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Abstract: [Objective] To explore the biosynthesis method of naringin, a bioactive compound in citrus. [Methods] Engineered
Saccharomyces cerevisiae strains for naringenin biosynthesis are constructed through enzyme screening, multi-copy integration, and
precursor supply. Subsequently, de novo biosynthesis of naringin from D-xylose is achieved by introducing the naringin biosynthetic
pathway and optimizing UDP-glucose supply. [ Results] The optimal flavonoid synthase is identified as PhCHS by screening the key
enzymes of the naringenin pathway. The naringenin biosynthesis pathway is further integrated at multi-copy sites. The constructed strain
Z39M2 can synthesize 36.53 mg/L naringenin. The overexpression of CAT2, xPK-PTA pathway, and ACCIm optimizes malonyl-CoA supply
and constructs strain Z44, with a naringenin production increasing to 72.96 mg/L. Finally, the naringin biosynthesis pathway introduction
enables the successful biosynthesis of 35.60 mg/L naringin. Further overexpression of PGMI and UGPI elevates naringin production to
76.67 mg/L. [ Conclusion] An engineered S. cerevisiae strain capable of de novo biosynthesis of naringin from D-xylose is successfully
constructed by metabolic engineering.
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Table 1 Strains used for test
Z R 1 g 5 P A
732 F1 4 F R Bk S.cerevisiae C800, 1] LI A D-ABE & 1l 3 7
=117
733 PRS426-pGALI0-PhCHS-pALDS-MsCHI-pARO7-
Pc4CL,Z32

734 pRS426-pGAL10-EbCHS-pALD5-MsCHI-pARO7-
Pc4CL, 732

735 PpRS426-pGALI10-HaCHS-pALD5-MsCHI-pARO7-
Pc4CL,Z32

736 PRS426-pGALI10-SjCHS-pALD5-MsCHI-pARO7-
Pc4CL,Z32

737 PpRS426-pGALI0-MdCHS-pALD5-MsCHI-pARO7-
Pc4CL,Z32

738 pRS426-pGALI0-SbCHS-pALDS-MsCHI-pARO7-
Pc4CL,Z32

Z39MI1~ Ty2::pGALI10-PhCHS-pALD5-MsCHI-pARO7-Pc4CL,
Z39M5 732

740 X4::pPGKI-CAT2,Z39M2

741 XII5 : :pTDH3-xPK-pTEF1-PTA , Z39M2

742 XII5 ; :pTDH3-xPK-pTEF1-PTA , Z40

743 X2::pTEF1-ACClm ,Z40

744 X2::pTEFI-ACClm , 742

745 XII3 : :pTDHI-AtRHM1-pADHG6-AtGT-pSHM2-CmRhaT
746 pRS426-pTDHI-PGM1 ,Z45

747 pRS426-pTDHI-PGM?2, 745

748 pRS426-pTDHI-PGM1-pINO-UGPI, 745

KIAHT B IM109: 4 T AE W) TR (L) B O A7 PR 7l 5

BEPR L BORL : Bk HOSLER T A PR TR X R
BEEAT T ek 1038 i FH ok L2 2

LB 15 % 5 CR I AT 1 55 57 55 ) - 82 R 10 /L, BBy
5 g/L,NaCl10 g/L, & *FH B & 100 pg/mL;
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Table 2 Plasmid used for test

K

fili ik

pRS426-PhCHS
pRS426-EbCHS
PRS426-HaCHS
PRS426-SjCHS
PRS426-MdCHS
pRS426-SbCHS
PRS426-PGM ]I
PRS426-PGM?2
pRS426-PGM1-UGP]I

pRS426-pGAL10-PhCHS-pALD5-MsCHI-pARO7-Pc4CL
pRS426-pGAL10-EbCHS-pALD5-MsCHI-pARO7-Pc4CL
PRS426-pGALI10-HaCHS-pALD5-MsCHI-pARO7-Pc4CL
pRS426-pGAL10-SjCHS-pALD5-MsCHI-pARO7-Pc4CL
PpRS426-pGAL10-MdCHS-pALD5-MsCHI-pARO7-Pc4CL
PRS426-pGALI10-SbCHS-pALDS5-MsCHI-pARO7-Pc4CL
pRS426- pTDHI-PGM1

pRS426- pTDHI-PGM2

pRS426- pTDHI-PGM1-pINO1-UGPI1

YPD 55 57 3 (PRI 13 & e 15 92 %) - D-AKBE 20 g/L,
R 20 g/L, BERER 10 g/L;

YNB 85 5% 3 (R 9% B 0 56 55 = 2% ) : D-AOHE 20 g/L,
P ) T B HE R VR 10 /L, B R (4% 55 8 N 50 mg/L JR
BEWE .50 mg/L ZH 2 f2 ¥ 50 mg/L (A28 )

A T R 55 35 LA SR TN 20 g/L 3RS, A Ky 3R 3
TE 5 R A 2L 121 “CR B 20 ming Sy T a8 G0 56 H 2
ML, K5 3% DK B T BE ) O 200 g/L 1 RE L
KA
112 FEUHREE

PCR ¥ : TOne96 #! , {# [#] Biometra 2\ 7 ;

R KX - TY-ECP3000 B, Jb 30 B 4R 5 s Ik B 4
HBRAE]

BE IS A% AN : Fire reader B, 9% [F UVItec 2 7 ;

PR 5 3R 48 - ZQPZ-115 AL, K HE 38 Bl 45 B A B8 4% %
A BRA T

4 JEiy :GY-2101 %Y, £ [ Crystal A 7 5

K : LDZM-80L B, - B 22 Y7 78 M)

BN A LC-20A B, H A By HEA T L
1.2 Ak
1201 JRH R 0 SR Ak MR SCEk [ 16] , £ P S 1R
A 2k R AT IR R A TR AL
122 MREEHHZHEIRNAZES ETRIEEHR
BRI Ty %% JE 22 5068 T B 1) 0 A7 248 DL A s 50
i 3 — AR DNA e b 2 B BB R R S
FLHFTFEEF RGN EZHE IS, Kb ik DNA &
Fede 3 B A 3Rk & TR BEAR 28 (Qn HIS3 ZE ) DL & Ty 7
AL TR R 300 bp 22 A7 [RIERE 0K 3 B 3% 0k & [l VR 4
& Ty Fe TN
1.2.3 PRV EERE A9 B DL L N 41 5 %L F CRISPR/
Cas9 $ A T[] 58 T 41 i B XGF R B 2R A7 25 DU PR A
#A0 i  3 R] 5% 1K pCas9 Bk LA K E R DNA, 52 31
Xof S A5 1Y 2 R PR 25 A i SRR DL S o Hoh, pCas9

A0 — A Cas9 B 1 R 36 & VL R 5 4 19 SgRNA, I T
UGN HE 5 5 UEA7 BT 40 5 1A DNA A0 & 15 50 5 JE N i 3 0k
ALl N B AR AR S R 37 300~500 bp A VR, ] TR LI
Tk ARG TS,
1.2.4 TR IE B Y 35 55 07 1k

(1) 48 LAk i e 55 57« 72 VAR b e BT V% B A
1 mL YPD &k ¢ 3% 5% 5L 1) 48 FLA 43 K TR BE 30 °C, % ik
220 r/min, 1% %% 120 hJ5 B 500 pL &% BEW A F &K BE =9
IR oR1IUS

(2) T EBESEFETAR F iR A
5 mL YNB i & 3% 77 2 50 YPD /& % 15 37 3 CER e T 3 bk 2
AL R ) 50 mL BE I P, #E KR E 30 C,
220 r/min, THEESE 16~24 h )5, #% 2% MR E S
A 25 mL YPD % B 15 5% 35 19 250 mL B, 4% R I
30 °C, % 1 220 r/min.
1.2.5 REEFZWRKI [ 500 uL & BB A 500 uL F
B, SR IR A1 . 12 000 r/min B0 2 min, B b 3 i g
BEWAHM A o T R A Coo A HEAT AT, W Eh A A R 0.1%
R K V5, B s AH B R S L A 1 mL/min A4 30 3 2R 7 B
JEVEIE o R0 3% A 2R ARG % A 3 K 308,290 nm, Uk
JHLRR P 0L 3.
1.2.6 HRAIT  FrA RT3 RAEYFEE R
SPSS Statistics 21 5 47 W 35 P 43471 , 5% 1] Excel 2025,

R3 BUREBIEHEXRER
Table 3  Gradient elution program for HPLC

Bif [] /min Wi s AH A/% Wi HH B/%
0.0 90 10
15 90 10
3.0 70 30
30.0 45 55
33.0 90 10
40.0 90 10
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Biosynthesis of naringenin from D-xylose
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Figure 3 Multi-copy site integration of 4CL, CHS, and CHI
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Figure 5 Optimization strategy for acetyl CoA supply
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Figure 6 Effect of acetyl-CoA supply optimization on
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Figure 8 Biosynthesis of naringin from D-xylose
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Figure 9 Effect of UDP-glucose supply optimization on

naringin production
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