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Abstract:  Polyunsaturated fatty acids ( PUFA ) stand as linear olefinic fatty acids that assume a pivotal role as structural constituents
within biofilms in living organisms. They wield the power to govern glucose, lipid, and hormone metabolism, yielding an array of physiological
functions. Their capabilities encompass fostering developmental progress, bolstering immunity, preventing disease, and the essential maintenance
of overall bodily well-being. Consequently, PUFA hold significant intrinsic worth and expansive developmental potential across diverse fields
such as functional food, medicine, and animal feed. In contrast to traditional marine biological extraction techniques, microbial synthesis
approaches offer distinct advantages, encompassing shortened production cycles, streamlined procedures, and environmental compatibility. In
recent years, the utilization of microbial cell factories for generating PUFA and other microbial oils has emerged as a focal point within both
scientific and industrial communities. A standout player in this arena is Yarrowia lipolytica, an unconventional oleaginous yeast that stands out
due to its inherent high-yield lipid and fatty acid production capacity. As substantiated by the publication of Y. lipolytica’ s complete genome
sequence and the rapid advancements in gene expression vectors, genetic transformation methods, synthetic biology components, and gene
editing technologies, the domain of metabolic engineering focused on Y. lipolytica as a chassis cell for microbial production is undergoing
gradual expansion. This article commences by meticulously reviewing the origins and intrinsic pathways that underpin the natural synthesis of

PUFA. It subsequently encapsulates the contemporary landscape of research, pinpointing metabolic engineering strategies applied to reconfigure
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Y. lipolytica into a PUFA producer. It further presents an in-depth examination of the central hurdles associated with the deployment of the

engineered Y. lipolytica strains for PUFA production. Culminating with foresight, the article sketches out the overarching developmental trends in

harnessing Y. lipolytica cell factories for large-scale industrial PUFA production, aiming to provide theoretical support and ideas for establishing

the microbial cell factories in efficiently synthesizing PUFA.
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Table 1 The most common types of PUFA in organisms
£ Bk Name 244 Scientific name TIFR Abbreviation If1BE Functions
®-3 PUFA
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In this figure, the solid line indicates the native fatty acid synthesis pathway in
Y. lipolytica cells, and the dotted line indicates the heterologous PUFA pathway

constructed in Y. lipolytica through metabolic engineering
B 1 fRIEERKEE T PUFA £ AR TREE

Fig.1 Schematic diagram of the PUFA synthetic pathway
in Y. lipolytica
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Table 2 Most prominently used promoters for heterologous expression in Y. lipolytica

5 Type 4Bk Names JHE Characteristics S UHR Reference
ARG s T pTEF PG [30]
Constitutive promoters — pTDHI . pGPMI. pFBAIN SR [33]
pEXPI. pGPAT. pGPD P [24]
pDGAL . pACC. pIDH2. pFAS2. I [34]
pFASI. pPOX4. pZWFI. pIDP2
pTEFin A [41]
i A S 87 PGAP., pACL2 P [34]
Inducible promoters pXPR2 P i G [29]
pPOX2. pPOTI PV s BRITER . ek I BORRIR HY RIS 20 5 Al S [42]
[4ERiZRIA]
pLIP2. pALKI PR 5 M PR S e i 5 70 [43]
pYATI P ARG 2 [24]
pEYKI . pEYDI DU 5 FREERE N AR BN 1 5 AT S B8 Y [44]
PALK] PR IESSBEE AL . HhBLE R [45]
pPATI PITR 5 IS8 BE BMPRTE T 5 Hh B [45]
pTHRI . pMET3, pSERI. pCTRI. — M5 ; FilBHiE R [27]
pCTR2
pHP4d A4 [37]
pnUASIXPR2-LEU , pnUASIXPR2- 7% [38]
TEF
pEYKI-nAB. pEYKI-4AB-coreTEF, Fefr s IRERRESORGENA T AR S RH 8 [ 46 ]
pEYKI/EYD1B-coreEYK]
pTEFRI Hetr s BRIEEIEAIRE A 155 [47]
p (AIRI) ,,A3 S 1] 787 i [40]
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Table 3 Representative examples of PUFA production by metabolically engineered microorganisms

TREA R ZARNR R 53Tk i SR TR E= BTN
Engineered strain PUFA Maximum titer Proportion of TFA/% References
INER#E ( Chlorella vulgaris ) ALA — 10.8 [99]
FZ1 & AufERE (R, kratochvilovae ) ALA — 59 [ 100 ]
fNRERECEELE (Y. Lipolytica ) ALA 1 400 mg/L 28 [ 86-87 ]
ZUFEAZTA ( Schizochytrium sp. ) EPA 1 740 mg/L. 1.9 [101]
KIGHTFIE ( Escherichia coli) EPA 31.4 mg/g DCW — [102]
fERRARICIELE (Y. lipolytica ) EPA 3200 mg/L 56.6 [24]

BRI EERE (S, cerevisiae ) DHA 39.6 mg/L 10.2 [103]

T ELRPASETA ( Paseudomonas putida ) DHA 1.4 mg/g — [104]
fENRERECEELE (Y. lipolytica ) DHA 86.5 mg/L. (12.8 mg/g DCW ) 10.5 [94]

T NG ISR (Y. Lipolytica ) CLA 4000 mg/L 44 [97]
fENRERECEELE (Y. Lipolytica ) ARA 118.1 mg/L — [105]
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