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1 SRIGERSY

1.1 KHEEF

Fr A 2A25 50 B Arcos, Alfa Aesar ¥ Sigma-Aldrich 25, Y5 k43 Mral, W A [E 2545 4k 2
AR R AL A5 3 Fl 5 SHSCER[ 27,28 ] 7 i, 3-(4,5- - EmEME-2) -2, 5- — R LU
MEIRER (MTT) W F At 5t IR BHAE W HOR A R AL AR DR R Y 47 4 2K B 5% 3 ( DMEM) 1 H
HyClone/ Thermofisher. i4~ IfiL 7% ( FBS) W A At M P4 2= 4= ¥ A PR 2> w]. Hank * s °F- 47 5 %5 & A%
2.5 mg/mLAYIREE FIREH LI H GIBCO A H]. S5 FH/K 4 28 Millipore 338 R GeAb B 1Y — R 217K
N9 AS549 SRR 3 o B 2p Rk B e B S0 55 B 4 e o . 2B AR5 SR AHOC I FEA I H Nune 28
Al A% YR Hoechst 33342 FIE (07 A YLK DND-22 I H Invitrogen /A A.

FOLHT R (QY) PLFOL R A HEME (QY =0.79) #EAT I 2. B ik 2% ("H NMR) F% 3%
(”C NMR) Hi Bruker Avance 400 MHz #% 4R 3% (300 2 . BT (HRMS) A F LCMS-2010 73 A £ 3% - it
TEIBC A . S8 Ak Al LIS B JASCOV-550 AU 4h/ 0] UL (UV-Vis) 4366 BE TR . 286 & 5
DT A WU DGR Y Hitachi F-4500 825164306 0% BE THIN 5 . T 457 48 A7 375 2% R 5 [ BIO-TEK
Synergy HT ARG & . Yefa e AL 65100 W] AY Olympus 1X71 BYZEE B i % . iAok H
Yo [F I )R 3 Zetasizer Nano 5K E /0 ( Nano-ZS/ZEN-3600) il &2 . 40 M s 15 A A AR 2 3 FV1000-
IX81 BIHOEIL IR R A8 Al
1.2 SEdiE
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Scheme 1 Synthetic routes of PT-2

1.2.1 a4 4 W4k FHEW 1(0.427 mmol, 88 mg) Fl 4 mL S WA A B R, A
0.1 mL N,N-—HIHFEEHE (DMF) , JIN#E 88 C ik, SRJE, 2R8Ik 2 G, I FH b A5 5 sk
JEZEBEERR, B3 2. $1b59 3(0. 143 mmol, 37 mg) & T 2 mL JC/K DU PRI ( THF ) A,
I A AT K = 282 (0. 497 mmol, 69 pl) , FEVKIGEM TR, #b&4 2 A 1 mL Jo/K THF %5
BiME LR EEY 3 T, # RV G ORI E 2=, BoFk R 24 he DK BRI, 98
FEZE BB L, S8)5 F CH,CL/H,0 2 . HIFZEBUS 1) CH,CL, AH, JH e i 15 200 i R
FERCAT JZ T 5 X 7= i AT o s dlifk, BEERISh CH,CL/CH,OH(1RFRLIL R 22: 1), 4lifb/5153) 31
mg tLEY 4, 77F N 48%. '"H NMR (400 MHz, CDCL,), &: 7.76(d, 2H), 7.74(d, 2H), 7.22(dd,
1H), 7.00(d, 1H), 6.94(d, 1H), 6.86(s, 1H), 4.16(t, 4H), 3.55~3.74(m, 14H), 2.88(t, 2H),
2.06(m, 2H). "C NMR (400 MHz, CDCL,), &: 167.88, 139.32, 136.48, 134.01, 128.69, 126.27,
125.39, 121.36, 71.70, 70.77, 70. 52, 70. 44, 70. 06, 62.24, 39.96, 30. 80, 27.58. HRMS(ESI) , m/z
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[ M+Na]*(i15418) . 470. 1781(470. 1783).

122 PT2 84 &k TEZRT, #H1A 4(0. 064 mmol, 28.7 mg) HHLAH 5(0. 150 mmol, 57.2 mg) ¥
F 10 mL JCAKEA Y, ARWEBERE - 17 SRR 2 il A0S 15 min. 285 A TJEK = 468k (0. 963 mmol
156 mg) , AkZLHM A 15 min, PR RFEIFROGIN 48 h. KN FEHEFIA 1 mL H LR RN, R 25
R E W A F b AT P AR, A5 B AR T B, PR WA T R N 2 NaHCO, TN
W LABR LR R Fe'r. B0, WO DWW, 180K 78 M W 4 15 SR 21 (oL ™ b DR o
A 10 mL K EHE R, 5688 ZBMAS (B 20 T8 3500) thadsffr, BERA 2 h 4 1 ok, e 8 vk, & T
JE MR A R VR T 14K 45 30. 1 mg ZL A FEBAR AR, B N, N, N-=HIJE-2-(2-{ 2-[ 2-(3-MEW}) &5
B ER AR ZERA 5 (4-{ [ 2-(2-12-[ 2-(3-MEMY) AL | L8 | 808 ) 238 ) s L W ik
B | IR ) BER-1,3-T —BEERMR 0 TCRLIL R Y, fRiFK PT-1, 723K 35%.

B EAY PT-1(0. 016 mmmol, 6.4 mg) AT 2 mL 2 mol/L FERER T, $EFERN 2 h, HeE K%
FAE A 10 mL K%, FIERER 40 THE R 3500 B HTARENT (452 h i 1 0ok, 68 ),
BTG BIERR TR TIRAT 5] 5. 2 me 2 @RHPRE A PT-2, 723K 99%. 'H NMR (400 MHz, CD,0D),
8:7.71~7.82(br, 1.00H), 7.51~7.71 (br, 1.89H), 7.35~7.51 (br, 2.20H), 7.16 ~7.35 (br,
3.99H), 6.74 (s, 1.01H), 3.81 ~4.00 (br, 10.06H), 3.72~3.81 (br, 6.99H), 3.38 ~3.72 (br,
77.64H) , 3.03~3.24(br, 49. 68H) , 2.61~2.92(br, 4.32H), 2. 10~2.29(br, 0. 64H).

1.2.3 HAEFRA # 1 mL 100 wmol/L PT-2 A#B ALK IF BRI AIRALE Flt T 25 C 45 2 min J5
PO AE , SFATINRE 3 KB H41H.

1.2.4 KBEEMNZE ¥ 10 wL 500 pmol/L PT-2 &N E] Fisher 253% A I, N, KRS H 100 W 15K
KT 48 450 nm/70 nm BRUEEH U8 SR E S IR, e 29t K G0 i

1.25 RAEEFFEHRMZE  PT-2 M9 T I H(QY) LI ER AHEME(QY, =0.79) # T X
A

I OD; »?
QY:QYRZOD% (1)
K, 13K PT-2 BIASIEDOE R B RBVS H AL, OD /R PT-2 AUMRLIE (<0.05) 5 n FRE BT 4T
i RAFILEYRTOLE.

1.2.6 “@MEE AR K AS49 AIEE RS EANMIRTFRM.(60 mm) H1, JIA 3 mL DMEM £3589 (% 14K
B 109% 1) FBS) , # THHIREEFRAH (37 C, 5% CO,) HIHEFE. AS49 AMMEIGREA- 1K, R FR MK HE
YA i 4 80% A AR, 1 mL 2.5 mg/mL AR BRI A 3 min. S T 2R BREGATHALAERT, AT )L
HINA 2 mL DMEM Y5580, 2805, B4 R WG 2 R T A5 i 4 i DA 58 53 i, o R A
15 mL B0, LL 1000 v/min FFEHRESC S min, 58 1R, IMAFTEER) DMEM KigRdt, 413
SR LA 3R LB, dRER SR, .

1.2.7 JRAafeFE Rt E B AS49 QI AL AT 96 FLARH (1x10* A~/fL) . 4 HE TH R S
FAH (37 °C, 5% CO,) 355 24 h. B WRAEHE 35580, JFmH P hnA 100 pL &G A FREE Y PT-2
) DMEM 555535 2k2:855% 24 h. 168N FLH A 10 pl 5 mg/mL MTT, SR )5 7646 15 55 32 46 rh 4k 2 5
F% 4 h. BB B 3R 58 25, AL A — H AR (100 L) LAV A= i B BE. 5 96 FLARI A
bR PR S min f B BSR4 A, SR I Fr A B 1) 58 € T IBEZE 490 nm AR (WG FE (B AR5 T X
HEAMETE I (VR, %) .

A
VR:A—X 100% (2)

Ao, A RSB G RE R 5 Ay A AS BT r A 38y %o HE 2 P e Y

1.2.8 20 RAR B B AT I JECHR B i A0 M s 25 L in A 8% 10* A~ AS49 4L, ik %37
FH(37 C, 5% CO,) TSR 12 h. SRJEFRE IR KT 20 wmol/L PT-2 i DMEM K537 3, gk &L 45 7
24 h. FFERFE, KA PBS ZE0hA K (10 mmol/L, pH=7.4) k¥ 3 K, JIA 1 mL PBS.
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MRS . EEFR I N A Hoechst 33342 (4R M Y kb, 2R 10 pe/mL), A TR0
5 min, I PBS Y% 3 %X, A 1 mL Hank’ s P65, IO RERR D HGRE, REWHA
Py 488 nm, AR H 530~630 nm; BYLEHEUZ AL 405 nm, WA KN 425~475 nm.

g (7 S2H [ SR LR 85 (A A B YR DND-22 (¥ 4 0. 5 wmol/L) , 1£ 37 C, 5%CO,
PE IR A TP B 5% 30 min, JH PBS ¥E% 3 WK, A 1 mL Hank's “PAFER AW, HSOGIE IR A 414 W0
WA, BEYIEL P 9488 nm, WK N 530~ 630 nm; EBHA YRR L B 405 nm, SR K
4 415~460 nm.

2 RS

21 BAYPT2HERK
i Scheme 1 7] 0L, &9 1 AE S0 BRWAE T FIBELAR 24L& 9 2. LB 3 TEBE R T 5K
S Bk &Y 2 KNSR G 4, XL TR N 48%. TERAMRYP T, k54 Mms &
FeCl, EALER A RS B KIEME SR BE T A8 PT-1, PT-1 762 mol/LEER AR R B4R 4r, #5234k
KRR EY) PT-2, F2E N 35%.
22 BEAY PT-2 HitEMR
PT-2 e DL dh o 3, BRI PT-2 7KW h BT RAFrY 43 aibE. B 1 BoR PT-2 7K
FIFIE SR SR A (R YR A2 o0 234 nm. [ 2 251 T K
VTR PT-2 AYMRISOGRE e e & Bl 2

AL Y, HR RO A 419 nm , X T g

RUEWY H I 7" BRIE, BeKE K 579 nm, £ 15
o

Stokes 17 #% 156 nm, FEEIRWG RN 4.6%x10° L/ £ 10
[}

(mol + cm). LAZEEE AIEWENG PT-2 B9 & T
FERN 12%. 100 W 5K KT 4 450 nm/70 nm 34

KUEIEF it BB 5 22 BT PT-2 #£ 5 (500 wmol/L, 100 1000
?ﬁﬁﬁ%fﬁﬁ‘ﬁ) 100 s E S ,ﬁ%;"ﬁﬁfﬁﬂﬁ%ﬁ 50% Diameter/nm
(1 3). M PT-2 BABIHDOtE TR AL Fig.1 Hydrodynamic diameter distribution of
EE. 100 pmol/L PT-2 in aqueous solution
a b
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Fig.2 Normalized UV-Vis absorption(a) and Fig.3 Photostability of 500 pmol/L PT-2 in
fluorescent(b) emission spectra of 40 aqueous solution at 100 W mercury
pmol/L PT-2 in aqueous solution lamp irradiation(450 nm/70 nm
excited at 460 nm excitation filter)

2.3 EAY PT-2 (A&
MTT 32520 5 40 M A R — i i, LA FIAIL I A 3% 20 M b (4 rh 2 i 35 30 R 10 & 1
Wi MTT $546 A H I (52860 | (HAEEANIE TR JCIL/E . K AS49 il S RFWE (1. 25, 2.5, 5, 10,
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20, 40, 80 wmol/L) 4 PT-2 7EAE IR 40 Mo 3546 vh 1k
Kige, SRJE H MTT i Hoadsdk, 451K 4 AIOO'
iR, 76 PT2 fEFI T, AS49 41 ML H977 T %368 S 80f
I5%LLL, F PT-2 AT BRMANEE. 4 PT-2 E f
AT BT A AR RN L2 57 40 B, T 5, K A549 4 EZ sl
M & 20 pmol/L PT-2 (#% & & Mt iHH) 1 ol
DMEM #5723 tf 15 3% 24 h, JH Hoechst 33342 (10 .
pe/mL) XA AL AT et KRR in PT-2 HH 125 25 5 10 20 40 80
Hoechst 33342( 10 pg/mL) X 4IA% HET L (5, FF7S sEmal L
sOLEGNE 5 s, IWELS v LLE W, PT-2 9% Fig.d  Cell viability data of A549 cells at different

Y65 40 Az LBl Hoechst 33342 M9 AR KT E.

(A) (B)

concentrations of PT-2

Fig.5 Cellular location of PT-2 after 24 h incubation with A549 cells
(A—D) Experimental group A549 cells were stained with PT-2 and nuclear dye Hoechst 33342; (A'—D’) control group A549
cells were stained with Hoechst 33342; (A, A’) phase contrast; (B, B") Hoechst channel; (C, C') PT-2 channel; (D, D")

merged. PT-2(20 pmol/L in repeated units; excitation; 488 nm; collection; 530—630 nm; false color: orange), Hoechst
33342 (nuclei stain; 10 wg/mL; excitation; 405 nm; collection; 425—475 nm; false color; blue).

Fig.6 Co-location of PT-2 and Lyso Tracker Blue DND-22 in A549 cells
(A) Phase contrast; (B) DND-22; (C) PT-2; (D) overlapped image of (B) and (C). PT-2(20 pwmol/L in repeated units;

excitation; 488 nm; collection; 530—630 nm; false color; orange) .

ik, PT-2 NRERMSHEA A549 4L p0 4l faAZ b, A e e an e . S T iE— 20 PT-2 7E40 Y
AR R, TR A AR YR DND-22 X PT-2 75 A549 41t b i B0 A AT 1 2sg fir 43
Br, SZss SR 6 fron. Al LIE Y, PT-2 Fl DND-22 (58 GRS REMS T 8. 20 % G ny 2 1 54



No.11 ERELE . RIEBRBEDFT AW E R . FAER 0 IR 2599

WG (| 7) KB, PT-2 Fil DND-22 Z [a] (1 2 /R #R R BN 0. 68, F£W PT-2 GBS & £ 7E AS49
YR B AT, R, PT-2 78 S H TR B AR R A 4 i 1%
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Fig.7 Colocalization image( A) and line series analysis of PT-2(a) and Lyso Tracker Blue DND-22(b) (B)
3 & it

FIH FeCly ARG 17 =il TR ALK P SR W AT A2 ) PT-2. FEK S HE 1 PT-2 1945
Gb/ 0] DRSO G R e K B i, 45 3R B LR R MR W A & B 18 K 430 R 419 AT 579 nm, BEZR K
ZH0N 4.6x10° L/ (mol + em) , BECERTIHN 12%. TE/KER TR 4 AR B k42 4234 nm.
PT-2 WOEHRE PERS. X MR (AS49) 4ERE A EEVERAIC. PT-2 20 M e AS49 AMMIry 40 LB i, 1
H PT-2 BB AR BHA T s 4. Bk, PT-2 767 B AR 51 1) 20 e A5 T B AT VA 1A O R (L

2 % X M
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Synthesis, Characterization and Cell Imaging of
Water Soluble Polythiophene Derivative'

WANG Fengyan” , YAN Ni, WEI Junji, XIA Huiyun, SONG Lifang,
SONG Jiale, GAO Lining, YAN Luke
(School of Materials Science & Engineering, Chang’ an University, Xi’ an 710064, China)

Abstract A new polythiophene derivative, random copolymer of N, N, N-trimethyl-2-(2-{2-[ 2-( thiophen-3-
yl) ethoxy ] ethoxy | ethoxy ) ethanaminium bromide and ( 4-{ [ 2-( 2-{2-[ 2-( thiophen-3-yl ) ethoxy ] ethoxy |
ethoxy ) ethyl ] carbamoyl | phenyl ) boronic acid, abbreviated as PT-2, was synthesized through FeCl,oxidative
polymerization reaction. Its optical properties and applications in cellular imaging were investigated. The
UV-Vis absorption and fluorescence emission spectra were measured in water solution, the absorption
maximum is 419 nm, emission maximum is 579 nm, molar absorption coefficient is 4. 6x10° L/(mol - cm) ,
fluorescence quantum yield is 12%. Dynamic light scattering test showed that the average particle size of its
aggregates formed in water was about 234 nm. Under the irradiation of mercury lamp( 100 W) , PT-2 exhibits
a satisfactory photostability. Moreover, after co-culture with human lung cancer( A549) cells for 24 h, PT-2
shows low cytotoxicity and could be enriched in the cytoplasm. It’ s fluorescence image could superposed well
with lysosome-specific dye ( Lyso Tracker Blue DND-22). Thus, PT-2 has potential application value in
lysosomal-specific cell imaging.

Keywords Water soluble polythiophene derivative; Lysosomal-specific; Cell imaging
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