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B 1 LipoFRET 7% (a) LipoFRET RySZE6 1A 2R 2 &
(b) LipoFRET [ 1 5 - X 52 B Ml £, H A K50 O 5 oy
W, Ir B2 5 F A Alexa Fluor 555 (Alexa 555), &
JE A9 HE A B B T PR I WU I 1 P 2 i R, 2k
Sy Ak A E 2.5 mM (B ML) &5 mM (FAIMLE) &
o i 1 i 1A

Fig. 1. The LipoFRET method: (a) The schematic picture
of LipoFRET experiment; (b) the relationship between dis-
tance from the inner surface of the liposome lipid bilayer
and relative intensity F/F,. The quencher used here is tryp-
an blue and the fluorophore is Alexa Fluor 555 (Alexa 555).
The curves correspond to liposomes encapsulating 2.5 mM
(above) and 5 mM (bottom) trypan blue.
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e H P02 A TR IR 4 N U S I AR T R R R
SN (Pseudo-TIRF) B3 U RERE, DL skE G 0
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SEgeh E A s A G i DA TE GRS
2RI A, TEAMREEN 0.01 mg/mL A9 Streptavidin
VR, FEHRON 5—10 min J&, MR Z AR Strepta-
vidin. B EA G W RIS BUAR BEE AR =, X
W2 2 min, P A — S8R FUAR DUKNFE S b TH RE .
R, R R ASRIC Alexa 555 Y a-syn (a-syn
T72C-Alexa 555 B, a-syn K10C-Alexa 555, a-syn
M ZRFEIR P HN LR 1), FEFH Alexa 555 & 1)
JUJIﬁ‘ VBGEAAE, L 50 ms /i %) R ' R ] o) R

7318, LIig % omsyn 7EARIHE T A 80K 4T
%J. iE%EﬁZEI"J%WEE, ] S 2 A 50 nM R AR
19 a-syn (wt-a-syn), LLEEE] a-syn (9 20K
B, JFARSE AR LA iC SR TR L AARIC Alexa 555
) a-syn FEER BRSO T 94T R S
WERAR BRI LS 58 UG , ST BIEATA 3 E vhi Y
BRI SELS, SCd L IR SRR AR R, Dhic si A

F 1 o-syn WEIERTH)

Table 1.

Sequences of a-syn.

2R HIEMRFH(1—140)

Human

MDVFMKGLSKAKEGVVAAAEKTKQGVAEAAGKTKEGVLYVGSKTKEGVVHGVATVAEKTKEQVTNVGGA

a-synuclein VVTGVTAVAQKTVEGAGSIAAATGEFVKKDQLGKNEEGAPQEGILEDMPVDPDNEAYEMPSEEGYQDYEPEA
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Alexa 555 78 1AWk B3 = B AT M R AIE. SE80
gEIRNE 2 Fios.

FESCR T, R IR AR SR B AIE (0.1 nM)
B, 5o B 2 A 2 BB PR RS, FLARRT 52
(AR 0.65 + 0.07 (FuME + IE5E, FF). JE
FIJRFEZ 4.5 nmPY, B2 RN T T72 (0846 F
BTG IR Y 2 miFHIT . 1 24 A 50 nM ) wt-
a-syn Z e, BB GSE BEA TR o, I L5 B i
LI TR E R RR (K 2(a) FE] 2(d)). XF
SEIE I R BB RES IS B HEA T T ST, DA
2RO S IAETE 50 0. 5 R R, TR B
o-syn fEFERT, a-syn T72C-Alexa 555 FY45 5 PR
PN 20 A (18] 2(b)). 55 B BRI 14 Fh oo i
IR BE R Y a-syn SeEREA—3, b F/F, = 0.63 +
0.06; 1 5% BE 3 e )k F/Fy = 0.83 + 0.09, Xf
W 1(b) s £k, FLrpoC(E X R F AR 2.1 nm
PIALE . XN a-syn W EER S, — R4 R Y
NAC e XIS s i, A T (F 2(c)),
LRI R T AN HP RS 22 ) A A 4.

B, ¥ a-syn K10 037 5 09 3h 25 5 F2 00 15 F
5%, K10 3 5 Fr 76 1) N i 25 — B2 iE J& a-syn 5
A ELAE FH e i ) IX 3. 5 — B 4 2 — M &2 4
3N IE LA, 15 A T 1R LB ) K SR L
ICHT A B 78 T 5 aesyn 23 K10 75378
i A A B 1 Bh S A A P AR X LR R U
& a-syn T, K10 07 55 S5 BEAAH B AE . th Tz
SRR A BT, il S e GRS 59, SR A
2.5 mM 5 Wi a3 TR B oo L T AT

SRR M e Y7 (o e = B iR S =
a-syn N ¥ e B 1 s S FR L & i s b, 7
FEPREEERE N 0.1 nM B, WELH] 3 FEAY
IRAS, Hs2 ol F/Fy = 0.47 + 0.08, 0.68 4+ 0.06,
DL 0.83 + 0.05, 435X WELAA 3.6 nm, 1.4 nm,
DA o i 5 1o B IIT AR 52 (1] 3 () FNIED 3(b)). 1T 24
TEBER P HEGIN T 50 nM Y wt-a-syn Z 5, N %
SR A A T AR k. BRI SR 2k (1] 3(d))
K, K10 75 A7 B MR AR 21 8 5 55 B 1 6
MMNFEEEGITRE, BB o-syn FA7ERT, 38R
A 3 AUEMALE, BIPIIE SIRMR B LE,
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B 2 WU P AETEAR R PR B B AR YR BE I aesyn T72C-Alexa 555 TEALET 5 mM & By 15 B9 g A& - 00 2 S 45 1EF

(a) FEH &

Wy 0.1 nM (L&) 5 50 nM (T ) B A S0 B0 5 e 28 CHC POl 6 il 20 5 290 60 i 20 40 30 O B0 8 2 o W s 1R 5 B et 45 g i
Bk b B AR S8 2 (F/Fy)); (b) EH SRR 0.1 nM (L) 5 50 nM (T ) W 852 5T (R 2R ANRGE T 2 ); (o) R
BE (B Sk B (F) i, ZEBEARRE b 0907 SR AE 7R 228D (d) 2 FER EE Dy 50 nM IR B 22 B TR 58 7 iy 2

Fig. 2. Dynamic of a-syn T72C-Alexa 555 on liposome encapsulating 5 mM trypan blue in the presence of low and high protein con-
centration in solution: (a) Typical intensity traces of a-syn T72C-Alexa 555 under 0.1 nM (upper panel) or 50 nM wt-a-syn (lower
panel) in solution (the grey and green line correspond to the intensity traces on liposomes entrapping buffer (F) and on liposomes
entrapping trypan blue (F), respectively); (b) the intensity histograms of the states under 0.1 nM (upper panel) or 50 nM wt-a-syn
(lower panel) in solution (the error bars on the histograms represent the statistical error in the bins); (c) the scheme of the position

change of a-syn T72 on the membrane with increased protein concentration in the solution; (d) more intensity traces of a-syn

T72C-Alexa 555 in the presence of 50 nM wt-a-syn in solution.

O E R A S, Bk F/Fy = 0.54 + 0.07,
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IS PN U4 2 T L A R T O A 2R R
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N TR EWE T a-syn B 1E7E FF S 800

B2 1T 2 1 5 B A AR AR A8 A R 2 5% o
syn TEME L P B M G T, R &5 5 I 5 1
JE R T a-syn /£ DOPC/DOPA JE [ (i 25
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Fig. 3. Dynamic of a-syn K10C-Alexa 555 on liposome encapsulating 2.5 mM trypan blue in the presence of low and high protein
concentration in solution: (a) Typical intensity traces of a-syn K10 C-Alexa 555 under 0.1 nM (upper panel) or 50 nM wt-a-syn
(lower panel) in solution (the grey and dark blue line correspond to the intensity traces on liposomes entrapping buffer (Fy) and on
liposomes entrapping trypan blue (F), respectively); (b) the intensity histograms of the states under 0.1 nM (upper panel) or 50 nM
wt-a-syn (lower panel) in solution (the error bars on the histograms represent the statistical error in the bins); (¢) the scheme of the
position change of a-syn K10 on the membrane with increased protein concentration in the solution; (d) more intensity traces in the

presence of 50 nM wt-a-syn in solution.
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G R AL, %S Kamar 55 B 578 195
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Fig. 4. Fraction of the remaining fluorescence spots of a-syn
T72C-Alexa 555 on the liposomes versus time. The solution
contains 1 nM, 10 nM, or 100 nM wt-a-syn. The error bars

on the histograms represent the statistical error in the bins.

Alexa 555; —
A § ) f
a-syn Tk, RS

- =

B 5 WP AW E R a-syn 12 JE AR iE Alexa 555 BY o-
syn MR I 5 iy i A A T

Fig. 5. Model corresponding to the dissociation of a-syn
from the membrane which was promoted by increased pro-

tein concentration.
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Abstract

a-synuclein (a-syn) is a key protein involved in Parkinson’s disease. There have been many researches
about a-syn in recent years. It was suggested that the aggregation of a-syn may induce the lipid membranes to
disrupted, which is related to the pathology of neurodegenerative diseases. Thus the studying of the dynamics of
a-syn on membranes, especially in the presence of high-concentration protein, is important for understanding its
function and its role in the pathology. In this study, we use LipoFRET, a single molecule method based on the
principle of energy transfer between the donor labeled on the biomolecule and the quenchers encapsulated in the
liposome. The quenchers encapsulated in liposomes attenuate the fluorescence attached to membrane proteins
near the membrane, or penetrating in the membranes. If interesting site of membrane protein can be labeled,
the LipoFRET could probe positional changes of a single membrane protein in the direction normal to the
membrane. In the research of a-syn by LipoFRET, some interesting results can be obtained with different
concentrations of protein. On the one hand, with the increase of concentration of a-syn in solution, the centre
domain of a-syn can leave the surface of the lipid bilayer and enter into the aqueous solution. However, this
domain of a-syn is located around the membrane surface at low concentration. On the other hand, the N-
terminus of a-syn with three main positions at low concentration of protein, maintains three but different
positions in the membrane at high concentration, where each position is closer to or above the outer surface of
liposome. The above phenomena suggeste that the interaction between a-syn and membranes might be
weakened with the increase of concentration of protein. At the same time, with single molecule fluorescence
imaging, we also observe the promoted dissociation rates for individual fluorophore labeled a-syn from liposomes
with high concentration of unlabeled proteins in solution. The result is consistent with the result of our single-
molecule experiment with LipoFRET. Along with the results from LipoFRET, it could be indicated that there
is a competition process where each a-syn could be occupied by the other one at high protein concentration,
which leads to the dissociation. The concentration-dependent dissociation may be the property that regulates
the aggregation of a-syn in vivo, which is one of the important factors that influence the pathology of the
neurodegenerative diseases.
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