A LB % W FHE SXRENTRM S MEEEY AR
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Feb. 25, 2022, 38(2): 691-704
DOI: 10.13345/j.¢jb.210103 ©2022 Chin J Biotech, All rights reserved

s TP EHHEK -

FHE ', AR, g

1 TR R KK MBZERL, T8 B8 214122
2 VLF R W TR, VLI 08 214122
3 VLR R WERESEMAEYHEERX TREMT O, 109 o8 214122

B, RS, A SCHEREZ R ANLA X B R A R . AR TR, 2022, 38(2): 691-704.
LI MJ, ZHOU JW, LI JH. Effect of key enzymes ubiquitination sites on the biosynthesis of naringenin. Chin J Biotech, 2022,
38(2): 691-704.

i E:. 2REANEYEALHAEANEN, ERM. B, KB FMBAHEZ LA, A E
REMNFZHRAEMNESMAEME RN TG10EY. 2ENRATARMEFSEBHNETEZ K, &5
Bzl A Es)., ZAMNZARBLZE-ROBKRZGER, SEFmle by rE2Etsh) L
AEEZZL, MWINREEOANEREFRRELTRELAREHm. LT A RAERS T ZANEERE
B4 Saccharomyces cerevisiae ¥ 3 5 T2 Z 546 69 BT RAZAR MR &, AR KIBE RIEZ G 6
ZEMEAARE., HR A EFRA T MEESRERT 5 AN KBGO BEZINEE., BHEXZ
FAAL BB R R E AT RER, A TR R 4B 0 2 FIuiSihA2 2. o, BA RBA M &5 FJTAL.
+ REAA B SJCHS. SmCHS RERKRILA R A TR, R EZHMRPAPIEAK. RABEERE
Bf, & A B, R R AT BB FjTAL % AR FTAL-K487R #9 BB BB £ L B 720 /B %A T 742 mg/L &9
stA& 288, AR TR FTAL #35 7 32.3%, @mkiA D REA B R T ARG ERIE B8 5 24
HPARTA, EREW, X EADESRERMXEONBEZEMZLARFTREER, RERZ
AL E, AR FE AW RA BRH .

XA BOEREE:; R, AAA SRR ARE 2E BORILE

Received: January 31, 2021; Accepted: April 21, 2021; Published online: November 23, 2021
Supported by: Foundation for Innovative Research Groups of the National Natural Science Foundation of China (32021005)
Corresponding author: LI Jianghua. Tel/Fax: +86-510-85914312; E-mail: lijianghua@jiangnan.edu.cn

HEEWH: BXARPFELAHARBFIARTE (32021005)

691




692

ISSN 1000-3061 CN 11-1998/Q =4 T #2%#4.  Chin J Biotech

Effect of key enzymes ubiquitination sites on the biosynthesis
of naringenin
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Abstract: Flavonoids have a variety of biological activities and have important applications in food,
medicine, cosmetics, and many other fields. Naringenin is a platform chemical for the biosynthesis of
many important flavonoids. Ubiquitination plays a pivotal role in the post-translational modification of
proteins and participates in the regulation of cellular activities. Ubiquitinated proteins can be degraded
by the ubiquitin-protease system, which is important for maintaining the physiological activities of cells,
and may also exert a significant impact on the expression of exogenous proteins. In this study, a
real-time in-situ detection system for ubiquitination modification has been established in Saccharomyces
cerevisiae by using a fluorescence bimolecular complementation approach. The ubiquitination level of
protein was characterized by fluorescence intensity. By using the approach, the potential ubiquitination
sites of proteins involved in the naringenin biosynthesis pathway have been obtained. The lysine
residues of the relevant ubiquitination sites were mutated to arginine to reduce the ubiquitination level.
The mutants of tyrosine ammonia-lyase (FjTAL) and chalcone synthase (SjCHS, SmCHS) showed
decreased fluorescence, suggested that a decreased ubiquitination level. After fermentation verification,
the S. cerevisiae expressing tyrosine ammonia-lyase FjTAL mutant FjTAL-K487R accumulated
74.2 mg/L p-coumaric acid at 72 h, which was 32.3% higher than that of the original FjTAL. The strains
expressing chalcone synthase mutants showed no significant change in the titer of naringenin. The
results showed that mutation of the potential ubiquitination sites of proteins involved in the naringenin
biosynthesis pathway could increase the titer of p-coumaric acid and have positive effect on naringenin

biosynthesis.

Keywords: Saccharomyces cerevisiae; flavonoids; p-coumaric acid; naringenin; ubiquitination; protein
engineering
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T 898 mg/L Hli iz Z ', Gao 45 1 w5 1 ik )y i
e AN )38 B (14 2 s T4, DAl e R i
e, 7B S L ARERE EASR) T 1.21 g/L iz =0,
LAY 1N R S T SR D K AW B o L B A
AR 2D S X T AR A B A%

R RIS S R . AT
SENL . RSV R OE WAL D) RESE Y AR R AR E
FEAEHTCL AR R B L,
FEARERA . 3. OB . B LA
w RS, Hd, @i A SRAEE
B R 0T U RN B A R A s B
FELIRYT, XA L AN PN G Bl A
HEEVEMH, (2% (ubiquitin, Ub) J&—F3% ik £7
ETFTHZAMES I H 76 M IEMRFRILA T £
K, JLT-AE BT A A0 I 1) B0 e i vh & HE R
TR 2 R pa MG e a2k R
O F LA EE (A RRY) I Rz ki, 2eid
12 AR I 250k 268 2B MIEHA AR, X
2 G B PN i 7 i B PR — S S B T R 1
IR . BB R AR — Rl i A A i Ak
G SR Z I RERHPR IS BT, 1) At n B 2 %
HMIE R R RIS AR R BAT B35 .

W57 F 5 Y B AN (bimolecular fluorescent
complementary, BiFC) f&—F i FUOLE A A
B3 A ) 2 P - R A PR A 7T
A TG T8 1 BT R v A S LT TE 2, BIiFC ¥
REE R ] BB THLIE W AR S B BT, BRI
Ak S BT 240 i P 2 1 22 D) A AR B A T, Y
PR AT AL 2 ADIKEERT, 2 M RRBEA S
AHIAES, MY 2 MRB A ERS 2 M7
FEAH EAE R R R4 7 B, SERE I ook
F 1 B B A T8 B RT A I 21 26 S5 5 i ¢
JeE A RPN, BIiFC vk B AL D T 500 2 %01 )
MEAEREH, WEYE S Pho2 Al Phod®?,
W LB 40 PKB Al hFe1 >, A 2200 it v i
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ACRES GRS s

4Rz Zugih Ub 5 HE AR
FRIEVEFLAE T B0 F A, FUH BIFC L IRFEAN B R
FEYE GRS SRR A R AL, 5
P )5 L il S AL IB I L5, Xk 2L 07
HEAT5AE, BEREBHAR Ub S5 HMEMER:, N
T RERE I 55 H A iz R AR . 3ss H
ME ARz R LB, B 268 M
At H Y E E YRR . I, XFAMIRE B R
TEZ ZACNL AT RAE , A Al g s LSRR A
OE AN NI SR T f e 7L e 8

WL

1.1 EHRS R

BR W Saccharomyces
CEN.PK2-1D-AUBI4 (AUBI4 . MATo.. ura3-52.
trp1-286. leu2-3. 112, his3A1) I THy#z
Ak i A W R GE AN K W AR R TR .
SC061 (AUBIA. HO::Pc4CL SmCHI MATa
ura3-52. trp1-286. leu2-3. 112, his3A1) HT
K Ml % . CEN.PK2-1D (MATa. ura3-52.
trpl1-286., leu2-3. 112, his3A1) 3F 4 DNA H
TIP3 . pY26-TEF-GPD 1 pRS424 2 {4
HTFRBFEARME . EGFP. 2[R BT ERIE
RO AR 2 FjTAL (tyrosine ammonia-lyase
from Flavobacterium johnsoniae). WK 1Y
PcACL (4-coumarate: CoA ligase from Petroselinum
crispum) . AR ) PhCHS (chalcone synthase
from PetuniaX hybrida), 7K Q&E[RIER) SmCHS
(chalcone synthase from Silybum marianum). FRH
KR SJCHS (chalcone synthase from Sophora
Japonica) . /K & &K Y HY SmCHI (chalcone
isomerase from Silybum marianum) FEH k5256
S ARSI R IR 1 TR

cerevisiae
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Table 1  Strains used in this study

Strains Genotype Sources
CEN.PK2-1D MATo, ura3-52, trp1-286, leu2-3, 112, his3A1 Lab storage
CEN.PK2-1D-AUBI4 AUBI4, MATa, ura3-52, trp1-286, leu2-3, 112, his3A1 Lab storage
SC061 CEN.PK2-1D-AUBI4 HO::Pc4CL SmCHI This study
SC018 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-Gene-GC This study
SC021 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-PhCHS-GC This study
SC022 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-PhCHS-K49R-GC This study
SC023 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-PhCHS-K320R-GC This study
SC024 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-PhACHS-K351R-GC This study
SC025 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-PhCHS-K355R-GC This study
SC026 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-SjCHS-GC This study
SC027 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-SjCHS-K320R-GC This study
SC028 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-SmCHS-GC This study
SC029 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-SmCHS-K51R-GC This study
SC030 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-SmCHS-K326R-GC This study
SCO031 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-SmCHI-GC This study
SC032 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-SmCHI-K173R-GC This study
SC033 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26- Pc4CL-GC This study
SC034 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26- Pc4CL -K137R-GC This study
SCO035 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-FjTAL-GC This study
SC036 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-FjTA -K265R-GC This study
SC037 CEN.PK2-1D-AUBI4 harboring pRS424-UBI4-GN pY26-F;TAL-K487R-GC This study
SC050 SC061 harboring pRS424-UBI4-GN pY26-SjCHS-GC This study
SCO051 SC061 harboring pRS424-UBI4-GN pY26-SjCHS-K320R-GC This study
SC052 SCO061 harboring pRS424-UBI4-GN pY26-SmCHS-GC This study
SC053 SCO061 harboring pRS424-UBI4-GN pY26-SmCHS-K51R-GC This study
SC054 SCO061 harboring pRS424-UBI4-GN pY26-SmCHS-K326R-GC This study
1.2 EBExHE YNB-Ura Trp B335 %k : YNB &A1 7 5L

LB Hife%k. A 10 g/L, BERHEERY
5g/L, @ALHN 10 g/L, JMA 1% 100 mg/mL %
TERR.

YPD $i 573k 20 g/L HHiZikE, 20 g/L EEH
W, 10 g/L BEREFS .

YNB Bl i3t . 1.74 o/L TR ILIE LA
IR, 20 g/L #i%jWE, 5 /L iR .

YNB SE4kigFdt. YNB 853 59 38
50 mg/L 482 . 50 mg/L 4% . 50 mg/L %%
SR . 50 mg/L JRWENE

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

I 50 mg/L 4HZ4 MR . 50 mg/L 522

[ AR 55 S 3L A AN I 15 g/L BRI o
1.3 ZZHEIFENARWERRIE
131 ZRUENRFEHE

¥4 pRS424-UBI4-GN Hl pY26-gene-GC
H51 I 2, DARRIPGEE CEN.PK2-1D ()4
YL MBI Y 8 UBI4. ¥ EGFP £ 158/159
WA E IR 2 [T AL GN, GC 2 MR B, 5l
¥ GN-F/GN-R Fl GC-F/GC-R 43 %1914 , pRS424
R F #8712 £ 1 UBI4, K5 EGFP &
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Table 2 Primers used in this study

Primer names Sequences (5'—3)

UBI4-F GATAAGCTTGATATCGAATCAGTTACCACCCCTCAAC

UBI4-R GTAAAATTCCAAATGATTTGAAACAAAAAGTTATGAATCATATGCAGATTTTCGTCAAGACT
TTG

GN-F GTTTCAAATCATTTGGAATTTTACAAGCTGGTCTCTTTTGTTTGTCTGCCATGATG

GN-R CTGCAGGAAATGGGTAAGGGAGAAGAACTTTTC

pRS424-1-F CTCCCTTACCCATTTCCTGCAGCCCGGG

pRS424-1-R GTGGTAACTGATTCGATATCAAGCTTATCGATACCG

GC-F GTTAACTGATCAGCGGCCTTATTTGTATAGTTCATCCATGCCATGTG

GC-R GTAAAATTCCAAATGATTTGAAACAAAAAGTTATGAATCATAATGGAATCAAAGTTAACTTC
AAAATTAGACAC

pY26-1-F GTTTCAAATCATTTGGAATTTTACAAGCTGGTCTGCGCTAGTTCTAGAAAACTT

pY26-1-R GAACTATACAAATAAGGCCGCTGATCAGTTAACTC

Pc4ACL-F CAAGCTGGTCTCTTCGGCAGGTCGCCG

Pc4ACL-R CTAGAACTAGCGCCCACCGATGGGTGACTGCGTTGC

pY26-2-F CAGTCACCCATCGGTGGGCGCTAGTTCTAGAAAACTTAGATTAGATTG

pY26-2-R CGGCGACCTGCCGAAGAGACCAGCTTGTAAAATTCCAAATGATTTG

SmCHI-F CAAGCTGGTCTGTTACCGATTTTAAAGGCACCTTCATTC

SmCHI-R GCGCCCACCGATGGCAGCAAGCATTACGGC

pY26-3-F GCCGTAATGCTTGCTGCCATCGGTGGGCGCTAGTTCTAGAAAAC

pY26-3-R CCTTTAAAATCGGTAACAGACCAGCTTGTAAAATTCCAAATGATTTG

PhCHS-F ACAAGCTGGTCTGGTAGCCACACTATGCAGAACC

PhCHS-R CTAGAACTAGCGCCCACCGATGGTTACGGTGGAAGAATACCG

pY26-4-F GTAACCATCGGTGGGCGCTAGTTCTAGAAAACTTAGATTAGATTGC

pY26-4-R CTGCATAGTGTGGCTACCAGACCAGCTTGTAAAATTCCAAATGATTTG

FjTAL-F CAAGCTGGTCTATTGTTAATCAAATGATCCTTAACCTTTTGTACG

FjTAL-R CTAGCGCCCACCGATGAACACCATTAATGAATACTTGAGTTTAGAAG

pY26-5-F CATTAATGGTGTTCATTGTTTTTAGTTCTAGAAAACTTAGATTAGATTGCTATGC

pY26-5-R GGTTAAGGATCATTTGATTAACAATAGACCAGCTTGTAAAATTCCAAATG

SjCHS-F CAAGCTGGTCTCCCCTGTAGGGGAACTGAATG

SjCHS-R CTAGAACTAGCGCCCACCGATGGTCACCGTTGAAGAAATTAGGAATG

pY26-6-F CGGTGACCATCGGTGGGCGCTAGTTCTAGAAAACTTAGATTAGATTGC

pY26-6-R TCAGTTCCCCTACAGGGGAGACCAGCTTGTAAAATTCCAAATGATTTG

SmCHS-F CAAGCTGGTCTAACAGAAATGGTGGTCGGAAGTC

SmCHS-R CTAGAACTAGCGCCCACCGATGGCCTCTACCCCCG

pY26-7-F GAGGCCATCGGTGGGCGCTAGTTCTAGAAAACTTAGATTAGATTGC

pY26-7-R CCGACCACCATTTCTGTTAGACCAGCTTGTAAAATTCCAAATGATTTG

Pc4CL-K137R-1-F  GCGTAGTCCTTAACTCTGTCAACATAGCATGCCTGGG
Pc4CL-K137R-1-R GATTACTAGCGAAGCTGCGGG

Pc4CL-K137R-2-F  CCCGCAGCTTCGCTAGTAATC

Pc4CL-K137R-2-R CATGCTATGTTGACAGAGTTAAGGACTACGCAGCGGAG
SmCHI-K173R-1-F  CAATCAGAGCTGCTTCTCTTTCCGGGATGCTGGTGTC
SmCHI-K173R-1-R  CAATCAGAGCTGCTTCTCTTTCCGGGATGCTGGTGTC

&: 010-64807509 H: cjb@im.ac.cn
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Primer names

Sequences (5'—3")

SmCHI-K173R-2-F
SmCHI-K173R-2-R
PhCHS-K49R-1-F
PhCHS-K49R-2-R
PhCHS-K320R-1-F
PhCHS-K320R-2-R
PhCHS-K351R-1-F
PhCHS-K351R-2-R
PhCHS-K355R-1-F
PhCHS-K355R-2-R
PhCHS-KR-F
PhCHS-KR-R
SjCHS-K51R-1-F
SjCHS-K51R-2-R
SjCHS-K326R-1-F
SjCHS-K326R-2-R
SjCHS-KR-F
SjCHS-KR-R
FjTAL-K265R-1-F
FjTAL-K265R-2-R
FjTAL-K487R-1-F
FjTAL-K487R-2-R
FjTAL-KR-F
FjTAL-KR-R
CRISPR-1-F
CRISPR-1-R
CRISPR-2-F
CRISPR-2-R
HO-up-F

HO-up-R
HO-down-F
HO-down-R

4CL-F

4CL-R

CHI-F

CHI-R

HOig-1-F
HOig-1-R
HOig-2-F
HOig-2-R
HOig-3-F
HOig-3-R
HOig-4-F
HOig-4-R

CCCGCAGCTTCGCTAGTAATC
CCCGGAAAGAGAAGCAGCTCTGATTGAAAATAAAGCTG
CAGATCCGTTCTATGTTCAGAGTTGGTGATACGAAAGTAATAG
CCAACTCTGAACATAGAACGGATCTGAAAGAAAAATTCAAACGTATG
CCGGTCTCAGACCCAGTTTAATTTCGACCTGG
CGAAATTAAACTGGGTCTGAGACCGGAAAAACTGAAAGCGACC
GCCGATGCTCTGCGCATTTCATCCAGAATAAACAGG
CTGGATGAAATGCGCAGAGCATCGGCTAAAGAAGGTCTGGG
CCCAGACCTTCTCTAGCCGATGCTTTGCGC
GCATCGGCTAGAGAAGGTCTGGGCACCACG
CCCGCAGCTTCGCTAGTAATC

GATTACTAGCGAAGCTGCGGG
GAGATCGACCATATGTTCACTTCTGGTGATGCGAAAATAGTAGTCAGG
GCATCACCAGAAGTGAACATATGGTCGATCTCAAAGAG
CATCTTCTCTTCTCTCAATCCAAGCTTCAATTCCACCTG
GGAATTGAAGCTTGGATTGAGAGAAGAGAAGATGAAAGCTACAAGAAGTGTG
CCCGCAGCTTCGCTAGTAATC

GATTACTAGCGAAGCTGCGGG
AGTGGTCTTCTCTTCTTCTGATCAATGTAC
GATCAGAAGAAGAGAAGACCACTTATACTCAGG
CATAACTTGGTCTTCTCTAAAGGTTGGG
GAAACATAATCCCAACCTTTAGAGAAGACC
CGCATACACTATTCTCAGAATGACTTGGTTG
CAACCAAGTCATTCTGAGAATAGTGTATG
GATCCTTACATGTTTGGCACGTAGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGC
GCTTTTCTGTAACGTTCACCCTCTACC
GGGATGCTAAGGTAGAGGGTGAACG
CCTACGTGCCAAACATGTAAGGATCATTTATCTTTCACTGCGGAGAAGTTTC
CTTTAATTTGCGGCCGGGATCTTGATGGAGAGAAGCAAATCC
CGAATTGGGTACCGGCCTTCTATCGTAAGCCCATATACAG
CGCCAAGCGCGCGGTGAACCTGGTAGGTTAGATCCC
GCTCCAGCTTTTGTTCCCTAACCACAGACCAAGCATCC
CCAACGATTTGACCCTTACTTCGGCAGGTCGCC
GCGCGGCCGCTGATGGGTGACTGCGTTGCC
GAACTAGTGGATCATGGCAGCAAGCATTACGGCAATC
GACGGTATCGTCAGTTACCGATTTTAAAGGCACCTTCATTC
CGCAGTCACCCATCAGCGGCCGCGCTAG
GTAATGCTTGCTGCCATGATCCACTAGTTCTAGAATCCGTCG
CCTTTAAAATCGGTAACTGACGATACCGTCGACCTCGAGTC
CTCCATCAAGATCCCGGCCGCAAATTAAAGCCTTCGAG
CGATAGAAGGCCGGTACCCAATTCGCCCTATAGTGAG
CCTACCAGGTTCACCGCGCGCTTGGCGTAATCATG
GGTCTGTGGTTAGGGAACAAAAGCTGGAGCTCGCTATTACG
GACCTGCCGAAGTAAGGGTCAAATCGTTGGTAGATACGTTG

http://journals.im.ac.cn/cjben
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Huig GN F B Z M i —Bt linker #E4#z, M
Gibson 2H ¢ 19 J7 145 3| fUki pRS424-UBI4-GN,
pY26-TEF-GPD JFiki# ik EGFP &I GC A
Bt, GC HBHIA linker 41, il Gibson £
B 12453 pY26-gene-GC JFikL, BREK [1 %
W, ¥ HMEA I gwSEER, #id Gibson
RS pY26-gene-GC JikL | AY linker 2
A5 GC R Bl & %35, Linker ¥4 :
5'-ATGATTCATAACTTTTTGTTTCAAATCATT
TGGAATTTTACAAGCTGGTCT-3"21,

132 ZEHMLEAFRNERT

ok vz F Ak L s W B g5 UbPred
(http://www.ubpred.org/) Tl il il Kz 2 A= ) & K
AR A OC il % A TR i A M (FJTAL)., 4-75 50
it : CoA &% (PcACL) A /R4 B (PcCHS
SmCHS ., SjCHS) Fi#s /K SEHH (MsCHI) 1Y
ZEANL S, SRR 3 Fras. B HE R E
FZ =AU S PR R AL R AR, A5
YL 2. f#i ] Gibson ZH2E 77 oy 1 o Bk
RNz R L, W RI AT Rz
A, W E7E PCR Wik FHYERE L7, I IE A
Ji AR EUIE A 1) 98 728 Bk

®3 ZHRUELATN

Table 3  Prediction of ubiquitination sites
Enzymes Position Peptide Score Threshold
PhCHS 49 SEHKTDL" 2.838 Medium
320 LGLKPEK  1.403 High
355 ASAKEGL  0.720 Medium
351 EMRKASA 0.620 Low
SjCHS 320 LGLKEEK 1.673 High
SmCHS 326 LGLKEEK 1.673 High
SmCHI 51 RITKSEH  3.191 Medium
173 IPEKEAA 0.660 Low
Pc4CL 122 KQLKASQ 2971 Medium
FjTAL 265 LIRKRED 0.740 Medium
487 PTFKEDQ 3.147 Medium

*: underlined letters are potential ubiquitination sites.

&: 010-64807509

1.3.3 KSR ERN

BERATH) pY26-gene-GC H 41 i kr S AH B
978 ok 5 pRS424-UBI4-GN, i 1 i 2 4
AL SR B £ CEN.PK2-1D-AUBI4, ¥R
A5 YNB-Ura Trp -4, 30 CH;i3% 3-4d )5, $E
U PK EAT 78 PCR B0 0E . 5 FHYE AL 132
Fh %45 3 mL YNB-Ura Trp SRR 7531 24 1L
HH, 30 °C. 220 r/min & B3R, 43 I BURE X
Bs WA E IR W, 8 000 r/min E§.0» 5 min
% B JH PBS IS MUIEVEANM 2 ¥k, ] PBS
VoS VR R A L, A T A S S 5 FE 600 nm
AR W 6 ODgoo, F1BX 200 pL T 96 FL 4> 1
P, A 7E & G/ 0k t=488/520 nm 454
TR PEHEE Fo FFHL 200 uL PBS IFH E 6 fL
SRR AR, I E DGR E Fo T HBRAS R ¢
JGRENA DA T WG RN 28 1y 40 0 E 40
JBRL pY 26-gene-GC Hl pRS424-UBI4-GN 1444k,
FAE A FHEXTBE PA2S H Bk pY26-gene-GC Fll
pRS424-UBI4-GN 15546 F1E K I PEXT AR LA
AEXTHE SR (relative fluorescence intensity, RF)
FAFZ ZABIMFREE . RF=(F-F.)/ODgooo
14 HEEEH

PR LR AR R B R R
ZHH# Kk SC035, SC036., SC037 fE YNB-Ura Trp

A gL, PRS2 10 mL YNB-Ura Trp-

WA FRHE A, 30 °C L 220 r/min 5555 = %50,
P 1% )8 & 25 mL YPD §5 539, YPD
BRI NN T 2 o/L MBS A IRIE I KRR,
30 °C .220 r/min 555 72 h, FEFE 24 h BT .

PR R 2R AR R A AR AT I EE A
EFk SC050. SCO051. SC052. SC053. SC054
TE YNB-Ura Trp V- biGifb, PEECRE IR =
10 mL YNB-Ura Trp & 525, 30 C.
220 r/min FEF X, & 1%L HIKRER
25 mL YPD Rz, YPD BiFIErhasin T

B<: cjb@im.ac.cn
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500 mg/L X F SIRAE N AREIRY), 30 C.
220 r/min ¥53% 72 h, P& 24 h BUEE 0 #r .
1.5 HPLC #&M7A%

XA R A Jr vk . PR SC035. SC036.
SC037 KM S HEE 1 © 1 IRAHRY 2-3 min,
12 000 r/min B.0> 2 min, B E3G e g e
(0.22 pm), HTmEROEAH ISR . FE S f
55 v RO AR ik AT 4 B, C18 ARk AR
(4.6 mmx250 mm, E4% 5 mm, Thermo), #ifi
40 °C, WshtH A MAKA, BHIAZNE, A,
B AH A BT 0 190l = F L PR o FEAE A 10 L,
WHCA 1 mL/min, KB A 290 nm, FHEEVE
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Figure 1 Ubiquitination modification detected by fluorescence bimolecular complementation approach. (A)
Ubiquitin-proteasome ~ system. ubiquitin-activating enzyme: EI; ubiquitin-conjugating enzyme: E2;
ubiquitin-ligase enzyme: E3; ubiquitin: Ub. (B) Plasmid pRS424-UBI4-GN fuses to express the N-terminal
fragments of EGFP and UBI4. Gene of interest was cloned into the test protein integration site of plasmid
pY26-gene-GC. (C) Co-transforming plasmids pRS424-UBI4-GN and pY26-gene-GC into CEN.PK2-1DAUBI/A.
If ubiquitin is attached to the target protein the recombinant fluorescence signal can be detected.
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Figure 2 Point mutations in proteins involved in naringenin biosynthesis pathway. (A) The biosynthesis pathway
of naringenin. (B) According to the predicted results of the website, point mutations were introduced into proteins
involved in naringenin biosynthesis pathway. The ubiquitin modification site was mutated from lysine to arginine.
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Figure 3 Relative fluorescence intensity of mutants of proteins involved in naringenin biosynthesis pathway

after culturing for 24 h (A) and 48 h (B).
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Integration of genes by CRISPR/Cas9 system. (A) Integration of 4CL and CHI into the HO gene

of CEN.PK2-1DAUBI4 genome by CRISPR/Cas9 system. (B) Verification of gene integration by PCR.
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Figure 6 Effect of SmCHS, SjCHS mutations on
the production of naringenin.
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