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TAEKIATE F I A B IR R GE LB UGT73B2. % %) kR4 R 54848 WRHM-NRS #=
AhF kR 69 R AR A58 Cml 2RhaT, M T AL F AW A2, BT LA FbE AR
BBALE, FHABME S L AR T ORI E T FFED) 4.64 g/L, RWEREHEREILE S
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Production of neohesperidin from hesperetin by an
engineered strain of Escherichia coli

ZHANG Xuan', LIU Shike?, ZENG Weizhu?, ZHOU Jingwen®, HOU Ying""
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Abstract: Neohesperidin is a flavonoid glycoside widely used in the food and pharmaceutical
industries. The current production of neohesperidin mainly relies on extraction from plants.
Microbial fermentation demonstrates a promising prospect as an environmentally friendly,

efficient, and economical method. In this study, we designed and constructed the biosynthetic
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pathway of neohesperidin in an Escherichia coli strain by introducing the glycosyltransferase
UGT73B2 from Arabidopsis thaliana, rhamnose synthase VWRHM-NRS from Vitis vinifera, and
rhamnose transferase Cml, 2RhaT from Citrus maxima. After optimization of the module and
the uridine diphosphate (UDP)-glucose synthetic pathway, the engineered strain produced
4.64 g/L neohesperidin in a 5 L bioreactor, and the molar conversion rate of hesperetin was
45.8%. This has been the highest titer reported to date for the biosynthesis of neohesperidin in
microorganisms. This study lays a foundation for the construction and application of strains
with high yields of neohesperidin and provides a potential choice for the microbial production
of other flavonoid glycosides.

Keywords: neohesperidin; flavonoid glycoside; uridine diphosphate (UDP)-glucose; Escherichia

coli

B — 2Tz A T A T By 2R A S
P, FE AR R — R LU T A
B 28 A E I JS , E E R I AR
AP A L Ve DA AR A R
WS 5. kE . . 2. FE
i 55 LT g At 2, BRI W] DAk s v
PR ) AR 0 PR L SR M L b BRI
P2 R SR VR A A K R A T
(neohesperidin, NHP)X} Z F 45 5 B A il 5 FIiG
SPVER . RS B2 AT Re a8 2 I RIS FR IR o-
TE R AN o 7] 25 W T BT 1, v LU AR
PRI ITRYT R P E AR Y iR R S LR
AT A W A s BRI R B TR T IS BT 40 ] S5
G1 Wi S AFEA , #ifil MCF-7 40 il () 3556 5715
SAMAT, AT N FLIRE AN AR R D
T8, HRE AR AL okt B R AR
ML, 8z T A O 8 BT A A K
(neosperidin dihydrochalcone, NHDC). NHDC J&
— R IR A B R IAR R, R R 2 ek Y
1500 i, HARGZY RN 1/2 0001,

H A, AR BOE S B K Y 84 = 07
2, (HBHTE B T AR h & IR, SR IBUP IR
A%, HIBBGT FEFT SOHAE R A VLA, KIIf
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ARAF IR, BRI AR TSR A ek &
30 20 il A T R 4 A R A R B R A
BB . Frydman S5F) FAHE IR 7-O-
] 70 W R 7% il O 3 3 0 e i -7 - O- ) 7 0 -
2-O- FR 25 bl L 4 B2 1§ (flavanone-7-O-glucoside-2-
O-rhamnosyltransferase, Cm1,2RhaT), 7E4KEH 3
SET M B2 2 OB B B AR A s A

AR5 5 B, TR T e A AR T 7 AR Tl 2 R A
B, SR AR DG K fift A A1) TR B AN At
FACT YRR R . L A5 0 B PR I R oA A
BEHEK R 5L EXGL Rl SPRL, Ik ML
FWE(UGT73Co6), il i 5 14 7-O {7 4 b Ak
fb, E—2E A — BRI 1 (uridine diphosphate,
UDP)-#ij % Wl FI 7% BRI A2 , il B2 2 -7-O- i 4 bl
FRE MUK R B~ /A5 T 136.7 mg/LP),

Xiao S5 1E R I BF HH R TS K Al EXGI
SPR1 #l EGH1, 5IASME 7-O- % Wi H e 7% il
AtUF7GT. fZEWE4 OIRHM-NRS ., [2shi%%
Tl Cml,6RhaT, F45G A shFAH AN
W R PR 1 4 %8 B (uridine  diphosphate glucose,
UDPG)MI & B, TEFEIFKE BN 400 mg/L £
FEIGABT 249 mg/L Hifs 1, Liu %4
BT R BIEOR B AR A T AR K
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FRRG U R, 40 100 mg/L Al 2 2 RS
YIRS R T 37.1 mg/L # R R, B, R
T KA it K 2R I B AN, IFXF FA/'OMT i
T Ak, BRI K 2R A m ik , f
BN 27.5 mg/L ¥ 2L HAT, B
B ATIAS B 2 S PR A 7 T B, AR ST R A
TR B R T

B AT HORESE T a-L- B ZSH 5L -B-D- 1] 25
PRI . B F2 RAE 7-O- M A WL R L T,
¥ UDP-# % B(UDP-glucose, UDPG) [ ¥ %% b
IR BB KW 7-0H |, g £-7-0
WY, HEETE 1,2- ML R MEAL T, B
UDP- fl 2= 5% 5 (UDP-thamnose, UDP-Rha)%% %
2R R -7-O-H AT s A BT R L, B
B R BB B (R 1) AR B4 K
FEHEATHE -G R, LLakfl UDP-) a4
1) TREGE R BG11 A Rk, 38 3 i el B e
i (glycosyl transferases, UGT) ., RAMHHLELFL

Bl1 RYERZREBRFERERR
Figure 1

il L SR RO AR SCRE DR 3R 38, s AL T e
JETHEEAL , FEFRUKF B 5T bR A e AR
5 R B AN IR R, IFAE 5 L K I
KA HE—ARGE T HEAL S R R I IR K 3R s
T3 N BB BT RISE I , SRR B AR
FINBLE T At

1 MRETE

1.1 EPRFARAL

KW AF i (Escherichia coli) IM109 FH T3k
FEE, R BB RKIAFFR E. coli BL21(DE3)
ApgiAzwfAugdAostAAgcdAushA, pCDFDuet-1-
pom-galU kit A 555 R PiPEimikinic. A
55 B B RR USRI 1,
1.2 EHFE

KBRS (g/L): Hh 5.0, AR 12.0,
R Y 24.0, KH,PO, 2.3, K,HPO, 16.4,
HIZE 10.0,

Synthetic pathway of neohesperidin from hesperetin. G-6-P: Glucose 6-phosphate; G-1-P: Glucose

1-phosphate; galU: UTP-glucose-1-phosphate uridylyltransferase; pgm: Phosphoglucomutase; UDP-glucose:
Uridine diphosphate glucose; UDP-rhamnose: Uridine diphosphate rhamnose; VWRHM: Uridine diphosphate

rhamnose-synthase ~ from  Mitis  vinifera;

UGT73B2:

UDP-glycosyltransferase; Cm1,2RhaT:

UDP-rhamnosyltransferase 1,2-rhamnosyltransferase from Citrus maxima.
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Table 1  Strains and plasmids used in this study

Name Genotype Source
Strains
IM109 Wild type Novagen
BL21(DE3) Wild type Novagen
EGI1 BL21(DE3)Apgi AzwfAugdAotsAAgcdAushA [13]
EGI12 EGl11 carrying pCDFDuet-pgm-galU This study
NHPO1 EG11 carrying pRSFDuet-1 This study
NHPO02 EG11 carrying pRSFDuet-UGT73C6 This study
NHPO03 EG11 carrying pRSFDuet-UGT73B2 This study
NHP04 EG11 carrying pRSFDuet-ApUGT3 This study
NHPO05 EG11 carrying pRSFDuet-CSUGT73F1-14 This study
NHP06 EG11 carrying pRSFDuet-CSUGT73F1-16 This study
NHP07 EGl11 carrying pRSFDuet- MAUGT?3 This study
NHPO08 EG11 carrying pRSFDuet-1, pETDuet-1 This study
NHP09 EG11 carrying pRSFDuet1-UGT73B2, This study
pETDuet-VWRHM-NRS-Cml,2RhaT
NHP10 EG11 carrying pRSFDuet1-UGT73B2, This study
pETDuet-VWRHM-NRS-Cpl,2RhaT
NHP11 EG11 carrying pRSFDuet1-UGT73B2, This study
pETDuet-VWRHM-NRS-Cal,2RhaT
NHP12 EG11 carrying pRSFDuet1-UGT73B2, pETDuet-VWRHM-NRS-C12RT1  This study
NHP13 EG11 carrying pACAYDuet-UGT73B2-VWRHM-NRS-Cml,2RhaT This study
NHP14 EG11 carrying pCDFDuet-UGT73B2-VWWRHM-NRS-Cml,2RhaT This study
NHP15 EG11 carrying pETDuet-UGT73B2-VWWRHM-NRS-Cml,2RhaT This study
NHP16 EG11 carrying pRSFDuet-UGT73B2-VWRHM-NRS-Cml,2RhaT This study
NHP18 EG12 carrying pETDuet-UGT73B2-VWRHM-NRS-Cml,2RhaT This study
Plasmids
pRSFDuet-1 Double T7 promoters, two MCS, RSF ori, Kan" Novagen
pETDuet-1 Double T7 promoters, two MCS, ColE1 ori, Amp" Novagen
pCDFDuet-1 Double T7 promoters, two MCS, CDF ori, Sm" Novagen
pACAYDuet-1 Double T7 promoters, two MCS, P15A ori, Cm" Novagen
pRSFDuet-UGT73C6 pRSFDuet-1 with UGT73C6 in MCS1 This study
pRSFDuet-UGT73B2 pRSFDuet-1 with UGT73B2 in MCS1 This study
pRSFDuet-ApUGT3 pRSFDuet-1 with ApUGT3 in MCS1 This study
pRSFDuet-CSUGT73F1-14 pRSFDuet-1 with CSUGT73F1-14 in MCS1 This study
pRSFDuet-CsSUGT73F1-16 pRSFDuet-1 with CSUGT73F1-16 in MCS1 This study
pRSFDuet- MAUGT3 pRSFDuet-1 with MAUGT3 in MCS1 This study
pETDuet-VWRHM-NRS-Cm1,2RhaT  pETDuet-1 with VWRHM-NRS in MCS1 and Cml,2RhaT in MCS2 This study
pETDuet-VWRHM-NRS-Cpl1,2RhaT pETDuet-1 with VWVRHM-NRS in MCS1 and Cpl,2RhaT in MCS2 This study
pETDuet-VWRHM-NRS-Cal,2RhaT pETDuet-1 with VWVRHM-NRS in MCS1 and Cal,2RhaT in MCS2 This study
pETDuet-VWWRHM-NRS-C12RT1 pETDuet-1 with VWRHM-NRS in MCS1 and C12RT1 in MCS2 This study

pACAYDuet-UGT73B2-VWRHM-NRS-
Cml,2RhaT
pCDFDuet-UGT73B2-VWRHM-NRS-C
ml,2RhaT
pETDuet-UGT73B2-VWWRHM-NRS-Cm
1,2RhaT
pRSFDuet-UGT73B2-VWWRHM-NRS-C
ml,2RhaT

pCDFDuet-pgm-galU

pACAYDuet-1 with UGT73B2-VWRHM n MCS1 and Cml,2RhaT in MCS2 This study

pCDFDuet-1 with UGT73B2-VWRHM n MCS1 and Cml,2RhaT in MCS2  This study

pETDuet-1 with UGT73B2-VWRHM n MCS1 and Cml,2RhaT in MCS2

pRSFDuet-1 with UGT73B2-VWRHM n MCS1 and Cml,2RhaT in MCS2

pCDFDuet-1 with pgmin MCS1 and galU in MCS2

This study
This study

This study

http://journals.im.ac.cn/cjben
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1.3 A%
1.3.1 FRRAHE
4 %# pETDuet-WWRHM-NRS-Cml,2RhaT,

fd J 51 ¥ %} pETDuet-F/pETDuet-R ¥ Jf ki
pETDuet-1 &4k, 5% VVRHM-NRS-F/
VVRHM-NRS-R MG K pUC57-WRHM-NRS
Hiy 3 WRHM-NRS H Bt B05 1491 5048 A B
Z I HA RIE E AT, F Tt g ik, 8
T e RS GR & T H i B, f#H Gibson 4
6 v PR S G U L B WRHM-NRS S
K i BE 5264k pETDuet-1 #A74H3% . AR5,
1 it pETDuet-F/VVRHM-NRS-R %} pETDuet-
VVRHM-NRS i 47 2k 1 1k b 3, 5] 9 %)
Cml,2RhaT-F/Cm1,2RhaT-R M & i 3
pUC57-Cml,2RhaT ¥ 1 Cmil,2RhaT H:[H K-
Bt, K CmL,2RnaT & H f Be A AL i pETDuet-
WRHM-NRS 4] % i, pETDuet-VWWRHM-NRS-
Cml,2RhaT, fHHAE TAY) TR (EE) M AR
o5\l B R TG 4% v R £ 3% B2 DNA R Befil
Mok, 75 E. coli IM109 857 245 HEA7 Bk
PoHG, BRSBTS . R
BEAR A B (pgm) A1 UT P-4 26 4 - 1- B 9 IR AT R 5%
i (galU) g 5 A LUK I 1 1 BL21(DE3) i ik

*®2 AMRSEHEE
Table 2 Genes used in this study

(0L IR A A BRAHAEA T 3  AFFE 90 I g L TR
TRILZ 2, MRAE KT R RIE R G AT T %85 T
e, MR R CEYRHCARA R AT &
e AWFFER G 3.

1.3.2 EMABEEH
M LBt FBRECR TR R 256 5 mL

Fh 7532309 50 mL = is s, B3rdth
HR 75 BN FEAR T 2 (50 mg/L RABEEEK .
50 mg/L 4% %5 2 8% 100 mg/L & R %K),37 °C.
220 r/min }55% 10-12 h, DA 2% Fh Rt &2
A 25 mL KMEREFREER 250 mL R,
37°C. 220 r/min £55% % ODgoo N 0.8—1.0, A
1 mmol/L S [N & -B-D- i A Mtk Mg > ZL Ak 17
(isopropyl-B-D-thiogalactopyranoside, IPTG),
25°C, 220 r/min K535 4 h 5, A 1 g/L #8Z K
(DMSO %), dRZe355% 72 he
1.3.3 SLAYIRNSFR AL EESEH

TE 5 L AR R g (g bR A TR A
RN FH R TR A o D TFE LB B
FEFEpF 37 °C 220 r/min 254 F 1555, 4 100 mL
FhF a5 2R ) 5 L A ovige iy 2.5 L &
BB S b, I AR B 3T AR 22 (50 mg/L -RIARES
. 50 mg/L B R M 100 mg/L AR HFHR).

Gene Source Accession number
ApUGT3 Andrographis paniculate MH379335
CsUGT76F1-14 Camellia sinensis KAH9766777
CsUGT76F1-16 Camellia sinensis KAH9702172
UGT73C6 Arabidopsis thaliana OAP07438
UGT73B2 Arabidopsis thaliana 0A097622
MdUGT Malus domestica AY786997
Cml,2RhaT Citrus maxima AY 048882
Cal,2RhaT Citrus aurantium KDO51358.1
Cpl,2RhaT Citrus paradisi AAL06646
C12RT1 Citrus maxima Q8GVE3.2
VWRHM-NRS Vitisvinifera XP 002285634

&: 010-64807509

B<: cjb@im.ac.cn
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Table 3 Primers used in this study

Primer name

Sequence(5'—3")

pRSFDuet-1-F
pRSFDuet-1-R

atatacc
UGT73Cé6-F atggcctttgagaaaaataatgaaccatttccactte
UGT73C6-R gcaagatatcatgcaattggcccaatctaacaattaa
UGT73B2-F atgggtagtgatcaccaccatagaaagcttcac
UGT73B2-R caacgaccttaactcttttatggaggagttttcttcttaa
ApUGT3-F atgggttaccattctcatattggtgttttggc
ApUGT3-R gaagctgttggagatcatcggtatctctaagtga
73F1-14-F atggaccaaagaaagggtagaagattggtt
73F1-14-R ctttggagactttcactttccacactcagtaa
73F1-16-F atggaccaaagaaagggtagaag
73F1-16-R ctttcaccttccacactcagtaa
MdUGT-F atggtccaacacagattcttgttgg
MdJUGT-R caaggttttgaaagatgccagacactaa
pETDuet-1-F tcgaacagaaagtaatcgtattgtacacgg
pETDuet-1-R tccectctagaaataattttgtttaactttaagaaggagatat
acc
Cml,2RhaT-F atgaacactaagcaccaagacaagc
Cm1,2RhaT-F gttgttgcaattggttaagaagtccgagtaa
Cpl,2RhaT-F atggatacaaaacaccaagataagccatcc
Cpl,2RhaT-R gttgcaattggttaagaagtccgagtaa
Cal,2RhaT-F atggaatctaagttgcagaacaaaaagcc
Cal,2RhaT-R caattggttaaggttcccagctga
C12RT1-F atggataccaagcaccaagataagc
C12RT1-R atggcgacccatacceeg
VvRHM-NRS-F atggcgacccatacceeg
VVRHM-NRS-R ccgaagtgaaagcgctcgagtaa

pCDFDuet-1-F
pCDFDuet-1-R

pACYCDuet-1-F
pACYCDuet-1-R

aagcttgcggccgceataatgcettaagtc

caattcccctgtagaaataattttgtttaactttaataaggag

ctcgagtctggtaaagaaaccg
gtttaactttaataaggagatataccatgggce
ctcgagtctggtaaagaaaccg
gtttaactttaataaggagatataccatgggce

Pgm-F atggcaatccacaatcgtgcag

Pgm-R ttgttagcgaagttctgaaaaacgegtaa
GalU-F atggctgccattaatacgaaagt
GalU-R cttgaagaagagatgggcattaagaagtaa

Pefpim | WIMRIRE | PPl B A S a0 H
10%. 37 °C. 200 r/min F1 2.5 vvm, A=¥) 52 v %

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

Fh AR v 48008 3 9 PE (200600 r/min) A Z35 1
HEFFAE 30%. 24 ODgoo i5 3 30 B, B EE
RIEIREE, RN IPTG M2k, o Ly
435k 0.5 mmol/L #1 10 g/L. ¥4 100 g/L i
BEREYIA 300 g/L Hm i #h 7855 52 5£(500 mL)
% 10 mL/L B SR %S 2 & e, f 300 g/L
A WA 85 F7 R B 4R AE 10 g/L,
ARt B IR L [ BRI 4 mol/L NaOH ¢
B3R5k pH [HZEFFTE 7.0,
1.3.4 HPLC 8075 3%

0.5 mL ZBRS 0.5 mL HESRA, &
5 min, 13 500 r/min B5.0> 5 min, F R EE
H of#i F Waters Symmetry C18 (250 mmx4.6 mm,
5 um)aGER:, WA A B4R (0.1% =9
ZTR), B HNHE(0.1% = LMR); HHFtEN
10 puL, WK 1 mL/min, ¥R 35 °C, Kl
Pt 290 nm, BEEEVEEAEF N : 0-0.1 min B
AN 10%, 0.1-10.0 min B AHM 10%Zk 48 fin &=
40%, 10.0-20.0 min B AHM 40%ZE 18N =
60%, 20-22 min B A\ 60%ZPE/D 2 10%,
22.0-25.0 min B M2 ELE 10%.

2 EREM

2.1 BEER-7-O-BEREEAELBHTIE
HR 4 2 FT A S8 4B S 1 T A R R U5 1) B
R B IHE, Hp, CSUGT76F1-14 #i
CsSUGT76F1-16 24 i T 45(Camellia sinensis)[?)
W -7-O-H 2 Wi SR L o g, REMR LA K 2B K
¥ Hz &£ -7-O-# %4 UGT73B2 #1 UGT73C6
SERARE TR IR AR LR R 1 , BRI RAF VIS
W4 A R 2 -7-O- 4 % BB, ApUGT3 HiI
MdUGT3 & 43 5 >k J5 F % .0 3% (Andrographis
panicul ate) FI3fE S (Malus domestica)fd Bl 7-O-
HAPE AR, AR UGT 24515
FEZ pRSFDuet-1 i, W7 1 0820 BTk o
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HEEAL EG11 3RA5H0 W 41 Bk NHPO1-NHPO6,
PR 1.3.2 MRG0T T R, A5 2 fr
No BIIEEITIIER UGT73C6 4, Hith UGT
HEL A AR M 25 U e R -7-O- R A HE 1)
REJT . WAL RS HA YR 51k, UGT73C6
NGB LIRS B2 RAERIRWIIETT 7 f1—OH (AhE L
t.. ApUGT3. CSUGT76F1-14, CSUGT76F1-16.
MAUGT i fb A8 iz = 53075 5] 649.2. 681.8.
692.1. 684.4 mg/L ¥ 7 Z-7-O-#ij &b . 7T A
INESFL RS, HSOR A1) & UGT73B2,
B He 2R -7-O- A A b T ik %) 921.8 mg/L, &
FIAHA UGT EH BRI Y 1.33-1.42 £,
M, JELERFFEE ] UGT73B2 HEAbAE e £ 4 i
B¢ % -7-O- BT
22 REREEBENTTE

UDP- S W E A 1 e 22 -7-O- 8 A 1R )
PORE SRR LR, X TR R K AR & I G
%, UDP-BRZAWE A6 Lk NAD Hl NADPH
HAEE T, 72 UDP-# %50 4,6- 1 /K il A 1 1R -
FRZSHE 3,5-3K AN /A0 5 3 45 R i
1k UDPG 35, KAt A MR UDP- 2=
WA B AR , T5 ZANE S | A R4 #EK: UDPG
EeAL R, UDP-RZH . /R4 VWRHM A LUK UDP-

6. 30D,

{l:lHesp%retin-7-O-glucoside_ 1000
14}
™ H |k . 1LJF+ 1800
- = ~
= =
$10¢ ] 1600
S 8t ©
ol 1400 2
4l
1200
7L
0 \ Y > 3 & o Q 0
Q Q Q Q Q Q Q
SO

2 REEEZBEAIHE

Figure 2 Selection of glycosyltransferases.
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I AL UDP-RZA0E, H 50 5 2 (4 4 [
T A 0 BRI TR A RS A Y
WRHM-NRS &4 %5 (Vitis vinifera) st I )
ZEHE A e N s 5 48l T 0 X2 RE i
(NRS/ER)Al G153 24 K+ A 45 A 2 B Al &
B2, At o b i A Z I T4 UDPG & %
UDP-Rha.

WEIE B, Al R IR 1 B2 B S 5 B il
Cml,2RhaT. CI2RT1 X & fii-7-O-F &b 2
R4, Hoh Cml,2RhaT AELUH K % -7-O-
AT R Z A, A R 2 11, Cml,2RhaT
L BEFI AR B 2 -7-O- R A R A BUpTS B 70,
i NCBI KR HA 1,2 R B RE 1) R
T. Wi 15 %) #R #% (Citrus aurantium) 3 Ji 1
Cal,2RhaT 701 4 %j i (Citrus paradisi) >k ¥ 19
Cpl,2RhaT**71, I NHP02 A & ik, fiiH
pETDuet-1 it #2215 WRHM-NRS 5 A [6] 4] il 4%
P FL A (CmI,2RhaT , Cpl,2RhaT, Cal,2RhaT ,
CI2RT1), [m]ifiE)5AL pRSFDuet- UGT73B2,
P # H 4H T Ak NHPO7-NHP10, 15 9% 5 1 H 1.3.2,
SR 3 R Rl R VR 0 B RS T
Cml,2RhaT 5 LAY B2 1 3% i 235.2 mg/L,
1M R Fz R -7-O-F F AT 19 &% i R 259.3 mg/L,

16 =1 0p,, 11000
14+ ] Neohesperdin
1800
12+
I a
g 10 1600 5
S Y 400 5
°r £
41 200
2+
0 S O Q N Vv 0
~ ~ <~ ~ <~

3 AERFHEEEBEIE

Figure 3  Selection of rhamnosyltransferase.
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IR B2 2R IR JRBEA RN 11.6% ;5 [FIFE, Hili 52k
JE I B AL R C12RT1 k& 131.2 mg/L
B H R T, B R-7-O- AT S EN
52.0 mg/L. H{a] =9y %) ) 4% 5 id B R 2 I A
S R B R O D TR, RTREZ W T
UDP-Rha 45 1 FOE L 7% g ) AR 76 2 PR
TR R
2.3 EIIHXTHEEEE RIS

FET ARG, 2D B A SN T
LK) 3 Vi UGT73B2, WRHM-NRS, Cml,2RhaT
53 i A g B A [ 45 DU B ik pACY CDuet-1
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Figure 4 Effect of different copy numbers of plasmids on biosynthesis of neohesperdin. A: Construction of
different strains to optimize the neohesperidin synthesis pathway. B: Changes of neohespertidin titer by

different copy numbers of plasmids.
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Increasing UDPG flux by overexpressing pgm and galU. A: Construction of chassis cells NHP15 and

NHP18. In strain NHP18, the gene UGT73B2, WRHM-NRS and Cml,2RhaT were expressed with plasmid
pETDuet-1, while the genes pgm and galU were expressed with plasmid pCDFDuet-1. B: Changes of

neohesperidin titer via overexpressing pgm and galU.
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Figure 7 Effect of temperature concentration on
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Figure 8

Titers and cell density of hespertin,

hespertin-7-O-glucoside and neohesperdin in a 5 L
fermenter under different adding ways. A: Adding
3 g/L hesperetin in one time. B: Adding 3 g/L
hesperetin in two times. C: Adding 5 g/L hesperetin
in three times.
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