GO/ I U - S IER LEMEAMBEE 3-O-EEB LT EMNHRHE
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Jun. 25, 2021, 37(6): 1900-1918
DOI: 10.13345/j.cjb.200769 ©2021 Chin J Biotech, All rights reserved

- TEESRITNRERAE -

fLERE WX, PEESHFREDARIIALRT. HEAFIH, TZ2ANEFRAY
W A S RBEAAREDN TR, ZELF0RE, PiFEH104R (FM57),
(£ TH25M) %%, ActaPharmaceutica SinicaBf» (¥ %) FF %%, %
KPR BFAMFHEARL =FLPPALZAREFRRZTHEFADINLTE
MagF RKELBHI0OAA

3-O-

EEHE, L%

o B 2 b2 B &AL T A BE 2 B 25 T 3R T RARZGYIIG W R SIIREE R B A LR s EE UAEER RS KR
YA R E S K=, Jbat 100050

TR, FLEE. M A R 2 3-O-BFTF BEAL (LT A W O WS I8 A4 T AR 24, 2021, 37(6): 1900-1918.
Wang XN, Kong JQ. Enzymatic synthesis of acylated quercetin 3-O-glycosides: a review. Chin J Biotech, 2021, 37(6):
1900-1918.

W OE: MALO-BER—ETEUMEEBETLENLY, BAREL. RE. REFRBEF S HLEHS,
EREMESYE ThMAF TORFLRIERBDE., GTI, #EFE 3-0-BHFCLERACNFHMGETZ LR
Z—., R, BAKG A AR EIRS T MAEF 3-O-BF AR, #IBHFFLY E 7 20E A, AR ZRELEH
A WA R, BB S R R R —, mAMEEEDRRFME E -O- A ITAMY TR
. PR T BRI E 3-O-EH B R T K, TEGERT 4 A REHATIR BEIT B e T LB (BRA 4%
BB, RIFBE. OB, BiBE) Ao w0 A MIENT EME X 3-O-MEF AR a9 BT T 9 R, FmEET
BRI ALS A A iR & 3-O-F A ME e Hrn, shob, B4R & 3-0-48 B85 09 5 20 R 7 ik A4 5 %
HALHAT T 3138, A AREFE 3-0-48 5 £ A ey L5 Misih . AR S5k,

MR E, BMEE, FT, AR T, B, A

Received: November 13, 2020; Accepted: January 27, 2021

Supported by: National Key Research and Development Program of China (No. 2020YFA0908000).
Corresponding author: Jiangiang Kong. Tel: +86-10-63033559; E-mail: jiangiangk@imm.ac.cn

E R E A& TR (No. 2020YFA0908000) %% 8.

[ £ H RR A ] : 2021-02-23 [ 4% Hi BB AL - https://kns.cnki.net/kems/detail/11.1998.9.20210222.1633.011.html



IER SEESHREE -O-BEBEMITEMNRAIIHE 1901

Enzymatic synthesis of acylated quercetin 3-O-glycosides:
a review

Xuening Wang, and Jiangiang Kong

State Key Laboratory of Bioactive Substance and Function of Natural Medicines, NHC Key Laboratory of Biosynthesis of Natural Products,
Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China

Abstract:  Quercetin 3-O-glycosides (Q3Gs) are important members of quercetin glycosides with excellent pharmacological
activities such as anti-oxidation, anti-inflammation, anti-cancer and anti-virus. Two representatives of Q3Gs, rutin and
troxerutin, have been developed into clinical drugs, demonstrating Q3Gs have become one of the important sources of
innovative drugs. However, the applications of Q3Gs in food and pharmaceutical industries are hampered by its poor
bioavailability. Of the known means, selective acylation modification of Q3Gs through enzymatic catalysis to obtain Q3G
esters is one of the effective ways to improve its bioavailability. Herein, the enzyme-mediated acylation of Q3Gs were
reviewed in details, focusing on the four tool enzymes (acyltransferases, lipases, proteases and esterases) and the whole-cell
mediated biotransformation, as well as the effect of acylations on the biological activities of Q3Gs. Furthermore, the highly
efficient synthesis and diversification of acylated site for Q3G esters were also discussed. Taken together, this review provides

a new perspective for further structural modifications of Q3Gs towards drug development.
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YGRS R BERIE YE R R W, 7EH
SRF FE LB B AT . Wit R 3-O-H i
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n LR AR i R 3-O-BE AT BRI I, Mo
YIRIHEE , 5 B REL UM, nl LAt
— AR E A R RO B, R BT R BT
G ARG BRI P AL R SR % 3-0-
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Quercitrin

Isoquercitrin

OH

Quercetin 3-0-f#-D-xylopyranoside

Rutin Troxerutin

1 WEERKRFUEMER 3-O-HEHMEN

Fig. 1 Structures of quercetin and typical quercetin 3-O-glycosides.
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M EEDr . HEG, CIFRH 4 FhBESATH 2 R
3-O-MHF M T B T HL I, 23591 D 1ot 2
Feroms . NEWimE . 5 e LR

1.1 EERBE

FAR S, R ™ 4 1) T A A 1 3
BRI L R I /5, B BAHD PB4
B % (BAHD acyltransferases, BAHD-ATS)
FI SCLP Wt #5 Wi X % (SCLP acyltransferases,
SCLP-ATs)!™l, MHamEIL AL AR A [F], BAHD-ATs
dE — 25 4y O Y A TG R L % B8 B (Aromatic
acyltransferases) H1fig [l ik it 5L 4% B2 i (Aliphatic
acyltransferases) . 5 7 i Mt Ik % B il A1) FH 5 75 ok
WG A VE IR, dn BT A (Cinnamoy!
CoA). 7 &[4l A (p-coumaroyl CoA) . Bl ik
il A (Feruloyl CoA). MiHERL4iEF A (Caffeoyl
CoA) FIIF Tk A (Sinapoyl CoA) %5, BN
W Tk 35 2 5 T D) 1) P AN [ e e < 1% g s Pk 2 Tl
A TEREEIEALA, I B4#HEE A (Acetyl-CoA) Fil
N B4R A (Malonyl-CoA), 7E H i & il 1Y

% 1 BAHD-ATs L BIHI 7 2= 3-O-1EHEE RIS B
Table 1 BAHD-ATs-catalyzed acylation of Q3Gs

BAHD-ATs H1, /04 14 AR IR TR R 0 Ff ) Bt
FE T Wl M e R 3-O- BT B AL T
(1), 145 7 IRV BAHD-ATs #1 6 05
%) BAHD-ATs. A1, X4 BAHD-ATs 4 #H
M BGOSR YRR F R, R R
3-O-FHF = B AR i fb ig M . a4 Mk,
145 vhamati™ | Lp3MaT1®¥ | OsmaT-2!* |
3"HCTM 4"HCTRALL K2 6" HCTIM R S 4 Az 1 L
W AR BE 1 o SCLP-ATs NI L 1-O-p-7i %54
Fa RS fL IR, MR FES S TIEE RN
WESRLAR B M . E AT % A & BN 8 A Bb 1 A5 Tk AL
16 PER) SCLP-ATs,

1.2 BEHAES

&G (Lipases) J&A HLA A H e # Y K
fpms > —0o AR TR . S A BE Y R
FUARSMETR e A i g b A% H-3h — R K fge i
BENG IR AH  . AHAEAR KA B b, g D A e
ARG AL | 2 T ARG S fh 2 306 iy Sz g 200, T ok L 5
M DIRERE) 12 H T R 3-O-FE LA B 1

Acyltransferase Donor Q3G acceptor Species References
Aliphatic ATs
Vh3MAT1 Malonyl-CoA Isoquercitrin Verbena hybrida [11]
Lp3MAT1 Malonyl-CoA Isoquercitrin Lamium purpureum [11]
OsMaT-2 Malonyl-CoA Isoquercitrin Oryza sativa [12]
Dv3MAT Malonyl-CoA Isoquercitrin Dahlia variabilis [13]
Dm3MaT1 Malonyl-CoA Isoquercitrin Dendranthemaxmorifolium [14]
Dm3MaT2
NtMaT-1 Malonyl-CoA Isoquercitrin Nicotiana tabacum [15]
Aromatic ATS
At3AT1 p-coumaroyl CoA Isoquercitrin Arabidopsis thaliana [16]
At3AT2 Feruloyl CoA
Caffeoyl CoA
Sinapoyl CoA
3"HCT p-coumaroyl-CoA Isoquercitrin Pinus sylvestris [17]
4"HCT Hyperoside
6"HCT Avicularin
SIFdAT1 p-coumaroyl-CoA Isoquercitrin Antirrhinum majus [18]
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Iz A 2 3-O-FE 1 FR R ML A B
i 15 iy 32 AL 4 m A i 22 B2 BEBE i B Candida
antarctica lipase B (CAL-B) Fl3 I T 24 {15 A g
HHIIEWTHE (Pseudomonas cepacian lipase, PCL)
(3% 2). CAL-B Re¥Z IZIMIEY, HAKSEMA
ML 32 P P 1 1 5 K 2 B8 Wi B AR L
CAL-B [ il /b3 55 16 P07 55 10 35 - 1 A oA
FHHENOE RON , X A5 T RS 76 BRAH VA A v
BRZ b T AL RSP Tl B, TR
JIi I T P 4 AL RS M RN B 2 R RS, CAL-B i 9
il 28 B2 A R mg R . Hod, R AR
T E 24k CAL-B J& Novozymes A ] & )
Novozym 435, i B7EM 2 2 3-O-Wi 1 iIARSMEEAL
AR Z o PCL WIS —Fh 2 16 i
FEFR 3-O-HitrEerAsNIiEE, HAS Amano Aw/LE
W HIF R B a] FH T RAR Wk B Ak i e 7
1.2.1 PEEERZHE

JE Wi XA 7 2 3-O- BT A I AL 18 1 B A
PSR | LA 0L 50w B i g Ao
X (A, fhy BRI EHEYIMC. AR (C6"L)
FETERE, H TR B B 1 SO, I P A AT 20
CAL-B i Ser iy i%fi i . Salem 222k Ly sz
TR s AT R B DS T R A
CAL-B 15 fitfb & 67-O-Ftf e HaT et .
— RS RY], HBRA AR, 5 RN
DR (n C3"fL). YIRYIh A T, T
T AT AR, CAL-B E/EHTH R
LA AL 4 i B C37-OHZIHI C4r-OHE4 2T,
o [7] I 4 2 T E R A7 PO

AN TR B9 R T T X G 0 1) DX 3 o B M A AE 22
5. CAL-B Fll PCL Xf#fit ¢ R 3-O-M 11 11 T M
SRR HAT AL e P70, PCL i Bz &
fy 3'4'H 7-OH HA & 1EP, CAL-B ] DAL
et e R AT, BIRALRIAME R B
3'-OH il 4'-OH, 1521 i 1 IR R 1T A 40 9 L1911 249 2y
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31 128 PCL W] L Z WA S B2 F5 /Y 67-OH, T
CAL-B WA DL Bk S Bz HOE 4 By 27-OH,
3"-OH F1 6"-OH.

UEAh, 552 Uk it 2 X6k 7= fg IX 3l 3k 428
FEAE R, B L2 A A R 2 s A
P o AR 5 Z AR EE R HE Sl 5 ¢ 1B, Chebil
21OV r T S B AT RO, 7 L B
> 63%711 37%. Danieli 2P0V {14 5 52 (R BE IR
1001 BIEMETFAREIT 79%H) S R AF-37,6"-
O- L TRMg. Akl KUK 5 Z IR ER L E
40 1 15, DRI DAME— 2046 ) S50 Bz 15 Y C6™,
C3", C2"-OH =MibfiE®), ki, i@ iis
Wi JiE A T BT U G T A A T R AR
SZUREERHC N 40 1 M4BT, Wang 257 Bk
B TWRER TR, RN HREMY, (HR R4
LR KIE TR, MR w2 T B
fift AN 56 A BB o 7E BT I A IS ) kR R
(10-60 mmol/L) 14,10 mol/L Hydse A3 i s My ik i .
1.2.2 WeEftk

FEM 2 3-O-B R A il 2 il At b, MRS
A1 S50 A0 e B 85 o 52 Iy 3038 7 A A K B SR
T5 DL B TR S AR A A0 3 AS [R) P A A i A e A
JEWimR (Fatty acids), #%$EZ (Decanoic acid,
C10). H#:# (Lauric acid,C12) FEHER (Palmitic
acid, C16). jilif2 (Oleic acid, C18: 1), a-WJik
% (a-linolenic acid, C18 : 3) DA K5 7ME . HAh,
AL AR 2 d T H T i 3 3-O-Fh 1 mg 4=
WER (R 2), N2 AT (Vinyl acetate, C2)
NBR M TE (Vinyl propionate, C3). TR Z /s
(Vinyl butyrate, C4), JJ 2 £ 4Hg (Vinyl laurate,
C12). #EHER 2 Mg (Vinyl palmitate, C16) Flfg
NEWE 2 Mg (Vinyl stearate, C18) %5, FEMEAc
R, CIRTERIE A RN ALA BRI 2
A5 B BE A% A8 S5 b A I a1 1) T, DT 0 S
1 R TE R ( 2).
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*2 BUHBNSHAETEMSHEEENEYEH
Table 2 Lipase-catalyzed biosynthesis of rutin and isoquercitrin esters

Enzyme

Acyl donor

Operation condition

Acylated site

References

Acyl acceptor: Isoquercitrin

Novozym 435

Novozym 435
Novozym 435

Novozym 435

CAL-B/PCL

Acyl acceptor: Rutin
Novozym 435

CAL-B

Novozym 435
CAL-B

Novozym 435
Novozym 435
Novozym435
Novozym435
Novozym 435

Lipozyme TLIM
Lipozyme RMIM

CAL-B

Novozym 435

Novozym 435

CAL-

Fatty acids:

monocarboxylic acids(C4-C16),
dicarboxylic acids (C2-C12)
Fatty acids (C18-C22)

Fatty acids (C4-C18)

Vinyl acetate (C2)

Vinyl acetate (C2),
vinyl propionate (C3),
vinyl butyrate (C4),
vinyl palmitate (C16),
palmitic acid (C16)

Vinyl acetate (C2)

Fatty acids (C4-C18)
Unsaturated fatty acid (C18)
Lauric acid (C12)

Lauric acid (C12),

palmitic acid (C16)

PUFAs (n-3 polyunsaturated fatty
acids, C18-C22)

a-linolenic acid (C18 : 3)

Palmitic methyl ester (C16)

Vinyl laurate (C12)

Vinyl stearate (C18)

Oleic acid (C18 : 1)

Fatty acids, dicarboxylic acids and
w-substituted fatty acids (C6-C18)
Vinyl acetate (C2)

Fatty acids (C8, C10, C12)

Decanoic acid (C10)

Acetone
45°C,2-24 h

Acetone

45-50 °C, 12-24 h
2-methyl-2-butanol

65 °C, 72 h

THF, acetone, dioxane and
mixture solvents with pyridine.
45°C, 60 h

Acetonitrile, acetone,
tert-amyl alcohol

50 °C, 7 days

Isopropanol

60 °C, 96 h
2-methyl-2-butanol
60 °C, 168 h
Acetone

50 °C, 96 h
Acetone

20-55 °C, 120 h
Acetone

50 °C, 96 h
Acetone

50 °C, 96 h
Acetone

55 °C, 60 h
2-methyl-2-butanol
60 °C, 80 h

lonic liquids, acetone
50/60 °C, 96 h

2-methyl-2-butanol

60 °C, 150 h

THF, acetone, dioxane and
mixture solvents with pyridine
45°C,45h

solvent-free, acetone, THF,
2-methyl-2-butanol, 45 °C, 45 h
Acetone, tert-butanol

55 °C, 96 h

6"-OH
3",6"'OH

6"-OH
6"-OH
3",6"'OH

PCL:
6"-OH/4,6"-OH
CAL-B:

6"-OH/3",6"-OH/
2"]3"]6”_OH

4"-OH
4IV’4HI_OH
4"-OH
4"-OH
4"-OH

4""-OH

4""-OH

4"-OH

4"-OH

3”,4”"OH

4111_0

[30-31]

(32]
[22]

[26]

[29]

[33]
[24]
[25]
[34]
[35]
[36]
[37]
[38]

[39]

[40-41]

[26]

[42-43]

[44]

* THF: tetrahydrofuran.
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OH OH ol
oH OH O (@
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I HO - O HO OHY
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B2 BERiEN S5 H MBS B L8 1R 775515
Fig. 2 Lipase-mediated acylation of isoquercitrin*“?l. (a): esterification mediated by fatty acids or aromatic acids; (b):

transesterification mediated by vinyl esters.

P 3 (LA K A 1 2 oA Bz 26 3-O- M i A
£ I AR A 50 . Viskupicova 25 PRIESE T g 1
fREE K (C4-C18) X T HRIE s . 4553
B, k8% . HPEEIRINER (C4-CL12) S5 T I milE
MRS E, YIRT 50%. B I8 R 5 K i3
fin (C12-C18), 7 I BREE AR B Wi EL . Salem
2 L22VRIE 5 7 M e A S B 5 I 3 ) S 1 R AL
HORMFE . SR L, F LR BT 5 I R B3
PRROSER:, SEEIL P N T R £ B AE b B A5 IR
MG, AR 66% F [45 5] 38%. [RIFERY,
Katsoura 259 138 T2l #%, CAL-B 755
TI M Hp R i R W R AN 2 M iR A B T ER Y
T AR e IR SE R HLAT B R AR 2 65%.
Ziaullah 2:B21) Novozym 435 Ak, LhK-4
AEF AR IR (C18-C22) ML FLftiA,
ik Bz T iR B4 7 R Bt B BB I T AT R R, T
B 2 1 1 4 N8 7 R Bl o i 9 1 AL L 7 A 5 ) T
. KT, Kontogianni ZE1AH], 7EA A4
ZT, IR (C8. C10. C12) ffk T Harvi%
R S ABE M K WA B R, M,
Ardhaoui M0 45 20, % F C6 2 C12 Z ][
TREEAC B, O 355 Bt g 7 PR B < ) 185 s 33 o
YK AR (C12. C16. C18) Mt A:fit
PR, BB 4 X B AL A U R WA B Y
Wi R, BRI G AR BE K X e AR B R i A 1
ANRE— MRS, H 2= 5 nT RE 2 W 3L b 5 =
M. BRI RS FE AR . FE S RE YA
wemgrR, MTHEE (C8. C10. C12) My¥:ib Rkt
KA 38 sz i, (2 3 2 O kil R s )

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

SEIAH SRR SR 2 SIS 0 R BT B
RENTER BEH S C10 Wy T Fe A Bz 4 F D) HL A e
PN 2 U

P Ak B 7 F) P e s HCR: R R P A RS =
ALY T S5 AR R B, CAL-B 4L A E
(i3 i i U S R R S O TR
ik EIEEUCBIREITRY. AN, YRRt
N ICRIRIN , T AR IR TR MO TR BE T ¢
B ZICR R 9E Novozym 435 FFR,
n%EER (Oxalic acid, C2). N —F# (Malonic acid,
C3). BEIAMR (Succinic acid, C4) FIF T 4 — &
(Maleic acid, C4), {H Novozym 435 A] LAF|F C5
2 C12 W ICHRFR A BAH I Y S i 1 18 — i
Fig . © RREE AT by REECO. Mk KR
C6 3N C16 B, /T JCERBRTR 1 5% Tk % U] )
48%3 %1 87%°), B4k, CAL-B XL AT
TRRIEA N BEE T T A M, ik
., CAL-B A5IEHE LRI (C2-C4) Ntk
FEAEAR A Dt DR AT g2 AR Pk A R, i B e
FERIEG TN, ZIeRMRAEIETEZ WG K, [HIRE
fi T CAL-B 155 AK M A0 IR & 2R T I K 3 45 45

J3— 7, BEEAHA S R 3-O-FF 1 Y EE
IR EE X I AR SN, A RECR AL AT S 2550 o 1 A T
FEALAAR T BB 42 SE R 1k SN A IE ) iE AT, A5 2 &
fE Ak <8 Ziaullah B2 58 1 A ] A 1ot S 1t
R L, 4 St 1 I AR BE R LR 10 5 B,
T B P ST () DA S B 8 4 B A SRy A L Y
B WA, ZH05 T F1 SR 1 B A A 1 e 1A
WHRAE 1 5 BSAE T g7 aylea2e4249
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1.23 MM

CAL-B /™3 1ifit fz & 3-O-#l 1 1 I 3L 4L 75 R
FH N i (Acetone) . 2- H JE-2- T % (2-methyl-2-
butanol) . —4/N# (Dioxane) FELU T (tert-butanol)
SR o X R BRI R . IS, RS
= IV R A R Bt AT 4E 45 CAL-B 1L TS
A0V T B S 0 A5 v e A R (L e I
(Tetrahydrofuran, THF) WnlgECE:AE N CAL-B
A O R L (3% 2),

JUETEM R 3R 3-O-BH 1 BE AL Sz Hh 458 FH i)
A B ARE] B Ay 1 5 1 -4 ) B 4k D 1) B8
Bl WD KA SN R RS, 2T BR i N A
PR EOKE . — T, R AR e AR i oK AT
REAE R W 28 P Iy Tl A it S 0L R K A, DT
RERfb %, B — 71, Koyl IR A 1E
FHE SR e 4 5 T AL S . PG,
AT 7E 5% A 238 5 Tl I M =2 1) 4 3] o 5 1) 5 /K i
R B OCHE R . WHE R, AERRIREE S T He
GG, MEUKEMN/NT 200 mo/L S HnEIK
T 400 mg/L B, F Ak 2 i fe =i B 76% I F£ 2 55%.
X — IR A AT B SR Z oK T B A R 2
b A5 51 Kontogiannia 25%1% 31 Novozym 435
TEKTEBER 0.11 (9 T4 BT b B fe s A AL
ISk, 8 POs KEAEHET 18-20 h B AE S i s i
Gy, YIREAT A R R R 0 ) S I R B

1.3 EAs

B A AR A 06 P LR i AS TR B o 242
RY v 22 1 R AR 1 I SR ) A R D R R 1 I
(Subtilisin) 25 5 4% 0 6 5% B B 1 g A T
E@@[49,51}Q

Daniel Z1 BAPYHFFE T Subtilisin % # i B 17
AL e ENE DL =3 T BRER AR M ISR fIh A, 1t
A AT e A= AE S K2 %) 67-OH Fil 3"-OH ., B
G, FERIFERSMET, A ATEr % — R 50 # 0
AT THRZE, e A T T 3"-OH
RiHEWy . A7 T RS R v ) B2 5 AR 4

% : 010-64807509

FER O B AT AC S, BIIRY) iz % -3-0-p-D-
WAL (1-4)-RZHH BT, Subtilisin A91EH
DL EATS ALY 3-OH. SR, 244 Bk
Bl R 4 R R R 2R R R ZR B, EURE S DL ORI
FERNE R AR, TR A8 50 W0 AT f e A 2 B
1) 6-OH =BT HAIERERY 4-OHY). Danieli 252
A FH Subtilisin 78 54 Kz 11 (1) 3"7-OH FE B A7
B AN IR ESSRIE, 53] 7 M A9 5
FADSUACTR B4 o Bl 5 7 25 i s 8 %) 4 T %
IR LA T PR K A o a1 — RGNS B S e &
1538 Hn b &9 S iz 11 -6-0"-(3- 05 FE N - 24 i)
A . AN, TEMLRER WY, Subtilisin & BEAHS
ML — 20 —RBRF T 37-OH B4 &1,
BB e N T
(Troxerutin) (/& 1) BIBESEALIEMT . Xiao 250
FEAERA B & L T — RS 5o T B
PAA A BRI — 20 R REE (CH,=CH-00C-
(CH):—COO-CH=CH,, n=2, 3, 4, 7, 8, 11) Wikt
MERA, DA 2 0 AT 181 A IR ) B 25 11 T ik
F, EMTES TR 4B CE I E T X Bk
fEfl . 5 EH, I RE Ay X B B AR = e
PEARBE R A RZm . AN, RS RN B0 a2
P A 7 s R PR MR L Y T, HER A b 3T v
Pt Ak S R L A T B LR S DR AR
P AE 7 A R XA A 2 R 7= AR A [ R B 1 5
M, Bl eI AR BE K C13 [FR{IKE] C4, X Lehh
TR A P T 2V 3 3R B A5 S T A R 50 o g
i b, LSS T ) OO0 R ER IR AR 22 R B
(RWE . HIZEWRIE . Mgok) sy, Wk T 10 Fp
T R (A IR He Ab B o 45 SR R BH I e Ak 18 i 35 %
HETE O HETREE b, Al A 20 A A e R ) Y
Mhve s T4, bRl LS-10 fifb & 5™
T e Ol LUK G DT R ) 2 s T NS g D
PR R RS A4, I AR TY T B AR EE 1 |
FEIR Hef . 25 7K & DA R i % Bl ve 2 T R Y
SEM o YIERE B K S/ T 1% BRI A 552 4k
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FEJREE oM 3 0 1 HAEU M B 1 A 2 4 30 mg/mL B,
EEAY SRR Ik 3 f (B 58%. Fifi 5 ok LA ) B I
C6 14 %] C18 I}, 772 58% T[4 17%°7,

1.4 F&lg

P g ZE A B2 R 3-O-Hi 1 1 (AR Sk L A0 A& 1 o
N R AR X D, B T LA T e A
AR GE o R TR T £F 4k oK i 2L B IR K &
Trichoderma reesei i) £ R Bl AT fRE AL = T 9 IBEAL S
I, (B RETR B R IR 2T A T SE AL AR

SA b, R R TR 1 TR A S il K 2 AR K AH
A R AT, X AR MM R 3-O-FE R I
RN AR ARy T2 N 1. SR, M R
3-O-WiTTor Tl EHE B %, MEETK. IR T %
FALEUAEARA P RSNRALACR . IEAh, BEEE:
oM F B e Bt B T L AEM R 3 3-O-M T 4
HMEFIEmEAL TP R o B A, BESLEE RS T A B
PIMESEREE A VE LA, ARt 2R 3-O-H4T

®3 EAMMEBNTSHOMEER-O-BEEHEMNEM

P A SIS AR il 2 o LR, AR IR A TBE S 5 72 Tty
HATER =A% LA R, BRI T 2R R
3-O-WH AT TR A il 2% o 38 717 50 R 107 1 Ik Sk A B ity
SR AT T R A, 5 A TR IR A R K 2 A
FHEIE AR BEARG A FER A (R 1),

MEZT, KA S A . guet:
Vo2 W DI B | R RV R T 22 DL R
TR TR R S S A AL R
B # 3-O-HETF IR ANE LB i . 124 Ik, Bk
B3 FloK AT LGOS B2 3R 3-O- Wi Y I
b, BLFEAG NG . 2K RS A

SRR . BRI By 205 R 107 A7
225, [HEAT¥EA B Asp/Glu-His-Ser 41 i i
b = BRAR S5 K AR TR AL AL, B B 0 3
MEEHRALE (Double displacement mechanism)©,
ST, Al —HRARZE ARG e (1) 22 SRR AR L (Ser) B
HEFR (His)- KA (Asp) —HAAIGL, TEAL

Table 3 Proteases- and esterases-catalyzed biosynthesis of acylated Q3Gs

Operation

Enzyme Substrate - Acylated site References
condition

Subtilisin from Bacillus Donor: 2-chloroethyl methyl succinate ~ Anhydrous 6”-OH: 3"-OH: [52]
licheniformis (C3) pyridine 3”,6"-OH

Acceptor: isoquercitrin 45°C, 7d (45%:5%:5%)
Subtilisin (Carlsberg) Donor: trifluoroethyle butyrate and Pyridine anhydrous 6”-OH: 3"”-OH: [51]
from Bacillus cinnamate 45 °C, 48 h 3”,6"-OH
licheniformis Acceptor: isoquercitrin (20%:13%:24%)
Subtilisin from Bacillus  Donor: trifluoroethyl butanoate (C4) Anhydrous 3"-OH [49]
licheniformis Acceptor: rutin pyridine

45 °C, 48 h

Subtilisin from Bacillus Donor: trichloroethyl butyrate (C4) Pyridine anhydrous 3”-OH [58]
subtilis Acceptor: rutin 45°C,8h
Alkaline protease from  Donor: divinyl dicarboxylate Pyridine 3"-OH [53]
Bacillus subtilis (COOCH=CH,-(CH,),-COOCH=CH,, 50°C,4d

n=2, 4, 8)

Acceptor: rutin
Alkaline protease from  Donor: divinyl dicarboxylates Pyridine 4'B’ ethoxyl group [54-55]
Bacillus subtilis (CH,=CH-0O0C—(CH,),~COO-CH=CH,, 50 °C, 80 h

n=2,3,4,7,8,11)

Acceptor: troxerutin
Alkaline protease from  Donor: fatty acid vinyl esters (C6-C8) Pyridine 4'B’ ethoxyl group [57]
Bacillus subtilis Acceptor: troxerutin 50 °C, 80 h
Acetyl esterase of Donor: vinyl acetate (C2) 2-propanol Rutin monoacetate [59]
Trichoderma reesei vinyl propionate (C3) 40 °C, 66 h Rutin monopropionate

Acceptor: rutin

http://journals.im.ac.cn/cjbcn
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FEAZ T R YO P R S A B Al (RCH,COORY),
e G-I E G . 2EZA6MhH OB+ 5iE
PR BT A % BH B T3 (Oxyanion hole) 5% 3k
FRY-NHOE U B, AR A5 A8 0 I T AR i 9 2
(Tetrahedral intermediate 1) U i {4t I 25 i 40 A i
SERAEWR, TERBEE-REE 59 (Acyl-enzyme),
[F] B BBl = R"-OH. o5 — 36451 R”-OH
HE I - T 5 5 W, T8 BB % D TR a] A
(Tetrahedral intermediate 2). [ M\ iZ 9 1] {4 b g 125
ok, TR B (Free enzyme), JFREMCHHTHY
1) RCH,COOR” ([l 3).
RUEREALHLEI B A AR, HiX 3 Fhigfe
S = N L S Y N R [ I S I R N T
PESE RN R 2R (R 2. 3). SN
U3 MRS =N g g R A R ER X VA W (VA B - = i
TR, ] BE L AR Ui g S S 4 5 KRR

NH Oxyanion
Y hole

KRB0, 8 i Tl R 1 B R R B
SEEEE . R IR D EE A Subtilisin X5 % S 2
A 67-OH B feoim py v, (H G i g
G T B 4'-OH, Tii Subtilisin W % = T
N F W4 PN 00 (4 75 45 05 37-OH HLA It S iR 51 BE
J1. BEAk, Subtilisin B EAK B BEIL AL 5 SR Y
1) 485 PR IR A7 TR B R R IE 21, AR I 35k 11 &5 4 e I
WY B 114 32 B2 AN s 11 A 3 6 LA 1 3 5
G- AN

i P LE RS B Ji B2 28 3-O- W 1 i v 14 iz
VG FEBAZ R, ARG E WD, — 7,
i T 4 155 0T (SR AR P 2 i O T T 4 A TR £t
A, 1 R W R A B AR ARTE BBl A T, B AT
FrhREEIENRE, B—Jrm, M=, BBl
fitg B AT R AT A ML RIS 32, B H AU D4k
I P T R A% ZE AR K R e h R HEVE .

NH Oxyanion
/ hole

R / __-NH ;
0= R g--NH
0 Ser fk g\//
Aspm Q \) O-R Asp” "0~ Ser”
Hyﬁy\’;l\/H H‘N/w
Tetrahedral \’d(His R"—OH His Acyl-enzyme
intermediate 2
R'—OH
R\)J\O/R Oxyanion
INH hole
o R [ NI
0 R AL R o O
A )]\O Ser 0 /U\ Ser\o
sp - N
& /-OH k Asp 0 \\C,O-—R.
Free enzyme Hoy"SN < - Itltgé\N/H
— \;1{ Tetrahedral
His His intermediate 1

3 FEEEMLRRELBREEELIT

Fig. 3 The catalytic mechanism of transesterification catalyzed by lipases or serine-proteases.
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2 AHEENEL

S8 I 1D Tl 55 /K Stk AR e 3R 3-O-BH H TR 19
RANEHE & A DE T C 8z, (AR il &
FR) Pt b S A AR o A WL R R gk AT, S i il
IREEIG Y, HNH T R H A K 1 i A2 il A1 A
W o A an itk WAl 0] v — e AR E bR Bk
[F) i, PR ok 2 SR IBUR K 2R 3-O- 4 1 Mg F) — i B
STE . 245k, WHTH R R 3-0-FF RS
Il R 7/ 1 A A IRV T A R 2 /O]
Pseudomonas stutzeri GIM1.273 . %¢ G BA fifd i
Pseudomonas fluorescens GIM1.209 ., i 115 2. fifg
Pseudomonas aeruginosa GIM1.46 Flik 5 254
FF# Bacillus subtilis GIM1.135%%2 | {iij £L 1% 44
i Ak 70 ) 40 5 /0> 78 #R % Rhizopus  oligosporus
GIM3.515, i1 Aspergillus niger GIM3.25 ., %57
% Penicillium citrinum GIM3.100., #£4%% Rhizopus
chinensis GIM3.440 . KR % Rhizomucor miehei
GIM3.544 . >K#i%: Rhizopus oryzae GIM3.509, >k
HH%#5 Aspergillus oryzae GIM3.5232 Fl & EkHh 22 1
Geotrichum candidum GIM2.21%% (32 4),

x4 MM SHOMEE -O-BEHEMEMEL

Table 4 Whole-cell-mediated biosynthesis of Q3G esters

V5 ) 1 1B A A K AH 2R W A Ak ik 1Y O B T
ENNEC NS AL )7/ hrs 3 SRS A kLS |
HEALTE T . MR 2 3-O-FE T HoA S i bk
D] e e A A iR A A BT R R L A . AR
M, SRARCPEA AL 2 5 8 s O gs 5K
MEAER, MEAKERERT 1o, GLEsH
) I A, 2 572 40 L RBREF 5 E TE RA ILTR AS
W, T ERE NS AR P Z R R G &R, Xin
2 TSR 1 2 20 i 2B AL U 7E — 0T RIAR & o
XPHSE = T o T SRS A AL S i AT R D R
MEfb i, kXt 15 FhE bk i B s PE 1T I
Wi, JEA T — ] IE S A B AP 500 R Sk K M
I ool AR R, ATA R T 44 6 Vi g
FaE PEIF P m A RIS s R . LA e TR
WAL P. aeruginosa GIM 1.46 Zi a7 E /KA
B e s e A, AR R T i v T R
NBREE (Troxerutin monoester, TME) FIYR =4y ith
T TN ERE (Troxerutin diester, TDE), il it
P oA ML R B9, & IR T B e AT g
TOUIRR T, AR PR e A T T AR
FaE e TES ARSI T M r T n 5 AL T ik 3|

Microbial cell Acyl donor Product (s) References
P. aeruginosa GIM1.46 Vinyl propionate (C3) TME (yield: 81.1%) [61-62]
TDE (yield: 13.0%)
Rutin: 4""-OH
P. stutzeri GIM1.273 Vinyl propionate (C3) TME (yield: 30.2%) [61-62]
TDE (yield: 60.0%)
P. fluorescens GIM1.209 Vinyl propionate (C3) TME and TDE [61]

B. subtilis GIM1.135

R. oligosporus GIM3.515

A. niger GIM3.25

P. citrinum GIM3.100

R. chinensis GIM3.440

R. miehei GIM3.544

R. oryzae GIM3.509
Aspergillus oryzae GIM3.5232
Geotrichum candidum GIM2.21

*TME: troxerutin monoester (4'B’ethoxyl group); TDE: troxerutin diester (4'B’, 8B ethoxyl group).
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94%, PARRILERLA N 81.1%, Z TR R B
5 TR R B A2 v m R B

SR, B Y B R A B R e Sk
KL ET YRR & B H bR, 55 2 4 ) A= P e
b3 T B e 15 B HAT SRR R . S d2
o BT P TR AT AR A AR 1% T B R
PRI RR () 32 A D -, Sl A ST T AT Y A A v
WA T, 1E P stutzeri GIM 1.273 4 il (94 4k
T, T TR AT A A R IR
H7 RPARTFE 60%°7,

BA L, REXTH & 3-O-MH UE AT Bk
B 1Y 4 4 A= D AL R R IR T2, AR AN
FVE TR o 420 M A= 0 e A LA AR 0 R S g
AT SR Y EE AR, A IR RN, i TR
Al AR S B A1 Ak o 7 v 1 Ak Bl 1 2 8 ali Ak 2P
BRI g Tl Al A P B R 3-O- 4 R 4 it i
FEL 4V MEE . A, SNl A R
w0 A Tl A T R AR B AR BB, T BEL Lk
il 2 1175 AR K A P ik 2 A AR08 s s
BHLEFIA AL, 8 ATk — 2 o3t 4 40 a4 4k
TR AL TS M B E R E M. AN, UAEI
2 AR T P R R 22 6 s R SRR AT AR Y A R

g e .

3 BLAMBH AR S-O-BHE LN

SEHR AN T3] AT DL 2 B0 i 2 3-0-H
AR R . BN, 76546 7 1 67-OH 5
ABERE, T H A E MR e . Hob, X
7 53 Tk S TR T A B 95 A AT AR W P R R
R 8 oAb, kA T I At T LS o A
3-O-MHF I A 122300 (35 5).

3.1 MHEMLFEMREM

SE NG TR R B2 % 3-O-BH Sk [ gt
Ve ALaAE 1, MR AT S R EAA
SEAMMAREAE R, JETTE i K 3-0-4
FRHUAALTEE . WFFE I, Bg MRt 1L Bk s 3

% : 010-64807509

Iy T SERR R AR A I, Al S i 4R AL
PTG PEER AL, DT S I b A ] A= 1A b i
g A AL 1 T

Tt B AL M B2 R 3-O-4 (19T 4 A0 375 1 i B
T ALEE R . 7E8EK Y C4 3] C18 By T
BRGSO ARRRER TR . T BB AR IR MR A
T JRR IR TR XS B B AL A R 0 A FH i, A
VS R GRS P A BE5E A A du g i
FUT R K EERR TR I A Y LT B B R IV R
9 0 o A AL TS 11 i 4 AR 2000 g
B T AT A LTS Pt B R AR R a3 R
i T R A A8 DO T e A P AR Ak
H Bt & R i B e ks, Hobt A Ak iE P 2 TR
T e T R IR A P 0 22 S AT
g5 H [ i SR R BE 7 LA S 7 20 i 2 1T 1Y) A3 AT
LA G TEKA AR R, s = Tl Y o
REPEAR i 25 5 AR, BT iy sk,
M-S B [ i BEE PR, % T4 A 5 K
AR SE TR, IR SR A A B AR R AR B AT RE 23 R
i Het A Ak g 71087,

B TR EE R R, MR R 3-O-BE H R BT
FALTE M 5 B Wy R B M AR R — R R .
Vavrikova 20 & 7 — 2 51 S 4 iz 8052 BRI
MXURIRNE , 55 AR, KRB
A HE Wy 240 AT b 0 S OREAR B BT ) ot AR Ak, B
oI RR TR AN O BRI TS M S . BRCRERSN, H
by PR FRATT 2B W B B B 2o S A 0 T A B s 5 7
BT REARG, (SR R T 8 0 FR IR e U 2t B A
FAiF R

X TS EBATA Y, HbU ALk W] fE 2 3
FEERR AT AE K -G AR FLTHT ) 2 1E] HE A i s UYL
R A R AR LLEO 5 S ER A A ) B AR
LE) DPPH [ 1 & BR AE 7, (H AR Ak 5 35
(Folin-ciocalteau reagent, FCR) FJif 5 RE 115055 .
Jy—Ji L, W A ERATAE Y ABTS T5BREE
BERER,
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x5 BEAMHEE -O-BEEMEYFEMNEN
Table 5 Effects of acylation on the biological activities of Q3Gs

Acyl donor Biological property References
Q3G: isoquercitrin
Ethyl butyrate, caproate, caprylate, decanoate, 1 Inhibition of xanthine oxidase [22]
laurate, palmitate, stearate, oleate 1 Anticancer
1 Antioxidant (ABTS radical)
| Antioxidant (DPPH and superoxide radicals)
Stearic acid, oleic acid, linoleic acid, linolenic acid, 1 Antioxidant (fish oil and LDL oxidation) [76]
eicosapentaenoic acid and decosahexaenoic acid
Oleic, stearic, linoleic, linolenic, eicosapentaenoic 1 Inhibition of tyrosinase [32]
and docosahexaenoic acids | Antioxidant (DPPH radical, FRAP and ORAC assays)
Linolenic, eicosapentaenoic and docosahexaenoic 1 Anticancer [77]
acids 1 Antioxidant (lipid hydroperoxides)
1 Anti-inflammatory
Stearic, oleic, linoleic, linolenic, eicosapentaenoic 1 Anticancer [78]
and docosahexaenoic acids
Eicosapentaenoic acid 1 Anti-inflammatory [79]
Q3G: rutin
Lauric and palmitic acids 1 Antioxidant (LDL-oxidation) [68]
| Antioxidant (DPPH radical, Fe** reducing power and
iron chelating)
Vinyl acetate 1 Antioxidant (ORAC method) [33]
| Cytotoxicity
Capric acid, caprylic acid, caproic acid, lauric 1 Antioxidant (DPPH radical, g-carotene linoleate) [24]
acid, palmitic, linoleic acid and trifluoroacetic
acid, butyric acid, myristic acid stearic acid
Oleic, linolenic and linoleic acids, ethyl linoleate 1 Antiangiogenic [25]
1 Anticancer
Palmitic, oleic, linoleic, linolenic, arachidonic, 1 Antioxidant [73]
erucic 1 Inhibition of sarco/endoplasmic reticulum Ca?*-ATPase
Butyric, capric, caprylic, decanoic, lauric, 1 Inhibition of serine proteases trypsin, thrombin, [80]
myristic, palmitic, stearic, oleic, linoleic, elastase and urokinase
linolenic, arachidonic and erucic acids
Q3G: troxerutin
Vinyl propionate 1 Antioxidant (erythrocyte hemolysis) [62]
| Antioxidant (DPPH, ABTS, and ORAC assays)
Fatty acid vinyl esters | Antioxidant (DPPH free radical scavenging and [57]

potassium ferricyanide reduction methods)
*DPPH: 2,2-diphenyl-I-picrylhydrazyl; LDL: low-density lipoprotein; FRAP: ferric reducing antioxidant power; ORAC:
oxygen radical absorbance capacity; ABTS: 2,2-azino-bis-3-ethylbenzothiazoline-6-sulphonic; Acid?: increased activity; |:
decreased activity.

BEILALA I 2 3-O-BETF I AL R I AR R I A ARG P . 7 DPPH 523k, 29T
YT R RE TR S R B B R, MR BEROS LT AN, WA A Boh, A
FOH SRR, A R A A e BROGTEREIIAE T TR,

Beo O HESUSE TR R, L, AN 32 3 pn 2/ R M Ca®t-ATP BEHIE]E 1 B2
BRI 50k PR L A 4 SR T RE AP AE 25 5. AT RT3, SR NG HE #EA A  % WL 0 A
FIWE T, TR B A KA, B Ca®*-ATP WS E WA AR o i FE FE T2,
5T A A LRE S 5 [ b SR S A A, AT O TR BBV IR AL AT AR S B 1L
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T ™ Ca**-ATP 8 1 (Skeletal muscle sarco/
endoplasmic reticulum Ca?*-ATPase, isoform 1,
SERCAL) fZERIS, MIiHTT SERCAL AT TE.
HPETHILL, 2R (C16-C22) Biik)s T
A=Yy e] 513 SERCAL B 11 & A Wk 2RI L ) 0
PETF B, (ol A 85 B X 3 2 I S AR 2 7R
AL, BEFEIE R BT 15 A ) 485 AR I A R Hh Ak
PG, HAMAIER, BIAE AR R i B i
R, A R R O D) R A i T
3.3 & RBELEGHIH E 14 AY F 0

s ZAREES 5 TR AL R A R R
R Z I R A B NS BB R i R U, it
ik A R il 5 K IR i 2L B ARG, I R TTA
o R JHAr ok, S A Y O %
S Ay T R I T A R AR I 45 . Ziaullah 45 B
L-3,4- "SR AR (L-DOPA) AR, G T
6 b St E T A BERL AN IR TR TR . SN
U5 R P AN 22 AN AR DT R M o e rp S B2 1 A -
SV JRR TR P 00 A 05 P e o, CUR 0 1) S T PR T
RENR PR B A AR R . MAROC R T LU Y, St
FEAFHR (C8-C14) ity Tk 2 1R T8 01 i) RO R i 3 XL
EUHE R RS ISERg X, SRR KB RME (C12),
PR/ (C13 Fl C14), A BB 2™ T i s A i
PR 0 3 ) G B, {E 2 B SR A e — i BT
FElJm . 0 AT BERH A 20 E A BB HE AL o0

3.4 XIEBEMFIEEMFIE

Z B 2540 & W R X 22 R AR Yl LA T TR
THITEE, G222 R E N . R LG . e
Bl . P R PR O AE . RS E T R R AR 2 W
b W 22 SR AR 1 I TS R AR AR . TE
TEEEE SIS W] BE S 22 2 R I 1 B K X
KA EAER, M 0 g 1% 4 o Viskupicova
e IOV IE e e WY1 T B LS A 01 I TR T 249 1 Tk
JEE 7K 3 PRI PN 28 B0+ AR I AR I A I VE L,
K 7 R AT A 0 1 s SR A e e i 7 R A A
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35 XfHTiEEFNYE AR IRIP I TER S0

B 28 A6 & W o X i 40 i R B M A1 i 7
PR e o A K, %Ak A AT DL
i DNA & BUFIIMAE AR B, AT 755 i g 4
M T, salem ZPAWisx F|, b R Rz AR LL
SeM R AP lE (C8-C16) X Caco-2 J 4R L H
F AR PTG A TG s AT, (kB WTE
A=) Z 58 RIS A AU T 2 R R MRk T4k
SEAERE OB D R AL G ) 5 AT AR 2 ) B o
Fd3. tbsh, Mellou 25255 T 7 T Hig I e i
HXT N K562 Ik T EE 6 200 it i) i A6 s Ve, 45
RSP T R P FEAR T M N A K T
(Vascular endothelial growth factor, VEGF) A4y
WhEE o HBRMUE P AT BN T A B U R SR 7 A
it, VEGF MRS & A i 3 2 L,

4 REERE

i Bz 3 3-O-BlF 1 2 [ SR J i WL ) 35 4 20
¥, BRI T A o ek R Bk
TR RGP A 2 25U
S A T Bz — . mVIBIBIE EELIEA
Tt T A R P e A Il g A e A5 o 2 A
Tl fEABTHRE T, [ N s T T ik
o BEAL i R AT D T HEE, JUHORR AT
AR 22 BB B AR Wi CAL-B. SR, LA K
Wik B2 3% 3-O-Bl TR 09 S M RE A2 31 221> TN R 52
Wi, ELREMERPET . RN RIASH, SO
FERE . I, N T REBLE R AR ST, &
WL HIE LIRINR o B T AOMIBE AL, 4
20 M A W A e BN T T B K 3-O-B I Y
Gy e RPN N 1 2 (A R N E R e
Wy AR R AR A SR AL TR, XX LR A B R
3-O-WHH )™ M AE B it o B 25 R M i 55 U )
AR A P HA RIS

A HATE R R 3 3-O-WE it b 2 &
BEZ ST, AEAE o SO A 5 T ATS A7 T 7R Ak DR Y
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e, HAT, CHEBARHE. Mk, ek
AR | R PR SOy g 2 (e AL
(4 TE 1) AT AR R b 207 6 S L BT[] o e ok, I
AL SN AY SR I T AR Y — KPR %
A ML A — 8 PR EE b S BRAREE A G M 5
SEME T HILIE R A 75 G M R AR 25 7l A IR
HEFEHEACRE R . TG A 2R 3 g o A0
AN, ARSMREAE A B B BE TE AE 8 A0 B G
b IXEEHANE i E 2 3-O-WH B 1 = 305 B
Pt bR

R, HEDCT W R 3-O-HF BRI a7t &
ZBNTN, (HHBAB AL SRR Sk
b, BTSN R PCL JE AT AL R AT o a
T E, T Subtilisin A1 CAL-B ] 3= SLH 54
Bz K 3-O-WH1TF oML BRIk . B TR
BT il 2 VAR ) Z A AL AL TR AR R
SE [ AR Ry 073 H ) AN S R P 4R iR
o METEARANIER, AEMIABARMEE AR
PE— 25 i R 25 W) K U 7 o
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