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Abstract

Artificial lipid bilayer membrane (BLM) was prevalently applied in the electrophysiological
research of membrane proteins. Recently, researchers make efforts to introduce the technique of
microfluidics into BLM formation to realize bio-assays in a single chip. In this study, we
developed a system to form a BLM suspending across a 100 pm” hole with the assistance of
encapsulated droplet manipulated by EWOD (electrowetting-on-dielectric) and thus the formed
BLM was inspected by optical and electrical analyses. Herein, the measured specific capacitance
and thickness of the BLM were 0.5 uF/cm” and 4.8 nm, respectively, in accordance with the
literature. In addition, gramicidin and o-hemolysin were incorporated and studied by
transmembrance current measurements after BLM formation, where the conductance of single
ion channel of a-hemolysin was 500 pS in upper droplet/lower droplet 0.1 M/1 M KCl solution
and 100 pS in upper droplet/lower droplet 0.1 M/0.1 M KCI solution. Furthermore, the PPi
hydrolysis and the induced proton transportation of V-PPase were studied under a fluorescent
microscope, where the decay of fluorescent molecules was caused by proton transportation of
V-PPase to confirm the physical movement of BLM.

In order to observe clearly process of BLM and to increase its lifetime, we improved the
system. First, the opaque silicon-based hole was substituted by transparent dry photoresist
(PerMx). Second, we diminished the area of hole and changed its dimensions from 100 pm X 100
um square-shaped hole to 50-um-diameter circle-shaped one. Finally, an asymmetric BLM
whose thickness was 5.62 nl for 31 min was formed by a encapsulated droplet with Rhodamine B
molecules and another one with Fluorescein molecules.

In the future, we will design the applied electric flied BLM system for controlling efficiently
the process of BLM. In addition, in order to form a stable and durable BLM, the droplet will be
manipulated in the oil filler medium. Finally, the co-planar Ag/AgCl electrodes will be also in

integrated into the chip to complete the system.

Key words: electrowetting, lipid bilayer membrane, electrophysiology, ion channel, V-PPase.
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B 15 5 f B A e

R G T PR RE T R RS S 5 KPR o A PR B I L G
B2 V¥ kst (OlympusIX-71) © » i * fp = Z HVBR T L 2 v s
(Olympus DP30BW ) # g’ ik 4% o “,% TR E RPN > ST ;‘%‘i{‘]@‘_ﬁ;ﬁ -4
SORWRPENE R o §F SRR EF U AP 0 A B[R S FUFEE N/ E /T RE R
RY (AcB 16) > T U RT R LT RE TR A F200HZz s TR ) 5 2mVpp o JUPF
2 m@q‘f@““ - BRFL O FAL ,m«.;;;g;-,: D R RASUE T EFE SR RE Y
FaEk Biede ) Bidd A BRI T Rl o RS REF D Tk
fe R AT 0 Y R P R



Fire

H

Bl 16 4U% 417 164 » R IRkT L B

Fv FenT A LE PP AP *  -Hemolysin ™ 25  g/ml ek & e » iRk ? o (&
E])Fﬁ'%}@lng”] BV ,p%,ﬂ\bgl@g qu’r%}@]aﬁp Pl idy o FAPAYG
%12 150 mV eE i T IFP;FFT%}; T QEEPIUBUELEH AL DTN FHRE
AU F VAT . _:m’?é’;m-ﬁ: MWEL A < Brsen ) ,ﬁ;;?}; » Bt T g B S ARUEL o

2. SRR RALE PR

2.1 F & B Rk

Bire BAMORIR ST EE S - BZ PSR B 17 (a)e B K
E AR IRE RIS RIRDT o AP AR %’i&ﬁ_ BAE VAR feAbF A 4 B R K 5 2000
A/200 A B A -2 B2 0 A5 10 B4R BHE G 20 um ¥ S A - g 2
A THE > 4B 17 (b)) 2 (5 ALY - K 5~6 m e AZ-4620 3 4 K - & 55nm
1 Teflon (Dupont) & #x KA o ¢ BF B E % 80 B 5 Uik ap i 5 o Vi e vf 250 um
B (100) # & F1F > A B g dpimfiiz e o wff 500 nm M4 g o £ gk
BAREA R NS B R B 0 2 S A s enE RSB 0 7 20%
i §it4e (KOH) #uB& % > ap & 3 w58 « L 5 100~130 pm hi + 353
WoB L LI F SRR S Immx2mm * ]l o 302 F Apit itk st (PDS
2010 LABCOTER™ 2, Cookson Electronics Inc.) #d % % & /T 5 1 um % <7 Parylene /&
W AR PR RS AG REURE BANL 0% TR R 2 F ks
BEF R P iY BESR R BT R ARRESE G RE R AH o Z K Y
300 um =fE A 47 FR B o
(a) (b) (c)

[ cwTiElectrode  [] Glass Lipid/Decane
[E Az-4620 Silicon [ Buffer
[ Teflon Il Parylene E Spacer

FIIT % 30 5305 0 (a) BHERALE S (b) i< AR ER T ©F & ¥ 34



2.2 5%k FE(PerMx) = 5% & 5L

o PEHERES & FRARR S 2 P s (R 18(a) 0 B A A A R IRE RIZS
B R T AR 0 T ART Y ITO g3 5 e e AR P2 A5 1 0 Kby d 5 il dp 38
AFHwCA AL 5 1 x 05 um® 2 a3 - wehd T g 8 FRE 4 T HRT vl (T (R
18(b))c 2 s L &A% F - & 2um 9 SU-8 % /i & & fo— & 55 nm 52 Teflon (Dupont)  #x
KA oAt - RRAZZE DL LG THeH VY EFEPAMEATART ER-EP
2 ARG R (e FRPF T 2 L AF T o ? FEET A By It
EPFE M P (PerMx) < 54 i E F $H AR 15 pm enge ik e v i 3 enpc B Az TR R E R )
ES il GRS S = AN = h (R B T B Sl SRS SO 5 SRER A L R St g) SRR
c TR F AT T o g FRER D - EC 50 um(R 18(c))F FFL Big
B3V A m TAE 9 Lum 5o Parylene i 4 & P oend @ A TanoR o B EGS 90
TR R S VO IR AR R AR AR R e BT R B RO
%3 Bk R gy A 0 = & Y 4 300 um SRR TR R
(b) (c)

.

&

[] Glass N [TOEkctode [E] sus
|:| Teflon @ Lipid/ Decane I:I Buffer

@ Spacer . Parylene Wafer
Bl 18 douckpe & ok S3k3t o (a) BHERIARE (b)) £ T & TR 5 (O)Fe kit ik

300 A R o g A
3.1 Gramicidin

Gramicidin 7% » ¥ % > 1 & B 8 & Eeig @R Ae0T) 8 o F SR K (W] 19T 023
SR B enZE R 0 K OE_F TR IR ¥ 4 ~ Gramicidin Bk 2 R ESET T REIIVFE TR
R 0 F g ?3‘/@] WA, {8 0 Gramicidin GhE B A F § p B r Y F oy - BEMA
TREVEEM A ST LY o ¥ FA BT > AP EUE AT - 2
AR R T T F PR T T K RBERL TG PR B &R
45T 0 g e g S 01 150 mV s i T (FG 2 R R 413K %5 750 mV - Patch Clamp
H50] % 3R 10) 0 17 A Frd) R (Voltage clamp) » 5§ %3 FHEA WA 4 18 0 Fev [T § AP
PR Sdgsidsg > APTe AT HERY FRTARE o AP SR FHEL TP -



® Gramicidin

B 19 Gramicidin ¥ » % 5k 2 &k B

# 1 Gramicidin ¥ » g %1% 8%

. .. ) Protein:
Both droplets KCl solution Lipid solution o
Gramicidin
Final 7
) 0.1 M 24 mg/ml 10'M
Concentration
Voltage Frequency wave
EWOD signal
120 Vrums 1 kHz Sine wave

3.2 o-Hemolysin

4ok 3 — & Gramicidin 9§ % » o-hemolysin 1§ S+ 25 1 &P g T ER WA,
2§ i&- #  F 5 a-hemolysin (¥ T F #i Gramicidin 5 % > BN E 2§ oanE Lk
PR L R EMEBRIE - W R ERE - T g A TR ERE oD
o-hemolysin °

F 5% KA G 5
%iigﬁ}g %&’%E%‘&&gﬂ%\ 25 m H s é._ﬁ:}(-’?‘gﬁvb rﬂifﬁz}:ﬁﬁ’(’ E'J;'Ji‘j—_%\» 39 '?,‘5@
BEAHHHE LT - &Y

# 2 a-hemolysin % 27 e B 2% 12

T %% % (KC) 39 5% i% (a-HL)
IR TRIR FiRIR TRIR
AA 0.1 M M — 25 pg/ml
BB 0.1 M 0.1 M — 25 pg/ml
CcC 0.1 M M 25 pg/ml —
DD 0.1 M 0.1 M 25 pg/ml 25 pg/ml
EE 0.1 M 0.1 M 12.5 pg/ml 12.5 pg/ml
FF 0.1 M 0.1 M — 50 pg/ml




# 3 a-hemolysin % ‘2§ % ¥ H 2% #ic
B IR T Final vlume Contents
2 BTN
fefs e 1.5l # % KCl 73 i% fra-HL 7% i%
C trati Vol

T oncentration olume
Fisi 24 pg/ml 0.1 pl

Voltage Frequency Wave

EWOD signal
120 Vrums 1 kHz Sine wave

3.3 V-PPase

4o 20 0 AP A SRR 2T r PP~ G 0 T 3 R IRP 4 » 75 V-PPase crpick g A
F oo Bk I A+ hE_ Acridine Orange » #-H I L4 AT R 3k? > @ F A IR RS
fo o d At F LT B VHEM G A WA, 0 TG E TR AR T REr
MR Y o PR kST AR (pH EikiE) €5 5 %4 L Dimer» ppEE k¢
47 (Quench) = #7r2 V-PPase £_F § 4% » *o A enm 50 I AR R R o

B 20 V-PPase § 5k 928 3% B
FAPARTRESS EHmORIR B HBBIIF AoV - RIKRIAPE S SEF
fem A) % BER 18 0 7 3 V-PPase chficiedl € i3 S A K > @ V-PPase #-§ 4t~ ficd o gt
PR BT T BE A Ben V-PPase ¢ #5131 RIRDT[RR LR FF PP A S Aok g
F37 @4 > V-PPase € fe PPi F i » -2 oKz > A4 £4 BE T3 (4 43)I Wy -
o F - AAKEE ARG R- B IR T RN R OL R EEFRE A



%ﬁ% s %;\;ﬁglﬁ—/%/& s l.'J\ JD;L’_)E I‘( o E}-_]LL -+\. ]FB""I,{}{ Joﬁgjim;{é&j\ FI’J V_PPase ﬁjqu
oA e B P S| A S A A S b R oA A SHcAT £ 34 ¢ 5[4 - B¢ VPPase -
PPifr AO # kA 3 ¢ £d iF % 4 fArg KRy % 3 o1k i o

FR% T f27% (KCI) Microsome | % % 4 + (AO) R R
Final
i 50 mM 7.15 pg/ml 0.125 mM 24 mg/ml
concentration
T RIE 7 3% (KC) NH4PPi R R
Final
. 50 mM 50 mM 24 mg/ml
concentration

% 2 V-PPase g 5 %-#c#
4 GRS AN K BLenis A2 B sk

AR § SRR P VRS o P SRR R 0 B RS B DT X
o R 0 PR B TARER AT E TR B R AR R
B4 R TR 4 FIN VR 0T R GG F (DAL - B Lo it
ey T 2 BREgRE -

Bl 21 4o BN = MLk XL

FHFAFAM 2] ()5 # AF 5 TRFARE > SRR LG T AakE o ¥
TR P AR T TR A AR e 200 pm o X w T i sk el
fﬁ’i%ﬁ TEE RSB TIRIRP RGBS SR E P TRIRTR A A (b)ﬁ‘ it 347 1 kHz
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1 1

= —_— 4 —
y(R r) 4.1

1 cos 6, +cos b,

—=— (4.2)

r d
cos6, =cosb, +l£(V) 4.3)

2y 2

d 2 VAT A e A N RAR S > € R R IRARAL K > pIRPR 4 AR
EPIIIRE b AP b T RAR L > TV EFAR A RS L o FERBem AP AL a3 0
FIR R DTRA ) IF 7“5’5@@%54 BRI e VR R ERR R S & D
BRAGTL %% o HiE 5 14243 pa-

Flr w2 DA E A A TR FIRR S )2 BIeF IR ] 7 BT SR
AL o N4 P ey Lo & V49-K3 % e Decane (AR P chE m R4 > HiE G 475 N/m
RATH jRIR P ARLGDL [T~ o 25842 9 dhcosh 5% 3kfr Teflon % & cndf§ & > H 535
140° ; cosO, & i 3k {r Parylene % & ediff & > H & 5 90°: d Ak skt TR chfF B> ¢ ‘ui'fii
5300pum > TRIRE 200 moe BfSAPE d 0 AT BRE P T RIRT G - R L
HiE L 51 7pa> > wd TLF o

ATl R & 2T 14243 pa e SR A > F U A TORE AR IR N IR 4 4231 90.73
pa’ & i FligHR R 4 s 1 kaRde Teflon 4 & endff & & Jf R ke 140° % = 78.87°»
Flr 243 APT B S F6um B R 0 AP T & F 4421 351.48 Vs R
B A oaeE FliptkeniE i o

5. T o4z 81T

n;rt TARE Mo BB APF Y ;;;gcf ERAUTFAL S T o U 42
T ORE MR R TR AR pF AT m%ﬂz’ b 4edd 4P vk 4 oad S R R

VO B uimfg Sb 2 ER AR - B & °

Pave a0 Riaadk A A B W E THRDE L o 4UF CATER A EWOD
LG TR ITAR - A o R SR RRDES - R R AeB 22(0) 0 R AP
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B 22(a) T & ;9 42F AT ek ¥ K3

Bl 22(b) T 6 2 4LF AT R G B
22 6 af AT

N

Lo F o 5 S0k SR S A TR

Transient Current Across Membrane Bilayer

Current {nA)
o
o

Time (0.5 sec)

Bl23 2R %L F A %L LA E

SHEF Y BRI S RT TN SEP R BN HL TR HRTF
(Crotal) © % 17 18 F| elicdip it B w T 0% 818 12 Sigmaplot #5048 & 3758 B > B 23 o #-T i @4
3P g e o T}.;rﬁ]v’ & B REPN DR o+ 5 110 pFeoz {8 £ Jodf#7 & P 3| 51 Parylene
TEOIpF B2 e e 2 FARF > VEIPETF N5 19pF o @ £ FRRIHTH I ch i
#F 5 A (F 24) 95 61 pmx 61 pm» Fpt ¥ @5 K Wt £ F 4 5 0.51 pFlem? s e
TREY AR o S F R % S ke R 5



100 um

B 24 & 5d Bl 5 A

Both droplets KClI solution Lipid solution
Concentration 0.1 M 24 mg/ml
Volumn 1.5l 0.1 ul

5 NP Bk Db

R S
C:goe
t
Rt TR BB 5 AT ¥ f(eo) 5 885x107 frma A 3 cn i R ¥ #5270 T

v

AR R S 48nmo FfEs A F REEA L S nmo FE A PT ER R
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N
&
o

2. EMCR LK A S 2R T R

L e [

Delay: 000000

CH1 100mV/div CH2 50.0mV/div 2.000ms/dive 80.0RSa/s

Bl 25 * R %D F L B

= ELEE NP HEEE S A L HE S SRS
(QWoﬁW%?ﬁE%*%@&fb’4%@65%$%Wmmﬁﬁuﬁéw##ﬁ%€
RIZ P Parylene T F » 7 FFIHER F o @k F BRI T e g Bl o ff 4o Rl 26 0 gt =X
R S S & 6 -



26 = i Bl 5

Aqua phase Oil shell
0.5 ul 0.1 ul
. 2 mM DPhPC doped
0.1 M KCI with , o
Upper droplet with 1 mol % of lipid is
0.005 pg/ul o- HL _
labeled Rhodamine B
. 2 mM DPhPC doped
0.1 M KCI with , o
Lower droplet with 2 mol % of lipid is

0.005 pg/ul a- HL
HERL & labeled Fluorescein

6 %R % S

hikdp s
R
t
Bt TR E B2 AT K d(eo) b 8.85X10 ey HA S eh A T K dch 270 F
F A R G 483 nmo RS 2EF BTG L S amo TR AP ER ‘P’Tﬁ"% *
£0A5 8 o

3. L AlEF A E Fov 40 T T AR

3.1 Gramicidin

d ** Gramicidin 53T & %] > T{ S R RT 0 Sti W R T
° % % Gramicidin ‘“Em‘??* F9 5 12pS[33]» 04 A e 0 150mV R RT 0 M
22 18pAhL i E - b Lkt "’“mﬂ Bl o d SRR R R BRI R 5 pA
é,ﬁ%'l‘lﬁ“é'ﬁtllﬁ }W?ﬁ Rk ﬂb‘TlBGuﬂ_,/nL PRk B om0 {3 9%
BRIPIZIE > APRE T ek TRA S 95 - K%Y 100 &0 B % FI
B4 % 500-600 pA ¥ (] 26) > i35 ~ 4 F 300 B+ Wi hrg FHA L -

e IR
m‘EL woune —J



0.8

0.6

Current (nA)

0.5

0.4 4

0.3

Time (500 msec)

0.8

0.7 1

0.6 4

0.5 1

Current (nA)

0.4 4

03 T T T T T T T T T T T T T

Time (500 msec)

] 26 Gramicidin 3+ i 3 H7 /5L

3.2 o-Hemolysin

Anfe?  ANPR TREDTREFTEARISFHFAFE FRELO0IM TR
FALNMe RFLG @ g AT PRR LG 208 b [enghr 34] 0 L0 F 2R
PR AR B P F o F R R AR 27 ror 0 g B WS #0720 18 0 a-hemolysin
E R AR Y B4 AT 0 A s s eh Voltage clamp F R (150 mV) ] i
T W LR R TR o

KR A ET 5 PR R AR TASE - T A A
B 5 80pA R ETF AL 500pS - @A RE3S]Y A e FR A e
ﬁg@mmkgyg,ﬁ$@ﬁﬁwﬁaﬂandm§ﬂ@%ﬁﬁ%?$émmsﬁ 1
% L 493% ¢ B G 900 pS o
Y.

B AP RBEE LA IMIc01 M ihg L4230 B 0 o
Fdopt e T FlcE H Lo B 27(a)E fw B en T SR ELE] 0 2 (8 TR AL E € by
if’1@Q§Jmﬁﬁmﬁ@’{fﬁ%ﬁiﬁ’}a?ﬁgzam$»¢%$,@@
SEA g A B 27(b) o B R AR T INES 95 800 pA o gt pEEH

A
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-—\

I

~



1000

800

600

current (pA)

400 A

200 1

time (500 msec)

(b) 1400 4

1200 4

1000 4

800 4 MNM?LVW'MF "‘*h-‘ﬂw,&nm w rt»-ruwﬂu

o

current (pA)

M‘
600 4

400

time (500 msec)

Bl 27 o-hemolysin § 2% 2. A 2% %

BEARFBREFEE AP E LN { BT AR UEREER T Tl %% o
AL RS AR IR & ek R LR ER 001 Mo i2FR % B fr Co 2 G 4%iT
10 Zchf & @ o fri 4)]*‘4,?*1‘?%%@*% SR R A S A fe AR Bed
NI AT E E T RAEL c i G B PR EAF DT R AKRE -

FIUL o A e R F AR T PHRE L TREIFR R SPF 493701
M) 2 ded FRIFCS P RG4St TAERHY  AEFHDE &R %D pd
ER G 25 pgmls @ RS E? o 39 FIRAR S Do £ 125 pg/ml e F % % lichy A v
& 28 frH 29 ¢ o



(a) 1400

1200 4

1000 A

MW*

600 A

Current (pA)

400 A

200 4

Time (500 msec)

(b) 0o

850

800 A

750 A

Current (pA)

700 4

650 4

600 T T T T T T T T T

Time (250 msec)
@] 28 a-hemolysin F % 2. D i &

% D 0] 28() A E Bendicdy 0 AT & A gk R ARG e ik g P
BFR sk cn@ o B o V3R s 75 o-HL 3 » Wb ehdicB R 5 > 2 8~ fomdganiFie
B $3E R TAEOT I o A A PR SN A ek kw0 do ] 28(b)
WE LG PR AL B P L B 95 ISpAc A s A GE 15 pA ik

T RIS 100 pS ER *’ﬁ%@Q@%ﬂEQIM*ﬂﬁﬁﬁﬂﬁwOﬁ
[35] - 1 % ¥ 3¢ %* 0 BB e R 2 e B 10 f) 2 T RIE B ) Bl -
o P i 0 5 800 pA > I A TR BT - Bl e fo T Gk 0 @ b PR
93 50 3] 60 1 a-hemolysin o d »tiE Pt dpfrd ik g R S B PTG TR R
GRSt 7

Bl 29() 25 % E 5 O iR SLE o SRS g o P TR Y ol R
Ao RRIELN S 250-300 pA =% 0 A B 290)RI L Pl frid DT AR > TIRRED
600-700 pA >}t F 5 @ 3 3 A g R ko B RE hpE A i B4 oo 158 29(b)
v ?l FIRFELE A PR OREFRA R o & BB S 5 16 pA> Aol N5
40-50 13 iF

AC S TR



(a)

Current (pA)

(b)

Current (pA)

800

600 4

400 1

200 4

a00

700 4

600

500 4

400

Time (500 msec)

Time (200 msec)
] 29 a-hemolysin F % 2. E fe i &

BRSPSy FERKS » LR dtdsr HBapak? > S 9% Fe Ry > §v
T~ s RN > EI T R EMFYZ 400 pA 1 0 4oRl 300 F BAELIF K
A EE ITPA #H B FF B Ry WFDFETFH5 10pS- fre i o 2 HH
WK F 2025 B Bev o

Current (pA)
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450 A

400 4

350 A

300 A

250 A

200

Time (500 msec)



500

400 A '

300

Current (pA)

200 4

100 T T T T T T T T T T T T T

Time (500 msec)

B 30 o-hemolysin F %% 2. F ‘e &

o
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FEAw . ¥oh o AP 7 sas? g0 THEERHET 5 FoofREAfF)
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3.3 V-PPase

Bodw o B ALF R BRI L SR T RER R o BRIERARA Y > APRAO FEL
F+ e V-PPase 4r » e iR ¥ » TERBRHF BRI > SR LRI3 P A TN
e B RERARKRPN BPPIARICE T ¥ A Fh V-PPaseBiRRE > SF% B PPig i
frV-PPase ¥ @ @ ¥ L R T a2 % aR3cd MBY o A Fkep Tk 7o

KCl Microsome PPi AO Lipid
A + + - + +
B + + + + +
C + + - + +
D + + + + -
E + + + + +

7 R EPIRR RGP F PR
dORIEF Y APEIR > ARG 4o~ PPienB ¥ ki RAcTEH BT S anig B 2LE <
" er E]%F’&T‘ﬂ:' s e z‘_\l__jjj_ PPi e A &= =4 %,L;%éfg%ru,’ *ﬁ LE fﬁﬁ’]IﬁJ?( y 3\ TFBEZL;“; f‘é-{%’%

e p #X % i¥(natural bleach) -



Related Intensity (%)

—n

Relative Intensity (%)
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FRDp AREIREEEFL > TR
3R Flm BT ¥R e C o 3N ik BB V-PPase
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Time (min)

B 31 39 % A 4o B e % #icdy
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Fluorescence bleach

(naturally)
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Time (min)

B 32 ¥kpRETnESEC

~

Bl % 3¢ B feqe V-PPase & o7 &

gF%ﬁﬁﬁﬂﬂ%%T%ﬁﬁé
L
| g

HRED- R 335 F RN H

é’ﬂ%/\p\

Bfg o Pl A PRI PP~ EE
o

RF TS S R
B SW(F T) o A A r £iE D F
gAY o it PP

%%ﬁé%iﬁm

FF GRS 0 AP
”E] ’E’u}
$&4- V-PPase ~ &

‘et e Co ¥



100 4
£ g0 _
) ‘_-“-‘h
2 |\ TTese—
2 e
T 60 h
=
o
2 40
m
& ——— Control C

N Contral D

0 . . | | I
0 10 20 s p - |
Time (min)

B 33 $1p8 2 D e %

&R g %»\@Mw,g ﬂ%?—gﬁmPﬁ&+;@W@ﬁiﬁ
PRI 0 SRR B LG MR RO E KA HEL Cfe D e %
Fj g2t e V-PPase Jacid & F kR 0 @ LB RGO - F R
DL L E 34

120
100 4
£ g0 ..
= .
& o
c . ———— e~
2 o0 3
£ Tee .
g’ o -t
&
o 40 4
i
——— Control C
20 weeresars ExpE
Contrel D
D T
’ 2 40 0
Time (min)

Bl 34 o2 E s

?555 % 1&-;9@ ﬁP’Aﬂ{&%@t’ WA ST R T Y
AR L > % -ME TR I Y RO REF IR B4R T ¥ 2 X PF T E B V-PPase
l?@ﬁ%]?——i- Srid A g kA B o

FPELF - KPP HRLEEFRE LIS APEYN G LRI REE > b
oy D yEE R §£m§mfmmvmme4#m@ww¢moﬂwv? Ly ‘i
STiE e i i v 0 Gramicidin > A RIS 0 Y - 3Rk @ i@i’iwﬁﬁ
BWrt iy > @Ry NERM TS Fa I kR REY XL AR

7 P F ke Y V-PPase (i d ok o

4
oy



(a)

(d)

4, o RGNk A

(b)
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