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1.1 XFE5RHA

Cypher ES JFFJ1 B35 (£E Asylum Research 28 F] ) ;5 PGSTAT204 HiAb2% T AR (Fi 7 A
A]); 610020 f74H% i (3€E Avanti Polar Lipids 24 ); RC800 PSA #£41(H 4% Olympus 4 #l); EZ-C1
R AR W89 Nikon 22 7l)o

1,2- A Hol-3-w e @ﬂaﬁﬁﬁ(l,2—Dipalmitoyl—sn—glycero—3—phosphocholine , DPPC), 3 i
fi2(1,2-Dipalmitoyl-sn-glycero-3-phosphate , DPPA) FI% PHI-1,2- — A5 AEIR H yh-3-BEE LBER%E (1,2-Dipalmitoyl-
sn-glycero-3-phosphoethanolamine-N-(lissamine Rhodamine B sulfonyl), Rh-DPPE)F/ 4 FE15>99% 1T 32 [F
Avanti Polar Lipids N %EmﬂﬁE(HOPG, 1 cmx1 emx2 mm)*ﬂﬁ@%%ﬂﬁ(l.Z cmx1 mm) AR
[€] Supplies/Structure Probe 237, H BRI N 0Ar 2l W F 56 [F Sigma Aldrich 237, 4@ (5
<1 m), BT I Gold Leaf Supplies A Al #RZZ(E4E 75 wm)IEF Sigma Aldrich(FPE) AR SEIRFHAK R
K FH Milli-Q 4E7KAY (35 [ Merck-Millipore 23 ) ) il & AB 2K (18.2 MQ-cm),
1.2 KWEE

ST I 5 2 R R = AR A R AL 35 5 T AR A A R (A 1 R ) o R HOPG
(SPLHZHE, West Chester, PA)BEJRAE R B2 500 S BN 37 0K 2 b i) AR AR o SR HDBUTRD BEHs
HOPG HEFEAEEAN B EL 1 (SPTALRE ) | FIFHREIEAE A B 58 1 21 ARM S O 3 1 R T S 4R i d%
5 HOPG HH7%E#H: . W4 B4 JEEE <1 wm, Gold Leaf Supplies, Bridgend, UK)¥J5) 78 55 K5I 7E AFM
R SR 0 T A X, AV Sy 3 A FR R R IR U B T RAR AR I A R e . R R
F 1.0 mol/L KCI i FR P 4R 22 (A2 75 wm, Sigma  Aldrich ) 53] Ag/AgCl LM, 2855k AFM 2 T
[/ NFLIF 2 VE S LU . LA Autolab HIL A2 T/ (PGSTAT204, Switzerland ) BEAETE I i 135 , 5
b A N Y FRL S ER R AR R T2 L H B L

Ag/AgCl electrode

Bl Sl B2 R A

Fig.1 Schematic of the experiment setup
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SR FHAE IR A5 2 ) 46 KL b 1) SCHERR AR I 200 5 2 mg BAMEELZS T4 24 h )5 A 1 mL 400K,
FE70 C A 15 min {EHEBEIR/K A, TR OB AR BT il 45 100 nm AOBEARSEI6 . B 20 pl b ik%E
S 150 mmol/L NaCl ¥ W & J5 T INZERT &£ HOPG 2K I, 7 70 C R 40 min, SR 2 mL
150 mmol/L NaCl % i 4% 4 th et it , (N B RS 8 1) R e IR B2 7E 6 h T iE Ve 2 &2 25 °C il
20 min J5 17525
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1.4 AFMJlE

Jir A AFM D EITE Cypher ES 240 58 1, B M ATEE /EH 2 2R AR (150 mmol/L NaCl)
Hh, BUER DG K (GRS #% ) k7 LB oA BEARRE I o SRS B o A 5 — B8 —
Peshite—3%, BTG RS H A0 E S B HEHGE R 2.44 Hz(CBAMTE) FHER . 14 B0 e 5Tk Ji
FZIE 200 nm/s BAEOL T BEAT , S KA FH 7 e fid & sl o A FH P9 B U B 4 ) R B b PR AR 7 (25.0 =
0.1) C. FIH Igor Pro (F[E Wavemetric 28 7 ) BT AFM I 455 083 934 o
1.5 XHRZEAME LK (FRAP)

TEWEIE T AR IC D EWERE (Rh-DPPE , Avanti Polar Lipids, BE/R Fb R 0.04%) , il £ 100 nm B 5 2E 7T M
KAEWENR L . SOCHE AR PR AL TIN5 P TR A SEOG IR BT BN 0 BN 2 5 ) S5 B i B R BT B sl R
APl LR YO BB ST T RS R G I HEAT FRAP WU, L 20 m B4R X 38 75
F AR, W OB R R AR =D T 3 Wb i I &, 25 20 B A Tmage J #00 (BUAR
1.44p) AbERPY YRR D B AR R

D = 0.224R/t, (1)
Hr, Do~ P EEB(um™s) , R EEFABES AR (wm) , 1 FTOEIKE LT (s)

2 #R51E

2.1 HOPGEEHFAEM

HIEHE T HOPG KR A B L 2A R M o 7E 150 mmol/L NaCl ¥, HOPG [T HL A Ky
0.02 V,#35T 0, BN A G A —EMFE M. 2% HOPG ZEIKHEIN-1.0. 0 F1+1.0 V &is L, K
AFM EUEANIE 2 s o ZEFH 90 K0 BBl IX 3k, R & 38 HOPG 1% 11 & A= BH AR 4k B A i s
FETRPHLRE B A X0 22 03 30 144.8 . 146.5 F1153.8 pm,  FEHVHURE R L34 784k, Ui HOPG LR 7E
WSS 2514 T K a3 BB N AR PRS-, T DA TR 2 S e it ot

A B C nm
10 nm 10 nm 10 nm i B

P2 B i 1 2 A1 58 (HOPG) ZEAN Rl LY I Y IR ) S B (AFM) F34# I . (A) +1.0 V5 (B) O V3
(C) -10V

Fig.2 Atomic force microscopy (AFM) micrographs of bare highly ordered pyrolytic graphite (HOPG) in
different electric fields: (A) +1.0 V; (B)OV; (C) -1.0 V
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AWFFE B #EE DPPC b i or+ ML AR IR B 41 °C; DPPA S B BEAR , HAR % AR 6Ll
67 °C.o R, S5 i B 2 0 Y 1] A S e o A 1) 7 VR 1 5 v T AR e A0 WL B (O B IR I
70 °C), (ETBERRSEULAIE BLAE HOPG B [ il e sl . R 2RI =55 , LA R Y DPPC i iR
), T S RS JEE B A o i R AE HOPG JENK B BOIRAS . AFM I SR B2 Al =X, A1 8% 2 1
i PR RR RS 1A , 28 i W R S22 45 BRH 0L A9 T N 2 25 R AN 5] 3A I o Bl R A e 3 A e g
R, EH 5 R TR VR FH 1 U 0, YT AR 2 B R RR IS | 22 SR/ NAE FH 1 2 2 8L 6 B =y 24
J178 Ak (R AR M Z) | PR M B IS [m1 58 ) 28 ok Wl Bl FBE 0] 2 S, B i 2 5 Il o it R 7 R 4k o
o “HER BYERKEEE S AIEER ) SR FLE LA BEIRIEA B2 1M H HOPG B 35 i 2 il 24
9 65°(&1 3B) , J& T B g K M 3R, B T S DA 2 BRI U e . AR il 2105075 1 JBE L
29 3.8~4.1 nm. ERIEI APAFAE I P A RS2 A1 B T80 00 £ S M I ) e USRI 270 A7 o 2 W g
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K3 (A) DPPC HUZBEAYS NI ; (B) HOPG RIFAYEMLA; (C) ZOIE AR LR M
Fig.3 (A) Thickness measurement of DPPC monolayer; (B) Contact angle of HOPG surface; (C) Images of

fluorescence recovery after photobleaching experiment
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HAGE (60 min J5 ) FIBEIEY BUREUD = (0.05 +0.01) pm?¥/s, K LB K 0.09, BEIEEA)Z BB 0T
R 2 A e 2 KA STV SRR A R S EAS B S R T RUZ B S . HOR IR T A DPPC
WERE M EEE RS, 0 T st S S BRI S M AR 22 50 . DA R85 3R ], HOPG JLJIE 1Al e i) i
RELEMR, S0 N BRIl E2% .
2.3 BHNPEBEERENFSEERET
S AFM 454, Xl & Re i % DPPC BRIRIEHEATINAE o T I 5E ¥ 7E 150 mmol/L NaCl
WWPRA Rl BEA T, 4 R A AL SE T AR 0 BIAGEN+1.0. 0 FI-1.0 V B 37X iE IR Y
AFM 136 B R, A Tl 2 Ak Ay ) T v B 1R £, R 2 00 7 A 2 FET 0D 1 ) 08 80 T B e DA R 3 I8
D7E S5 A WK ZEME A5 T 1) DPPC 52 R 1A 14 52 IR ) S P i 045 3k B S0 5 /) AN T

20 nm

(6.8£0.2) nm (6.1£0.3) nm (6.3£0.2) nm

K4 ISR 1,2-—ARRRIRH I -3-BE IR ARG (DPPC) PR IRES ALY AFM {8 (A) +1.0 V;
(B)OV; (C)-10V

Fig4 AFM images of structure transformation of 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) mono-
layers induced by electric field: (A) +1.0 V; (B) 0 V; (C) -1.0 V
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FHAR B 7 1m0 & AR AR A, F B R BRI RS I S5 A N I BT RR AR S A o AE RS Mt fin i 37 A 1
T BEIR 57 BB K R S B BRI R 3 (VR FH 0 R B R R AR R R, 25 A R TR ) e
NRIARZASAE ML, DPPC 43 F#E HOPG LI I [ & %708 A fe e (B HORES , 3N 5] 4B Firos i) JRl P U
Lr4EK . DPPC N PERERG , (R P Sk 04 P-IN (A 2 DRI B 1 0 0 R 0 G 2k 2 40 At 55 v
o6 FL 3 B SRR B I . N +1.0 VB FRLAZ S X BRI 23Sk 38 A A Ak, 35X B AR 40 R B AR T
0, 3 5 P R 90 0 v R WA AR AT, D A R 72 5 (&1 4 A ) Jr S H, 7 0 T el 72 B A 1401 25 4~ HE S R il
HERRARZ BRSO YR hn—1.0 V ELIINT S ) FR S s A T 2 U SR P S . e s
A B A3 A RIS FE A /A (6.3 £0.2) nm, i EZEHIIN 2 5L b PRt FZ R e T R
Oy TR K WiNs o0 T 5 RE Z BIME T J1 o MIXFI 5, —1.0 V EL37%F DPPC i o ik 45 WA 285 728 1) 5% i B A
o TR AT LB R B 2 T HHES) B 4 R s PO SR B TR A iR SR A TR E
B,
2.4 BEHNHEEBEERENFSSEMET

K5 DPPC A1 R B4 7 ik il 4671 T HL T ) DPPA BB AR . 1K1 5 R T RIRIHL 3%} DPPA W R IE
SRR . TEARBANG I HL 7, DPPA o5 315 DPPC 5L 8C4s# , Al el T HOPG K & & Y
FL 3G 7% DPPA 23 HOHER | (A5 2R TH I S0 T e R AU Lt DPPC 2549522 (I8 5B) . XA R
JiE N +1.0 V IE L S, B 55 ] D gz 50 10%) 0 1A RT3 O 58 348 e, U8 0 R Bt B S i, -2 S 2y
(5.6+0.2) nm, REZH 1nm (E5A), BEIER AT T FERTEA LN a3 HES AN 35514 DPPA 43
TEHHES i ARG R P TR A BT HEn-1.0 V FL 7T, ZR 18 19 5 208 5120 i AR A5 A8
T, 3987 SR B T ek /NG 2851 2, Jal 2 Ak Aty ) i T 1 Sl 6 T v AR A AN LR v B 2228 /N (TR 5.0
WA Bt %) 65 B S T SRR AR TR D0, TS LRSS H AR k. BRI N LA b E i r i
B, I SRR B 2 R A AR AR, AT SR 1 5 T IR I 45 A % 28 | I H A AT

(5.6£0.2) nm

s A S A AR BEEERE IR TR (DPPA) BURBEES LS . (A) +1.0 V5 (B) 0 V5 (C) —1.0V
Fig.5 Structure transformation of 1,2-dipalmitoyl-sn-glycero-3-phosphate (DPPA) monolayers induced by
electric field: (A) +1.0 V; (B) 0 V; (C) 1.0 V
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X R DPPC K B L ) DPPA B Bt JinAH R O &5 o1 Fe 3, S 2 36 0T, IE fL 3% DPPA K 1f
(1438 SOE SR , 1 L3756 DPPC 2 11 A SO S A 5K (345 AR i /1 HL 37 RS A EE ) o
RS AR R DAY S B R R v B 25 AR A R S O A R AR S 1 5 Ak, 3T RIE R T
KAy TSR RIRVE S8 T —F 2 AR50, DPPA EHai i siig , 52 IE FIZ R 5 | 5 1 i 3700
HE R 34 LA B B, FURE AU 1 S B00 D SO RN B AR A AE AFM 49348 (&1 v R 1) 38 B4 R
i {HJE:, DPPC J2 HA PPEZS I A Fp PR RR , vl 2 B3R5 pHE . BRI TR 1455 3 & e b i 7
A5 A R LT N 97 LS8R AL TR Sk S A A SRR LA R, T S BCH AR SR B T
1) e B AR AR A
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2.6 LHEENHISW

SYGLEA R T 37 T LA SRR 1 A A HES S B S R , e A e A e 3 A
BT I, AT 5 S i o1 B i A S ZE M A LRI (18] 6) . DPPC 1 DPPA 73 F-7E
HOPG JJi% b AP IR HOIRAS 1 1 & H 35 T 0 S5 A i AR AN ] 6A 1 6B JIT , i /st Mt I ey v 37575
WG THES A A A A B S B 2 SR A . 18] 6C i DPPC BiRliR 70132 ML 3% (VR F 1 0 A
KRR TEE . DPPC Y PP RS § 45 Ha (A5 HAE SN SR B B s 152 S b P iy B ik, A%
Sk R TE S R T AR 228N (L] 6C FR eI P ) o iR I R 3 2 i 5 R X 67 L PR AT ) TR 5
IR A o T A TR AT RE AT I SRR, 5 A 122 10 I PR ) LR Sk Pt 7 R R A JBE LA B AR AR
Ao WSk rb e G R BE P BTS2 B 3 0 R/ IMBL A R AR A R X i Sk TS ) P 3 5 | e —E A
JE bR T W5 RGBS BRI YRR R (6 6C Z218])  FRBLH i 37575 S A BRI
WP LU GE P S0 FEAT AL/ o N 5 L7 REJF S IR £ Fi iy i AT ) 3 )RR Sk 78 A it
G, A SKARAS AR 23 LR R A LA R L RGEAR 3 P 0, B 2 A it 7K R 0 1 [ g S fel LR R
MR AEIR o AR BB S 1 2 BEAT A KA B ST A WA 1A R O S S TR R R R B
R R AR P, SR -1.0 V B TE T 1w 22 B R A B LA R A (18 6A) o [ DPPC
FEAEPIVESS R | A 52 1E G0 A 3 O AR A AR ), 2 B0 H 5 A 1 b EL 25 5 W) S AR D 2 4 A28 4k . DPPA
FLBRAR , B AT /K A FHARCHE e A 875 DPPA 75 HOPG R THI A B )~ AR BT 12 SRS Bl SR
22 (E 5) 0 +1.0 V BRI HBAR 75K FRAY L X 5 |, S AR B SR AR A 701 5
S, B AL E R TR SRR HES , B e =R, 2 ik SO AL BE 3 M A de SOE A (4 6B)
JEAN—1.0 V SR AT, B 59 BRI R /K A P AR 3 0 s RO B R 1 3583 J R P ) ]
R PERIHES B R , S I OB A BE BRI R . e SRR A A A Sl A e e
A E R FOES VR KA R R 5K 7 % B AR IBEAS 44 A ket e 21— 2 RS B 1
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Fig.6 Schematic of the structure transformation mechanism induced by electric field: Schematic of the
structure transformation of (A) DPPC micelle and (B) DPPA micelle; (C) Structure transformation of DPPC

molecules in electric field
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(£ 1.0 V)il 5 P RERR 731 10k 5 AL , 51 231 814 F 0 SRS B m] VR I 7, 2t i S S5 fig 40
TRAEHH R R A ZE A o Tt —1.0 V /LA F T DPPC B 531 ] SR A I OIRAE R A2
MHEAN+1.0 V LA F T DPPA BiE 1] 5 M e R A M A | 5 LG I 1E 17 i 375 | S ) s Ay e A8 LAY
AL, HL RS R T HE A AR ) R R A B AR AR AN T T X

RS AN A B S A ) — i AR BV E T . ASBIRFE S A0 T A i Nt A 0 AR b e e 25 A HES B AE
BHUEY AL A DR L ROT R TREIR A S 2 0 ST A S B E.
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Assembly of Lipid Membrane in Salt Solution and
Structure Transformation Induced by Electric Field

BI Hong-Mei*, GUO Liu-Chun, ZHANG Ying-Mei, ZENG Xin-Ru, XU Liu-Yi
(College of Biological and Food Engineering, Guangdong University of Petrochemical Technology,
Maoming 525000, China)

Abstract The nanoscale organisation and transformation of self-assembled lipid membranes is central to the
biological function of cell analysis and bionic structure construction as well as the biosensor research. While lots of
work have focused on chemical interactions of component within the membrane, limited results address the impact
of a trans-membrane potential on the molecular behaviour of the lipids and the related effects, especially in
physiological media solutions. Here, in a salt solution that was isotonic to the physiological medium and utilizing a
combination of atomic force microscopy (AFM) and fluorescence recovery after photobleaching (FRAP) techniques,
the nanoscale molecular arrangement, assemble of neutral and charged lipids at the surface of highly ordered
pyrolytic graphite (HOPG) and its structure transition under electrical potentials were studied. The results showed
that these lipids were spread on HOPG in the form of monolayers at gel-phase because of the hydrophobic effect
between substrate and lipid legs at room temperature. These lipids further assembled to form nanoscale semi-
micellar structures and exhibited corrugations morphology in AFM images. When a moderate electric field
(£ 1.0 V) was applied on HOPG substrate, it was found to play a major role in inducing the arrangement of lipid
molecules and structural transformation, while interfacial solvation forces and ion effects played a minor role. This
work provided reference for the simulation of bioelectrochemical devices and the development of phospholipid-
based macromolecule laboratory chips.

Keywords Lipid monolayer; Electric field; Salt solution; Structural transformation
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