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Synthesis of Quercetin Methylated Derivatives by Expression
of FOMT in Escherichia coli

TIAN Miaomiao?, GUO Jigjing™, LIU Juan?, SHAN Yang™
(1. Hunan Agricultural Products Processing Institute/ Hunan Province Key Lab of Fruits, Vegetables Storage,
Processing, Quality and Safety/Hunan Province International Joint Lab on Fruits, Vegetables Processing, Quality
and Safety, Hunan Academy of Agricultural Sciences,Changsha 410125, China; 2. Longping Branch Graduate
School, Hunan University, Changsha 410082 , China )

Abstract: Quercetin is a kind of important citrus flavonoid with antibacterial, anti-inflammatory and
antioxidant activities, but with poor water solubility and lipid solubility. It has been proved that the
metabolic stability and bioavailability of quercetin can be improved by methylation, and microbial
transformation method is a good method to obtain methylated quercetin. In this study, 11 flavonoid

Yrim BEA . 2022-02-07

EETHE . /8RB QU 5T H (2021CX05) ;31 5 2 ARl B )8 96 4 A3 00 H (2020CX47 ) 5 ) 48 -1 T 5 ST A £ AR 0

H (2019NK2041)

FEEEE N (1963—), F M BB i E TR R BE L, T AR O, R AR R AT R T AR

E-mail : sy6302@sohu.com
AL (1986—) , %, i+, FENFEHAEYE ARG . E-mail : guojiajing1 986@163.com

RSt HRASIL 2022 FE M EBETH



RESEARCH ARTICLE

TIAN Miaomiao,et al: Synthesis of Quercetin Methylated Derivatives by

Expression of FOMT in Escherichia coli

O-methyltransferase (FOMT) from different sources were screened and classified according to

methylation sites, and then the corresponding Escherichia coli engineering bacteria were constructed.

Four mono O-methylated quercetin (tamarixetin, rhamnetin, isorhamnetin and 3-O-methylquercetin )

were synthesized by fermentation with quercetin as substrate. The highest yields were 31.17, 11.17,

8.90, 52.95 mg/L, respectively. Then, the co-culture system of E.coli was constructed, and the whole

cell catalyst containing MpOMT4 and OsNOMT was added step by step. By adjusting the proportion

and biomass of the two bacteria in the system, it was finally determined that when the dry weight of
cell was 24 g/l and the ratio of cell 1 and cell 2 was 1:2, and the highest yields of 4',

7-dimethoxyquercetin was 21.56 mg/L.

Keywords: quercetin, flavonoid O-methyltransferase (FOMT ),quercetin methylated derivatives,

biosynthesis
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L-H G 2% (SAM) [] 2S8R L 1 #2190 AR TRDR
JE I FOMT W] LI AL A B[] 1 FE L AL 2 5
B R I8 1 POMTT Al UL 36 8 A L 7-0-H

FEPTFERM KRG RPE K SOMT2 n] LUEL il i £ &
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1.1 #REIKH

LL1 ##5i#%  Ecoli DHSa E.coli BL21(DE3) .
VE# B fE 52 E AR A7 . pETDuet-1 . pGEX—4T-1: I
A TAE Y TR AT B W7 . PCR 51 L B
AL G BB R 51 . 1 A T A TR ey A R A
Al AL, B RRIE M SRS LR 1,

1.1.2 XA AN BEEER . 98 E OXOID 2 A ™
fi s SR CBE CHM ZR TR B A A B
R A FEE . R L (DMSO) \Tris—HC1 2%
PRV - 6] 245 42 A 2 R0 A R W17 s SN Bk -6
D-FACEZUBE (IPTG ) » 11 Hi A A By R 23 7] 7=
AR SRR 4T PR S E R
ity o T T R AR ) B AR A B 2 D AR B R
B 3-0-H LM B WA bR e S . g IR R
IRk RS 77 s B PR A R N R — 2P
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Fig. 1 Mono O-methylquercetin
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Table 1 Source of FOMT gene
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1 ShMOMT3 KC513419.1 3-OH(F3-OMT)

2 ROMT9 7J< i D(288259.1 3'—OH(F3'-OMT)

3 SOMT9 K NM_001249311.2 3'—OH(F3'-OMT)

4 CrOMT6 K& AY343489.1 4'-OH(F4'-OMT)

5 MpOMT4 P AY337461.1 4'-OH(F4'-OMT)

6 ObFOMT3 ) JQ653277.1 4'-OH (F4'-OMT)

7 PuCOMT4 e KY977690.1 4'-OH(F4'-OMT)

8 OsNOMT IKFE AB692949.1 7-OH (F7-OMT)

9 POMT7 7L TC29789 7-OH(F7-OMT)

10 MpOMTIA A AY337457.1 7-OH(F7-OMT)

11 SaOMT2 o 24 T 2% i 85 BAC70093.1 7-OH(F7-OMT)
M SxTris— H 20 W2 HL VK 28 vl 0T 130 )7 3% BEREIARAX . PEE UVtee 23w 7= i ;5424R /ML &5
15T maker % 55 B 52 i P gL 00 . SR A DB A E.OML . 8 E Eppendorf 23 F] 7= i ; Acpiti] -

BA AT
TB WM 15 37 55 . 1.2 o/dL B9 B 4K 1, 2.4g/dL

m B AR BRCY) 0.4 ml/dL B9 H O 3W L 17 mmol/L

KH,PO,,72 mmol/L K,;HPO,, 4% 2R IS N2 '~ 5 55

H(Amp) BT E N 100 mg/L,

1.2 UE5iEE
TOne 96 PCR ¥ :

FR R UKAL . bt

8% Biometra 2 0 7= 5 3 #%
R T HL UK B A A BR 2 w77

26XP E.0HL: 3£ E Beckman A Al 7 i ; SYNERGY
H1 BFFRA . S Bio Tek 23] 7= il ; LDZM-80L~II1
o KR . LR PR ST AR R A s DZKW -4
F, AP B 7K T % < I T RO B R T A A R
Pt ZQPZ-115 HR35 15 95 58 - R 3B B A A
W25 BRZA & = i s H=class #5520 A (0 552 . 58
E Waters 2~ F ™ fh ;qtof6550 Y Jit 3% 1L . 3& [
Agilent Technologies 2~ & 7 & 3 8 F1 57 HEL KA « 56 [
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BIO-RAD 723 &) 7% fi ,

1.3 MxRAE

131 FTakkHKegHE DNA F B 2x
Phanta Max Master Mix &5l & /77247 PCR §7 14,
PCR 77 1) 2 Byt HE A 56 J PR Uk )5 42 B DAL JiE [ i ik
TG 7 vk AT R Il i A FH — 2 e ) 6
17 0k Fg 4, 3 3 & 4 kL pETDuet —CrOMT6 |
pETDuet -MpOMT4 .pETDuet —Ob FOMT3 .pETDuet —
PaCOMT4 | pETDuet - OsNOMT |, pETDuet — POMT7 |
pETDuet-MpOMTIA .pETDuet-SaOMT2 .pGEX-4T-
ShMOMT3 .pGEX —4T ~ROMT9 .pGEX —4T -SOMT9,
i ] E.coli DH5a #E47 BRI 14 i FH CaCl, ¥ il &
RS2 A5 A ML T AT e AL, BORLER MRS B B4 T A
W TR A A BR 2 w0 3 B E

1.3.2 SDS-PAGE % #f FOMT % & # 5+ /R & i&
WP I 7 30 H X8 i B 189 Jo R 5% A E.coli BL21
(DE3) 832 4 40 Jf rf 1647 2R 55 | A2 537 1k 1 - Bl
RS T Amp (WS 100 me/L) )
TB W5 37 3 Hp F 37 °C 220 r/min 15 3 2 ODgy
M 0.6~0.8, AN IPTG Z 2 %) B (1 & W N 0.2
mmol/L 5 FHEHFERIL, WiFET 8 h KWK T 4
°C.5 000 r/min &5.0> 5 min WCEEGNHE , Bl J5 0 A 55 L
1 PBS 2 g 8, 7 440 A 1S e 4
A TIRN 300 W, MR 2s Jafr 8 s dkstiirm 7
min, BN RRAEUK FEAT A SRR ST W A A
T 4 °C.5 000 r/min B0 5 min, B OG0 I
T BRI 4:1 el in A 5x & 10 b FE 22 o
W IR JE Tl K oK A 5 min J5 T ok L4,
B0 JE B LB Wi TT SDS-PAGE HLIK 3 #T .

133 2 O-FAHEETHASR LidtEEs 4
¥R F4'—OMT 4 k& F7-OMT .2 #k & F3'-OMT F1
1 Bk F3-OMT By RGBT TR, 50 51 DA
BN HEAT AR 55 53 5 G L 4 i O— TP RE A
BEBEMEZE RER 5 REZRM 3-0-H &M
), TRERMEFE LT A% R 57 197
PR TEVE A 5 mL & Amp (R E R 100 mg/L)
1) TB AR SR, SR & T 37 °C.220 r/min 5%
P b R SRS B R, IR EOC 19%4:
P AEE 2 20 mL &A Amp(JREWE J 100 mg/L)
(%) TB ¥ & K5 752 3 b F 37 °C 220 v/min 35 5% &
ODgw M 0.6~0.8, Z JG s i IPTG 2 289 it 1) f2: Wk
0.2 mmol/L, #it ¢ = Y (% T DMSO ) B2

R E N 100 mg/L, F 23 °C.220 r/min 5% 10 h,
SRJ5 i F UPLC #E474347

134 = O-FAME Fabm  4,7-H S M
Rz 2B £ T4 4'-0H Ml 7-OH W 34k 5 1Y
P JE T O- W AR e K i —F b T H T
SEAE A A P Y ARUSE DR L A R
RN (WKL 2) o TEABESE 477 AR AR
E R Ry & AL NN 7R SRR O
e, #EHL1 o OsNOMT ##4k Y 7-OH By FH 34k, 55
B2 S MpOMT4 fiEfb iy 4'—OH () H 34k, S
B B 4n i 50 mmol/L Tris—HCI (pH 7.4) 2% i
o T 2 A I A4 LB 3k B2 40 1)l 816,24 32 ¢/L( LA
M T T ), B N Z R, T 23 C,
220 r/min F R 10 h, & & B 28— & 1
R, FHEEH 1 58 2 i ARl 311 .2:1
121,122 123 A LS IS B 2 1 200 Jt 2 47 % Ak (i
J RIRY AR IE A 100 mg/L), S 10 h J5 B
KWL ] UPLC #4540 4T,

4 4 B AL ) 1 i £ 2 % Wang 550907 % JF
FEA B o, AR Dr g n . K B FF B TR B T 4
522 1.3.2 K 16 AL G 0 Fp 04 BAR L A3 B0k
V%3P 2 5 Amp (B E 7 100 mg/L)
B TB ¥R B #: F v 37 °C 220 r/min 55 3% & ODgy
H0.6~0.8, WS fNZ Wy BT pY i W 0.2 mmol/L 1Y
IPTG, F 23 °C.220 r/min i 8 AR EA 12 hy k&
J5F 5000 g, 15 CES.C 10 min, WO AL M,
50 mmol/L Tris—HCI(pH 7.4) %% sh ¥ vh i J5 T & &
21 B T v O 816,24 32 o/ L( LA AR T i,
A+ 5 ODeo Z 8] B 8 5 324 ODgo 4 1
2% 240 b5 o 9 B Oy 0.35 /L)Y,

135 FZHdatrbs e BURBEW S LEhimA
TR O BRFEAT AL, 8 e B T W 4 W 4 I
T EEE R, 4 0.22 wm JE B Ik B I B S VR AT 0
Bro UPLC kil 2544 . (2R Cs (4.6 mmx
150 mm) \PDA Kl 5 #EA 7RI, 4G I 2478 - 6 0k
Jii s A FHH G B A A R LA 5 0.4% P TR /K 7
0~20 min,B A1 20% 7t & 85% (IRF3%0) 5 i &>
0.2 mL/min ; K003 K & 254 nm, LC-MS #2514 .
VAH €5 3% 2 B E AT, IS o M R & BE AR
qtof6550 45, 76 100~1 200 m/z . HL W5 % & 1 P 11
BRI L 3200 VR HET RS T
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Fig. 2 Transformation of quercetin into 4',7—-dimethoxyquercetin

ELERUI

21 FOMT EREMAUREAREHEHHE

TE R AT AR N 3R 7 IR R P I A 7R % 6+
T b PRI, A5 AEAE R A Bl B AT & il s34
SEEATE R AZ, %6 T ek ARG, (15
AN FUOUE LATE R AT AR P = R GRS R sk %
AN R VE Y FOMT e R 47 % 5 F Ak, ol A 254
fm HR KK, & 2 M ELE ML IS 045 S 4E L, H
Hh B 3 I 6 B (CAT) A2 FH R 2 4 A DX ) ] SC
05 B~ R B AR 5 - 0 R A 3R A AR A G R B — i
A CAT R PFAl A8 358 PR AE 1 2 9 I 2R A K7, I
BUETE 0~1.00; 4 CAI & 0.80~1.00 Bk N3N 5
HEMREMES, GC M EET LN
40.00%~60.00% .

%2 ERE®UEETUER

Table 2 Indexes after gene optimization

1 ShMOMT3 0.99 50.42
2 ROMT9 0.98 57.70
3 SOMT9 1.00 52.71
4 CrOMT6 0.98 51.10
5 MpOMT4 0.97 55.30
6 ObFOMT3 0.99 56.90
7 PaCOMT4 0.98 55.30
8 OsNOMT 0.98 58.73
9 POMT7 0.97 52.73
10 MpOMTIA 0.99 54.94
11 SaOMT2 0.95 63.42

22 FOMT ZEAMRBERIEZLTE

fii i SDS-PAGE Xf K #F# T 1%E S 8 h
Ji 20 ML P9 T M B 1 R AT R DU, SDS-PAGE 45
mE 3 iR, 450KV, KL CrOMT6 (4.07x10%) |
MpOMT4 (3.78x10*) . ObFOMT3 (3.68x10%) .
PaCOMT4 (4.15x10*) ,OsNOMT (4.00x10%) LA K 47 A
GST #5 % By ROMT9 (6.57 x10*) .SOMT9 (5.36x10*)
F1 ShAMOMT3 (6.66x10*) 2 11 /Y 5 41 K 7 1 18 rh A
M T AF A B AR 2 R A AR T AR
H AL, UL A R FF i h Be 8 v ¥ 2% 5K H
EHBEREE S, X &A POMT7 (3.96x10%) I
MpOMT1A (3.80x10%) i1 I #& 1y 7] % M 48 11 A7
Kl | e R R B /D 5 T3 A SaOMT2(3.75x10%)
() 2 B R R R LT R RE T R AL RS
10 2 W bt e R R AR TE M
23 BRO-FEWMEZRNEKR

FEE T & A 11 FORTE SRR FOMT B K AT 8
TR, IR FOMT fE1L 07 S F k4740 25 3
LTS 4 Fh F4'-OMT 4 Ff F7-OMT .2 # F3'-OMT
A1 AP F3-OMT, HEATERIE bR 7 3 A K &R
W) A TR RIS N 100 mg/L PE4T & BER: 5%, Bl A
fii 1 UPLC X & e W 647 43 B (DL IEL 4), 343 51 5
BEER HER 5 RER D 3-0-H Hif kR
LRI Rl ESE: ST RO N 2 N =¥ il ECE R
AN TR AR A A FOMT 1) 5 41 v 359 46 0 21 5 4
T o it DA R [R) AR 5] %) 77 B e, L 4 R R4 -
OMT B E LB, AT PaCOMT4 & A7 A6 il 1) £ M
F ;4 M FT-OMT W EAE T, B SaOMT2 4h,
FE 11.2 min 20K 2 B4R 38 HoAx 3 vk TR &>
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e (WK 5), g5 R EN 4 FF F4-OMT |

130 MpOMT4 P dfe iy, &M T 31.17 mg/L BEMIE R
o5 UL it CrOMT6 Al ObFOMT3 1k £ B A % 37 4t 53331
: -8 1 | | N
70 (g ¢ Ll L E 412 mg/l. Al 12.18 mg/L;4 Fh F7 -OMT |
= e ! T OsNOMT #5 &5 AL & B T 11.17 mg/L B2 2 W Fl
il | = B .~ F3'~OMT (ROMT9 il SOMTO) i f. £ il i) 5 Bl 2 %
Ml ’ }_ .l_ - o~ 77 5551 8.72 mg/L Al 8.90 mg/L; ShMOMT3 4
SEECSTR = = PG i 3-0-HHEHi 2 3R 9 4 52.95 mg/L, £
258 IR BERE ST #5 R U A PaCOMTA BT 4 ) 3K 55 %5 18
- - KU SaOMT2 HY K i AT 1 T 18 4 I8 0 R A
TR AR B H AR 7=, 3 AT AR Pk HAE K T o
M J3 & 11 BT marker;1~11 5 3K 18 43 5] 24 % A CrOMT6

ObFOMT3 MpOMT4 ,PaCOMT4 .POMT7 MpOMTIA |
OsNOMT SaOMT2 ,ROMT9 .SOMT9 FI ShMOMT3 Z& [1 ) = 2
PR R R K Y AT SR T

E 3 SDS-PAGE % if FOMT & A &%

ANREA AT PR R A B A TR A T G vk

FEREACTE PR i) B AT 52 B FOMT A7 78 IR 4 fi 4

PEZE S N AR PR FOMT X e 28 i 40 1) 5% A
] RE 23 B AR AL R, T B H AR

Fig. 3 Analysis of FOMT protein expression by SDS — [i] ) 26 S0
PAGE 24 4 T-“REEMEEHEH
2401 REVRAORF A 4 T-=F R ML F S E

SOl G 1) e B 2 R\ 3-O— P LA Bz ZRAH N e o3

OrHT RN 4 Fof ) AR LA I E’%?ﬂl"uﬁ 2,

HE— IR T LI A5 AL
EiiN /S 2 Al e =i

SR ACEEE DN IR P RS x sl
i it MR B ER 1 (OsNOMT) 5 #5  2 (MpOMT4) 4
R R Y, 5T 4", 7-— W S SE 4 2 A L

i UPLC R MIE R Pty fb , 76 40 B 4 B 16 /L (L4l 5
D-PaCOMT4
D-SaOMT2
D-ObFOMT3
D-MpOMTI1A
D-CrOMT6
D-MpOMT4 D-OsNOMT
D-POMT7
- - , FRfE , . , , , . b
10 15 20 0 5 10 15 20
#/min #/min
(a) BEAI T 5 (b) AR

4T-ROMT9 S— - 4T-ShMOMT3

3-O- AL e 3
i ; : R . , . At
0 5 10 15 20 0 5 10 15 20
/min /min
(c) TRl (d) 3-O- I JEA 2 3%

D HAT Sy B0k 4 1R 44 PR 47 S

B4 478 O-FEMEE UPLCHUER
Fig. 4 UPLC results of four kinds of O—methylated quercetin
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sources

i), WK 1 KT TR (W
6), 4iHF , MpOMT4 nl FIH BRZEZVE MK, 1M
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W R 16 /LA TRt ) Bl 1 S5 2
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15.75 mg/L 4", 7-—F S SE M e 5 A e iR s e 2
4, fiEfk 4 -OH H 3efb , FEEs InBE 8 1 40 i 2E 17
HEAL, RBEW O RAG IR 47,7 F S S R
A, X T B T 3 4/ -OH 1Y H 1L S BH
TSR KA, S8 OsNOMT ik 5 HE &k
HAHEAR ISP . BFST & B FOMT ELA P24 (AL £ a5
Fi SRR D5 v, — Bl FOMT H g 45 5 1 b 4%
ARSI Y . Kim 2558 1 76 KA i
# RSOMT 3t ik 48 4k & B, ROMT9 KN HELL 4/~
S B ORI, T SOMT2 REM% L 3'— H 45 S
B R, AR P A B 2T Y 06 T 2 R
Y1 FOMT & 74 25 49 43 r & W1, AS [m) A 400 ok U5 1Y)
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Fig. 6 Effects of different addition sequences on 4',7 —

dimethoxyquercetin yield
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Fig. 7 Determination results of 4’ ,7-dimethoxyquercetin
by UPLC
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Determination results of 4',7 —dimethoxyquercetin
by LC-MS
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i, ¥ 5L PBS 6.0(pH 6.0) .PBS 7.0(pH 7.0) .PBS 8.0
(pH 8.0) .50 mmol/L Tris—HCI (pH 7.4) 2% Mg i 17
XiF LL s 76 40 M T e B 16 /L (AR T it ,
B 1 5EH 2 Bt 101 S M T R mE (L
K9), 455K, 7£50 mmol/L Tris—HCI(pH 7.4)%%
il 477 Z W AR R R e ROE, o 15075
mg/L; 7E 3 FAN[E pH (4 PBS 2% vhii b & W45 A
/N, 7E PBS 6.0 .PBS 7.0 .PBS 8.0 ZZ #hili h 4',7-—
FH A0 B B 2R B s vk B2 43 ) 10.57,9.64 .5.68 mg/LL,

201

—_ —_
(=] w
T T

P/ (mg/L)

W
T

0

N
o0 A % <
57 B S X

B9 FAEEHR4,T-—HREEHMEETEXN
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