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Abstract

Lipids are products of natural origin and are very attractive renewable
alternatives to petrochemical raw materials. Although naturally
occurring long-chain fatty acids can replace certain petroleum-based
chemicals, medium-chain fatty acids possess the physical and chemical
properties that are closer to currently used petroleum-based products. In
this research project, we will use gene cloning technology to design an
engineered Yarrowia lipolytica which is an oleaginous yeast that
naturally produces lipids at high titers. Therefore, it is a good candidate
for producing medium chain fatty acid. We will express ChFatB2 and
CpFatB1 genes that encoding thioesterases for the catalytic conversion
of medium-chain acyl-ACP molecules in Y. lipolytica. In addition, we
will delete the three genes gut2, faal, and mfel from its chromosome to
prevent byproduct formation. Results indicated that the created strain
have only poor ability to accumulatively produce medium-chain fatty
acids when using glucose as the substrate. However, when using
octanoic acid as the substrate, the engineered strain is able to
accumulate C10 medium-chain fatty acid. Future work will be continued
on optimizing the pathway for medium-chain fatty acids production,

especially when using glucose as the substrate.
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(D)#-pYALLint-ChFatB2(NTC)#% 75 % Y. lipolytica MFEL::Leu( # =

#-PMFELint-Leu = # 2} s tk) 2 ¢ (P &2 % : 1296 bp)
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——
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fird
=
d

A ACLOP3hfk o A BEF R FREEFR2F e 3 F

S
X
A

25



o AT RpEEITNS BiEG o 2 - > § VY. lipolyticag = &1 %
pate B 2 ﬁ*‘ugﬁ‘ﬁ;f&?%ﬁ H_E G L R AEL o T AT R ORT
FRYCFOFRET &K PIFREE - B r FR O BB A BRnE B
S5 H = o 45V lipolyticasy Ak & = BLIT 0 B & KB R 4s K

R R S R e

A
a\ﬁy‘\'
Ry
RS
=5
HY.
=
™

Fo FE R BRI S E gt~ F RRBRG AL TS & B F e

Tl o BIREAF N LS EETER

Fatty acid synthase(FAS) FAS
Malonyl-CoA Butyric acid-CoA Caproic acid-CoA
Acetyl-CoA Acetyl-CoA
Acetyl-CoA FAS
AS FAS
Decanoic acid-CoA Octanoic acid-CoA
cetyl-CoA Acetyl-CoA

Stop by thioesterase(Cp FatB1)
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0.25
0.2
0.15
0.1
0.05
0

0 24 48 72 96
H% F'Eﬁ (h I')

FEERE (mM)

VIR RBEY) 2588

30
25
20
15
10

5

0
0 24 48 72 96

H% F'Eﬁ (h I')

Bl= Lt~ NFRITE PRS2 P (1 pMFEL-Leu &

PYALLint-CpFatBL(NTC) 1% % 4 fi% ] 1k)

28



1\

2

P
’}'Q-’ﬁ-‘,s

-
-
é\

j"{j?{@:#ﬁ-fp#g’}'ﬁ’ggllﬁ%ﬁﬂ ‘é)%‘{.t}_ﬂ, ;‘46.;4‘%,-' 4

lipolyticaz ® » ¥ ¥F= 7 i27m hRFRE 78 FERIF 0 RIS * &

H 2L v

il b L F A L FHERER T EEE N E R A FRITL P
ey i dHABER - AR AT RBFES IR 5 F
PRenF s> N 0 F R AREIM G &R pahAd R E %S 44

2P o

29



TENE S

[1] H. Liu, T. Cheng, M. Xian, Y. Cao, F. Fang, H.J.B.a. Zou, Fatty acid

from the renewable sources: a promising feedstock for the
production of biofuels and biobased chemicals, 32(2) (2014)
382-389.

[2] W. Runguphan, J.D.J.M.e. Keasling, Metabolic engineering of
Saccharomyces cerevisiae for production of fatty acid-derived
biofuels and chemicals, 21 (2014) 103-113.

[3] J.M. Ageitos, J.A. Vallejo, P. Veiga-Crespo, T.GJ.A.m. Villa,
biotechnology, Oily yeasts as oleaginous cell factories, 90(4) (2011)
1219-1227.

[4] L. Liu, A. Pan, C. Spofford, N. Zhou, H.S.J.M.e. Alper, An
evolutionary metabolic engineering approach for enhancing
lipogenesis in Yarrowia lipolytica, 29 (2015) 36-45.

[5] G. Dwivedi, M.J.R. Sharma, S.E. Reviews, Impact of cold flow
properties of biodiesel on engine performance, 31 (2014) 650-656.

[6] A. Beopoulos, Z. Mrozova, F. Thevenieau, M.-T. Le Dall, I. Hapala,
S. Papanikolaou, T. Chardot, J.-M.J.A. Nicaud, e. microbiology,

Control of lipid accumulation in the yeast Yarrowia lipolytica,

30



74(24) (2008) 7779-7789.

[7] C.D. Rutter, S. Zhang, C.V.J.A.m. Rao, biotechnology, Engineering
Yarrowia lipolytica for production of medium-chain fatty acids,
99(17) (2015) 7359-7368.

[8] K. Dehesh, P. Edwards, T. Hayes, A.M. Cranmer, J.J.P.P. Fillatti,
Two novel thioesterases are key determinants of the bimodal
distribution of acyl chain length of Cuphea palustris seed oil, 110(1)
(1996) 203-210.

[9] K. Dehesh, A. Jones, D.S. Knutzon, T.A.J.T.P.J. Voelker, Production
of high levels of 8: 0 and 10: 0 fatty acids in transgenic canola by
overexpression of Ch FatB2, a thioesterase cDNA from Cuphea
hookeriana, 9(2) (1996) 167-172.

[10] M. Gatter, A. Forster, K. Bar, M. Winter, C. Otto, P. Petzsch, M.
Jezkova, K. Bahr, M. Pfeiffer, F.J.F.yr. Matthidus, A newly
identified fatty alcohol oxidase gene is mainly responsible for the
oxidation of long-chain ®-hydroxy fatty acids in Yarrowia
lipolytica, 14(6) (2014) 858-872.

[11] S. Blanchin-Roland, R.C. Otero, C.J.M. Gaillardin, c. biology, Two
upstream activation sequences control the expression of the XPR2

gene in the yeast Yarrowia lipolytica, 14(1) (1994) 327-338.

31



[12] D.-C. Chen, J.-M. Beckerich, C.J.A.m. Gaillardin, biotechnology,
One-step transformation of the dimorphic yeast Yarrowia lipolytica,

48(2) (1997) 232-235.

32



