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Abstract  Aggregation-induced emission (AIE) has been evolved into an emerging scientific field pioneered by
Chinese scientists and now attracting extensive interest worldwide, with the development of AIE study for more than
twenty years. With the increasing depletion of global fossil energy, there is a growing demand for AIE materials
derived from natural products and an urgent need for their efficient utilization, exemplified by the increasing
attention on bioresource-based aggregation-induced emission luminogens (BioAlEgens) due to their merits of wide

raw material resources, low cost, high biocompatibility and great diversity. These BioAlEgens materials have been
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used in study of chemosensing, bioimaging, food inspection, tumor theranostics, etc. However, most BioAlEgens
still face the challenges of hard modification, low luminescence efficiency, limited functionalization, insufficient
utilization, and limited application sites. In the review, the AIE mechanism behind is outlined. According to the
classifications of alkaloids, flavonoids, coumarins and terpenoids, the luminescence properties and structural
modifications of recently reported BioAlEgens are analyzed and summarized. And the luminescence mechanism and
applications of these materials are discussed. It is hoped that this review could provide insights for the future
development of novel efficient BioAIEgens.

Keywords Aggregation-induced emission; Restriction of intramolecular motions; Natural compound; Functiona-

lization

A NEIT B LR, BEATER A" AR & . Ity AR e XT 7k — N T IEIE
TR R AR BOT AR, SIS RIS B AR 2 i &, NSO s gl 2 — e i
FTF &R S . XRR A | AR SERIEE ) A — R ok, FRIRZIME B & 15 ARk | Adnkles Yy
MRBLA . AR L e R, R RO ERCR e | AT e A A TR R A RMA R, 2
[IREL N Sm

BHLR SR EA MR | R A et T e 5 i St s . R, REA MLkt
B R LS 3 R, 78 e B sl [ S A5 1 R RO as L 2R R, BPREESIREK (ACQ), ™
TR T HACBR R . 2001 4, Tang S5V HGE T 1-F3E-1,2, 3,4, 5- RS ER () AR T L0k
(Aggregation-induced emission, AIE)IEZ . IWHCIRE T A AN, TERELS T NREUENE, X&2—15
ACQ FEAH I ZITE. 25, AIE RGBSR LRI RS | BRIZYT SO G
GRS T T2, B8 T AT AR RO A Bl Al

M ATE HEAS 48 2 4, AATTXT ALE ALEE A9 B A7 A B R Ak, ALE 4 BHA R (AlEgen) 13 21K Wi ¥
R WS B B A SR T H AR A AT AR I BE R R e K PE—— TR . SRS B AL
SRR T, CASEIUNTIE R SRAE Y6 I A0 1) = R B L A3 B RIS T A A . ik B AR ) L
AEEENC WA S SR, TETS AR | BB S b s 25 = 25 S0 B s 5 R i g RV 007, 4Rk
M0, T RERF=WIIBEFTRIR A TG BIG M, X = A A2tk i, R R SRR T A
JeArh, HeE WARTE . R U B A IR RS T 2B B K SR 7= S B ATE &%, HE 5
2018 4=, Tang SESIH A T R R /INEERS ( Berberine chloride, BBC) """ ATE & GHE 04 1 H & ENL
B, LI T R IR ATE &84 (BioAlEgens ) IWFFE G, BCA — MR ELTE I HT4E . 5H
AlEgens FI L, 3326 HAG 253075 ME Y BioATEgens EA 44 (0 A FA: | AR RAS Ho s AR AR 28k S0 o e
Sk AlEgens [ FHFS BH T 580 Il ()38 15 .

HHJ, BioAlEgens FURFSE L BUS T — SR . 2021 4, Lee %514 845 T BioAlEgens 7EAE M) E 24 I
BN FH TP A S BT R, I HE R DA S A O A R B T S Ak B P Hh R R L FTRE Y BioATEgens.
2024 4F, Xu'SURYE A Wrme R . dEA K | i IR SR 020 BioAlEgens MBS BE B HET T ML4E
S3HT T 452 BioAlEgens F & YGHLE , 421 T —7Fh BioAlEgens A VESFE I . 2025 4F , Fan %5105 1 45
T BioAlEgens TEA- WG MEMBHT I | 25904t Ao il vh 9 . it Cai 557X BioAlEgens 2l
JrkilEAT T R4S . ASCH N T BioAlEgens (R R 5 I 519 ATE EZGHLIE, F SN TF 25 RHE
J& , X425 BioATEgens FUZEFAEE . JOERRME | B AL M 25 Bl vk S N S T T b s, It
TS AT K AL AT T T R

1 REFSLANE

1.1 SFRREZR
5T N iE % 57 FR (Restriction of intramolecular rotation, RIR) 241X} AIE %& 6 B4 H 09 & GHLEE
DL ATE 43 PUORIE 2075 (TPE) 6], ZEV WD, S8 bt RO A9 4R35 (1) ml i o C—C B
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N eSS R 2 Fh TE] Y C=C XU (G2 1) A tia 3, TPE 323805 13 4 75 BB 32 500 o R RL A0 e ie 18 sh Ak
B, BEO T RIEARSS . Y TPE AL T RAEB sk BERRS, PAz2s BRG], R 1Mtz 352 2190,
PR A RE R ) 2 DU 5y R TR SR 20RO, LD A ATE &SGR RIR HLEE . A 24— ATE 4311
RNATHAT I RIR B, X0 F a5t B 7A@ Ah, 05 I8 &8 2 MRS 5 T RE8 A M e
i 3E A . 28 ATE KRR YIRS/ 458, RIR 5 E B A EH SRR BN T, YRR Y5 %
JL ATE ZEHTIN TPE | =R A55E 4L, RIR ZOERUM B8 HA% .
1.2 SFHRIRH:ZR

— SN MARYRL 1 1 4 F TR AR R B ALE BOCHRE . DL 2 1052 [ 2 ]Il ER (Oxacalix[ 2 Jarene
[2 ]pyrazine, OAP) "™, OAP HAT BMCIR ) J3—F-AA L, 000 4y bt 2 Do AT 3 o Tl 4B 5 v ) ) o 7 i
PR, TERSIR, nHgR BRI AT LAAG O S % — A Bk AU B R 2 B S IR 3z sl THAE R &5
RESE, ARG TERELRT, OAP /1053 FNIRSNZ 2 H], R BEHRAZEOE, BRIy
TN B157 FR (Restriction of intramolecular vibration, RIV) & 6. HA LM M ATE AP0, BRELST
HAsHy b S AT BRI (R IR shiz 35z (R, WA T RIV AL &0t . RIR ARIV AL SERR A 43
TN iz 3152 PR (Restriction of intramolecular motion, RIM) , fR {0 fi# Bt T H 5 K EN 4 ATE #7834 & 6
L.
1.3 HESHTFHRNRTFED

Fe TR T W54 % (Excited-state intramolecular proton transfer, ESIPT) & YG I 42 i) #i i nf
BIAE] 195545, 4 F N4 K (—OH, —NH, %) FliT 32K (C=0, N=C 5§ ) Al i@ & 73+ N A i
Aes S, IR TCHR BN ICIES . DL - R8T = (HBT) ], FEAS o i (E) )5 45
M, SO BRAT SR I U S (BN 5, B IS B 21 N S S P (2 R0 BT+ 2 IR 4 31
JoT 32 AER 3 I U 2B A (KD, BE S AR S B A 4 S 2k 1] 3 i RS (KD, e im DA+
BT 55 7% [0 B IR 1 E 282 ESIPT 4338 5 28 BA M st =X R e X80 S RRAIE , B2 S A6 T B 1) i
KA IFE e A8 K . 7E ESIPT b F2 b, TE BRI G2 B AR 5% 48 RN AR UR A RE T 25 ) 177 AR DB
K, MAERESFMT, Nz s, R5R SRl , M2 B0 3 5 09 i X0, Ktk
ESIPT 8532 — 207 0 ATE AR R SGIK . BRI AR )™ Wy IR A 6 B A 35 (R PR B R S AL AT, AT
TR N BT EA ESIPT AO06H R, BA AL R BioAlEgens T ] .
14 HMSFHNBEAERTREZR

HLHR 53 N B fuf 75 42 (Twisted intramolecular charge transfer, TICT) & FH Grabowski 5T 1973 4F
PR HA TICT FAE 7 F— A & 45 R (D) AL P32 0 (A) P43, PRl ad vl [ H e
A . BRI, I3 R FHARX P s e M MR Y, SRR AR 2005, e FiE e A
RURFR R OO AS (LE) | BlJS , 43 F 45 & AR H1 % E A TICT 25, DAL A [ RFH A A2 K, W & 2k
AT E, S FHEABKWAYE, TICT B ST LUR S s R AE A B B . kT R4 T AT 4
B, TICT S B — A FF &, HTICT &K 5 21 FIM k2 > X D-A 2544 1) AlEgens, 40
BT1, —FP 3880 0k (BODIPY ) BRSO GHREY , WA T BT 5 KA 940 FTiélt 2307 A TICT A M5 &
B LN, RERTHTFWNIdZ IR, /Rl ELUE S TICT &, & AmHgsR . —ue4E
VI ELA D-A B 2RZEH , A ST EA TICT $51E Y BioAlEgens ; 1175 & & A B2 AL & ol 18k RAF-0
L2508, 38 5 E IR S AR a8 D- A 25 DAt Rt

WA, JEREE | 23 A 0 (I B B 14T 5 o 2 (R D Ui R AR 7 AR i &0 | St Ak sz BR L 4
FIR1IE Bl 32 BR A 25 | SR AR A/ I A8 A 5, IR ATE K067, ALE AOUA AN BE I3 AL
PR RS, R Z RN FEMEH], X2 ATE AO6E 5 B9 & RS R E T LIRSS A or i sh 2 R i
X IRAES KA FIN 43 P8 () A EAE R O &6 R 40+ (ED A EAERT, 28 AIE A R
AIARAS .

4T ATE A EALEE A TR 53125 K4 4N Scheme 1 F7 .
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Scheme 1 Typical examples corresponding to AIE mechanisms of RIR, RIV, ESIPT and TICT

P XY TES

AR — S A . Sh D0 R A OB - A AR S BA VUL &Y, AR T RS
SREE A A E, BOPREAEYI . AR L ke FIIRIE S | R e ds . s | et Je
i2E5E, AURF AT LA TGS, trl AT F a8 i mles |, 25 e 2rt, ZHADIN . MR
S PRI . S BIIACAE TZ, B, AMTE E8BUR T E R R SR A, R
PR IRTT TR AMRSE . WX 051 ATE PR IR R T &, AMUBESIRIET ATE & OEHLELAY
PR, AR 2 AR BRI SORI T, SR R 0 BEAE T i T IR R G
2.1 SEWRZE A WEE

S M R A B i K — 2 AR, LA S M IR O A S e R R B A%, AR 22 S s kA e 45 B R
WAL . /NEERK (Berberine , BBR)J& S MMk A= Wi, MAREIER , HATZH0 A BN ZG BRI, qndm
il < T IR it . G260 P R I L PO PRI R 55, 5 DA | T AL AR 2 70 YR 7 AH DG , /INEBE
B < 30 T VRS 7 DR i R >-2527" | 470 T 7K R s SR A58 /N B 114 2 e 64 45 ) ol A S s AR B 3
(CD)E AW i BRI, 2830 (AR Ry 45 B - BE AT T ™ 2B 231 N HLfa 54 % (Intramolecular charge transfer,
ICT)ZL [ 1(A) ], 2018 4%, Tang 5515 UK & IR TR/ INEEGR (BBC ) 1) 40 K SR S5 AR [ 4 S BRI s 4 (.
o, B SRR ATE ROGHRE L, R OGS S50 R ] RIV AN TICT S [ % BBR B AIE P FTEAEH], 178
HATE ZCHIBIT , IE f Pk AR R /N BEA mT e L 1) B R 4 2, SR 5 e R K 2 G B
PER. WFFT R, MM CS/C6 1 B AN ATE A7 T B . /NRERRZS AL rh A e 2 ML 43T
T, (HEAL R ERIRTER 2 0] LIE 4R Sh L A I FEIR AS R, ZR3R A BURIE R 0 ATE 6. /)NgE

@A) ; 2 s ©
12 13 @
o * el
7 N+B Oi\ ] / ¢ ‘ >
6 N #i 4.000
®) ) e
X N a, o
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Fig.1 Chemical and single-crystal structures of isoquinoline alkaloids
(A) The core structure of isoquinoline alkaloids; (B) chemical structures of quaternary protoberberine alkaloid (QPA) derivatives:
Berberine chloride (BBC) , Fibrauretine chloride (FBC) , Coptisine chloride (CTC) and Epiberberine chloride (EBC) ; (C) the
single-crystal structure of BBC!'.

(C) Open access.

Chem. J. Chinese Universities, 2026, 47(5), 20260042 20260042(4/20)



g E2 s Hag g K

iy [P
I I I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES g'—\/El\-l;lZJZS

BRERE AL C2, C3ALAICY, CIOAE b AT 51 A FRON AR AR A BRI, A5 B RSH 3500 F1 D-A A
HAEH, AT A TICT R0, AETE &5,

Ni EOMFSE T 5,6- & 2R [a, g | ME R 45 B 2R ORI B 5 R e e R . B 1(B) N
BBC., [ 5 7T/# % 2 (Palmatine chloride, FBC) . # i i (Coptisine, CTC) 1% /)N BEfi§ (Epiberberine,
EBC)4 F KR W my 45 ¥, e AT =2 18] 19 22 5ILAE T B 402 (CH,0— ) A1 1, 3- 5 4% 3R 30 O 2
(Dioxolo—) 3, B A[H] . 7EBBC fbfAH [ B 1(C) ], A FEZ A F kS, ¥ A 538 BCHH) 1 f
N 15167, iy bl 1) 1A AR 4 LA S AT sCHES, 4 FIRIEE A 3,851 AiT4.090 A (1 A=0. 1
nm) , FAEEGL R T3k - MEAE (3.5 A) SEUIDOEIE K, 250 F N D-AMEFRE, #EET 5N
TICTZY . Ak, ZRpEERSF A AR (C—H---0, C—H-+-C, C+--0, 0---0) [IfELEHE— 2 f 4>+
G EER . FEEHST, TP RER T NIRSI M TICT 200, BBC HBEWMES &t ERES M
AR, RIVEUV R, FESHEIE IS, £ AIE L6t R, BT R liER 0. 65% F+ 2R 4E
B9, 39%, 3T 1ERERBHR R IR IE 1 5B PG 1 A (o) 3T 20, 290051, 3-
TR S RO A IS, FBC HAYER A FIIR BC Z 8] IR AR R 15. 347, BIAEATH)
TR Z R IR A 3. 75 Fil4. 66 A, [RIRE AT H0 ] [R5 - M EAE A S 200 OR S RER S, 280
TS F NI A BEAE, i1 C—H---0, C—H-+-H, C—O0---0 %%, Fhn b RIVAY, fE4 T FBC Y
ATE B AP, AR SEMERIR CO, CLONITE R 1, 3- A A4 IR N0 - SL 45 #9 1 CTC M EBC, & I6AT il 5
PR R ER R G, N RS THE F B IR 25 i & 6w B i B B A2k . A% T BBC FIFBC (1)
VA EE, CO, CIOREIY 1, 3- AR 2R M I HKe A e BB A 285 4 [ A8, KR Rt AT SR
ZHRE[ FBC(2085. 74 cm ™ )vs. CTC(1580. 54 cm™) |, K ICXFEE AR Z MR AR A AN Ak >0

5 BBCAHEL, ERERZGHRAN (Jat) &4 34 H R A — Bk [ 2(A) |, 20234F, Han &2 4GH T
Jat 1 ATE &OGHET, FE R T DNA BER A2 RN . Jat A ZKIEEYE, KR ILEA KOG, BEE
TRATER R THF RBL BB IN , Jat (LRG0 5 GIZR W8, 78 99% THF W & 6ok B i K, BN AIE
RALE2(B) ], ehh, BRI R3EIN F: 808 R BRI, FRE TICT 0% FIAFEAE . Jat KB R R
AR T B R ICFF 653 38 2. T2 F13. 65 ns, 3815 T IHAEKBE R T L4 (0. 41 ns) , RHRES
TorFWNizsimAZ IR, fFA AIE ROEReS . LRSS, T R2BUNAE RS, R A F S
WKER BC 2Z I0] 19 I £f1 Ok 14, 42°. HMEFRZERH, AR T 1 S M KR Hho Lo AT R 3. 781 F 4. 837 A, Hifi
Py C—H-+-0, C—H---OFMC—H---CIEZHMEM, AIFRESTHAL[E2(C)]. BEIZH
FLRTHE RN, 7309 HOMO LB F LUMO $UiE 737 = 2200 A 7E 28 A RIS EmR BC R4 |, TERC T
R HL A A SR [ 2(D) 1, AT SEL TICT 8503 .

A) o~ ®) 0 frue (vol %)

99

Fig. 2 Chemical structure, spectra, single-crystal and electron distribution of Jatrorrhizine
(A) Chemical structure of Jatrorrhizine (Jat) ; (B) photograph of Jat chloride in H,0 and H,0/THF mixtures with different THF
fractions; (C) single-crystal structure; (D) molecular orbital amplitude plots of the HOMO and LUMO energy levels of Jat chloride ',
(B—D) Copyright 2023, American Chemical Society.
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2.2 ZEFF[bIFERE K E IR

[ 52108 ( Chelerythrine, CHE) , J& T 283 [b JHEREE W08 . CHE XA AEY HAREH) 12
P2 RRIE M, oI AE BT bR A S A R Dy T RO 28 . Jrh, JERE N R AL B 68 SR 4544
[EI3(A) ], R EINIFARGEM, ML) s i R 2 Ak . 4 Fh BAT AR 1 g2k
AT FUESELLAR (CHE ) | MARBE(SAN) . & M40 (DHCHE ) Fl — S AR A% (DHSAN) , 4514
WEB3B) IR, 5 Jar 2L, SAN A DHSAN 23§ PN R 1, 3- 43R M 0L, o FRIPERR , 76
TR WOR ST &6 H R EX PR AU . A, H AR U Y CHE F DHCHE 43§ 36 - i #4)
%, TGS ETEIR, TR T 89406, MERERTREUAIE. X 450 1 SRL00AY) & ' A1 BBR
REAEZA ), RIS M 1, 3- S 2 30 M IR R G540 1 40 TR IR S B AR S 4L e, (i T

R S
(A) w
‘: JN+ > O )

g’x %

DHCHE DHSAN
@ e
/

Y o/@l® )

: y

S

Normal cell Cancer cell Live normal cell Dead cancercell
+ = DHeE + = CHE
DHSAN SAN

Fig.3 Chemical structures and photoactivated theranostic applications of benzo[c]phenanthridine alkaloids
(A) The core structure of benzo [ c] phenanthridine ; (B) chemical structures of four benzo [ ¢ ] phenanthridine alkaloids:
CHE, SAN, DHCHE and DHSAN; (C) the photoactivatable cancer theranostics based on DHCHE and DHSAN for nucleus-
targeted imaging and selective killing of cancer cells in a highly spatiotemporal resolution*".

(C) Copyright 2020, the Royal Society of Chemistry.

Zheng %Y WHE BT T AL 40 1 SELTR0A e T VRS AN b A A0 T 2540 S5 e b i 2.
[ JE AR, $5 i1 CHE Fl DHCHE 4330 A8 AR HR S 08 32K 7 TP O- P BEEEE A V- A RS AT Ay e
R, AT s s B &, R ATEPERT. X F SAN A DHSAN, i F 47 N
5, AR IREEARUR, FE WS AR hER RS Lt . LAk, Gao %MK DHCHE #1 DHSAN H T4
A AR LR 3(C) ], S T AT CHE 20 T B 28100 8 AN HARA> 1, Tkt T 35 ATE £k A0
IELTANEIC G T, R TAEN BT AR &7 T 1 AlEgens #2417 45 5.
23 YA AIE XK

HHT, CHE N ALE A YIK 2 )8 T 5 v mifs FoR - JERE . R X e B P id HLAT ALE & e
A B R R R AR, WRTR R Jat, HAUKRER TR TR WA 1. 23%, ™ HR
il 7 HAEAA AR A N . X AR ARSI e LS A PR R AR (1) 5K B PR AU
JE, 5 B P RN RS IN D-A M EAE T, ML L ; (2) SIALNCEREIL S A LIt A, LAY
D)1 OB 8= N N 78V 5. v oy S (N I =1 0 3

SRR A MR A C9, C10 A1 C12 3 RALZAAB MG 7 5, , ZRIR_ b EAE A S AL 214 T ] B
R SR A A A IR, T R R SO B I A AR T REA] . Meng 25738 15 — 360 R 1T
55 I 1 R AE/NBELT R A CO i - IE IR R TR 3k , i fe 1) AR IR S 1 5 |5 5 AN TR 3 BRA

Chem. J. Chinese Universities, 2026, 47(5), 20260042 20260042(6/20)
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FEOREE | MERERL | WEMY L | TR G | PRSI | RIS OREL R UOR L R RS, AT T X S i
RICTCERAE , & B SE L ] ()5 | AEBRBE I ICT SUR , I FBURGL RS, RHIEA o FHUR A5
ARSI . — F ORI R S 5 | AT RSO K 2T 8% 22301 500 nm, [ & EHK
FLTRE 2 682 1612 nm. {HAF—FEHJE, TPE 5| AR FAEE IR R KO, KR TRORH 12%
PETF 2 36%, DT NIRTAS Y 0. 9 ns LEK BRAERM 11 ns, A F T HTHRIER E MRS
%

55 TPE X /INBELT RSS2, T AE/INGERR C12 07 b3 et Av-X AR S Ry B 25 | ASEHE LA, Se3
ANBERR ) S e RE S AN R . Tu S BNZ R, o — K5 BBR 25515 3 AIE YRR o 1
TPA-BBR[ & 4(A)FiI(B) |. = F&MeA GBI R ATE 7EPE4F, L TPA-BBR W AIE (K 5, 5 B D-A 1E
FHAE B HOMO 1 LUMO U (A 38053 25 [ 4(C) ), HBUR S =4S REY 22 AE, , FEIRZ 0. 36
eV, FIF FR A Mt R & A FEEE(ROS) A . WE 4(D) fiis, ORI, & s A ek i
14 99. 9% s K ZJrifs e i fH BBR 19 16 pumol/L B E] TPA-BBR (% 0. 25 pumol/L. TPA-BBR X ffit FH 4 P4
R4 B €03 2 BR DA AT 8 4 0 R RO, /NI B2 i BBR 119 128 pumol/L B IR %] TPA-BBR 19

®) —e—BBR

251 —a—TPA
—4—TPA-BBR
204 —v—TPA-thBBR
TPA-Q

10
@ TPA-BBR @ TPA-IQ BBR @ TPA-thBBR 5
Dual AIE system Single AIE system Non AIE system S

Delicate modification of berberine (BioAlEgen) 0 20 40 60 80 100
Dioxane fraction (vol%)
(C) HOMO LUMO HOMO LUMO
) ."
4 , . MO 120 eV
& 507 . LumMo 7 1.26 eV ) " LU e
z S, : E,=363eV X uuev
[ ’ Homo —!— 489 ev ". . ’. HomMo —— s.00ev a.
4 S, pd o N
-V,' To.'
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c 41 =
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o
0.125- 2
Q- Q- B
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£
Fig. 4 Photophysical properties, ROS generation capacity, and in vivo PDT antibacterial performance after
modification via the dual AIE strategy
(A) Chemical structures of TPA-1Q, BBR, TPA-BBR, TPA-thBBR; (B) the plot of the relative emission intensity(l/]o)
versus dioxane fraction. I and I are the peak values of PL intensities of designed compounds in MeOH and MeOH/dioxane
mixtures, respectively; (C) molecular orbital amplitude plots of the HOMO and LUMO energy levels of TPA-BBR and
BBR; (D) the concentrations of TPA-BBR, BBR, and TPA-thBBR required to achieve over 99. 9% killing rate of S.
aureus under white light irradiations; (E) photographs of MRSA-infected wounds treated with PBS or TPA-BBR in dark-
ness or upon white light irradiation (50 mW/em?) on days 1, 3, 5, 7, and 8 and the scale bars (on the right) (7],
(A—E) Copyright 2025, Elsevier.
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1 pmol/L, X TPA-BBR HAT L 57 MR R AE 3N J1iGI 7 VEF . TPA-BBR & REAT R il MRSA 73 1 &
Yy H R BRI RE ARSI [E 4(E) ). SR |, BUATE /K2 TPA-BBR B8 18 FIGS) 11147 RO AL
FH—AIE{R R, 145 BBR.

UEAh, AT DU AR AR 2 4 L 34 FE 2 44 BBR FROTHE LR RIE L % . =R MUK BBR,
TE BRSO 38 & GIERE . Chen 555 L CO 6 48U 3% 67 s, R A [R1HEE RUST 18 55 0 (4245 U
HETL Z 07 VU FY G ) W i A5/ NBE LT B — SR K BD1, BD2 #1 BD3 LA 2 VU {A BD4[ 81 5(A) ]. BD1~BD4
7260, 343 F1430 nm A S, AHECT BBR BHA, S RIRIR RS, R T IHi BT — PR 4E
1. BD2~BD4 Y & S 7E 530~550 nm 3G I . M 5(B) Fr7R 1) BD1~BD4 7£ DMSO/Tris-HC A% 771
R ZOERE R R RIE ), BD2~BD4 R BLH AL £:1E, 1 BD1ASETE R SIS BES KICHRIE#
5. EROS ™A J71H , BD3 RIMMA . BD3 5IEHGR 40K B A5 F9 45 6 - FH 3 WA TR A T 3 AT A
AuNSs-BD3@HA 4K G G IR R, IR R A AT SRR 10 IR 40 ML, 38 v 6 sl 11 ik Se ik
UG, A RAF ISR B 4R R | S 1y vk B PR ACR LRI S (C) |, mlAa R il F L 4n i
A, fEdEPRE LRl [ S(D) ).

(A) o
r° ol o R
I\ i N \
s Sa ag
: O A BD1 N T e
N/ ) Nt o 7 B ;
oj BD4§ F rEEI!

D) pgs® »»® 2
PBS+PDT+PTT % % @ & §

R= —{ )< )— BD2

=N N

{ > ) BD3

=N N-

(©) 1 min 2 min 3 min 4 min

5 min 80 °C

0 @) 0 0] ABH® @ & §
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ABH+PTT & & ®» 9 &

0} 0) ® ABH+PDT+PTT » ° *» © ©
5°C i34

Fig. S Photophysical properties, photothermal effect, and in vivo PDT/PTT antitumor performance of
berberine dimers BD1—BD4
(A) Chemical structures of berberine dimers BD1—BD3 and tetramer BD4; (B) fluorescence images of BD1—BD4 in

different ratios of DMSO and Tris-HCI buffer; (C) infrared thermal images of tumor-bear mice from PBS+PTT group

and ABH+PTT group; (D) the photographs of representative tumors resected from different groups ..

(A—D) Copyright 2022, the Royal Society of Chemistry.

3 H O O

T i 4L A W) (flavonoids ) J& T RIR Z Wy 28 W ot , 2- R L0 Ji i (2 - - MH e 1) ) 2 o il (4] i 720 245 4
CET6CA) ], AR v el mkk s 1 B0 9 AL AR BE L BBUACR R 7 8 A IR I P8 5 7, i m] 0 Ry m e e | o
Pl | PEEARE . SRS | S AR T RO A E A T AR CS AT TEM RS, 43l C5-FR R
T e C5-Jd A8 S s IR RS . B ) V2 A AE Tk . KR . S AnZent o, BT iS5 i, andbt
JEE . B L BUBERRE | P | BRSBTS E T SEPR R A G Yt R A s iR
ORI B BT IZ B RIR ) . HAE 19794, Sengupta Fl Kasha ** 5 & 30 3-8 1k B 1]
FIH K 2R 1 SR IR I RE % & B A (0,500, JFSEIES X — IR K A T ESIPT i % : 7EREST,
C2 A E R B DS PRiede 52 B3], B2y Joa A 70 ) U FHIDRCsss L 201 N LBV E G s (A 254
MIPEAL, ESIPT &CEL G B &, BN AIE &% . RBEE TILEZRE TR (EGCG) " | 1
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B2 3R B 38 M B2 3R L Ll 28 By R A A 22 4 B Ay o B AT I 2k T R ATE K
[l 6(B)~(D)].

) ®) N
‘@’ Offceodiseadis e o

Flavanol Flavone Flavonol
4

0 oH
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(D) S by Ny

OH

e L L/ N L
2 "X
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OH HO. 0.
] O, SO0
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Tangeretin(left) and Nobiletin(right) Quercetin Kaempferol Myricetin

Fig. 6 Classification of flavonoids, and structures of representative flavonoid compounds
(A) The core structure and classification of flavonoids ; (B—D) chemical structures of EGCG, Tangeretin, Nobiletin, Quercetin,

Kaempferol, and Myricetin.

31 EikEE

SEBES W T IE CANIAS T It HL C3 ik FRIE B IL 54, A7 FoK S A, vlnl | 2% L 200 | KSR
g . MR PR 1) 2 R s ORIE T RS T A Sz sh A, RESTEY)
A EERRAG, A AR ) 2 5 0 F o[ & Bk — AR i o TR g e 4k, AT~ 2E ALE
BV . EGCG /&ML AR, BRI E SN S) . Yoon 554 R BRER A5 15t B T B MIIMERR AT &
H OB DO B B L O RIZL SO, SRR A S B Y . IR LI, EREET,
EGCG Z 4y F A1 & 5 7 1 28 R PR 5 [ 70 RIUTE G, 7E 400~600 nm I AT BEHT A W U
W AL RRN, W TR TRIFE N 3. 2 A, fEEsR m-m MR EAEF, 20 T8 2 A A B AR
MRS SR — 2RI, R AIE &0, BRESTETHEN2. 6%, BN AWK T 4E
NG 2
32 HEMRGEZE)

B (728 %O G548 R 2- RS0 S, C4 7 =, RBF Bl i et | H AR RS UL
T, Feng S HIFSE T MRS B rh 3 B AR Kz 2 R0 [ B2 2 DGk ot . S Ry o R A % 22 ML iy e
S5, WANTEAERE ™ A AR e 25 (A ESTPT Ye i BT FR A LA, (H SR AEZS RO B RV S &R
445, KB ATE 26N . IR H R IARZE A & B, ARARAr T H AR 5 A 2 A |, F AL S k0
ZRAFAE W A S AR B AE A5 20 F W ST AR R BB , 2 AR IR 22 (0] 9 1T R R 13, 47° 1
2.37°, FifitE RAF, HARSR T I S O THES I BLAs X8, 1 3% Rl FELAEAE R 24 AR AT A K
PO 535X B 58 - HERR . SRS SRR 2RIR A BOTERS th T2 BV E I AR Z 209, ZEHEREK A F)
FRESRIG. BHELIMIESE RIMJES AR f9 £ 2R A i E AL LR WE B F ICT RN . EAk,
YRR AR SC T T, A Fz R B R 28 ] e PR R S ) A AR . ORI 2 A A RO TR R
i, A1 1% il 1. 2%.

33 HiRE:

BB A i) PSR 22 0 B o A 5 e (728 ) — *i HA 2- I S i B A%

C4 AEA=CHRIE , C3 AFRIEURIL, X5 B Y e AR AR Y 2 A8 DX 53] . X — 25 ) 5 38500 P A /K
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PE | ALSAEMG O 5 29 BRTEPE S B 2R B OR TR M R A R A R Y R T
s EEE, T C3BRIE S CSAIRIL AT TR B ESIPT 1 #8 , B AT SR SR, TS T it
G TS, RESTES AN K, AHFwiifi B, 23 AIE 5 ESIPT XUL JEFHIE . FIH
ESIPT & 6% B U RE &, SR 0] F o B R O R R 5

it e LR A B EREE F, JIZAEFE PRI ZE | R B s O 2R R M, Pl A
b, PUsiE | SEREERIBTRAEY. £E THF/HOMRAVE R, X it A7 PLI & B, i kot 2
P ACQH &, S5 M & G B ALE BHE . 78 THE/H,O (AR FE 20:80) 514, Mtz ZHYZE =17
RiK10. 3%, B T GF2) i R OERER. TEM FALLE R, 70 RIAH H,0 fE7EmT, il &%
AT BN K b s b i A =0 RO, HLO el , R OGng . Ak, #it 2 p =0 o= B i A =2 10
PGB F1ERE , AN RS 100 min, KOCHRA WIR MU, Rk, M 20T TR [ 40200 41 H 5 AL
% . XIE A ZH LT BioAlEgens 25 fhifs T A OEHIBIF . C2HLMIRB L& 3 IRk £, [H
FELIEH ALE AN ESIPT A EHRHE, 9K S TE B B =0 % Yol R EAEH . 76 O A7 T, B E 24
PRI A R AE M, K AR R RO HZT R X T Fudi e /0 1 AN B L 23
>, GO BT R LA 7E THE/H,O (R R R R B ATE A7, HH g B RN i =8 & Y% A8 IF
AW . DA 5 AP G JE W s Z & Ot H& ST W] i 218 ((EAT A 3 S e R 0 i =X S fr 1)
P ISR AL ARG
34 HEIRZEREUE

RIRE B G HA R IE T2 . A IAHAS PEGT | A Mg AR 048 5 0 RO A 8% K AEAR
M, HZHAG ESIPT S 80 BUE S, B o] Y R A=A A A P A4 B BRSO AT . SRR C3 v i
PRI BRI T B = & RS M, AT SRR AE G (A T S 2Bt 48 ) AT e 7K %
Pk, RT3 B A BT VI ARAS B A A DG B . SR, KR A AR WSS Ak S Vs R i 4 22
BENECRAR . R —, TCIL PR 244500 A% A D 2, IR I A 5 38 7 S ) 2 A A
Do THTFJ T — S8 TR B2 1) K e ek S i 3 Fh kAR (1) 3T ESIPT Rl R8s, 398 5
THNEERIFE A RERT a2, LR CRR M ; (2) 5T TICT &40 A4 2 D-A {&
R, AT AR VR B A B, $ETH R ORCR; (3) @b M TFad sy b | Be K gy =X se il
ESIPT I , BRI S0 S0 B2 A B 1 ATE FEE: .
3.4.1 T ESIPT#y AIE B4 DL2- RIS S 491, Sl 2R b e ol /R TG M A, B s R
BRI A R B SR ESIPT YRR, RS A Bt R B LMK AL %803 . Tong 55"l
B 25 K A T D) ) BB RS 7, A B T P A 4 7K A T -3- P 3 -2- PR R 8 i 6 (BHF-HBH)
[E7(A)]. 3HF-HBH 73 f A7 7E [l 58 N—N S e FIOR IR0 B fIERE 55, 245 RS BRI A7
FEA R TR F N TR EAE R, &It 5 8RB AL ESIPT 805, 3HF-HBH 7€ Z /K
1A Z v e B LR Y ATE FTESIPT &G [ 7(B) ] AR 5 3HF-HBH HY 2 P2 HL 245 SR PR ESIPT
R, Wl BN, BRI, IR T > AT HCR RIS, K BRAEE 0. 29
pmol/L. 445 5T He i i 5 7K A5 T B 3 Jo I — SR (A1 B Joc R R A | €2 55l s e 5 F  falE =, {HL
HMFFE RS RS , (A — 45T .
342 HETTICTH AIEF % W CIMAET R, HATRIF IR, CAPRIE AT 1E i 32
RUE, 55 F LB Ve Y B ICT b B, R & 5, TR I o 1) IV 28 J2 449 ' ri b RH 19 1 328
Wang 555 F IR S 0K W) B R | WMBEIR | Y I K — 2R S5 5 AT LG r A R S e 5 | A B i 25
Farp, B AR OE N T2, Wy BRI, TR D-A SRR (B 7(C) ). fkEI S
2RI IR ALE AOGRE, RS RGREF 70515 0. 195 0. 55, BIE & THE AIEIEER
B o1 B 7(D) . A9 44 AR A 2Ot & 7R L 2 51k 0. 61 F10. 83, JE—ZRIEFHM
BRI, HAL, (LG 230 I BB 45 5 RO T NS U B AR RN . MR %
PRSI AL, (LG 1, 2 530 LUMO HUB L+ = FEAL P 7E B B 4] |, HOMO $LiE i+
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Fig.7 Chemical structures and AIE properties of 2-phenylchromone derivatives

(A) Chemical structure of 3HF-HBH; (B) effects of ethanol volume fraction on the PL intensity of 3HF-HBH (100 wmol/L) at 537
nm. Insets: photographs of 3HF-HBH (100 wmol/L) in ethanol-water mixed solvents with O(left) and 100% (right) ethanol under
a UV lamp irradiation (365 nm) [501; (C) the structures of compounds 1—4; (D) fluorescence photos of 1—4 (100 pmol/L) in
THF/H,O mixtures with different water fractions (f,) under UV light (365 nm) ; (E) the energy gaps and corresponding electron
density distributions of HOMOs and LUMOs for 1—4"*; (F) fluorescence photos of 3HF-S in MeOH/H,0 mixtures (100 pmol/L)
with different £, under UV light(365 nm) [,

(B) Copyright 2014, Elsevier; (D, E) Copyright 2020, Elsevier; (F) Copyright 2021, Elsevier.

HEPLERN B R T, HOMO FI LUMO $iE H 2 SEBA R4 8 , ICT A0 A &, 2552 PR im) i ff %
K (19.5°~20°), FHL il 444 AL 36 G 1 (361 285 Hh 43 25 MERRLURISE ar-ar AH ELAE P AR O BE 5 RS, AT S B0
AIERIG. IR, tbBY 4R Z R Z 0 T A5/ (15.47), HOMO fILUMO L F = A A EE, 1
A TR, VS N BEABERECHCR I T(E) ). AR, You 2P HRil T 51519 4
A B ERZE AT A2 9 SHF-S R 3HF-C[ R 7(F) |, HZ5# v C4 2R 1L (0—S0,5, 0—CO 58 kR T
ESIPT 52 =& S, B R R T 20 F 19 AIE & IERNICT RetE . i 3HF-S Fl 3HF-C {E A5 | & 53
1 Norrish 1BIZEf# 51 & H th HOER A ROV, vl 8 F AR 65 | & 5 A K i e D, A Sk
HREREER, ERA T WAL J12450 B 5 HRES & =22k,

3.4.3 ESIPT#7E BRXT BioAlEgens #EA T LA SE B ZAEMERT SR A1, 18 AT H| ] BioAlEgens 73+ H B &
SRR TAE A S . INEEEARE Y K, L ESIPTAE AIE &OCHRE A % F g0, S E
P C3 o7 | 30 BB C LA A8 OBE R B INE , TR ESIPT 77 A= i 2 8 Y 3 AR i LT , 7EREERBVEFT T
BT ST 2L, ESIPT-AIE KGRI , 48 U by o 5 TR 0 L 238 T AL SRR A R R S A% I i . 2020 48,
Shi %5 F F 4 22 Bk (Mt 2 K -3-0-B-D-2F- ZLAE ) il & T — Fp B- 21 7L W% H i (B-Gal) 98 S 45 £
[EI8(A) ], fE4E THF W, 4 2Bk AUA — A1 T 405 nm Ab A4 & St Bifivs v b 1,0 (R R4 H50
T, SEHE TR 9. 36% Bl N IEE] 2. 37%, KA ACQFRE . MAFTEB-Cal B, £ 228k 1 B-F
FUE T SE AR DI, A i R B AR 4y, Wiz 3R DR AR M 2 I SR A TR UK SR AR A, 7
405 nm b 119 % S UGS ERRAIC, 530 nm Ab (A e 22X & e R B, P AR SR I B R . A ek xt
B-Gal HAT £ —k b, & A UL BN 2 B0 JL-F- A AR T4, &t BRAKE 0. 013 U/mL. &2k i8
A X} B-Gal i3 23k SKOV-3 A LA T N IEE B-Gal Kzl , i A HA& B-Gal ik 1) HeLa 2 il th o] L EAT 41
U5 B-Gal il . 2 {plib , Z A A LAl 23l R Ikl , R SR EF-5 43 H i 4 AR5 O A5 21 1L A5 1
M ERPRLEI8(B) ], HINE LR AU PULE A5 )8ds . FESEAMMUR T, ILZRTH I BRI TE THE/H,O % i HH 1)
KA ACQHEME . C3NL - IWERILTE L BRBRIEVE T & ALK, F Ak b HA ESIPT Rk 9 1 43 ) 2544
B, 77 A R bl ESTPT i B2 1 ATE &6 . FR V8 2k DR n A3 258 0 o B e M, mI R P L 23 18 DY 2 B s ] 4
R PG LER , A6 H FRAKE 0. 007 p/L. 3X AR 25 U 20 (R PR SR AL T — B ik .
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Fig. 8 ESIPT activation induced AIE
(A) Purification of hyperoside and the fluorescence mechanism after reaction with 8-Gal; (B) purification of Kaempferol and

the fluorescence mechanism after reaction with carbaryl.
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Fig. 9 Effects of methoxy substitution at different positions and the alicyclic ring on the coumarin skeleton
(A) The core structure of coumarin; (B) chemical structures of 5-MOS and 6-MOS; (C) PL spectra and AIE curves of
5-MOS and 6-MOS measured in DMSO/H,0 mixtures with different f, (concentration: 10 wmol/L, excitation wave-
length: 328 nm for 5-MOS and 352 nm for 6-MOS) ; (D) single-crystal structure analysis and theoretical calculation of
5-MOS and 6-MOS'“"),

(A—D) Open access.
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FECRCK . MR E S SRAS KT, ARG DR EEER , 5-MOS RECE-Hiky 5 H LA
AT T HES BZ AR GG H , JZ R 3. 41 AL BEAN, A3 FIAEAE A C—H -+ O S5 RS FF vl i F 42 [
E, T ARG R AR ALIE B, (BAARIEN &G iE R RBR[E 9(D) J. #EXT R R, AT e H:
C3, C4 1 CT ZEIE ML A T A5 BT « SRS RIS 51 A2 5 (—NH,) . JRH: (—COOH) S Dy REE
M, ol ad A BT B AR ATAE Y, IS L ACQ HRIE , i s o — 2800 5719 AlEgens 1%
OBER . SCHR[ 68,69 1418 T 7 25 AlEgens F T4 8 55 7105 RO | 25 B 1L e
41 EFRIRWAIEFE

2021 4F, Dong Z 7RI G R A OCHE S, DL 7-85E-4- W EE G Z R, — & TR S
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2-FS-PLAN TR IE I MAP3 WIS ACQ &0 . 31X B TR I 2- 1 50 A3 AR FEIU AT, & B2 2 RE8
43 5 Mg IR 25 AR A3 DB R L A1, o0 T INAFAE Z B ERL 450, A 80 T 43 8] - AH BAE
FH, BZS S50 B RIR A0 74 ATE &% . FIFH RIR 32 306 PR R BE (19 BURER A5, MAPA B TSR N4
IR HH R PR 75 1 FHY T 114 30 5 A 2 710 B g A

(A) @ 0O
Dns T\J@
@ coumarin

TPP-1,2,5 MAP-1 MAP-2 MAP-3 MAP-4
®
Ny
SN i
X 0 =
0~ ~0
CD-7 g
@ =0.52% @ =43%
solution solid

Fig. 10 Chemical structures of RIV-based coumarin derivatives
(A) Chemical structures of TPP-1,2,4, TPP-1,2,5 and Maps”(ﬂ; (B) the illustration for AIE effect of CD-7"7,
(A) Copyright 2021, Elsevier; (B) Copyright 2015, Wiley-VCH.
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Fig. 11 ESIPT-based design and properties of coumarin-derived BioATEgens
(A) Chemical structures of CHN and CHC*; (B) molecular design of coumarin-derived BioAlEgens using “rotor-alicyclic”

strategy; (C) the keto/enol ratio (versusfw) of BA-C, BA-CM, DAMB-C, and DAMB-CM; (D) comparison of ROS generation
of four BioAlEgens in solution state at their optimum concentration at irradiation time point 90 sheel,

(B—D) Open access.
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m-m YERRUAT e R e R/ 8% . AL, 3 F I AA/ERY CT—H:---04, C24—H.--7r F1C8---C12 55 4H
HAEAFERENE T T2 sh . 28I, Lin 5878 G R W C7 LB = R EEA, C3 o7 38 18 I e o it
R S OR R IR B T, A5 T AIE YR § NCTPP. BRIS A4 W], NCTPP /Y HOMO F1 LUMO
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IEAN T 85 SRS AAAE, NCTPP EMS RS SR ) ZRRE AR, HLAEYCRRAME T REMEA il b AE £
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. I RS, FTSIA B ARSI AL Re B, DAAR s B R T R ORI KGR i i 7 31
Bl 777 anE 12(A) i, Ji 88 R FAGES 7-55 55 B R 5 TPE S #4581 HLAT D-mm-A 54 1 v ] {4
TPEC-OH. 749K {4 TPEC-DNBS B TGSl F 5B 80w 6ot , 45 HS1EM )5 , TPEC-DNBS ()
O—S0, I 2 W 24 1T RE 55 13 TPEC-OH, = 25 W BLAT TICT R0 1 ATE & GAR, BT IS8 T i 41
Ji R AR HLS ARSI [ P81 12(A) 1. #E—2, TPEC-OH i i) X 3445 2 8 AR MR M 2 e i, & B0 il
KAE N SIERINANES A AFAAE RIS S R . Cai S5O0 4-HI L7 3645 G R f —
IR FE R DI R oS T 2% 2, 15 20 4B AL Y Cm-o-TPA FIXS A2 B ) Cm-p-TPA[ & 12(B) ],
WFFE T ar W 3 42 07 S50 43 1 SE B R B RN & 6 52 R Cm-o-TPA 3 3R A I 1 =X R i) =00 % B, i
Cm-p-TPA (LRI A= & 5, FRBAXH IR A A F 7 A= ESIPT i % . fhiR2= 5l 2 B, %8 C=N
KRB AN, 0 TS, AT ESIPT R & AR . AN, BF i T F e ok 7 B far
B, ik R LI I H Cm-p-TPA A b Cm-o-TPA B3 1) Cu> Bl RE /7 . Cm-p-TPA Xf Cu® 7= A= 965

PER AN, Pt TP, A HFRIK 0. 205 wmol/L, A X HeLa 40 £ b /A7 Wk ot B2 vp Cu® ik FE AR AL A T
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Fig. 12 TICT-based design and properties of coumarin-derived BioAIEgens
(A) Hlustrative response of fluorescence probe TPEC-DNBS to H,S, polarity and viscosily”lﬂ; (B) molecular design of Cm-o-TPA
and Cm-p-TPA. CT@enol and CT@keto represent for CT in enol and keto forms, respectively[m].

(A) Copyright 2025, Elsevier; (B) Open access.
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Fig. 13 Design and properties of coumarin-derived BioAIEgens with extended conjugated skeleton
(A, B) Molecular structures of coumarin-based fluorescent based on enhancing 7 -conjugation™® % ; (C) FLIM images of

subcutaneous, abdominal adipose tissue, skeletal muscle and kidney in living mice administrated PC6S(50 nmol) via the tail

vein under anesthesia'®'.

(A) Copyright 2023, Elsevier; (B, C) Copyright 2020, American Chemical Society.
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EY . MRYERIL M oTi R H , BRIAL S Pl o D Bl A L T =S 2, dal i
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Fig. 14 Photophysical properties of dehydroabietic acid derivatives based on the strategy of enhancing AIE
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DAMB-SA

by introducing aliphatic rings

(A) Chemical structures of dehydroabietic acid (DA) and dehydroabietic acid derivatives (DAMBA) ; (B) chemical
structures of DAMB-SA, DAMB-SAB and DAMB-SA; (C) fluorescence photographs of DAMB-SA, DAMB-SAB and
DAMB-SAN (20 }Lm()l/L) in ACN/H20 mixtures with different f“ taken under 365 nm UV irradiation; (D) the plots of
the a,;; of DAMB-SA, DAMB-SAB, and DAMN-SAN versus the composition of the solvents. «,.=l/l;, 1,=PL intensity
in pure ACN; (E) PL spectra of AB-SA in ACN solution (20 pmol/L) and as solid at room temperature and 77 K, A=
350 nm; (F) photos and QYs of DAMB-SA and AB-SA, DAMB-SAB and AB-SAB, DAMB-SAN and AB-SAN under

day light and UV light, rt:spe(:tivelywﬂ_

(B—F) Open access.

Cai 55 UL DA N J5UBHG 1L T DA RITA: 4 DAMBA, o5 2% i OGR4 1 S5 107 A= JSGAH 1 1 S5 R
DAMB-SA, DAMB-SAB F1 DAMB-SAN, 1 K 52 B T —if 25 K R 7= ¥ F T BioAlEgens Ft #4 2
[ 14(B) ]. 3FHfLAPI7E ACN/H,0(H,0, 90% ) H 7 #1868 DL S e 4t &6 B 14 (C) F(D) .
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FATT RN FRZEHE 1) DAMB-SA (53R HES AT R %, A R T IR ST o iz g, g H:
AR A, RN ATERE S . Ut , XFFASE IR EA %) AB-SAB 55 AB-SAN, H & & 7= R4 F
FHR % DA BRIFR B DA A [ 14(F) ] dbAh, FAFF BRI 73 FoAT BT i A= MDA 25 1 R BRI
DA 17 A= WU 7E R Fn s il A b 22 B LR D0 S A 8 1) RS BB 7 . R IR a0, 3 T A R T 2 Fp A
DA B 2R 1 = e KL i DAMB-TPA Fl DAMB-TPAOH. DAMB-TPAOH 43 T-7EIR IR A N 30 K 55 145
Bk, MiE RS RIM BTG 1 ESIPT o2 72, =X &0t 7 Hesm . 7EXF B SE i v, AN 35 BRI Y
BA-TPAOH ) &ICIRIFERESS , iF—2AUE T i AR AR T A E BioAlEgens 251 7 FERT . AN
&, HATHWESE 6D FOE G2 BioAlEgens AU & SR, HX Seiili 25007 A W () )7 801G, B
TENITERSIE | AL RREESIR A — .
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