% 4”) {t % DOI: 10.6023/cjoc201505003

R ER

Chinese Journal of Organic Chemistry

NOTE

P N e YNGR ozt peS
FHE O EEAN REE

(EHRZWEFR Eig 200433)

WP T

WE  CBAEGEA B ARG, SIS R SIS S AR I B R —. ML T A Rk Rk 2
P FEL Al 1 5 8 A a8 1 R AN R PR BT T OB, T R BB, BT, BT sk 2 Al R R
2R, WIFURAT B HRARIE LI ARBRI) R TIEIE R BABOR MR TE. RIS Phe = BRI BB AL S WL G
XUZ RS TN B IE, 5 T R A B A U6 G B S DA T I 00U OB B S BRI S, XN TE
TE AT LAES R AaIE CIEREER. W LAAEL, EIE X £ AR B 1 35 1 e o R LRSS .

REEE  FFEBMIIS, NTEIE; FEAE, LM

Transmembrane Transport of Actylcholine through Artificial Channels

Zhu, Pingping Xin, Pengyang Hou, Jun-Li* Li, Zhan-Ting*
(Department of Chemistry, Fudan University, Shanghai 200433)

Abstract In natural system, the transmembrane transport of actylcholine is one of the important processes for realizing the
neural signal transduction, which relies on some specific proteins. The development of artificial systems displaying the similar
transport capability is not only fundamentally important but also may find potential biological and medical applications. How-
ever, this has been a challenge because of lacking architectures with proper cavity size for passing of actylcholine. In this pa-
per, the artificial channels have been built from the Phe tripeptide attached to aromatic hydrazide macrocycles. Dynamic fluo-
rescent experiments on lipid vesicles and patch clamp experiments on planar lipid bilayer revealed that the channels can

transport actylcholine. The transport selectivity was found to increase with the increasing cavity size of the macrocycles.

Keywords aromatic hydrazide macrocycles; artificial channels; transmembrane transport; acetylcholine

2 P AR 1) = 2 Ty R A A0 T 5 A SR 8 23 B T
K, I g2 i i 2 B AR s 1y A B FAEE. ZEGhffa o,
AR PR IR 5 (81 2 I3 B 88 R LN ) B 5
I B AREHEIE & A SR, W IE R A RS s i
e PR I H AR IR PR R S I K. Ji4b, liEEA
FEORFF A A N A0 I AR A . SE AR B S 1k 3
FITE PR IR ()25 5 07 TR A IR P, — A
XA TR, KTl — R E MBS, H
b, A A B R A N TS R TE R A L T R
RISk S RE, AT DA IE I 1R I T 3R 463 B 7 8
e, AT DN ST oS TR LB SR A e . =
TEERE, WETARF RS IR T MRS
(N B P A R . E I 4 LR T 1y N\ L i 3
KA, 4R HGEH SR T S B RETT M. R

* E-mail: houjl@fudan.edu.cn; ztli@fudan.edu.cn

Received May 3, 2015; revised May 13, 2015; published online May 15, 2015.

PEA BN 731 B85 B Amak U7 T, A RS 7,
NGRS T 3B A0 A DL R R IR R 1 5 s ). 24
Pk A B (actylcholine, ACh™)J& —Fh B Z I #f & fii, Xt
PSS IME L K IEE EZEH. AN, Sl
Bk 3 2L 1 $E 90 £ B B B 5% 32 1A (vesicular  acetylcholine
transporters) fif 7 AL JEFA TN, HE0E B8 R 1%
ACh™ [ N TR RiC R WARIE, EERBTHZAEKR
ANFLIN. FEARIR ST, FRATHRIE T — 8 AT DLES iRk
ACh" [ N Tl

BT FRATVKIN, A Phe =K 57 EFBEMERIAE
W 1~3 LRk AR RSUZ (B DY ZE R XUZ
s, NI R ERCR 5 I JF B S A7 T AR XU i A ), T
20 EH 2 26 IKEE BT 52 3 R L T 231 0 45 TR TR X
[ ) 2 1 S 27 s W N T S v Y 9 = B

Project supported by the National Natural Science Foundation of China (No. 21422202).

X [ AR R 5 4 (No. 21422202 ) BIIH A .

1994 http://sioc-journal.cn/

A ©2015 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2015, 35, 1994~1998



Chinese Journal of Organic Chemistry

3?

Gy
% T

NHXHN
(0]

O
oo
Lo Mo
R= %’\[rN\ﬁLN/\[rN\ﬁLOH
© pn © Ph

B1 ¥R T 1~3 i

Figure 1 Structures of compounds 1~3
E(E2). EZATRIFE T, XN e I E R B AT
5 RN T IE AR R S AR A R LS ik . i
TR T 13 BIRITE NIRRT 05008 9.2, 9.4 Al
11.6 A, K/NELAEZBERER 7y 7385, I HIR A4
EARFSRAE R M EEREAS ORI 1~3 FEARRZ K
(¥ 55 RS ST P 7 ORST B A m U R TR, AT
AR 735 P A ) N L i B T A T R S LR 2
JEBR ) 5 e Aamik . Jutk, FRATUARENE 7> 14T Y 2
WA EIEXE A6, i 338 566 S FE H
BISRIR R TR T 1~3 0 S ERRH BRI 5 54 ik vk
fie.

1 &HR5WTE

1.1 EERRHI%E AChCI BT BERT R
TE2Z AT HIRE TR AR, FRATIE W I 25 LSS BRI A i

O

C%

1: X=0Me, 2: X=H

”

O

33

Chin. J. Org. Chem. 2015, 35, 1994~1998

© 2015 Chinese Chemical Society & SIOC, CAS

w‘i“‘l.i .f.f
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Figure 2 Schematic representation for the formation of trans-
membrane channels from the macrocycles 1~3 in the lipid bi-
layer
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Figure 3 Changes in the fluorescent intensity of lucigenin
(Aex=372 nm, A, =503 nm) in vesicles with time after the addi-
tion of macrocycles 1~3 (x=0.1%)
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Figure 4 Changes in normalized fluorescent intensity of Luci-
genin (A, =372 nm, 4., =503 nm) in vesicles with the concen-
tration of 1~3 (molar ratio relative to lipid, represented by x).
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Figure 5 Current traces of the channels in the planar lipid bi-
layer
(a) 1 at 40 mV; (b) 1 at —100 mV; (c) 2 at 100 mV; (d) 2 at —100 mV;
(e)3at 100 mV; (f)3at —100 mV
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Figure 6 [—V plots for channel 1~3 in the planar lipid bilayer

in unsymmetrical solution
Trans chamber: KCI (1.0 mol/L), cis chamber: AChCI (1.0 mol/L)
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2-(N-MG AR 2 TR (Mes) N J&K /A & (1 [E)I445; Lu-
cigenin M ABBLIS A & (3 ) 14 ; diPhyPC
[1,2-diphytanoyl-sn-glycero-3-phosphocholine, 5 1/j ¥ i
(10 mg/mL)]M Avanti Polar Lipids 2> & (3 E) B 7. HAth
Wil SZV SN E R A LAt N

96t ] Perkin Elmer LSS % 6AX(USA) T =i
WS, e seis b, /] Warner BC-535D XUZ
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i 4 1 kHz (HEKA). {#if FitMaster (HEKA)#E{T 5045
3T, HA R AR 1 AEE N 100 Hz.
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mM)IIAJR R, FUAk. AL 0.2 pm B SR AR s D8
g, K A3 B0 2L R BN I BT 48 (MWCO = 14000)
H, FFERER) Mes S2iPiBOENT 3 IR, RERRRIFE T2
AN, 1B ARG R TRV A .
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FER LA ML Mes 25 111i%(2.0 mL, pH=6.2)
FFEALAE ST 100 pL, ALK AChCL (3.2 mol/L)¥A W 60
uL. JE ) S 2R A (=372 nm, =503 nm) M52
HoRFERA, FREECTRRE (), AR T DMF
L, ELSEIRI 12 min (4). BJa RSP Triton
X-100 FIZKIEW(50%, 10 pLyFHFERIR, JFEELk s
2GR A TR AR (L) KW 0 B A A R —
10)/(Le— L)EAT VA — AR BE, 15 22 6o FE i B0 43
i&@[lﬂl
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H? 0.5 pL 25 mg/mL diPhyPC fZ$keft 45, IR1E
Derlin #(Warner Instruments, Hamden, CT)fJ#FfL(d =
0.2 mm)/H [, JeffiH BARER, REHERRT. fL
HIZE A TIN5 3 cis E(FeH) R trans =, 1E trans /N
A 1.0 mL 1.0 mol/L 1) KCl ¥, 7E cis ZMMA 1.0 mL
1.0 mol/L ] AChCI ¥, Ag-AgCl FEL A% 43 ) i 75 3 ) v
M. BB 1.0 uL diPhyPC 58 B i iR 75 2 1 T 1
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MBI AL L, RIUILHEE, i S TE 80~120 pF 2
AJH3Y [ A o A L A IR R, AR FEL R
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5 uL (1.0 mmol/L) R4} 7 i) DMSO i £ cis =,

i HE 1~2 min J5HUEIHA.
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