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Abstract: Aromatic amino acid derivatives are widely distributed in the nature and possess
antioxidant, anti-inflammatory, neuroprotective, and anticancer activities. They play important
roles in various fields such as food, cosmetics, nutritional supplements, and chemistry,
particularly in the pharmaceutical industry. In recent years, the unconventional model organism
Yarrowia lipolytica has emerged as a promising candidate in biosynthesis due to its unique
physiological and biochemical characteristics. Specifically, it has shown significant potential in
the synthesis of aromatic amino acid derivatives, including resveratrol and naringenin. With a
distinctive cytosolic environment and high flux of acetyl-CoA, Y. lipolytica stands out as an
ideal host for the synthesis of aromatic amino acid derivatives. This review summarizes the
biosynthesis strategies of Y. lipolytica in the production of aromatic amino acid derivatives and
reviews the current progress in this field. Furthermore, it discusses the future prospects and
challenges of applying Y. lipolytica as a chassis cell in Synthetic Biology.

Keywords: Yarrowia lipolytica; aromatic amino acid derivatives; Synthetic Biology; metabolic
engineering
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Aromatic amino acid derivatives

1 FERBERTEVNENER  GoP: WHM-6-WEML; FOP: D-HE-6-#M; RUSP: X
Wi-5-W50R; PEP: BRIRIGEENIIIG; E4P: JREEHE-4-BEER; DAHP: 3-Jii %-D- P S Ar 4 D IR - 7-
M2; ARO3. ARO4: 3-Jlii%A-D-Pi i FIbE DEMERR 7-W iR & bl s ARO1L: TLINREDS A LM ; ARO2: 703C
MR M ; AROT: 7y SCRRAE(i M ; TAGs: —MBt2E H Il ; Bbxfpk: R UUSAT K IR A BEIR 5L A i s Acxpka:
KR RO IR R BERRFL WBG . IR DN, FRMER L, ML FRRER R ERE, %%
0 R 2 23 A S At 0 o ) R 5

Figure 1 Biosynthesis of aromatic amino acid derivatives. G6P: Glucose 6-phosphate; F6P: D-fructose
6-phosphate; RUSP: D-ribulose 5-phosphate; PEP: Phosphoenolpyruvate; E4P: Erythritol 4-phosphate; DAHP:
3-deoxy-D-arabino-heptulosonate-7-phosphate; ARO3, ARO4: 3-deoxy-D-arabino-heptulosonate-7-phosphate
synthase; ARO1: Pentafunctional Arom protein, ARO2: Chorismate synthase; ARO7: Chorismate mutase;
TAGs: Triglycerides; Bbxfpk: Phosphoketolase from Bifidobacterium breve; Acxpka: Phosphoketolase from
Acidobacterium capsulatum. Dashed lines represent multi-step reactions, solid lines represent single-step

reactions, bold lines represent heterologous pathways, and the green dotted line part represents the relief of
feedback inhibition.
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Figure 2 Metabolic engineering strategies for the
Acyl CoA. PDC: Pyruvate decarboxylase; AldH:
Aldehyde dehydrogenase; ACS: Acetyl-CoA synthase;
ACC: Acetyl-CoA carboxylase; PFL: Pyruvate formate
lyase; AAD: CoA-acylating aldehyde dehydrogenase;
Cat2: Carnitine acetyltransferase; ACL: ATP citrate
lyase; FAS: Fatty acid synthase; DGA1: Diacylglycerol
transferase; PEX10: Peroxisome matrix protein.

Dashed lines represent multi-step reactions, solid
lines represent single-step reactions.
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CPR: #Affi{a3 P450 ibJ5fil; TAL: FESEMRENMNG; 4CL: X EIR CoA M ; CHI: AR 5AY
fit;; STS: KM G ;s UGT: UDP ML M ; CHS: &/RES MM ; CHR: /KA 5 ; F3'H:
U 3-FSALME: F3H: BAA-3-321kM; FNS: S ; FoH: BIM-6-52fLME; C3H: i EMR-3-%
fLRE; COMT: WHERE CoA 3-O-HI AR ; CUS: LW HAM; DCS: X CoA 4#; CURS: %
RO IDO: MW 2,3- "G ; KAT: RIRAREIEH N ; VioABCDE: HEOMHERGH. K
FREERZ N, SR L,

Figure 3 Biosynthetic pathways of aromatic amino acid derivatives. PAL: Phenylalanine ammonia lyase;
C4H: Trans-cinnamate 4-monooxygenase; CPR: Cytochrome P450 reductase; TAL: Tyrosine ammonia lyase;
4CL: 4-coumarate-CoA ligase; CHI: Chalcone isomerase; STS: Stilbene synthase; UGT: UDP-glucosyltransferase;
CHS: Chalcone synthase; CHR: Chalcone reductase; F3'H: Flavonoid 3'-hydroxylase; F3H: Flavanone-3-
hydroxylase; FNS: Flavone synthase; F6H: Flavone-6-hydroxylase; C3H: p-coumarate 3-hydroxylase;
COMT: Caffeoyl-CoA 3-O-methyltransferase. CUS: Curcuminoid synthase; DCS: Diketone-CoA synthase;
CURS: Curcumin synthase; IDO: Indoleamine 2,3-dioxygenase; KAT: Kynurenine aminotransferases;

VioABCDE: Violacein synthase. Dashed lines represent multi-step reactions, solid lines represent single-step
reactions.

*1 MERRKBEARESEREERITEY

Table I Production of aromatic compounds in Yarrowia lipolytica

& B I 2 R W) REEFM TR 2% SCHR
Compound Synthetic biology strategy Substrate Fermentation Titer Reference
condition (mg/L)

il B2 3% 1k ACS, ACC B3R —EAfiig A EkaLi Eoii 252.0 [30]
Naringenin Overexpression of ACS, ACC enhances Glucose Flask

malonyl CoA

itk DAHP it , B4 fbigtt ke 3 L kB¢l 898.0 [19]

Relieve DAHP feedback inhibition, Glucose 3L

B-oxidation pathway AW fermentation

FIARBEA Wi 1 xylose FEI 715.0 [28]

Introducing xylose biosensors Flask
X 1 #k ACS, ACC 345 N AT A koL g 54.0 [17]
Eriodictyol Overexpression of ACS, ACC enhances Glucose Flask

malonyl CoA

P TR, WS D% CikeL M 134.0  [30]

Modular engineering, increase gene copy Glucose Flask

number

filtbk DAHP SISt , B A fbiktz, kL SLKIERE  6800.0 [31]

T SC B mEE DL A Glucose 5L

Relieve DAHP feedback inhibition, fermentation

B-oxidation pathway, increase gene copy

number
AR 3 FIK ACS, ACC M55 P —BrélG A kit FE 110.0 [30]
Taxifolin Overexpression of ACS, ACC enhances Glucose Flask

malonyl CoA
HHER ML TR, e 2 P2 62.0 [32]
Liquiritigenin Modular engineering, protein fusion Glucose Flask

(F548)
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K1)
& B I W 2 R &Y KW TR Z:7% SCHk
Compound Synthetic biology strategy Substrate Fermentation Titer Reference
condition (mg/L)
FI2E ) fi# bR DAHP SUnHmil, wBR o5 p it Gikhi P2 12.0 [14]
Resveratrol Release DAHP feedback inhibition, Glucose Flask
knock out bypass pathways
fift sk DAHP S, p ik MEGEKR B 48.0 [19]
Relieve DAHP feedback inhibition, p-coumaric  Flask
B-oxidation pathway acid
Bk DAHP S5l ik ACS, A LL ZMefE 12400.0 [15]
ACC HE5m N Mt A A Glucose 1L
Relieve DAHP feedback inhibition, fermentation
overexpression of ACS, ACC enhances
malonyl CoA
fit Bk DAHP SIS, SIAZGNERM b SLORIERE  22500.0 [20]
% PR AGHEFE, #ER DAG EN Glucose 5L
Release DAHP feedback inhibition, introduce fermentation
dual pathways of phenylalanine and tyrosine,
and knock out DAG gene
IS V% 3 ML TR, BEhnEE DU B 13L KEERE  346.0 [36]
Scutellarin Modular engineering, increase gene copy Glucose 13L
number fermentation
M7 TR Gkakiid PRI 703.0 [25]
Cofactor engineering Glucose Flask
JRBLTH WL T 7K A B N Eoiii 6880.0 [24]
Polydatin Knockout glycoside hydrolase Glucose Flask
A HHAAFE L TR B A fbiztt Gk o 0.2 [19]
Bisdemethoxycurcumin B-oxidation pathway Glucose Flask
LOMHE SRS A LI 32.0 [46]
Violacein Integration of heterogeneous pathways Glucose Flask
EHPOBRACH, 5k DAHP SUBImH WA EE3 i) 366.0 [14]
Restructuring central carbon metabolism, Glucose Flask
relieving DAHP feedback inhibition
JashF TR kL PRI 70.0 [33]
Promoter engineering Glucose Flask
i 45058 (T TR R LA, R DAHP KB AR P2 55.0 [14]
Deoxyviolacein Restructuring central carbon metabolism, Glucose Flask
relieving DAHP feedback inhibition
JA s T A Gkl Eaii 35.0 [33]
Promoter engineering Glucose Flask
RIRR - BEmR M 21.0 [47]
Kynurenic acid Tryptophan  Flask
- e o 67.0 [48]
Honey Flask
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