A
Bt AR ORI R AR & 8. I HAR $& RNA 1T RT-PCR. | 4
Opil JI3KIA FAS1 MIBfk aSO-FAST Lk FAAL i or oS
Fik FASI HUHIHE aSF-FAS =201 2 G LT 5, 7] _ 5| BBwOAS]
FEJLERIL FASL,2 [ E Pk OF1F2 H FFIF2 F=AE 1 2R if Jl jj
LPENE . LA A G AL RN SR BRI A %
ACS1 § 2r ’;/3/3 77
Acetate —22 5 Acetyl-CoA ————» Ethyl acetate < 1 // ///
2 %7
ACCL 0 AC;; : AC;;N FA/;;// I

Malonyl-CoA

FAS1
FAS2

v

Medium chain acyl-CoAs
7 BREEIZHPESR acety |-CoA E’Jﬁiﬁiﬁ@_‘
Fig.7 The metabolic pathway of acetyl-CoA in cytop

S.cerevisiae )
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, R L AR TR
PRI RS2 3 1925 RULLT- S8 ANF
FASL S50 SRS, FeiEZmi
(5 S SULIL S K00, MR T IE W A, Fean i
HEWTIR & R RE 1785, [FI RG  e A7 AE TR A
CE TR AL, V20 A2 R I A i
it ACSS E:F P i, MIiHIFH LR 4R A i 17
S I 28 T R R R R T A
KRR & B R L BE CoA H iR %N
ACSI1 8 ACS2 K L. A—HHHT LR EEE
R B LWL Adflp 4k, FH ATF1 %R
SR FEA, BUES, AR NIRRE Y,
DR A 2,18 2R T v PR 28 o DR R e R R T R
A B DR R B i 2R R AP LR ATFL B3
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Fig.8 Determination of ACS1, ACS2, FAS2, ATF1 gene
expression levels in 5 and a50-FAS1

WIE'8, FASI IS Rk AR ACST FE A1)
Fikw, (HERE ACS2 KIF1 ATF1 ZEFRIE R,
IyAISEE T 475 5 2.93 %, [FIBHH{H FAS2 JEFIEE
IKERRE T 2.1 fF. Fid 3Rk FAS1 SR LB
[ — T AT RE A2 BT ACS2 ERRIA & LIS
|, BT REE T ATF1 ERFRAE
WRE

— 7N T 0 LR BRI LT BT
—FPREE S, TN TR EA AL NS
WOTR CPRIRAREEAF R E R, ARFFTLL oS,
oSF-FAS1, a5O-FAS1 UK EME, FIBTIEHRIE ATF
[, 5% a5-ATF1, FF1-ATF1, OF1-ATF1 =#k5E
ARk, BT K AR K. SAHIE 28R SR K
IR RANER 4. R E T a5, aSF-FAS1, a50-FAS1
PRI FAST fil FAS2 JERIHIA & .
R 4 TRIK ATF1 FILFRIK FAST, ATF1 2B 2 BEM S 1K ER =

=8
Table 4 The production of higher alcohols and estersbetween
Co-overexpressionof FAST and ATFI strains and
overexpressionof ATFI strains

Atk a5  a5-ATF1 FF1-ATF1 OFI1-ATFI

LB LES/(mg/L) 1621  523.12 277.13 73.75

* 4 ERERE a5-ATF1 AHLL, FF1-ATF1 F
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OF1-ATF1 [ LR LB8r 54378 277.1 mg/L 1 73.7
mg/L, HILEHTERRIIINGR . BUIfEITR & BIREm)
ML SFE AR LRI R e ACS2 ZER A & i
SH, Motk ATF1 R G, Hik FF1-ATFI
F1 OF1-ATF1 4] 2R 2B NZ L a5-ATF1 B ik
e s RnT LAULBIRINIR A& Ut 1seih 28
R BRI R R ACS2 FER R R FE, M
T ATFI BR RIS E L IEE ST

8 -5
2 a5F-FASI
o] FZZu50-FASI
- 6 - T
5 =
=] s
2 %
o ]
2 7
g 4r o
3 Ay
5 o .
Z
2 7 777
= Z
g g7 7
o r Sy A A
[= 225 /// 77%
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- O
Z /;553 5355555
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FASI FAS2
.
&9 a5, a5F-FAS1 F0 a50-FAS1 |1 FAS?, FASZ RIERETFRIA
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Fig.9 Determination of E4S1 and FAS2 gene expression levels
in a5, a5F-FAS1 and a50-FAS1
K19 B R #E5 Opil i RIAFAST K aSO-FASI
L% 4 FAAL i 3KIE FAST [ #k aSF-FAS1 ) FAS2
PZERRA R 5. Z4505%R 3-2 Frifiil It R
FAS1 F FAS2 IR PR b B FIA FAST j= AL
LR TR S . SRR o50-FASL
oSF-FAS1 P24 (1) 1R .16 W s FH T Opil
IR & IR AR I R P R ™Y, ALRRiamtb 1 R
IR & BRI 2B

3 ZHig

3.1 AW RABRIE B R AAEAR a5 RN
Wi, PCR 4 415 MN4ihY o W IEH) FAS2 LK, 240
FREBFEAL A G418 ik i LS e kA5 3Rk FAST Al

FAS2 KR 98 #k a5SF-FAS1,2 Il a50-FAS1,2. & &
KIFRLREE G, Sciogh R BRI RKEE . K
PR T PR B S SR A R BV RS A B B Ak . AH
P Tl 3204 FAST 24, 3E3RIA FAST Fl FAS2
BRI AT DASE i — P 4+ B IR TR R R A s
% oSF-FAS1,2 R B ~FIR OHE 2318 L1645y
BT T 15431%, 65.22% A1 23.53% , [6) B
aSF-FAS1,2 MR OEGE. ¥R OBE. IR AEE. T2
TR 2 BE 2 W TE T 17.34%, 30.71%, 27.12% Al
28.13%.

3.2 AR FRAE IR TR A R 1) 2w At JE B8] ]

DA 2R ZBE AR . i RT-PCR U5 K BIUAE
TR G gD L DR (P SIS P LAE ACS2 1 ATF1
FER i, AgZm ACST JERIFIRIE. 15 R
ik ATF1 JE R BERAH L, L3818 FAST AT ATF1 118
PRI 218 L EZ BTG . R 3RIE FAST B84
1% 2 BeAE R E LR B T R RE IR &
FS T i 5 R (A3 B S B [ SRS LR ATF L 1)
Fik® FTHER. B ATF1 &SR FEIE R
A I S b () T R TG O AN, RIS
SARAHI F TR IR A

33 ARWFRYEPIRGT T Ml A RO A ) BRI

WP RENRITIR L IRE BUIEW, NRY RN
IR B & BRI BUE 1 o I EIRAEAL .
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