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Quantitative effect of the expression level of key genesin
naringenin synthesis on the accumulation level of target
products

Tingting Jiao™?, Jingwen Zhou*?, and Sha Xu*?

1 National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi 214122, Jiangsu, China
2 School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: Naringenin is a natural flavonoid compound with anti-inflammatory, anti-oxidation, anti-viral, anti-atherosclerosis and
other pharmacological activities. It is also an important precursor of other flavonoid synthesis and with great value of
application. At present, the production of flavonoids such as naringenin by microbial methods has alow yield due to imbalance
of metabolic pathways, which greatly limits its industrial application. In this study, a naringenin-producing strain of
Saccharomyces cerevisiae Y-01 was used in the research object. The expression levels of 4-coumaric acid: CoA ligase (4CL),
chalcone synthase (CHS) and chalcone isomerase (CHI) were controlled by promoter and copy numbers to investigate the
quantitative effect of key enzyme expression level on the accumulation level of target products. The results showed that the
correlation between naringenin production and 4CL or CHI expression was not significant while there was a positive
correlation with the expression level of CHS. Strain Y-04 with high yield of naringenin was obtained by regulating the
expression level of chs gene, and the yield was increased by 4.1-folds compared with the original strain Y-01. This study
indicated that CHS is a key regulatory target of naringenin synthesis. Rational regulation of CHS expression can significantly
promote the accumulation of naringenin. The related results provide an important theoretical reference for the use of metabolic

engineering to strengthen microbial synthesis of important flavonoids such as naringenin.

Keywords: naringenin, expression level, key gene, promoter, copy number
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RAEENY L SE, SCHR Ak AT LA AR B 2 1
PP % 1 Y-01 S W FE 4 , I FAS ) 388 B It 3
I3 0 05, 6 13 3o R IR TR 42 85 75 3K 4CL
7 CHS M 16 CHI®!, 454 5 ki i
PCR (RT-PCR) ikl e A0 RiE K, K15
fill R 277 i 53X 3 DIk R 2 A S B

LERKN], CHS B 5 o i ) G SR 12 # A
A R CHS Ik A A T kAl B R AL
WFFE 48 R I SeAC T RE SR AL T A= W it B %
SFHERMRCEMRARELNSH N E.

1 MR5h%

11 ##
1.1.1 Bk

KT Escherichia coli IM109 J] T J5 %7 #)
AL . RV B £F Saccharomyces cerevisiae
Y-01 I FH#A R B 3Rk, Bl ieRE: S288C H T
FEHY 3, SO B LR

*1 AMRPTANEEERRK

Tablel Strainsused in thisstudy

Name Description Source
Saccharomyces cerevisiae S288C Navogen
CEN.PK2-1D-Aubi4 MATaura3-52; trpl-289; leu2-3, 112; his34 1; MAL28 SUC2 Navogen
Y-01 CEN.PK2-1D, gal80::L oxp-G418-Loxp, pY 26-Pga 10-Chi-PgaL 1-chs-Pga 7-4cl - This study
Y-02 Y-01, leu2::Pgap 10-4cl-L oxp-HIS5-L oxp This study
Y-03 Y-01, leu2::Prge-4cl-L oxp-HIS5-Loxp This study
Y-04 Y-01, leu2::Pga 7-chs-Loxp-HIS5-L oxp This study
Y-05 Y-01, leu2::Pga 10-chs-Loxp-HI S5-Loxp This study
Y-06 Y-01, leu2::Pga 10-chi-L oxp-HI S5-Loxp This study
Y-07 Y-01, leu2::Prge_chi-Loxp-HIS5-Loxp This study
Y-08 Y-01, rdna:: Preg-4cl--L oxp-HI S5-L oxp This study
Y-09 Y-01, rdna::Pgay 1-4cl--L oxp-HI S5-L oxp This study
Y-10 Y-01, rdna::Pga 7-4cl--L oxp-HI S5-L oxp This study
Y-11 Y-01, rdna::Pgay 10-4c¢l--Loxp-HIS5-L oxp This study
Y-12 Y-01, rdna:: Pga 2-4cl--L oxp-HI S5-L oxp This study
Y-13 Y-01, rdna::Ppg1-4cl--L oxp-HI S5-L oxp This study
Y-14 Y-01, rdna:: Prgr.chs-Loxp-HIS5-L oxp This study
Y-15 Y-01, rdna::Pga 1-chs-Loxp-HI S5-Loxp This study
Y-16 Y-01, rdna::Pga 7-chs-Loxp-HI S5-Loxp This study
Y-17 Y-01, rdna::Pga 10-chs-Loxp-HIS5-Loxp This study
Y-18 Y-01, rdna::Pgay o-chs-L oxp-HIS5-L oxp This study
Y-19 Y-01, rdna::Ppg1-chs-L oxp-HI S5-L oxp This study
Y-20 Y-01, rdna:: Prgg-chi-Loxp-HIS5-L oxp This study
Y-21 Y-01, rdna::Pga1-chi-Loxp-HI S5-Loxp This study
Y-22 Y-01, rdna:: Pga 7-chi-L oxp-HI S5-Loxp This study
Y-23 Y-01, rdna:: Pga 10-chi-L oxp-HI S5-L oxp This study
Y-24 Y-01, rdna:: Pga o-chi-Loxp-HI S5-Loxp This study
Y-25 Y-01, rdna::Ppg1-chi-Loxp-HIS5-L oxp This study

4cl from Petroselinum crispum, chs from Petunia X hybrida, chi from Medicago sativa.
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1.1.2 BEFHRE

LB (LuriaBroth) AR5 F7%E (/L): 10gNaCl,
10g & F MR, 59 MEHEIRY, pH 7.0,

YNB (Yeast Nitrogen Base) }%554E (/L): 200 g/L
%M R 100 mL, 67.4 g/L YNB (Yeast nitrogen
base without amino acids) ¥ 100 mL, Fsnfpr
TR BLE LR (Trp. His, Leu) 4510 mL, £
WREYly 50 mg/L, fnzEiik = 1L, JEERIE,
4 CUKFATRAT

YPSe 33k (/L): 20 g &k, 10 g fiEhkig
B, 10 g iEbE, 10 mL Jo/k 2.

113 EEBEREA

BERPAERMALR, BFAYEER. o
iR, CER. HElR. wH R, WWAAT
A TR (R) ROABRAF . Al Rk
H Sigma-Aldrich A w] . &I EERE B H
Ooxoid A, B (JFi%aE) WA Merck A #] . H
b A 52 30 v 87 P 8 & Al 23 B b 23] 2 TS A 0
W B R E 2R SR — D R . S
fiti . JsZ A 457 & . pMD19-T Simple Vector
Wy HRER Y (TaKaRa) A RAHE . AT ok
ANERRBGAR G B FATAY TR (BiF) K
WA RA A . B SR & A Fermentas 24w .
16 L K DNA I s ¥ A48 T A TR
(1) Bedn A B w4t
1.1.4 #mIERZHF

APl b PR R 5 7 i 2 R R T B 1
WY&, 1E&A 20 mL YNB B33 (4 Trp A1 Leu)
f) 250 mL FEIf P T 30 °C . 220 r/min 1537 18 h, 4%
JE LA 10% (VIV) P3ERI ) 20 mL Y PSe & 5%
Fislrp, [RINHINA 10 /L CaCOs Mz 243k J3 500 mg/L
S ERR, T 30°C. 220 r/min 537 84 h,

1.2 &
121 MEBEREEARAGERE
J TR SRR E RS, EeRER

&: 010-64807509

IR AR SR PR o i RN P A e R R R
i, %P 6 NAFRBREMIE ST (Poacss Pree.
Pea7. Poation Poarz. Peain) 437463k 4cl | chs,
chi JE[H JFREHU T S 4] - LEU2 FIZ AR 1A DNA
(rDNA) 1E R #& G005 . 8 3 F Poaca Pree . PoaL7.
PoaLio 1 2 52 00 5 5 A JBORL Sy B B 18 4R A5,
Poarz Ppeiy AIFERI A B R s RIVERE (BT
[i] J5EF 4% 500—1 000 bp) LA S. cerevisiae S288C ik
KA MBI 15 2], DL HISS 1E 88 FREE
%o SENs BRWERIEE | HISS bR S i ) R
HBEBAE T B S % O A iUk pY 26-Poacio-
chs-Pgap1-4c¢l-Pgai7-chi . pY 26-Pga 10-Chi-Psa 1-chs
PeaL7-4cl . pY 26-PgaL10-Chs-Pgag 1-chi-Pga 7-4cl I
43 Y1 PoaLi-4cl-Toar1 . PoaLi-chs-Teacy Al PoaLs-
chi-Teaus Fo B, 8Lk R 2H /Y )y A5 B Bk T-
LEU2up-Pgay 1-4cl-Tea 1-HISS-LEU2down ., T-LEU2up-
PsaL1-chs-Tea 1-HIS5-LEU2down . T-LEU2up-Pgay 1-
chi-Tga 1-HIS5-LEU2down, T-25Sup-Pga 1-4¢l-Taar1-
HIS5-5Sdown . T-25Sup-Pgai1-chs-Tga 1-HIS5-
5Sdown, T-25Sup-Pga1-chi-Tga 1-HIS5-5Sdown,
SRIG 5 P 53 Ak 5 AR BT 55X 6 AN BTk A 3l
¥ Poavy M5 AR EE2H 09 7 W8 e, 19380554 30 4
JokE, FREIES4 PI_LEU2 A Pr_LEU2 4519
W 3 MEEHETE LEV2 (i EWEEES R B, 51
Pf_25S F1 Pr_5S 73544 3 N IL R 7E rDNA [X 1,
HEEA B SCh T EE 5L 2,
KBS RR L AL ok i 36 R Bkl &
FTEAR Y-01 BRI B, ] YNB B33k (Ushn
Trp 1 Leu) fifidke, 30 CIHEIEREFE 34 d EKHEHE
7% PR RTYE 2 YNB IR AT e SR e rh i 5% 24 h,
13 500 r/min 5.0 5 min 2% B3, AR A A H HUR
IR IER 4, 1T PCR Bk, 152 552FR K/
AEAT B RE Sk 45t DR B R R A 1 )
122 EFFFKFERIE
BB A T s v i A 2 0 50 rp A i) T 9 T B 2
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R2 AMRGBFANEESY
Table2 Main primersused in thisstudy

Primer name Primer sequence (5'-3') Product size (bp) Amplification efficiency (%)
Pf_LEU2 ATGTTCGTTCCAATGTCAAGTTCG 24
Pr_LEU2 ACTTTTTGTGTGGTGCCCTCCTCC 24
Pf_25S GTCGTACTGATAACCGCAGCAGGT 24
Pr_5S CACAACCGAAACCAAAACCAACG 23
Pf_4CL CTGCTGTCCCGTAAAGTTG 144 103
Pr_4CL CGCCATAGTGCTGATTGC
Pf_CHS ATGGTTACGGTGGAAGAATAC 144 101
Pr_CHS ATGTTCAGAGTTGGTGATACG
Pf_CHI GGTCACGGGCAAATCATAC 162 105
Pr_CHI TCCAGCAGTTCTTCAGAGC
Pf_Actin TTATTGATAACGGTTCTGGTATG 100 104
Pr_Actin CCTTGGTGTCTTGGTCTAC

L, SR FH AR v H2 B RNAP FI] ] PrimeScript™
RT reagent Kit with gDNA Eraser i £ (TaKaRa)
2Bk B RNA LR 4] DNA J5, # 5 RNA J
5 i cDNA. f#i ffl TB Green™ Premix Ex Tag™
57 B b BRAE A, 7E LightCycler 480 IT #WE 34
X %% (Roche, Mannheim, Germany) I iFf7iE
& PCR (QPCR) ll5E . LA p-actin FERAE Jy N 23k
K, F514% Pf_Actin F1 Pr_Actin ¥£47 gPCR E[1)
IH—1k . 4cl .chs il chi 5331|514 Pf_4CL/Pr_4CL .
Pf_CHS/Pr_CHS #il Pf_CHI/Pr_CHI #7918 . %
J R 2744 ) 21995815 4cl chs Fil chi i mRNA
TR RFAEE AT MINT Fe ki1
1.2.3 FEEEEE 0N

fe bR LR 2H DNA 3% 8 Thermo /A w]
GeneJET Genomic DNA Purification Kit H %+ Jt
P20 DNA 38 B3I kA T84 o

PLRT B 58 28 BHAEAS [ 25 A4 T A1 35 R 7 35
20 b g DL v A R e T, AR A
AW BB E 245 DL i e st R e k. thF
— PRI Rk b 2248 D1 v e o7 5 82 Y8 T [7) — 25 [R] JRE 4k
2 RIR B AL, AR FE DR 38 i fE L IR 2 1

http://journals.im.ac.cn/cjbcn

H A T RE S EUE A RN AR E L o T
FEFEA 4cl, chs Fl chi 24 2| B%EE rDNA X 8
PRI EAE R ETE, DL rDNA RSN S B T f
PIRLG 1i% B} 7 2H B RRTE YNB BRBEEEAR F 2k, 35
7% 34 d ZRHREVE, PRECARETE R 20 mL 3
i (IR YNB SR i 5 52 B, 30 °C | 220 r/min
Bi g% 24 h, SRIG ¥ 1% 3R R 7 B ST B 1 20 mL
YPD I TEMFA M FEE 24 he iz FElHE R
5K, BAKARN 144 h, BIELC 7218,

MR R B AR AR B AR AR A 72 W pk P R
LR 41 DNA, i qPCR 6 35t PR 4 rb O gt ity
MR AP5 U8, XP B 4cl. chs Al chi
1 T SR BIHEA TR EERR R, 45 H i LR mkE
FIARERIZE . BUIEDNZH DNA %% 1 ul AR,
YT YN H 3R #1T gPCR, K321 CE
FOASRHERRZE P, SR DNA E S A i A Y
FEOLE, AR )i B R IL A sgal (4
MRS LA-a-WHETT G , 76 SER 41 LA EE DAY
TENAFETE) MR IRRA19#5 DS, RO FEFA T ik
A T BURL pY 26-Pgag10-Chi-PoaLi-chs-Poa -
Acl, [RILEERR 2 ok B R SE R 48 DL 8. FIA
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IR RRE B I SRR AR 2, LA BORE
Houra3 VB HARIEA o Bt 3 P2 v S AR i 11
BOPENBGTE AR N=(N1-N2)/NO+1(N1 AL
FEHE DRI v ) S 181 1 ke B S A 1 5 D0 5, N2 4G
FELF AP urad SEER IR 45 DS, NO Fi3%
BN P BEZRILN sgal AR I, 118
TR A Y fh b ura3 A — 3 1.
1.2.4 AR FRRBCS K

RIEEES RS, WO R BRI A RARFR A JoK
CBEAERUM R 2, RIZWRZIRAI)E, 13 500 r/min
B0 5 min B, A LA I8 B U8 S A
Agilent 1260 1= 850 AR i AL T = WA, SR
C18 @il +: (4.6 mmx250 mm) HEATEIE4 5, {4
AR P fE 25 °C, YERER R 10k, JFishAH
NHAK (0.3%ZR) RN (0.3%Z 1K), ik
L mL/ming Al Bz 23 i 26 K R R VeI R T
4115 : 0-10 min, (3% 5518 10%-40%0 LI (14
FUMRFL); 10-15 min, g 54456 40%-60%
M NG 15-17 min, @i%aMA4ETI7E 60%-10%
(g 2B Wz 2 A6 I K 290 nm, AR I
i R 2R VR BE AR AR AR, 58 A7 DX IR AT e i 1T H
AR, ZefilbrdEfh Lk .

2 BREMT

21 ACL T ERIAX MK E=E MR

PLY-01 i R BbE, WTEA R SRS 31
(PeaL1 Prer + Poai7 Poalio. Poeala. Peain) #1H
Y 4l FEFHIEEGAERNA LEU2 £ 85
rDNA DX, ik 78 A T 3% 5 2k v A A 3 i
FEZEM i, gPCR 138 4cl 5% /KK E A XS
Fikg, MR R 7 5 5 Al $ 50K Py
KHFRo

BR3P AT, JFER 3, LIRS
WER R AT R, NI ARAS 36 & . 45 R
Bl 1R, #iER7 RS 4 ARk EIL

&: 010-64807509

1.2 -
R=-0.2

LOF p=1.6210" %
0.8 - *

0.6 -
0.4
0.2 -

0.0 -

Relative transcribed level of 4cf

0 50 100 150 200
Naringenin production (mg/L)

-0.2

Bl MERTES 4 HRKFEHNEXR

Fig. 1 Relationship between naringenin production and
transcription level of 4cl. Gray: single copy clone; black:
multicopy clone.

SR A EE (R=—0.2, P=1.62x107%), JfH 4cl
FEFE 2 bR DU A A R TRl R IR R,
DL LEU2 FH& A7 5, 4cd 723 31T Poaco 516 T,
Tl Fz i B e i 165.9 mg/L (Y-02), Lt Y-01
(46.1 mg/L) $E5 T 2.6 1% fE ) 8 F Pree 5461 T,
PG & 81.1 mg/L (Y-03), I Y-OL#/m T
75.9%. LA rDNA XIh 3 4 07 siaod 73R8 4cl,
Tl iz 2 7= 8 AE 21.5 mg/L %) 97.0 mg/L Z [A] 754k,
AR (Y-12) B Y-01 b 17—, 454
P RIR 4cl IR —E REfR i R R 1
22 CHSEEFRIEAXMHEZE~EHEM
VLB R AR A 09 73550 BT CHS 3 i 3R 36 X il
R RIRE . Z5RANE 2 BN, i E a5
W chs B Sk KFE A — 02 OE A G
(R=0.8, P=6.24x10""°), Jf H. chs #.¥% U1 ¥ va [ i}
AT ) Tl R AR R . DL LEU2 A,
chs 7E5& J5 8 F (Prer. Poai1. Poaz) il T i &
ik, FaAOP R R, e soKoF
7£ 0.8 2| 1.0 Z i), #lif 2" &7E 185.3 mg/L #|
235.9 mg/L Z 18], 4 chs 3% Pea7 A 8l F il B,
iz 2 e 7 Ol 235.9 mg/L (Y-04), & Y-01 4%
w1 4.14%; 2 chs 3 PoaLio Ji sl T, fAk
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R=0.8
LOF P=6.24x10"

0.8
0.6
0.4+

021 f

0.0

Relative transcribed level of chs

|
<
[

0 50 100 150 200 250
Naringenin production (mg/L)

B2 MERTES chs ERKEMXER

Fig. 2 Relationship between naringenin production and
transcription level of chs. Gray: single copy clone; black:
multicopy clone.

FEd R 114.0 mg/L (Y-05), %5 Y-O1 = ht i T
1.51%. LA rDNA ALl Rk chs, il
ZPRTE 36.5-174.9 mg/ll Z AR, Bk
(Y-14) o Y-01 F&fik T 20.8%. Z5HEM, E—E
FREE b i 53R 3A chs A A Al R K AR
23 CHI ZEFRIEXMER~EHNF N
PL_ESRARTR G 2308 CHI S ikxtl e %
PR S5RANE 3 PR, MRk ZAYrE R chi
SRR MEX R BN (R=0.4, P=3.14x107),

)
1

R=0.4
1.0+ p=3.14x10"

0.8

0.6k
04 L
02k

\

0.0 -

Relative transcribed level of chi

|
<
[

75 100 125 150 175 200
Naringenin production (mg/L)

3 MEERTES chi ERKEHXR

Fig. 3 Relationship between naringenin production and

transcription level of chi. Gray: single copy clone; black:
multicopy clone.
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- H CHI 7 3k R 4 545 DL [ 1sf o ) 4l 2 25 71
L,

M LEU2 1R &7 S BT, chi 78)3 31 F Psavio
W, Rz b e s 15 3 168.5 mg/L (Y-06),
Fo Y-0L 28 T 2.7 f%; chi 73 30 F Pree 5 R,
Tl Fz 2 A7 B 115.0 mg/L (Y-07), [t Y-01 4%
T L5f%. LA rDNA M3E A0 M ik chi,
i1 f Z 77 HETE 81.9 mg/L #) 128.2 mg/L Z [i] F
1k, HA&reE (Y-20) Eb Y-01 BEhn T 77.7%. 4%
SRR, T ERIE chi 15 TR 2R i

24 ZEIEEREMKERIREMVIIE

GERE 4 i, Acl BEDR RS A
Y-08. Y-09. Y-10, Y-11. Y-12 } Y-13 RIE0 5
1A% 72 UG8 DL 2E 503 ) 9.0%. 5.9%.
23.6%. 9.5%. 10.1%. 15.7% (& 4A); chs 3K
WIS FMHRE Y-14, Y-15, Y-16, Y-17. Y-18 &
Y-19 RAGREGHER 72 )54 W E2E 55000k
12.5%. 1.3%. 0.5%. 5.8%. 1.7%. 2.2% (/& 4B);
chi SERZH#& & 4H T Y-20, Y-21. Y-22. Y-23,
Y-24 J Y-25 RALA G 72 U5 5 D B0E S
351K 6.4%. 5.1%. 7.9%. 11.6%. 5.7%. 10.6%
(Fl 4C), FRZEHFRB], 28 U s w bk AL 1
72 Q)5 ¥ VLB 2E S IEARTE 15%LL T, R T IEA
S SN 2298 DL SO R B bR LA R AR e P
3 ik

SCHY DAl FE P R Y-01 R T RE
IR LT LR ACL . CHS Fl CHI 43 5llidf & 3
XX R 2 RS . 2 chs 7E58 5 3l F Poalr
P R IFEAS LEU2 s hd, k35 s - i
235.9 mo/L, Lt H FiRE A DABRIE R R fE 5
VR I 2 R i 113.0 mo/L RS T 145
TELARTAAR ST, DAl R A U2 3 40 F iy
TG A, TR PN I N A A W T
J W B2 A 005 B PN A B 28 R A4 A K-
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307 1Original generation
25| [E372th generation
¢l ; o
220 [T =
2 15¢
B
S 10F
5L ‘
O e
Y-08 Y-09 Y-10 Y-11 Y-12 Y-13
Strains
B
241 Original generation
20 [ 72th generation
B i

16 | _l_~l»

Copy numbers
2
——
1

Y-14 Y-15 Y-16 Y-17 Y-18 Y-19

Strains
C
40 -
1 Original generation
72th generation
30
wv
5]
e}
£
Z 20
=
a
S I " I
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