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Design, synthesis and application of AIE fluorescent probe for lipid raft
CHEN Yue, HAO Meixi, JU Caoyun", ZHANG Can"

Center of Advanced Pharmaceuticals and Biomaterials,China Pharmaceutical University, Nanjing 210009,China

Abstract Lipid rafts composed of saturated phospholipids,sphingomyelin,and cholesterol are usually defined as
liquid ordered microdomains located in the cell membrane. Lipid rafts are involved in many physiological and
pathological processes of cells. Based on the difference in composition and distribution between lipid raft and
non-raft domains, a lipid raft probe with aggregation-induced emission (AIE), cholesterol-triethylene glycol-
tetraphenylethylene (TCHS-TPE),was designed and synthesized for convenient and specific imaging of lipid raft
domains on cell membranes in this study. In this paper, TCHS-TPE was successfully synthesized, and the
photophysical properties of TCHS-TPE were measured to evaluate its AIE characteristics. And finally the
specific imaging of TCHS-TPE on the lipid raft region of B16F10 melanoma cell membrane was studied using
confocal laser scanning microscopy. Compared with the existing lipid raft probe cholera toxin B (CTxB), the
TCHS-TPE lipid raft probe has the advantages of simple operation and high specificity. The successful synthesis
of the fluorescent probe will provide a useful tool for studying the physiological and pathological processes related
to lipid raft domains,and offer a theoretical basis for the design of imaging probes for other lipid raft domains.
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Figure 1 Structure of cholesterol-triethylene glycol-tetraphenylethylene (TCHS-TPE)
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Scheme 1 Synthesis of cholesterol-triethylene glycol-tetraphenylethylene (TCHS-TPE)
Reagents and reaction conditions: (a) TiCl,,Zn,tetrahydrofuran (THF),75 °C,overnight; (b) N-bromosuccinimide (NBS),benzoyl peroxide (BPO) ,CCl,,
80 °C,overnight; (c) NaHCO;,dimethyl sulfoxide (DMSO0),95 °C,4 h; (d) tert-butyl hydroperoxide (tBuOOH),CuCl,MeCN,25 °C,overnight; (e) tert-butyl
(3-(2-(2-(3-aminopropoxy)ethoxy)ethoxy)propyl)carbamate (Boc-TOTA),2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU),

N.N-diisopropylethylamine (DIPEA),CHCL;,25 °C,overnight; (f) HCL,1,4-dioxane,0 °C,5 h; (g) TBTU,DIPEA,CHCL,,25 °C,overnight
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PFE0. 5 h 5, BRI o R S e
(200 mLx2) # B, Z J& F 10 Fn & Ak a0 % T
(200 mLx2) e, AR A HLZ , oK BRRR AM T4
VR4 A 435 (CHCL,-MeOH, 20: 1) 4lifk. , 159 %%
AR 10. 53 g, W% :96. 0%, 'H NMR (300 MHz,
CDCL,) ,8:7.24~7.01 (5H, m, Ar-H) , 6. 92 (12H,
dd,J=4.4,2.7 Hz,Ar-H),2.27(9H,s,Ar-CH,) .
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(8H,m,Ar-H),4.42 (4H,d,J=7. 8 Hz,Ar-CH,) .,

1,2-= K ¥-1,2-=(4-BE £ 3K ) T (TPE-
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(2H,d, J=2.5 Hz, Ar-CH) , 7. 18~6. 97 (9H, m, Ar-
CH).

e B B -1-(Boc-&. & )-4,7,10- = A Z-13-+ =
e (CHS-NH2-Boc, 7) #5-5%,

1R [ B 3R FR R (540 6,1. 00 g, 2. 00
mmol) \ TBTU (642 mg, 2. 00 mmol) UL & N, N-— 5
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(1H,d, J=4. 2 Hz, Cholesterol-CH) , 4. 60(1H, d, J=
8.3 Hz, Cholesterol-CH) , 3.75~3. 48 (12H, m, 2x
ArCON-CH,, 4x0-CH,) ,3.35(2H,dd, J=11.7,5.8
Hz, O-CH,) , 3.21 (2H, d, J=6.0 Hz, OCN-CH,) ,
2.62(2H, s, OCN-CH,) , 2.44 (2H, d, J=6.7 Hz,
0CO-CH,) , 2.30 (2H, d, J=7.9 Hz, Cholesterol-
CH,) , 2.08~1.69 (6H, m, 3%XCholesterol-CH,) ,
1. 68~1.22(13H, m, 6xCholesterol-CH,, Cholesterol-
CH) , 1.21~0.76 (21H, m, 1xCholesterol-CH, 4x
Cholesterol-CH,, 4xCholesterol-CH,) , 0. 67 (3H, s,
Cholesterol-CH,) o

fe [ B -1-R A -15-AK-4,7,10-Z A, J-14- 5
Ze+ A\ Jz-18-84 B5 (CHS-NH, , 8) 49 4%,

1E0 C T ¥ A A E-1,4- N (4. 50 mL,
9. 00 mmol ) A i A % CHS-NH,-Boc (1. 42 g,
1. 80 mmol) H1,0 C/ IV 5 ho VB Z&IH K 1
pH ¥ 2 A, 5 H g 200 mL A B, AHLZ S L
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WA O -1-R 4,7, 10- = A F-13-+ = A -
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# CHS-NH, (505 mg, 0. 75 mmol) , TBTU (312
mg, 0.97 mmol) \ N, N- 5 P % 2 e (161 plL,
0. 97 mmol) ¥ f# T CHCL 30 mL . ZE MG L 1 h
J& . A TPE-TCOOH (314 mg, 0. 75 mmol) % & 4
FE8 ho SN TE UG , 80 H VR 45 - Ry e pd
BEPEAT 24k (CHCL-MeOH , 20: 1) J5 15 21 4 {0 [ {4
416 mg, W% :50. 8% . 'H NMR (500 MHz, CDCI,)
8:7.54(4H,d, J=8. 2 Hz,2xAr-H) ,7. 12~7. 04(9H,
m, 2xAr-H) , 7. 00~6.96 (5H, m, 2xAr-H) , 5. 35
(1H, d, J=3.2 Hz, 2XCholesterol-CH) , 4. 64~4. 54
(1H, m, 2XCholesterol-CH) , 3.61 (12 H, s, 4x0-
CH,, 2xArCON-CH,) , 3.53 (8H, dd, J=10.3, 5.3
Hz, 4x0-CH,) , 3. 47 (8H, t, J=5. 9 Hz, 4x0-CH,) ,
3.31(4H, dd, J=12. 1, 6.0 Hz, 2XOCN-CH,) , 2. 60
(4 H,t, J=6.9 Hz, OCN-CH,) , 2.42 (4H, t, J=7.0
Hz,0CO-CH,),2.30(4H,d, J=7. 7 Hz,2xCholester-
ol-CH,) , 1.98(4H, dd, J=21. 3, 16. 4 Hz, 2xCholes-
terol-CH,) , 1. 85(8H, dt, J=8.2,4. 9 Hz, 6xCholes-
terol-CH,) , 1.76~1.39 (26H, m, 12xCholesterol-
CH,, 2xCholesterol-CH) , 1. 19~1. 04 (12H, m, 6%
Cholesterol-CH,) , 1. 00 (8H, d, J=12. 0 Hz, 2xCho-
lesterol-CH, 2xCholesterol-CH,) , 0. 95~0. 85 (22H,
m, 2xCholesterol-CH,, 6xCholesterol-CH,) , 0. 66
(6H, d, J=13.9 Hz, 2xCholesterol-CH,). HRMS
(ESIY) : Caled. for C, ,H,N,0,,(M+H)* 1 762. 192 0,
Found 1 763. 199 0,
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[LEIAY S I 2 N N Y vl VA S e U\ v
FETHAE I IE SR IMRSO 1S , 25 5 A K] 2-A Fis .
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A V1R W A U i R A MR DR 55 , L R A R B RS L T
Jis AT BB 2 T 7K a5 DU 0 235 4 v T A S
B AR FIE AL T 5[] S5, n BB BB TR, n—
BRI REH O, Ko #57% .

B J5 , Bl 10 wmol/L TCHS-TPE fj /K 5 — H
SEARAS [R] L A8 B, SR FH 2640 66 BE T

LB L SETE S5 R 2-B iR . &
FI K 3G I, 2% K 58 9 B o . 2K 1)
LU 513G 28 50% B, 9 ' 5 B2 A8 40% R 7K 3G 2. 6
¥, Hi45 7Kk o TCHS-TPE JC 5 & B £ IR 1A %%
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TPE HA REEH S KGR

b T UEB] TCHS-TPE HA5 B8 B2 45 5 M A% 1)
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TE e KA R G 472 nm; 1 76 HLIE
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W 1 B KD e BT R 381 nm, 7E - HH AR
VS VR ) B K R S S 378 nm, TTAE 4
e 2 TP 1 e R 96 2 S K 358 nm. I
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MR ST AR, X I T TCHS-TPE 2544 it i
B T ) AL SR T A A R T A IO L ]
VM o A T TPE 4549 nTA/E A o 752 44, 3
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U & K B T RO M 0 kN R AR R T

25 I, TCHS-TPE ZE A HLI 1 v ke 5
358 nm F| 381 nm AR WE (B9800 , 1 AE7K & 3 1
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K250 5, 25453 100 nm Z2 47, BRI 2 22 1]
M9 RS AS A B T4, 7843 UE W] TCHS-TPE &
BN FERE S R 0 T, T AT IS S 40 M I
IR
2.6 TCHS-TPE %} B16F10 28 Rt é fig % kA% 7 %
2.6.1 TCHS-TPE *F B16F10 48 it 4 % 4 M # 5%
T 5% TCHS-TPE 76 40 il /K V- 1) 2 s e A T 25 4%
AW e R T R AE X A 4 & B B16F10 B A 3%
T8 A AR AL A, 3 0 CCK-8 37 & % A
] ¥ £ (0.5,1,2,4,8,10,20,50, 100 wmol/L) (¥
TCHS-TPE X} BI6F10 40 &1 . anE 3 iz, I
R — Z B X B16F 10 41934 JC B A F ik, &
W TCHS-TPE BAT RA4F &4tk
2.6.2 TCHS-TPE & %5 7 R ik 16 Eik
B AP RV BE I R N, SR FH O S A0 R 5 42
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Figure 2 Photophysical properties of TCHS-TPE in vitro

Amm

A:Normalized UV absorption of TCHS-TPE in MeOH, EtOH, dimethyl sulfoxide (DMSO), methylene chloride (DCM) and H,0. Concentration: 10 pmol/L;

B:Photo luminescence (PL) spectra of TCHS-TPE in water/DMSO mixtures with different water fractions (fy). Concentration: 10 wmol/L; Excitation

wavelength : 305 nm;C:Particle size distributions of TCHS-TPE aggregates in the water/DMSO mixture with a 99% water fraction. Concentration :
10 pmol/L;D:Normalized PL spectra of TCHS-TPE in MeOH , EtOH,DMSO, DCM and H,0. Concentration: 100 wmol/L

120+
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Figure 3  Cell viability of BI6F10 cells after treatment with different
concentration of TCHS-TPE
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& 4-D It 7~ , TCHS-TPE () FH A% 240 i 2% bifi 25 0% 75 B
() P SN T 384 0, 4 905 75 ) 6] 47 15 min B, FHPE 20
JoFGR A, I EEL 15 min /5 TCHS-TPE 5
B16F 10 21 57 & 1 fe AL 1)

2.6.4 TCHS-TPE *+ BI6F10 28 J JE 64 44 &= K
T UEW] TCHS-TPE fig 4 & 1) 48 M i H A9 248 it
P O O S R AR I 1 WL EE TCHS-TPE 7
B16F10 4 s _I- 1 73 A1 o 45 & 1) B16F10 2 i FH
MY % DEME X 58 5L 8 B, 2200 T OB IR
/NI, F 37 CFR 5% 24 h, FRANG BE 5
FRRIEFRIA . SRATA 1) PBS VR, LA 20 pmol/
L i TCHS-TPE, - F 37 CHF & 15 min, FE 36 15 557
B, 04 B PBS YEU& , S 2R IO IL R A 52
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Figure 4 Screening of optimal imaging conditions for lipid raft on B16F10 cells

A:Flow cytometry analysis of positive percent of BI6F10 cells after treatment with different concentration of TCHS-TPE;B:Quantitative analysis in A;C:

Flow cytometry analysis of positive percent of BI6F10 cells after treatment with 20 wmol/LL TCHS-TPE for different times;D Quantitative analysis in C
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Figure 5 Fluorescent staining of TCHS-TPE in B16F10 cells (Scale
bar, 10 pm)
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Figure 6 The fluorescence images of BI6F10 cells stained with 20
pmol/L. TCHS-TPE and 20 pg/mL of CTxB-Alexa 594 (Scale bar, 20
pm)
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