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A novel fluorescent sensing system for cysteine based on probe-interbedded
supramolecular vesicles

WANG Yuemin, LI Shunhua™

(Key Laboratory of Spectrochemical Analysis & Instrumentation, Ministry of Education, College of Chemistry and Chemical Engineering, Xiamen
University, Xiamen 361005, China)

Abstract It is an important but challenging analytical task to detect target species with high selectivity over its structural ly-
similar homologues. In this article, probe-interbedded supramolecular vesicles (PISVs) had been fabricated via modular self-
assembly and employed to develop a new fluorescent sensing mode possessing both separation and quantitation functions. As
a general fluorescent probe for biothiols, 4F-2CN was found to be highly selective for Cys over Hcy, Pen and GSH, when
interbedded in the supramolecular vesicles assembled from TPT-TTF and DDM. Taking advantage of the sensitive and wide-
dynamic-range response, straightforward fluorescent sensing of Cys was established. The non-interbedded vesicles formed by
TPT-TTF and common amphiphiles were facilely prepared and displayed a low spectral background in visual region, offering
a general and efficient vesicle template for developing other PISV-based sensing systems.
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Fig.1 Structure of the subunits utilized to assemble the sensory vesicles
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g R T AR AR AR TPT-TTF. D-Cys. L-Cys. D,L-Hcy. D-Pen. L-Pen. GSH. + %%
FEFREN (SDS) HIMWH B REFHEARA R s BREREN . IREREEN. VUSR5 B [E 25 46 F4k 2438
FIEBRAT; BRI, WA RGER AT, 4ifE hatral; sei K s g K.

Hitachi U-3900 £ 4hA] WL 2» Y6 Y6 it : Hitachi F-7000 %% ¢73 )6 it: Malvern Zetasizer Nano-
ZSMPT-2 B Y HUH Y61 4% ;. Tecnai G2 Spirit BioTwin 3% 5 L 7 B 435s
12 BN ARRERREN R RO S E

Kt TPT-TTF &5 4F-2CN 7y 5l T VUK o+, K DDM sl AR R i PR 77 Tk, 3 Al e
PHC ) Bk B 9 1.00 mmol/L RS 45 7, ARJE 4% 1:1:4 BRI =R E, 85 3 min, R KR
ZIUEMEN, FEF 30 CAMBHHiEE 36 h AT RMKIER. €2, FCHIR TPT-TTF PILEHKE N 50
umol/L I FEVE i 2 W 4%, et Mk iy AR 98 75 N L AR RE . Rl Ui i, T A2 R s
P£773%° DDM.
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2.1 BHENEHRRAT

MR IC R EIRE] 10°mol/L 7K, 78w PR B m B P iR KA TR, AT AR R R N AR R
e, DL TPT-TTF. 4F-2CN A1 DDM B /R bt 1:1:4 LA B 194k 2 o010, 78 pH 8.8 HIBRIREN-TRIR A
ENZE AT, DLS SZEG AR R B s SR (BL TPT-TTF ¥I48KE ) A 0.3 umol/L. 54
TR 3% PR R B B A e, LR I B 2 PR, X EE T TPT-TTF W UA & B
(TTF) & HEVE R XT B 2030 72 p R gk Ao B 38R A2 e 4L . pH 8.8, TPT-TTF K EEJy 10umol/L
i, DLS SZIG3 3 K- FHR2 2408 120 nm, k28RN (B 2(a) 5 5 geid 5 s Be g
KT RLAEIA E] 300 ~ 500 nm (& 2(b)) , R KT DLS Ml s, HFEEFERWTF: 1 £
BT W A SR RE B, TR AR AR R BN S M I B, BERFINER, &
R NG, FERAHEEKR; 20 AEFAIBEERAMAN FHRBEEAERN pH B/, BAHEKRL
FIARFRABL, KRR K. WFFLE M, K DDM ek SDS 25 HAth 2 T i7% 1 7] th ] 1] £ 72 550 AR AL 2 34
WEEENAZ, PES T IR K X I a E R KM,

AR pH 8.8 MUBRERAN-TRIR M (20 mmol/L) LMl : Hudsil: 2% (RES D B (pH6.5) |
K2 HAZEARR DLS MR (a) MOGSEG aERE (b
Fig. 2DLS test (a) and negatively stained TEM images (b) of the co-assemblies
22 WA KILHR
FER KR TR IS T AN e RE N 3 iR . 4F-2CN (IR IR RE R R ISR 7 F 370 nm Bz
TPT-TTF 7E 7] WG X B B MR ILES (K 3 (a) ), WioREH TPT-TTE A il P 75 4 B i o
T AR A GIE S R B, Tl B R 0 AT B R RO D R AL . UK K
370 nm Hf, AR R T 443nm 4bHBUEHR ) 4F-2CN %GR SHIE (] 3 (b) ) ;5 7F itk B g Bl 1 /K
R, AR Rz BoR MR 26 & ) e e, WHIIRVE R 4F-2CN 7> 1 E 2 AT R EE
o FIRIL AR N AR DRI T, RMER] TTF (BF414) 5 4F-2CN (FBF%4K) B
TER-ZARME IS S, TR AIRE 70 72 S 4 [ e T i A8 00 [ 2 ME TR i) Hh ) SR 2
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4F-2CN10 pmol/L; St 46fF: pH 8.8 HIBKERBA-BRFR &AM (20 mmol/L) ZZmiE i WoR I 370 nm.
3 FERMBUOERE (a) IR H I (b
Fig. 3Absorption (a) and fluorescence (b) spectra of the sensory vesicles
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BHBEMEMHY 5 S AF-2CN KA RZBUR R BT 7 &K FOCWI N, SN RIDC LR . S
4F-2CN L0 AR S s | B 1 ZO Ot iEm B il 4 fros. DA Cys &, R REIZOGGE K E
BIE A4 370 nm UK, BR T 443 nm AR A S, 500 nm Ab BRI, BT S A
Js OREFE ) R 7 N e RIUR R S5 K43 il 420 #1500 nm.o ARAE SR, BRI AR AR R SR
FERE O A AR =7 . N HoAth S s R R AR 5, BRI A PO RS TR R IR R A& AL,
GSH. Hcy i Pen IR RAE 443 nm Kb RS 55 A M08, LR R R . X B T 230 1Y
FAKE OB RASBEAERTSERMELS M FE, 4F-2CN RIS T R A2 . 5 g
FEMAT, GSH Ry TiaflEm k. S8E A i 2 s Sk K. Z4id GSH. Hey =( Pen H¥
JG o, YIRKIUA BRI TEOCE R, Ul B AT X5 S R R 4 AT ok S IR R Y 4F-2CN R AR OB

AR IR AR BT ARG 23 T BEVCAARE o T S R 43 1 BORE BAE R R A T — R R R B
B AR BAR RTINS KA B R, AR R A KAH ) N KR B E
FyHGES, Eh T ARSI Y e A 25, EATRE STREHER RTS8 . B, X
T TR ET A IR 20 T BRI AR BA R AR B B OGN ThRE, D S5 M A ALLRE A & P i ik B4k
R R AL TR AR T 5 o AEAR SO, AR & SR AL E IR R A W S ) 7 TR ER 4F-2CN AT AL
THB AR F RV P SR B HR A Cys, A JHUER TIX — s

4F-2CN ¥ J¥ 10 umol/L & IR ¥ 40 pmol/L; A4 pH 8.8 [IERERIN-BRIREHN (20 mmol/L) ZEia; BRI K: (a) 370
nm; (b) 420 nm.
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Fig. 4 Fluorescence responses of the sensory vesicles towards different sulfhydryl-containing amino acids

2.4 pH X 58 58 S 1 e /5 14 BE 9 B2 M

A pH & 4F FFEHXT L-Cys 1958 emi b an & 5() . ERRMESGL T (pH KT 8.00 KA
H1, L-Cys HUAIATF AR SE B & G 2240 T AEBR A 26 18 T I mT DLE 52 210 B 58 iR i s . 35 3 2
BER > THEH 3 AP FIETEIER, Ry BRI AR AR REES S pH A% A Cys ot
B N pH RN AT, RA S L TG Cys 4 e S EIEE P i) 4F-2CN M. pH 24y 5.4, 6.4
o 7.4 i, Cys LR IRERARAEAE, HoF Y e ok, HORBESEIGIE N, X W] B BN
D BRYE KSR TR A NE R, Cys MELUEANZ S 4F-2CN OB 2) BRME Kb itk a6 fF
N Cys MG HEAK. Ak, #F—5HLT pH SRS mM, WE 50)Fw, RMUEXMLTRE
WRRARECR, S5H B NFAEG T pH 7.4 I, ZEIEMARAS B S IIE KA T EUIR 25, R4
Cys HIJETEMAN. . fUb el W, Bk Z&AF T Cys Xt 4F-2CN ISR AZ IR BTG P35 3 A & 6 i B BE pH A2
P BRI . — &M, Cys iEEM pKah 8.2 ~ 8418, X 5 IZMBEMAF. 265 RIEMIR
SEPER N PR, GBS pH 8.8 25 1 N AT TV AL B BRI

4F-2CN ¥ % 10 pmol/L; Cys &% 100 pmol/L; ZEi A &R: pH5.4 ~ 7.4, 3,3- " HE R “ER-E AL (10 mmol/L) ; pH 8.8 ~
10.6, FRERHN-BREREHY (20 mmol/L) ; ¥k %K 370 nm.

[l 5 pH X FEIE I M B (a) FTRLAR 70 AR (b) 520
Fig.5 Influence of pH on the sensing responses (a) and particles sizes (b) of the sensory vesicles

2.5 Cys M 57 £k

ANFRFE Cys 51K G MWKl 6 fis, BE%E Cys IFERIIGE R, 500 nm Ab 5% 6 Ak 5 o B 18
W5 24 4F-2CN HI4RMK Y 10pumol/L I, BRGNS 5 Cys ikEZAE 2.0 ~ 100umol/L & il N £
IR AN G . SIS0 TR, B PR 4F-2CN DUA 7> TR SRIE FE, Hm
RL) BN JE T 5 . ZRPEVE S K. #4 4F-2CN B AR FERRAR— 2, HM RN %S5 E 6 AdFE,
Il 107 mol/L 7K~F 1] Cys BIAJ 5] #2452 (5 e B, 5% 60 A% 5 5 Cys MkBEAE 0.1 ~ 9.0 pmol/L i [H
WA REF I E A K.
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4F-2CN ¥R FE 10 pmol/L; sk fth: pH 8.8 HIBKEREN-TKIRE S (20 mmol/L) L isll: WoR WK : 420 nm.
6 BN AS R BE L-Cys F) 5% i 1
Fig.6Fluorescence trace of the sensory vesicles upon addition of different amount of L-Cys

2.6 Cys Ky Bizh 713

N DT AR IR R AL, Lb# T D-Cys il L-Cys 2 Gma B AT ERE . BT I
Rk (ZAFPEE) HA T, WORBEN > BN HSKAF/E, D-Cys 5 L-Cys KRG NS 5 M 1%
2HER. WE 7Q@)FTR, EMNREYFIBER, L-Cys # ] 5]2 443 nm &% GRG0, 1M
D-Cys JERIFE RN . HT 4F-2CN 5 &30 S W SOBEE LB, it DU AT 46 B BL 443 nm AL
POCME T L EARBE R ZE T 4F-2CN A RoA R &L, B 7(a)& ] L-Cys BEANBEEHIEE L D-
Cys tho MBI MEER (K 7(b)) , L-Cys 7£ 500 nm A5 i B2 4% 5t LA [F) ¥k £ R 1 D-
Cys W&52, Ui WIHT# R RN AR B . T A& A 2 T BRI RS M2 sh AR, R
YEFIE R B — g i s, HOHRER T b R iR T AL m, 9 0 i N2 RS e A4 3ok 5 1 5 AN
e, AELRT IR S0 45 RAESE 1 JEI I Z 1) 2 B Th g

4F-2CN ¥/ 10 pmol/L; S FEFRIKE 40 pmol/L; AR & 1F: pH 8.8 HITRERAN-FRIRZ S (20 mmol/L) ZEriaw: BRI K: (a)
370 nm; (b) 420 nm.

B 7 FXT D-Cys 55 L-Cys 6% i o7 3 72 Lb 45
Fig.7Comparison of thetime-dependent fluorescence responsesinduced byD-Cys and L-Cys
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