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Biosynthesis of flavonoids and their applications in cosmetics
WETI Lingzhen, WANG Jia, SUN Xinxiao, YUAN Qipeng, SHEN Xiaolin
(State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Flavonoids are natural ingredients commonly used in cosmetics, mainly for their antioxidant and anti-
inflammatory effects, but they also present a variety of other biological activities such as antimicrobial, whitening, and
anti-ultraviolet. Therefore, flavonoids have a huge application potential waiting to be explored. In this review, firstly,
the numerous biological properties of flavonoids used in cosmetics, as well as examples of their applications in
cosmetics are presented, with their biosynthetic pathways addressed. Then, recent advances in biosynthesis of typical
flavonoids (e.g., phloretin, naringenin, apigenin, luteolin, chrysin, rutin, and anthocyanins) are reviewed and discussed,
with a focus on the novel synthetic biology and metabolic engineering strategies to improve the productivity and yield
of biosynthesized flavonoids, including the enhancement of precursor supply, characterization and modification of key
enzymes, regulation of gene expression, and optimization of fermentation processes. With the continuous innovation of
synthetic biology technology, there has been an increase in the efficiency of flavonoid biosynthesis and a significant

reduction in production cost, which contributes substantially to the widespread use of flavonoids in cosmetics.
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However, the prevalence of poor solubility and low stability of flavonoids limits their applications in cosmetics. To
address this issue, we outline the research process of two main strategies: nanocarrier technology and moiety
modification. The application of these research results opens up new possibilities for the use of flavonoids in cosmetics.
At the end, we discuss two major challenges in high-yield synthesis of complex flavonoids: the difficulty of key
enzyme modification and the imbalance of metabolic flux. We also look forward to Al-assisted synthetic biology to
address these challenges and drive the yield improvement and industrialization of flavonoid biosynthesis, providing

biotechnological power for the development and innovation of the cosmetics industry.
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Fig. 1 Natural synthesis pathways of flavonoids
(PAL—Phenylalaninammo-nialyase; C4H—Cinnamic acid-4-hydroxylase; TA—Tyrosine ammonialyase; 4CL—4-Coumarate coenzyme A ligase;
CH—Chalcone synthase; CHR—Chalcone reductase; CHI—Chalcone isomerase; FNS—Flavone synthase; F3’'H—Flavanone 3'- § -hydroxyalse;
F3H—Flavanone 3-B-hydroxyalse; F3'5'H—Flavanone 3',5'-B-hydroxyalse; FLS—Flavonol synthase; UGT—UDP-glycosyltransferase; RhaT—
Rhamnose transferase; DFR—Dihydroflavonol 4-reductase; ANS—Anthocyanidin synthase; UF3GT—Flavonoid 3-O-glycosyltransferase; C3G—
Cyanidin 3-O-glucoside chloride; P3G—Pelargonidin3-0O-glucoside; D3G—Delphinidin-3-O-glucoside)
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R AR RIRSEEH A & W) & 1k f

Table 1 Advances in the biosynthesis of typical natural flavonoids

FH A J&H R 7 A PR FE R EEPE
R & ot FR IR P IR i e R £ il 83.2 mg/L [16]
R 2 X FREE RN R T Y e B 5 LR I 619.5 mg/L [16]
T R 2% i KIGHF B i 98.71 mg/L [17]
T 2 2% i 4 b RS 1 5 LR et 2.5¢g/L [18]
Tl e 2% i 4 b TR 1 i 986.2 mg/L [19]
T 7 2% i 4 b TR T 5 LR et 34g/L [19]
i 3 ] TR AACR it T IS D% ) Eaa i 715.3 mg/L [20]
Tl 2 %% T fige J IS % 5 LR 8.3 g/L [21]
e i ] ik Ji IS % 5 LR 6.8 g/L [22]
Tl e % 4-FEHR LR AEEER R 2.2 mg/L [23]
Tl e 3% 4-FEHR ZRAWAEHEH R 0.88 mmol/L [24]
Mz = Cikar JERZ 44 R T £l 184 mg/L [25]
il fe 2 b KIGH B PRI 523.7 mg/L [26]
R 1 W il i HIS DT BRI K 10 A T Eaa i 168 mg/L [27]
SE7EN [k G e 1 B3 41.9 mg/L [28]
1B 5 R P2 ) B3 86 mg/L [29]
Wt = W I B T Easiil 0.1 mg/L [30]
1L A1 A b i PG e I R 26.57 mg/L [31]
i 2= 4 b i 7 7 B i 20.38 mg/L [31]
ITES A b i 7 1 B 5 L I 956 mg/L [32]
M 2% A b TR T 5 L B 930 mg/L [32]
P Wi e 2= KIGHF B PRI 119.8 mg/L [33]
FRIEHG F 3-0- W B NEAT LR Ty R % PN 7Ll LGl 439 mg/L [34]
RAEFEE i 4 b FRP T PRI 33 mg/L [35]
R & 3-0-% % HitF 2 AR VG 7 B I 8.0 mg/L [36]
MR R 3-O- ] BT 4 B FRP % i 3.5 mg/L [36]
RIEFZ T TRV P B R 3.0 mg/L [36]
KRR ] 257 iR TP 17 B R 0.7 mg/L [36]
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e s BRAIE R I, AR R F I b R R
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erythroid 2-related factor 2, Nrf2) {5 5, MM
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FESEbR N, RERY 544K C (vitamin C) .
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Fig. 2 Synthetic pathway for phloretin

(4CL—4-Coumarate coenzyme A ligase; DBR—Double-bond reductase; CHS—Chalcone synthase; ERED—Enoate reductase)
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FE[R A% (auxiliary gene regulation, Agr) FfA K
IV 25 235 FHZH L 43 0 3 0 R 300 o 20 A A P

FETH R ITTH Al B 2% BE 8 1 ) 22 B 985 A )5
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IFN-y. IL-1B. IL-4%5) ByRik, BB EMPLL
B T Y, B E BRI I I NADPH % 4k i
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W, BN YRR OB R . i B B SR R L 48
(IR A AN = ) R S v B o L R e N 7 1
Hwang %5 U7 JE 1 CHS [ 8 R 45 M3 47 0 M JE A 2
TRAREE, W Al BT O 1 il = L R R
i 06 T B 98 A8 4K CHSopt-FRU3, 4 il iz
R R B I A B & T 62%, MH M+ &
FA R R 7 B 98.71 mg/L. W Tl TRE AN il
7 8 SR W 1T DU S5 AR = A ) ) AR R R 2
AP R% . Tong 55 W™ SR FH & e s 1 49 Rl
TtgR (14 1% 1 35 5 BE LU AN 9 A8 H1 45 4 1) S mes
e FH BRI P RE IR0, SCIAE S LA BESE M K
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PEL S T 4 R A B e R GRS A A B R
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Yy, P R PR TR O, AR A TR A I Al
RIEAL, FERRPEE BRSBTSk B A
R, PRI 3.4 g/L. EHER NS A 4 i
P BV SR A BROR SR = D F i TR i) SR B . IR AR,
i e BE IREEBE (Yarrowia lipolytica) R REWSFH B 5
AR AR A, AT A BROE B AL S
RUFmE, M&ZoeiE ™. Weiss ™ 75 i@ fig 30 1K
BEREIFR T — MRS S HRIERS, 015
PEHOAE A B N5 3 A B SRIR M ES AR KR
P 7R 1R A ) B B 350 R v 2% B, AT A8 Al B2 3R
FEERE R T 7153 mg/L. LiuZs PV F) A g BR K
% ) o 30 2 3% B8 - RUAZ B R DN (194 R b 8 52
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FAH Z M, 454 Cre-LoxP R4A T K T
YaliCMulti f1 YaliHMulti 5, 5287 76 ff 5 5 IS
T REh JE N i 2 4 DU S, B TR
TR r= &, &%, 765 LR E
ik RIMBE 3 b R B S BT 2 A Tk DRLR A B 2R ) v K
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T A O R B B T R AL, (R IR
TIXWE TR EME. @I KBS EH T
TR ATV I EY A . B, Yue %5 @l
i %8 7 L FE Wy (eriodictyol) & ik o< HE i F3'H/
CPR. RACAIRG G A 841 LLER & T8 — 1 4 il A 11
T 52 2R ST AR AL B DL 33 57 NADPH FAE R4 56 5
W, SEIL T EEB K E KA, FEEET
6.8 g/L (K1), IXLEHFITERR LM, il g HE [K ¥
B2 —MEFH I E R G AN E BT &

Br 7 BRI M R R AL G S & 124, Zhang
S U ARAE T —Fh T H T R 2 A R A B R K
B B - SR A e 2% ZC B, FRAE FnsA. FnsA W] {4k
4-F GIREN R IE IR 3 701 N ZBEAf B A )
256 BB 2o %2R ST I A B 25 B A
GRS T —MBRIT R VS A
GV, RIS AL B — MEHA
NI T W TR T A& e it
Y, PR RIFRRA IR TG TR R, AR 18
TEARZ AL G AN T iR T Al ZR I Ak
G ORI EUN 4-F SRR A UM R AR, iz
REWEEE (Mucor circinelloides) 2RI 4L
& W (Penicillium rubens) « & 1% 41 W 5 5 #
(Streptomyces clavuligerus) =5 (£ 1),

I, rEER . KR ZE. WX R (baicalein)
SR A DAY A A IR T —E ik
i & B (flavone synthase, FNS) &2 5 & li#
il (1) GBIl TT DA A4 2 e I 1) 3-Bk 2% R ) C-2
AIC-3 Z A B B U, AR R B 7. i, FNS
AR B R . H R (liquiritigenin) Al 35 5
AR TR T, 4- R (7, 4'-
dihydroxyflavon) FIARMEHLZ ; ik w] DLl i 55 4 i -
3-# 4L (flavanone 3'-P-hydroxyalse, F3'H) fi
ISR R B ORI R ™7 (B 1. FNSH]
DL NS SBHG RS T (FNS 1) FSEEE & 10
(FNS ), HrHrFNS [ s & r] ¥ Fe'/2- 5 A0 —

W R B XU AU, FNS T 's /& NADPH #2441
Ji €8 38 P450 HL N4 HE  (cytochrome P450 reductase,
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5 ENS T AHAL I AL AL, AT B4 4 3 e B %
1 o9 # B, 8 FNS I A] i Ak 3% e B E
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glycosyltransferase, CGT) WA ™. BT HEH &
Bl S5 BB T AF IR AN 9T, W2 8, )3k
F.ABER, EXROLELHMEDHR T
J TR ST Gk A K. Marin 25 VY 4 R
(Streptomyces albus) S8 T 38 2= MR B2
Ik A B, H=ERAK, 43515 0.089 mg/L A
0.09 mg/L. #EZ T, Marsan%§ "7 jiid j= i 1% B}
fife MR HIS E % BEAE DAy 77 il 2 38 1) JIG A AR ) 15 X FNS
R A B LR 7%, A8 W HI B0 & TS R W™
B FRT 741900 15, A Bk 168 mg/L. R
bz Ak, MHIIEFEN 8 SR T AR AR 4 2 AN
FF AR AT T DL K R I O I SR A AL
KA J7 ARAAL ST 1) & BOS 2 . B, Xu
P IERRIEE R @ T A E (chrysin) [
kA OEAR, I E RIA FE B & 1R AT 2 R I
% DR R M S AT A R R, I o B AIS CHS R A=
kI E, mEAmENKE R E A
419 mg/L, RIS NIERERREE (KD,
B Gl 3 S8 5 e 1) 7 B TS LR, AN A2 DAY 2
TP FHR. HE—, T NI A& 1
W& RO BERE (f) W CHS. CHIRIFNS %), 1
AR A AR s A% DA 18 4 0 g e £ X 48 5
& T, A KN EWENEG R E. fi
n, Yan &8 U0 SR o g B — A R2R3-
MTB # St [K 7 o] 4% g i AgMYB1 3£ K, &5 ¢
SERAEFNE T, HTASERM T ik,

3 BiliPisEE IRER Bl Ak & Vit
At e B S B AR

TR S8 AL A P R 1T RT R 5RO IR, i)
FERAMOCAE G, AT > UVB i ) S8 A0 B
TR FRERTCE 7. Bk, EIREAEY
A 9 A T F J5  AN F5UST5 T P 5 22 Ty T R A



%£6% www.synbioj.com 381

YEM . 77T Crutind, J& T ERER, J&—Fhii i
O E A R R P R AT AR (3D,
& T MR EEA SRR ), &
Fi 28 A A ) T B 2% B W B 5 2 D R AR R M)
B HARGISR, BT R AMR I R AR
RE S DR 07 40 0 G 52 SR A0 3 BRdiE, A R BT
FEHES I TR, BTWERE B B EE R A S T
40%, Bl 2 %0 (sun protection factor, SPF) &
FRELIT0% ™ REMTH S5 N ES
W, BoSgHPTEALDIREE G, T AIENTE
W 71 B4 7 Bk ROS,  JREEAL Y HH R IR, I3/ 58
SNSRI, X T T EBE R R
AR T U B R AV AN R R 2 I RE D B BRI
A, P AE TR AR R R 2 T T PR ROR A
ANGE /N W FUAE S T RL e 1 Y 4 A 2
) T B R al (collagen type | alpha 1 chain,
COLIAD) ) mRNA &1L & b T+ & & ik i 1
(matrix metallopeptidase 1, MMP1) mRNA 3 iA
N S R R IR AN R £3GN
MR EE R4k ™o BT T, Micek & ™ B 72
R, EF3%ELHR (ZEAM KR, taxifolin)
%) 7L THD G L BE A ROV R R R v O ol
k2 M E RIS FEUTERER .

B3 T a st

Fig. 3 Structural formula of rutin

T R AR G AR DN PR M R AE
B 5t B -3- ¥ L B (flavanone 3- B -hydroxyalse,
F3H). F3'H Al fifi-3'5-¥2 4.1 (flavanone 3'5'-
B-hydroxyalse, F3'5'H) Z&RgH & L T ml 4% 10k
— & &M (dihydrokaempferol) . — &Mt J7 Z 1
— A MR (dihydromyricetin) » & ¥ i % & ¥
i) P R R A B 4 v 1 B AU ), B S AR
o [ B & B (flavonol synthase, FLS) ML T
TE 3-BR A A I¥ C-2 A1 C-3 2[RI e B, ¥4k Ry 3
FAEE . EFLSHI/ERA T & &W. Sk &

M AWt =0 R AL 1L 28 (kaempferoD) .
ik R 2R A A M R T B T P % A T i
F R E— DA il & P s AT AR 7 B
WEZEMPTRAMERN RGP R —, B
B THEDFRIRE, BRBZ K UDP-FE R #
i (UDP-glycosyltransferase, UGT) # 7 [ Fll &
fiE. B, GanZs " M#iF (Solanum melongena)
[K1£)200 /1> UGT fi it 5 [A b 4 7€ t SmUGT89B2 2
B, ZEEKZS 5T RAEME R, & Rl 2 -3-
O-H & WEH (isoquercitrin) . #R1M, Ren%% ™
P9 ZE #UAF B ATCC 7159 (Beauveria bassiana ATCC
7159) Hh s sE W — sy G F () ) 0 R R AL I
(BbGT), FE¥ %M e A F A AE Y e £ b 5 R
ik, B R R R B, SRR, %
TE BR P P BE b 32 B A A b 2 3R -3-O-H T B
TRAEALE R AT B ST S AR B o o b S 1) 3 5
B2 AL O R R -T-O- i w B, 3G X R 2 R
R FIE A fe it — PRI . XT38 = WA b
B, XufE™ WA T & EFEE W B L
(Fagopyrum tataricum) "% % i —Fh bR #2
FIUGT79A15, 1 WML MEE e, T AL
B3R -3-O-H N HACEUS T, 2 UE B IR
R TR R E )

i I 258 B BT R B ) O B T R S I B
READ G R — 2, RN RIEHAT T KESL
6 DA S I 8 T I 1 e U G . Lyu 55 20 JE 0 K A
e BRI SN E O SR AAZ 0 3R
el P 5 FSCIER A7 55 22 o SRS 8 RS % B R R 8 T Ak
AR I A T, %77 &N 86 mg/L.
Marin %5 ° 75 [ 55 % W M K 55 B (Streptomyces
coelicolor) " IXEI T MM ZE (myricetin)+ 111
AW RN KGR, B EARAK, i
R EAH 0.1 mg/L, {HNTEREZ T A Rl
B2t A4t 7 T REME . 1 Rodriguez 25 VY 7R 4%
S L TR TR I B o DSk A Rt B B
PeE, 412820 mg/L, {HIE AR B Tk 1 (1) 7 K
(RD. XAHER4CLIEHERICF BT AE4-F T
KB R, AN W ARRAE, LKL

B IR AR AR R B AN 11l 45 2 B R R L ]
TER 45 o Tartik 55 B 38 I 577 3% AR A4 G B il
A, FERRIEEBE b B D) F AL 1ol 2 A R 3R
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& RIs R . FBS, ARA1iE s gl N FF i RIE 4Bt
Al A FRILEE (acetyl-CoA carboxylase, Accl) [
RAFR Acc1@ S, I B T T RS A 1)
VARG A G2 R T T 50 B A RAS
AR . e, RS SR AN RE A 4 R I —
AR 1L ZE BRI R YA TR, Sl
9956 mg/L 11930 mg/L. X $6Rg Byl 25y . #i
B R AT E G B R T — 2 NS
EMAE. EHRFS T WA EBIEEY, An%ED
TR 7 UGT Rk, LI B 3R -3-0-H
2 W AR B0 S A D IR B AR AR, AT
e M Ry 2R 0 Tk T A0 I R I B A s R AU AL
NPT o BRSNS AL FE K ok B R LA B
BeGTI i K B 5 B K W #F 0 G ik, DL B AR
FIEKN, FRAERURLH Rk R A WS F2 8 Fg2 Al iR
22 G Bl 2 (rhamnose synthase 2, RHM2). i
Ja, AR R DL E RIE KT B S IR g%
WA D SEEL T A T W A i, 3RAR
T 119.8 mg/L 7 T /=&, Sl 1435 98% 1)
mEE . ZRAUER T & B FAE S
SR IR AARY = ) O T BV i B R R
A 7 v B IO B OB B R SR A SRR AL TR
MR T

JEH AT IE I AR I 2 ORI S T
FOT R ARG, SR, SEILRT B Sk A BT T I
Pk 2 2 4t H R 2. — A EZ PR A ik
Wit WA AN R o Wi AR N T ARG LR R
BERETAR, KA R P ORI B RE 08 SCHE
T A BRI T KA G A K%
DS RE, B 5 2L MR B 1 55D 3R
SR, HETRE R AT T2 T & B G 12 11 B A7)
B R ) R A DG ) R R S R T SR R
BRRRME MRS B 78 o RAE, KBRS T T Rk
B R o AR T MK i 4 B RO R 2R ) mT 1 DL
K AZ 40 AR AE T 2 v ) UGT W 7 1 35 = %Al ,
SEELR T IR A

4 W BER e R B RA S A EAb
due R B B HE A 5 ol

WA MR FT RO, 1E

NRBAECHBENE EREEEEWE Gk
HHERZ - ERARIKEMLEOER, RINHEGE
BT B3 R RRCRE, YT REZ RN
g, B, FEMEE D, HEif 3223 pH
S, fEpH N1 BIKIEHR P2 2L E, pHAT
2~41f, RICNWEE, pHAES~6 A LM
gitafiiie, ZRTE, HpHE T 78, EFHKH
AFaEvEn, o KAES M (B4, HmgE
2 N AR M T B P KR RAE N E A
FUE I B G R BT, BN, @S Sk
FH 28 &5 & A0 A B R 28 A0 & 1 o AR 3L H)
RUUHE RN, BB R &Y IR 7E K 22 L,
HE5RREGRENEE, 12KFEEMNA 10%
JeRHE VRN ™o BEAL, TR T I8 R B 03k T
BERDE . Rt e HEE AN DS . —
SeA g R, AR . KRR AE, IR e
RSN S 5 T S AL S B R A R U SRk L
TR, JEERE i R IR A 22 4 Y
18 2 H A E I EE 48 )58 (dihydroflavonol
4-reductase, DFR) F11t 7 % & B (anthocyanidin
synthase, ANS) {205 i iz #% {4 & . DFR
(R FH e i A — S R 3-B A 3R 10 C-4 i F
WAERAETE 7 ANSIME R 2K B B ies
RHEANFOREETERD > (D £F RN
Zit i F3H M F3'S'H ik E, BB — A5
FiE A, Yo TIEH R BRI, 2
RE THEF RGN . #t—F, AENEETRS
TEE R E W) 3-O-Hi Z FE R 1 (flavonoid 3-
O-glycosyltransferase, UF3GT). F 3 % £2 Jig Fl
L T s I S5 1 U Tl ) HE A T R A R R LR E 1
TEFH BATE Y IR, A4 R IE
MERERGRER, CRARTIIEE R R
— R R E R T B kil AR R AT
FRT HH S L% Ty M T RE SRS T RS K 3-0-H
% B (cyanidin-3-O-glucoside chloride, C3G) ,
PEEIAE] T 439 mg/L BV WAk, AR R —
T2 BEAH i b A T e AR R A g AR, R SEEL
TEFHERAET RN KER, Hd, REER
3-O-H#i % ¥ H  (pelargonidin-3-O-glucoside, P3G)
0.85 mg/L. C3G 1.55 mg/L Al K3 5 & 3-0-%] % #i
1F (delphinidin-3-O-glucoside, D3G) 1.86 mg/L"™*'"*",
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B4 JeFH RO pHHIRER

Fig. 4 Correlation of the color of anthocyanins with the pH value

Du%§ U it 7 — MR R BRI R SRR R, HFRIH
AR RAEREIL NS i 1 3 Fof 28 P B A 2 Fih AR 75
2, HA K2 E (pelargonidin chloride) MM 3k
A E LN 33 mg/L. Xu %5 B3 i 78 R 2 B
5| N &R 12 B H MdGSTF6. i i 5% 5 i LA
S BRACTE R N UR T PR, S T AR R AN
LA, EFAEIEF 151 mg/L, 55 8.0 mg/L C3G-
3.5mg/LD3G. 3.0 mg/LK%F%ZEK (cyanidin, CYA)
0.7 mg/L K#ME ZK (delphinidin, DEL). Z%Hf
FRE, Qs TR, EHF R ECSLI
THARERRT, KK AT DR &
BoEAe, LR EREEE R E, AN EICE
Sy B8 Al Ik R 1) e R AR
BARCERE RGN S F R, a2
BRKFET 0 A PR B 2 — NP @R
K HPRE P e £, 4 CHS. CHI. DFR fil ANS
) 9 PR I, I G i LE TR I RE SR TR B R B
FRIAL N B —ANEECAREI R Z, WA

P3G & i, 2130% 11l 25y 2> 4 UF3GT #i
B A 7 1l 25 3-0-4 & B 1 (kaempferol-3-O-
glucoside, K3G), T A 10% R 2228 35 1l hl 5=
PR B H bR P2 P3G DO A xR e ] J, )R
HZ %R ALT R E. B, FH %55
KA A P L85 77 7k & DL & Big 42 i K0 B
WREIE 7. S34h, A8 B8 R S 2 7 o 32 &
THREEREE X EIRT R . Fla, E8%
PR A S5 A v gt )2 A AR 5 2E R B S B F eftu A
sod AN TR A BRAREAR P AL E R 7 IEA ™.
X e T e A1 E) i ANS I UF3GT [ 3t R 15 2 45
S B 7 o 7 B AR S, AT S B E %k
i, FREIETE R4 4E  tac 15507 M) K
KIEINAedH R C3G M4, Hadiith TZ Mg
75 UDP-7) 2 Bt B, C3G 7~ 84940 mg/L, ik
BE T PR S B 100 4% D, phAh, i AT i 2 R 4
I R WA AN WA s L B FEID =N
fRiEAS L2 BRI RIEE R &,
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5 EMRAC G WA R i I
Hhiik

T KA W B A KR R, X
MR BR ) T eI R o B, AR R E T AR
JEANEN 0.1 mg/mL, 1A B2 23R 8 FRR AR A T RE A
N 5.8%, X PR T AT IR R R AR IT AL
FUo ST S IRIX PR, BRI GURA T a8
KRR, COIEGREAE . 58 TR UL
Ji 0T 20 K UKL AN S S W K T B, DA v I 2
A W (A R BE AN B RIS GBI 7 1 Bk Ah,
2 T G OK UKL (0 T K, 0% B R 3 R 44 K i
Ri, 38 B 1) NF-xB {5 5 38 B R 95 ROE S, IF
it T A1 1) 4 T A A N SR B AR AR WD R IR A, AN
PUAE < BB RN G % R W =7 TR R T R E A
ESZ YL B2 R A AR R VAT RO MY FEB AR TG
TR BN T K GV M MADUR B BER, 535
FEGE T RGRN BRIEERE S, RN SETE T TR
WTEAEAN SPRAR » X Fh el (45 7 T 2 R R R B =
FO PR B N T AE K, AT M B SRR A 1 S 9 Fp A R
PR U, B-IARIKS (B-cyclodextrin, B-CD), J&
Hogg 2-¥8 BN EE-B-FR MRS (hydroxypropyl-B-
HP-B-CD) Hl 3 T J ik - B- 24 # K
(sulfobutylether-B-cyclodextrin, SBE-B-CD), 57
MRtk s &, BERR TV REawEKTh
MVE R, JRISR 7 RS E R 1 FE XS L S5
H1, HP-B-CD W 4R f & 1 A fe ) o, MRE &R
55 HP-B-CD & & W i 8 A 2 20 Dy i B AR R R
5800 1%, FETEWARR] VAR S, REEHKH
FRGVEAE Fe b R 45T OGBAE Y T KR
WAE RN, Al B RIKBR B A %R,
WAESEREME AR A T . [l & Al
B2 2R /B-CD AL A 1 57 SR 7K B B 45 OB AN fie
BN, R TR R KA A )
R EE M Bribz ob, B —Fh ok
M LS VA R R B BERR ], 4
I 2 -4'-O-B- 1] %1 Wl HF AL IR 3R -5-0- -] 6 i
A R H IR R S K E e, iR T T4
25 f5FI 2045 U 2R b, X SepE T R N B R SR AL
BRI B WA B A S A A
FTFRE 138 T REAE:

cyclodextrin,

PRI SEA SR & CUHRIEHR) £tk
sty P FH AR 7 — A BT 3 A S A A 0 1) 12 TR A
T, DGR VR pH AR B S5 PR R R M 52
w20, BEXE AR E MR, BFARE R T TR
Wi O FE A AN o A ) 2 55 D5 ik . B,
FET 2R WU 2 ANl o 14 22 RE 4 T B A AE 5 R KD
FesE PEAT ARG E M 2o T AR B/ IK ) 4R K o
BRI EE Z R EENA AR ik, REX
— AR R AT TR R BOET 54T V2 R IR A AR
FINLH it — PR e IX LE SR 1 B B 35 42
THT SR SRAC S AR b 25383 A0 T BE 1k
B ity S QU 4 L

6 REiHREE

B A ¥ o 0 R R AR L e A
MIpReEr) H ai kv, mRAEMHEEEEN
A ) VRN 22 B ) KT A S T R . R B SR AL A
Y51 N AH & AT DUTE 87 4k A4 e it BC 5 6 R, 52
W2 M DI, WiEA . PR PR
PUim . RAMEKEES. HlREGYET 2
FRALERFEAE R, Gk B B2 BogE st
ARG MEJIEN TR AR . XSS
TEAR K & A (0 R AT )R, JRIHRTEIB SR R AR
g B4 Bk = i e . SR, EERRAE Y
FE AR e it H R S o B T — Le Bk, AL FE KA
PEZE. FRE MR AEMFHEARR. AT wikix
e, RN RESTER T 2R, gk
AR RSB, LK
FEAG R R AR D

TEAEY A R TTTH B BRAEY 5 0 R R R 3
KUWEVREFRAE T HE. BT TEM
RERmEEEAR, CEEMEMT) PRI T £
Folt 3 JR A0 & W 1) o RCE A L. N, 7R R
B RERP E BErp RSB T R . R
FroEE . WM. W R MRERHREZME N
TR A . TR O RN B AR
JIE I PRI B A B2 S T 8.3 o/L A 2 Z A1 6.8 g/L
SR P

SR, 52 4% SR TR S A0 & WA DA S B vy 7 i
G X EEAAEMAPRR: SCBERE T2 us
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RO AR 8 AN P 7. AT SR E R B A O 4
e B A TR R SO TR e A T T
DeepMind H AT & 7 — N5 B PEI IR 52 2
R AlphaFold 3 (AF3), ‘B REW LLRT AT &G 1k
FvETI RS E OB IR /D or T RS ik 5
TENIAED 7y TR AW = ge by 29, X — 58k
PEBIF 5T B 9 Bl 1) € 1) 3 A AN BRPE R Tk . B AR
SE 1 M S Ui DA 2 g 52 5 1 ) et AR AL
Gl UG LRGSR T — DM KRR E,
A BT 2 B KA A W R A R R TR T
WAL K FE . S4h, BT DL I AR 2 2 A AR e =
S T R B P B SR AR A S R A T AL
I 25 G B 25 0 28 1 425 T BORS 1 428 1) R0 A0 A s R 2%
WEME BIER, WA R P AR S 2 B 251
AW AE R, DAL E bR B 2R AL A I A
FEEE GG, Zhou 55 B W T — AN E R
VAR 2%, TR S I U T A PN T R A A T
BERL, R K WA R R B R R R T 9 £,
LI T AR A K S P B RO TR A RO

TERRMBETE A, BHFN R T R G HAT AL 3%
i 24 A & W TE A e it B R AR 22 A i S R A
RN FE X L4 5 W) 48 AS [8) J5k 5T A v i) 4
MU DL B e AT iz Jok A B K S s me o [RI,
WINEE A S Y TR ALy IR NIRRT 5% ol ]
(0 B R 08 o JE I BIF X B B A (AR HAE L, AT
DLIF & B g R S A o M Aok S 7, BA
JOE S % Bl R BRI, Ak . BURUIE . EIE A
B RS . B A B E R GOR B AR R E
TR G B 2 (1 38 TR 2R A0 S P bl B Tt i
N RF R A FRI TR .
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