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W OE: MR =KERRZ—, WEANMEPREREEM ARG, T ARERECEE, BT
CREVI” WELE, ALY, BN MR A AE A SR BRI Rl AL 2 oA B e
R ZR o ABAN[E] SRV it i R Th e I T R AL AN IR, B AR E FRDhge. VE N — R KB RIIR (Ve
ry long-chain fatty acid, VLCFA), f#ZZ (Nervonic acid, NA) fEINFIME. KWK B FNEEE R TT
J7 M EA R E WA = DhRe, B2 202 %0E . FIMESE NA FRIE v b SR, HA5 & Ao iln
WA RS, JHERZ X DM AR BOREM AR A & 0. R NA 7Rk R JTTEMRAIL
7tb R AR A R THI e 25 AR A SR AT 20 AN IS BB o DRI, SR B i A A T B, e AR
RGP CHLNA 77, 22400 NA B #G. BT, HEYARCEYAS TR T NA 157 IE4EY
B I RIR R B R R E Y B 7 TR AR 75 SE I NA BRI RpEA: 7. e A LR 7T,
3-FRIE 4IRS A &1 (3-ketoacyl-CoA synthases, KCS) HIFhE, Fh-rFhr st B a1 BRI I, &3t
DRI ZH 28 S A mUR R 88 IR e VR IR, R m NA B2t R o, HEREYIRZEMRLLTT (Br
assica carinata) ] NA (52 GWIERI 35 BRI 42.2%, HAHE NA W7 82) 27~32 Kg. SHEMAU
TAEA LG, g T HA ARt . A m . TistEsR ., o5 2R DUACAS B b i 2 2
. PoEE R R RS s SR B 5 ar R BRI i OB BSOS A A e Th ReME IR
B AILATAE YA RRHE . (EAC TR B0 7 I B s 7 NA RSRAFAE W R R (1) C18:1 fE{#N C24:
1R, 2 &2l s AR R A F KCS B FE/ER, i3 mis iR e (Fatty acid elongat
ion, FAE) HHUKE; (2) EMEE R, NA SiliEMR R A1 KR LLAATHE R B NA A6 i
AR IBEHE R AR AR TT: (3) S Z AR A 3 7 oo AHE M G & BOT SR B s R R R ik s (4) Sz 5
77 NA TR EEAHULEC I KB T2 BBk, Pl e i 1 20 4082 BF (Rhodosporidium toruloides) {£H
JRAE, H RS A A RIR o WA R KCSs [ 9mbs L K % VLCFAs A 2, A5
FMIERERERS & A NA [ TR wAR: HR, @k KEEHFR 1T, #7s NA 5lilE&mrshak s, Jh@Ed s
MR FBL, B M B8 A G & U R s B A4, TR SZIM AR R NA & BORI 2 PR e 5
KP=FZAIMKRR, #n NA GBOR OB SE R BE 5, AR 20 A 3G T8 S Ak R A RO ) % s 2
Bl , ot B2 R IBOE RE BT, 0 NA AR & i) B 2 BRI AT S, IR AT B NA 1
RIS e Jm, R A S I R, FE R IRERE K SEIL NA 1) 2 TR ERE ek
KIEJE, NA f 2RI 40 by W BRI 25 = 2853 0 I8 B 46.3% 44.2 ¢/L #1 0.230 g/L/h, ¥ EEIE
T AU TR i A A R 7 el R B 4 I T ) e v KT
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Abstract: Lipid is one of the three major nutrients that can perform important physiological functions in the
human body, which is vital to human health. To adopt the concept of “all-encompassing approach to food”, a
diversified lipid supply system can be built based on animal, herb seeds, forest fruit and oleaginous yeasts. Lipids
from different sources in nature provide different nutritional features depending on the composition of their
functional fatty acids. As a very long-chain fatty acid (VLCFA), NA has attracted considerable attention due to its
specific biological functions in cognitive improvement, brain development, and therapies for brain diseases. NA
was traditionally extracted from sharks in the early years, but shark hunting destroyed marine ecosystems and has
been banned in many regions by relevant policies and regulations. Furthermore, the natural NA-producing woody
plants such as Malania oleifera, Acer truncatum and Xanthoceras sorbifolium suffer from harsh growing conditions
and low lipid-yield. Applying food synthetic biology to produce high-level of NA in other organisms is thus a
research hotspot. Currently, the heterologous biosynthesis of NA was achieved by both plant and microbial
metabolic engineering, which were expected to lead to the sustainable production of NA by breeding transgenic
crops or cultivating engineered strains. The species of 3-ketoacyl-CoA synthases (KCS), seed-specific promoters,
transgene copy numbers, optimal genome integration sites, and sufficient specific substrates are critical factors for
increasing NA content in plant metabolic engineering. The average percentage of NA in total fatty acid from
transgenic Brassica carinata was up to 42.2%, which could produce about 27~32 Kg of NA per acre. In contrast to
metabolic engineering of plants, microbial cell factory possesses the significant advantages of rapid growth rate,
high productivity, strong controllability, no seasonal requirements, and not occupying arable land. Oleaginous yeasts
are excellent chassis to produce functional fatty acids and their derivatives by metabolic engineering, owing to its
characteristics of high lipid content, strong robustness and high cell-density cultivation. However, the following
problems still exist in the high NA yield of oleaginous yeast modified by metabolic engineering: (1) During the
elongation of C18:1 to C24:1, whether the synergistic effect of multiple 3-ketoacyl-CoA synthases (KCSs) with
different substrate specificity is required, so as to improve the efficiency of fatty acid elongation (FAE) module; (2)
the dynamic relationship between NA and lipid accumulation, and the genes coding enzymes that may lead to
msufficient NA biosynthesis during the lipogenic stage have not been explored; (3) lack of effective promoter
elements to drive the expression of key genes during lipid synthesis; (4) lack of fermentation process matching with
engineered yeast producing high-yield NA. Therefore, Rhodosporidium toruloides with high-yield lipid was used
as the chassis in this work. Firstly, the effects of individual and combined expression of KCSs genes coding enzymes
preferencing different substrate on the synthesis of VLCFAs were investigated, so as to preliminarily construct
engineered strains capable of synthesizing NA. Secondly, the dynamic relationship between NA synthesis and lipid
synthesis was revealed through the analysis of fermentation process, and the transcriptome changes between cell
proliferation phase and lipogenic phase were compared through transcriptomic techniques, so as to establish the
relationship between lipid accumulation, NA synthesis and gene transcription level, and reveal the key target genes
of NA synthetic pathway. Then, according to the transcriptome data of cell proliferation phase and lipogenic phase,
the activated promoter of lipogenic phase was further mined, and the key steps of NA and lipid synthesis were
regulated, and the desaturation pathway for NA synthesis was constructed. Finally, the high yield of NA was

491



St TE B E AL FE AR S S21 MRS b oy 22

achieved at the fermenter level through fermentation optimization and process control. Through fed-batch
fermentation by the final strain, the NA percentage of TFA, NA titer and NA productivity reached 46.3%, 44.2 g/L
and 0.230 g/L/h, markedly exceeding the highest current reports of metabolically engineered plants and oleaginous
yeasts.
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