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1. XLEHIC

20084F4H LV, HAEKRFRFBEHE AR 25
AL F 2 HM L 3 5 A RN A 2 B BT %,
WFIEREI 2 BER A B 721 Tl <, EfRofERIC
FTIRF 2. £ I OAREEE, TEEHREICET S
FFED R R “QdotZ Il FH U 7= sy Js 1181 ) WA i 85
BN XD 5 Ry — Hprestin®D A[fHAL” & AR
DG RIZBAT DO “v 2 R T EF v
(LB 3 P EFRAT & 2 AFBRER M F 195 4l e oD 4 i Bk
~OEFHE E RN T 5.

2. Qdot ZFAL-AERFREIOBEARBEICZKLD
2R BE—4 prestin ORIHRI{E

2.1 HREE

K1zt hOBREOMAKEZRT. S OBE N
ThHhoHHEE, AHEZEY, FEELIRHSE5.
ZOWRENIE/NEE#E AT, NERIEZD
5. WFENE LR ARICEZ ERERD EiciE=
T EE VI RBEDGFIET D, MFIiBEz bz
FHgIC LY, aFRE LTRSS, 2
FEITIE, WA EMI (Insner hair cell: THC) &,
4B EHIIE(Outer hair cell: OHC) & FFE 2 2FE K D
HEABMNFEL, 2T ROEEHCLY,
AEME LG AAET 2HEEN R 5. THCTIE
BRI T, TIIWHFET DAL T ¥
VRANEE, BAAUNRATS. ZhickY
MIENEN Y B L, B ERAkSED. 20
BB~ iaEsh, B x3Ezlidss. —
77, OHCTII = /LT ZROWEN EVY, THC &[RRI
MW EM N T D, ZOEBME A L
OHCIFH L Ol EZ 2 (b E 5. ZOMinEZ
fLIZa Vv FEORB 2 g3 5. 2 OHEEEREIC
&0 o (3B RBEE Z215T W D [1-4].

BETE DB S 2 281 L TV 2 OHC O (i B 1 X,

AP I CAFET B X v Y BT — X DB DO

BITIE T, WEE22bSEn 2 LICRNT D EEX
HILTWD. 20009:12Zheng 512K > T2 DO F X
7B — X OBARTDAE S 41, prestin & fifh S 4L
72 [5]. =B, WAERMD~ T AZHA, prestin/ v
7T kv ARLE Bprestin / v 7 A < 7 ADHE
INFFELENZ ERRESN TS [6, 7] T4
Idprestin?’, HER O IC EE 2 E 2R 72 LT
WHZ EERLTWD., ZHIETIZ, prestind it
fifBAZ B L, W ONDOFENMThN T -, &
BB K OV - [ ) B8 (Atomic force
microscopy: AFM) T A Bl O MfEfE 2 822 L,
prestin & & 2 54125 10 nmFEE DREIEY 235 L S
TW5 [8-12]. F=Fex IXLLANIZ, prestin% 22 E 5
H14 % Chinese hamster ovary (CHO)# 2 ERL L, %
DA Z AFM TEIZZ LT- [13]. ZD#E5%, prestin
EBIFTL 812 nmOMEEM 2R L. L,
AMAEAE (2 1 I prestin AS DEE S L X B FAET D T2
b, BIE L S Zprestin & Wi E TE 2o 7.
= 2T, AWFFETIE, QdotZ A L=
PEEBETE A PR L, prestin® A] L& 7k A 7.
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1. Human auditory system. Sensory cells, such as
outer hair cells (OHCs), inner hair cells and various kinds
of the other cells, sit on the basilar membrane. OHCs
subject the membrane to force, leading to cochlear
amplification, resulting in the high sensitivity of
mammalian hearing. Prestin is thought to be the origin of
the motility of OHCs.



2.2 RBAZE
2.2 1 #HparEsE

FEBRIZIL prestin & ZERBL X7~ CHO Hifa &
prestin Z 8B L T2V @ H O CHO Mifld 2 fEH L
7. prestin ZZZEREL S 72 CHO Mil@icix, #kta
W 27327 E (Green fluorescent protein: GFP) @
BETHEAINTNDHT2, GFP O & Blsg
T 5 Z & T, prestin ZFEBLL TV DAL L REEBLL
TWaWiaZ By s 2 LnTcE 5 (14, 15 &
D 2 FEFIOMILIX, 10%FBS A RPMI-1640 K7
A VR LTz,

2.2 2 BB

N7 2 AaNT, 80%2 L 7Ly MIpd
FTHFEL, EDTAICKVHIlaZ 77 2 amnhbHEHn
L7z, HMN L7=Mia4 &de EDTA A% 250 ¢ T 5
oyl L. BiE&ERER, 10%FBS &4 RPMI-
1640 EiithZz Nz, 8L, T LTHITIAR—RT ¢
V| L. —BREEE T S &, MBI O
TANR—=RAT 4 v |lHEEL, WS 5.
D%, H NI EHEGURRRREZRY RS 729,
e s T B NEANERE (145 mM NaCl, 5.8 mM KCl,
1.3 mM CaCl,, 0.9 mM MgCl,, 10 mM HEPES, 0.7 mM

Na,HPO,, 5.6 mM glucose: pH 7.3) CHiflAZ e L7-.

WIZ, MR A ARIRE YR (10 mM piperazine-N,N -
bis(2-ethanesulfonic acid), 10 mM MgCl,, 0.5 mM ethylene
glycol bis(2-aminoethyl ether)-N,N,N',N’,-tetraacetic acid;
pH 72) 12 3 R L=, ZD#%, 1ml Xy h~
YEMV, HIIRESE R AR E T 52 LT
ANERE A BAE L 7=, 2 LT, MlaERs, RIEMRYZ
VR G RN prestin LSO NTEMERR & o 237 8 %
BT HID, T4 vy 2 K HEE LA
PBS T 3 [, @R (2M NaCl, 2.7 mM
KCl, 1.5 mM KH,PO,, ImM Na,HPO,; pH 7.2) {Z{% L=
IiT 30 3l A »Fa~x—hL, 5T PBS T 3[H
Petst%, 0.05% KU 72 /PBS iR LR T 5 /oM

A FaX—hL7= FLTC, PBS T3 [EPFLT-.

AN TE L < T TWA )%, CM-Dil TH:
AL, HOGBAMEE CRIZ TS 2 L CTHER L7z,

2.2.3 Prestin® Qdot I &k 21®5%

HABEL 7=l A, 4.0% /X7 RV AT VT E RE
My, =IRT 30 offbZEE Lc. (BZEE L

7 k%2 Block Ace (Dainippon Pharmaceutical, Osaka,
Japan)z V7' v X 7%, TV AF 2 N Kt
i 1 YRYTUA (Santa Cruz Biotechnology, Santa Cruz, CA,
USA)VZ %, 4CT—WiAf v Fa~— kL7 HiN
% PBS THE L, Qdot IEakPl 1gG 2 PLIK
(Invitrogen, Carlsbad, CA, USA) % i1z 37°CC 1 K]
V¥ aX— kL7, ED%, N7 A (HBSS;
5.33 mM KCl, 0.44 mM KH,PO,, 137.93 mM NaCl, 0.34
mM Na,HPO,, 0.5 mM glucose; pH 7.3) |25 L @£k
& L7z, Qdot ITHIEAFET H DT, TOHIEEBIE
T 52 LT, prestin DMERL S AVTUV D D0 F RS
TE 5. Qdot (YA XD — 728K B Ch 5 T2
B, AFM BB HFIZIBWT, FHIZE DR % i
T 5 (X2). F£72, Qdot 7 prestin ® N Kl ZfbE A
LTWBHZ E%EEETHE, Qdot & prestin DFEHfET
K 50nm Th 5 LEHRTE 5 [16,17].

2.2.4 RFEHEREICLSIBR

Prestin ® #2212 1%, 82 A a0 L BB (1X70,
Olympus) & —{&RIC o 5 51 1 BB NVB100,
Olympus) z= 7=, BT L RA— I T I XL
et 2R, 1$ES0.02 NmDEEL> ) 2 8o
HLbOEHWE. NG 2 2 BEER/NMNIT DT
W, ¥y TE— NCBER T, T L
=D R JE W H1E3.6-4.7 kHz, A HE130.3-0.4
um/s & L7z, o7 dEnbhE~EER L.
Bonmmgick L, ¥ 7 bv =7 (Nanoscope
v4.23, Digital Instruments) (Z & 0V B IEZ1T > 72,

2.3 ®EB
2.3.1 HARRMEEEREL Qdot [Tk BB

31T CM-Dil (2 0 Guta L 7= BB 52 o0 BE i
BEHEG 2 RT. R <G S ATV DR 5 28 Al e s
Th D, MRS, MRS B S v T
D EMHERTE 5.

412, prestinz ZZEFBL L TV 5 HHliE & prestin
ZREBLL TN e WA DS & HLEE L 7= MR B 2 Qdot
TH LT BROE MBI M % 2 <9, Qdotl
prestin ONARIG ARG ST 2 1 IRHUKIZ, fEEL, K
BN EHTD. 41T 5D K HIZ, prestin
TR EFBL L T D A © BEE U 7 Ml R R
EUZYB STV DD, prestin F8F L CTUNRUWHE
Ja s & BLEE L 72 Ml It S e v o 7o, 2D
AR, AN BB B, S R VA R AL B e O
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2. Immune AFM of the isolated inside-out plasma
membrane of the prestin-transfected CHO cell.

3. Fluorescence image of isolated plasma membrane
of CHO cells. The isolated plasma membranes were
stain by CM-Dil, which is a fluorescence lipophilic
membrane probe. It can be confirmed that the cells were
sheared open, thus becoming an isolated plasma
membrane. Scale bar shows 20 pm.

A B

4. Qdot labeling of Isolated plasma membrane of
CHO cells. A. Isolated plasma membrane of prestin-
transfected CHO cell. B. Isolated plasma membrane of
prestin-untransfected CHO cell. Fluorescence of Qdot
was observed in the prestin-transfected CHO cell, but not
observed in the untransfected CHO cell. Scale bar
represents 20 pum.

kU L LB  prestin S NI ZE L TV S
N

2.3.2 AIUFLINA—DQdot ~DEE

AFM TREIZ BRI 256, I F L=
BHo RS2, Z D7, o F Lo—nEE %

EETHEIC, Qdot NWEBENL TL £ 9 AlRetEN H
L. £IZT, BrFULA—TRE 2 EET DHIEL
T, Qdot DNLEMNEAL LW a7z, X 512,
A% Qdot DR &K DMKAEH AFM {4
Zond. BRI T, Qdot DY Ei{EIZ 2L e
W2 EMmD, B F L =D Qdot DALE DR
I TE BN,

2.8.3 AFMIZ&k B prestin DEIE

X 528 HIRAEE AFM EigWNIZ, A TRL
S OEEER 3 Kot AFM B %X 6 (Z~9. R
KUY TRENHEEYOESIZ 79 nm THY,
A7z Qdot DRIFEE —FH LTS, K 6 A
Qdot T FFDILRH % 777, E%Eﬂfméﬂéct 9
12, Qdot ITfEIZ, 4 DD —2 L FLERIZ—DD
BEHEFEO, VT OLXDRE L&l
wah (K6 F). EdL7=X 912, Qdot iE
prestin (ZfEE T 2729, Qdot ITfHIZHILE S -
EW prestin THDH EEZEZHIND.

2.4 EX
2.4.1 YOI NDERE

[elin ofif_{akﬁ*ﬂr@ SR AoV N AW ¥
Blz2 ?‘éﬁf’r , BLEICE L B ERL S AR A R
TH 5. L,LHIJ _?b?ﬁz/?&i, BB LU 7= prestin 51
CHO MO FMAEBENM 2 AFM TEIE L7=2, %
DOERIZIE, # S 100 nm F2E DR X 7ot & 3 MF1E
LTWe [13]. 2D X9 e RERFEEWIL, AFM
\Z &% prestin O @& RS E T ORIEULDIFIZ 72 -
. Fl, —RICRERNES THNIED DT L,
AFM OFEBIE LT L TWA. £ Z TARIETIX
AR D BB S EZ RO Zh i bAET L. B
A E Tk, CHO Mildz 7 AR—RF ¢ ¥ = (ZHk
g, 5 oRFTIESNERIZIR L, BEEEREEZ1T 5
ZET, MifuREZE EEEL 2. —J54 R, CHO
fal % 77T A= ¢ v v 2 |[JHEfER, —WR 37°C
TA U FaX—hrL, ZTORITHIFEEEEA1T -
7o, =AU FaX— 352 LT, MITED
o2, MTEEEEER, 100 nm D& S O IE
Mz AL RN eo7- (X 5B) .
AR AR Ko, @ S A7 MR
Nk, RAEVERE 2 R 7 B 35 T OV AE s &
UORTIENE L AFEL TUWA. Prestin DK X X%
FOhtE (~82 kD) ML REMEL D &, ki%ﬁ



Before scanning Low-magmf ication AFM

. ionm
5. Isolated Inside-out plasma membrane of the
prestin-transfected CHO cell. A. Fluorescence image of

Qdots labeling prestin.  Fluorescence of Qdots was
observed before and after scanning with the AFM,

After scanning

indicating that the existence of Qdots on the scanned area.
B. Low magnification AFM image. Scale bars are 10 pm.

6 . High-magnification 3-D AFM images of prestin
on the plasma membrane of the prestin-transfected CHO
cells. Qdots were indicated by black arrowheads. A
squarish ring-like structure with four peaks and one
valley at its center, possibly corresponding to a prestin
molecule, was observed in the vicinity of the Qdot (white
arrow). Similar structures were observed at the location
indicated by arrows (a-d). Scale bars at the right
and bottom are 20 and 10 nm, respectively. Reprinted
from [18] with the kind permission of Springer
Science+Business Media.

B7nm THD. %of,:m%@&yﬂﬁgwﬁ
1E1L, prestin ODBIZEDOL T D 2 ENEZ B
5. £IT, mh(&%f(ﬁﬂﬁ&@“ prestin &V % [,
ELARNWI ERNMBNTWD Y 7o THllaE
KR ONZE DD 2 R BN BRET D
L&A Tz . Prestin DSAMARBFHLEEALER, IR
WIRAFL R DN b U 77 QLR & AR R
573, Qdot DN ABIEET 5 Z L TR L.

ZOFER, Qdot DHLIEIE, prestin FEHL CHO i@ />
SITHER S N7=28, W O CHO MM 5 13RS

Npipodz. ZORERIT, AFM THI%E L7k
prestin ZFEL TWH Z & & RT.

2.4.2 Prestin D&
LIRTOMFZETIX, AFM THIZE L 7= prestin FE 8L

CHO fifiafi ot o ¢, i prestin Th
DNERETE holz. 2T, AT

Qdot Z~—7 & LC, prestin % #liafE ECHREL,

T OMEE AT D 2 & 2372, Prestin @ N
Kl 1 IRPUADRES L, Qdot #E5k 2 WHiik =
O 1TIRPUKRICERTH 2 L &2EBET 5 &, prestin &
Qdot D DOIEEITHRKN 50 nm & RFEL D Z &N T
x%. AFM D5 F L AA—D Sk & g L,
Qdot DL, 66.5 nm LANIZIEET RS %
prestin & 72 L7z .

X 6 2T LHIZ, @S 8 nm ’Cébé Qdot 73
prestin s BLAH A 0 5l e 5PN A L B R L fife 38 C = 72
Qdot IEFHFDOEEHMmEEZ R 5 &, B 10 nm F2H
T, 4 20— LRLEIC—DDERZFFD, U
YITDEDRE LTEIEN AR TE D, [FER
DOHEEWIL, TOMmOREND LBETE -
Prestin & & 2 Hivd ZOREEMOIR, 37206 4
DO E—7 1%, prestin 75 CHO RO M |-G,
ABEEZE LTV Z L &R 5.

AWFFETIL, prestin 2 AFM CTHIZT 5 Z & &3k
FT=DIZRFL, 2007 412 Mio & 1 iZ5i & 1 BAMK
FECHIELIZ[19]. 1% 513, prestin [ 3/ & 7229 %
HOLEBICRFOTILIZIR A LT b S L7z, Mio
OLOFEFRE, Bxr ORI THIERITRE R
o TG, ZOEVIBEFIEOEWVICER T
LAREMEN S 5. ARBFFETIE, AR EHD 0.02
Nm O 5> F L3—%ZFIH L, prestin 282 L7-.
e EBIERT 20, 1T L= Lk E O
(X, B F L= ORBIRIED 2-5 nm B2 DT
LHEIIREEND., 2FEV, Ty I OEHING,
S 1T 40-100 pN O F 28I STV &£ 2 6
b, ZURITEIZEDO XS I TERT LA
PERRBE I TWD. —F, HREE M
X oBlETIE, aitﬂ' WIS Fu7a vy, Prestin
DAFEEN KA A DTS HRET H &, Fx
D FEERIZIS T prestin OHIIZEN KA A 3 H v
F L= 2LV prestin DPNEBIZH LIA £ 7= " HE
PEDZ & 5 [20]. ZOEEA, Mio b DifE R & ARBFE

DFENDFEVDEKDO—2)E Lvn., — 5T,

AWFFETIE, MBI RBLL T D prestin % Bl %2
LTW5DIZxf L, Mio 51, prestin Z flifians 5 5
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ISP TR B L, BT O prestin 2 @14 L7z,

IR ICAFET 5 prestin S HIAAE & [7] UIE LUy
HEz &> TS LIRS n. FELOREDE
VWS, HZL ST prestin DREIEDE WD TH
HAREE D 5.

2.5 #&

Qdot 5k L 7= prestin Z @53 T AFM #Bl£2L,
Qdot ¥ fEIZ, FRICIELDBDH Y, 4 DD KA A
YBRERR S VTR E A R LT, O
Z &%, prestin 2AUEIRD Ring-like Hi& T 5 A[
REPEZ R L TV 5.

3. EXMYBTEFINELBEREETEICKL 58
BR 1 B M SR AR D AT RRBR A~ D L

AR D I I3k % 728 AR T DO RBLA B 5 L T
BY, 7 avF oMEOEITZE OREIC EE R
TEERZL WD, Ja<FoE, B A MY
H2A, H2B, H3 BL W H4 ODZNEI 2 515
70 % 8 EARIT 146 HEHKkED DNA 23 1.75 [B13& = 0
X7 LAY —ofEEICE A h 2 HL R0 EE 2 R
EAEREDHEE LI ONEERIRICHE R > -5
UHiEA &5 [21]. HE A RO N KEGIZHFEET
HY DU RICE A R T F I LEESR
(HAT) BL Ot A F BT 2 F U L#E#E  (HDAC)
WEoTTET LB L OB T 2T vibsnd
[21]. EA RV HAT Ik o TT7®FMLEN S
L awFUORENELL, EAREERT RNA
RV AT —BhENnToer—4— LIHEETES
Lok sle, BIETomENIEMHILEND
[21]. 7> T, HAT 5L HDAC I2&HEe A Fv
DT EF LB L OB T & F U bi&m+ O3
WCHETHLHEEBEZ BN TN,

HDAC [H5381%, HDAC J&EMEAZIHI+ 5 2 &1
XV HAT IC k> CTEF b EnNT=EAE OB T
T F L EHRET 2N TH Y, inviro BELW in
vivo \ZB W TS MO B EIER, 78 F—
VAFHEEMB KOS ER R E R o2 &
NDWEINTWDS [22]. ZNETITWVL D00
HDAC FHEENFE ST 5 (K 7).

HTERER D 5L RS 1T EoL-1 #IfA<> HL-60 clone 15

A7 & O MK 2 F W CRET ST & 72 [23, 24].

EoL-1 #Mif@i% 1985 £EIZAFILERTE F ifiLfes D 7> &

Sodium n-butyrate
Apicidin

k/ W
OY ocus
\/\“/
o ° 5
NN M
H
CHs

TSA
C ]
Hac*’i‘ CHs
CHs

7 . Chemical structures of sodium #-butyrate, apicidin
and TSA.

WIS S 7= M RR T, n-butyrate (2 X - TUFERER~
/beé’kﬁﬁwtémXW\é[%L LinL, n
butyrate | & % 73 {bF 713 HDAC FLEEH TH
57’_&’)72@73 I TH o7z, £ T, EoL-1 i
DUFFEER M EFEIZxT 2 HDAC FLEZROVER % fif
Briv-.

3.2 =EBAE
3.2.1 #pakksE

T BR ER I 1 75 A EoL-1 #HAE (5% 10* cells/ml)
% F R O HADC FH 553K apicidin, TSA & 2 W)X
n-butyrate % & 1 10% (v/v) FBS & 4 RPMI-1640
medium (pH 7.8) H'C, 37°C, 5% CO2 fFf£ FC—
TERFREE A L7z,

3.2.2 WMEBOAE

EoL-1 iz £ fEjEE > HDAC [HERIFME T T
—ERF B L-1%, MlazE L, meEREHEE
Z TR A GHEI L 7=

3.2.3 Western blotting

TBERIKENL 15% (Wiv) RV T 27 VL7 2 R

AV 125 V OEELETH 2 BERkE L2, vkE)
BT, AR DOE NI EE 250 mA O EEBR



T 1 EE= hetr e — R ECEE L. HiEo
R B Z e T D=0l T v v ¥ 7 &2 {To
Tete, —RPUEORIKIZIZR LT 4°C T—BAUS S
iz, RWNT, B4 F AL ZREUEDEIRIZ 4°C
T 3 FFEliR L7=. Z o0, ABC-kit solution {Z 30
7R L, BE% Western lightning chemiluminesence
reagent plus & FHWTIEFEFRNL S ETT 4 L AIZHER
U HMOE R E B L7z, BCIP/NBT &K T
RKOSELEEE, TAh) T3 AT 74 —FHE
R IRPURDVEIRIZ 4 °C T 3 KR LT b3
=¥

3.2.4 Flowcytometry

M D A=A 3 2 ffbT 3 5 85618, 7-AAD solution
fFEFC 10 43ffA > F 2~<— h L7z. CCR3 %fi#
Wr9 285414, phycoerythrin 5 anti-CCR3 mAb 1%
fEF T30 3MA vFaX—hL7z. ZNENOHK
Y% FACScan 12 & 0 fight L7-.

3.2.5 #stnE
L0, AEER

FEHIREE 1L Thompson’s F-test |Z
7E!Z Dunnett’s test | L W {T > 7.

3.3 & B

3.3.1 Eol-1 #ilAMEFFIC*9 % HDAC fHEZE
DR

HDAC BHE 32 EoL-1 AR D HEFH 2 #1522
ESYMmEY S NI HHMT, EoL-1 a4
apicidin, TSA & %\ d n-butyrate T— & RFflij 5 2%
LAl s 2 5 L7, Z OfE %, EoL-1 fija %
HDAC BHESIEFAE T C 8 HIMEE T2 &k
IERRRFRIZ ML 7= (I 8). LA L, 100 nM @
apicidin & %\ 500 pM @ n-butyrate fE1E F THf
#THE, MIEEKOEIMNT 8 HEE THEICIEI
Ehi- (M8). —J7, 30 nM & TSA {F(E | Tha%
L78A, Mlatkosnt 4 B B E B
ENToH, ZHLARE CILRRFRIZIEN LESEE 6 5
£ '8 H HTI¥ HDAC PHEIEIEFIE N O LT

B LR L CEITRD bNRroT (X 8). 1€
- T, 100 nM @ apicidin 3 X T 500 uM O -
butyrate |% EoL-1 i HE5# A Frfe a8l L, 30

nM @ TSA [ T—EFIZPNH T2 2 &R Sz,

Number of Cells (x 10%)

0 2 4 6 8
Incubation Time (days)

8. Effects of apicidin, TSA, and n-butyrate on the
growth of EoL-1 cells. EoL-1 cells were incubated for
the periods indicated at 37°C in the absence (open circles)
or presence of 100 nM apicidin (closed circles), 30 nM
TSA (closed triangles), or 500 uM n-butyrate (closed
squares). Values are the means from three samples with
the S.E.M. Statistical significance: **p < 0.01 vs. the
corresponding control.

3.3.2 Eol-1 #ilAMDEFFI=xF S HDAC FHEZE
DR

HDAC [HEZA EoL-1 MO AIFRZILT I+
HMEINEHLMNITHHMT, Bol-1 Mifdz %
FEJEE D apicidin, TSA & %\ X n-butyrate {77F T
T 24 WifEls#E L, 7-AAD % VT flowcytometry
EIZ XY EoL-1 MO AR E MY L=, Ok
H, 300 nM LU _EOPE O apicidin 35 & OY 100 nM D

TSA ZEGFREZABICK TSR (¥ 9). -,

100 nM LLF @ apicidin, 30 nM LA T TSA B LW
500 uM @ n-butyrate |% EoL-1 Izt L CHllE
MERE 2N ERRIBI N
3.83.83 ERXRFY WM O7EFLEIZHTS
HDAC R E 2D $H R

Apicidin, TSA 3 £ O" n-butyrate % EoL-1 #lific
LAY HA 2T B F AT 200 E D2 BN
T HHINT, BEXRMY HEDNESENS S, 8,
2 BEIY16 FHOY VVEEOT T MALEFE
W APk EMNCTEF Lk X b H4 &
Western blot /51 LV i L7z, 7ed5, actin (X
internal control & L CTHiH L7=. Hilin% £fE HDAC
PRERK A G Teksa8 ik © 8 HIMuER: L CHiae L7-ik
2, 100 nM @ apicidin 3 Z T 500 uM D n-butyrate
F%EE—7ICER L, ZO%BHLTHLLED
WHEIZER 72 (K 10). 6> T, B A M H4 1T
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apicidin 35 X O n-butyrate | L - TRErgeIc 7 & F
B EF, TSA TIE—HTH D Z ENREB I
7o

100 9 _ _
N

g §
: \
3 50 - §
s \
3 \
25 - s
\

N

0 10 30 1003001000 10 30 100 500

Apicidin TSA n-Butyrate
(nM) (M) (M)

9. Effects of apicidin, TSA, and n-butyrate on the
viability of EoL-1 cells. EoL-1 cells were incubated for
1 day at 37°C in medium containing the indicated
concentration of apicidin, TSA, or n-butyrate. The
viability of the cells was determined by flowcytometry
using 7-AAD. Values are the means from three samples
with the S.E.M. Statistical significance: **p < 0.01 vs.
the control.

A Incubation Time (days)
0 2 4 & 8

None l l-——Ac-Histcne H4

[F———]~Actin

Apicidin (100 M) | - el | =—Ac-Histone Ha

[ ._._..__-—l-—Actln

TSA (30 nM) | |-—Ac-i'|latone Ha

| — ____——-1 -=— Actin

n-Butyrate (500 pyM) | - -—-_‘ —-=— Ac-Histone H4

|'_"—--———|-—ﬁcﬂl1

B Incubation Time (h)
4 B 24 48

[ R

84 (30 o) (ISR - [ ~—AoMakonait
s S

10. Effects of apicidin, TSA, and n-butyrate on the
acetylation of the histone H4. EoL-1 cells were
incubated for the periods indicated at 37°C in the
presence or absence of apicidin (100 nM), TSA (30 nM),
or n-butyrate (500 pM). The experiment shown is a
representative of 3 independent experiments.

3.3.4 p2l'm sBRI-wT 3 HDAC FEEENFHR

Cyclin-dependent kinase inhibitor T % p27°P' |3,
G, Wi cofiaEOfEILIC EE R R 2RI 2 &
NEE SN TWD [26]. 2T, HDAC [HESN
P27 EAERABMSE L0 E 9 hEW LM
+ 2% AT, Western blot #5125 0 p275P' D FEHL &
RN L7=. ZOFEF, 100 nM @ apicidin 35 L O°
500 uM @ n-butyrate 1% p27°P' % 2 A H S 8 A H
T TRIGEMIICRBLES 72 (K 11A). —F, 30
nM O TSA TH:E L=l T p27°°! o FH8 &%
24 FE% A E—2ZIC ER L, Z0®%EE Lz (K
1. %>, 100 nM @ apicidin 3 X T 500 pM D
n-butyrate 1% p27""" DFEBLE: A FrgEi N S+,
30 nM @D TSA [Z—#AJIZHIN S5 2 LR &
ni.

A Incubation Time (days)
0 2 4 6 8

None | | =—p27

g

| | =—Actin

Apicidin (100 nM) [ s ot e | <—p27°

] e —————— ’ -=—Actin

TSA(30nM)| = | =—p27
I I -— Actin
n-Butyrate (500 M) | s s | 27!
| | =—Actin
B Incubation Time (h)
0 4 8 24 48
None | . | -—p27™
| — === —| =—Actin
TSA (30 nM) | - - | —-—p27

I

l =—Actin

11. Effects of apicidin, TSA, and n-butyrate on the
expression of p27°"" in EoL-1 cells. EoL-1 cells were
incubated at 37°C for the periods indicated in the
presence or absence of apicidin (100 nM), TSA (30 nM),
or n-butyrate (500 pM). The experiment shown is a
representative of 3 independent experiments.

3.3.5 CCR3#RBI=x9 5 HDAC FREZRERDZHR

R BRER I A A L X —Th D
CCR3 MFEHLLTWD Z EnHEIN TS [27].
% ZC, HDAC PLEZE) EoL-1 Mfaz i o CCR3
DIEBL TS D0 E I D E T L7=. EoL-1 f
Jit) % 45 Ff HDAC FHLESKC 8 H 5SS L7253, 100
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12. Effects of apicidin, TSA, and n-butyrate on the
differentiation of EoL-1 cells into eosinophils. EoL-1
cells were incubated for 8 days at 37°C in medium
containing the indicated concentration of apicidin, TSA,
or n-butyrate. The expression of CCR3 was determined
by flowcytometry. Dotted and solid lines represent the
histogram before and after incubation with the drug,
respectively. The experiment shown is a representative
of 3 independent experiments.

nM @ apicidin & % M 500 uM @ n-butyrate 3554
BHAART & e U CHfasR i L CCR3 O3B &%
HinEE7 (K 12). —J7, 30 nM @ TSA THE#E L
T AR TR LR 72 o 72 (1K 12).

3.4 ¥R

EoL-1 fflifii% n-butyrate {F7E N CH:% 3 25 & g
R~ b5 2 E RN STV B [23,25] B3, n-
butyrate |~ & 5 HDAC FHEF/EM 233 Lk 8 E I B
HLTWEDONE I NEH LS TR
72. HL-60 clone 15 il &, EoL-1 flifid & [FERIZ n-
butyrate & X > THERERIZ /b T DM@ TH 5 [28]
2N, YHFFE=E Tl n-butyrate |2 X5 HL-60 clone 15
AR D hf fe Bk~ D AL FE ST 2 AT L, n-
butyrate 75 HDAC % FifeHIIZ#iil 92 Z &1k D
HAT 1L 5 b 2 b D7 BT k% Fifs S & 2 5
3, HL-60 clone 15 a3 i EERIZ b3 5 Z &,
5 L apicidin X° n-butyrate D L HIZE A h DT
T F AL % FrEIICEEE 3 5 HDAC PHE#1E HL-
60 clone 15 e % 4f R ERIZ Z0(b S & HEM 2 R
ZEEWBEMT LI [29]. F ZTABIETIE, »-
butyrate |2 2% EoL-1 flild D AFEEER ~D /3L EHE(F
MIZb R 2 07T B F ARG T2
MEIDERLINZT LI EEZERE L THEITL
7o ZORESR, apicidin 35 K O n-butyrate 1Lt & ko
H4 % FEehlc 72 F (b L7z D2kt LT TSA OFE
HAliFE—iw<ch o7z (K 3). F£7z, apicidin 35 LN
n-butyrate |THINLE I 2 EUSHIEIT 5 p27"P DIEHL
ZEHE A E L Cllla o Bss 2 1k L7z (1 8,
11). &51C, HEEERD 53k~ —7% — CCR3 D3EHL
EENT L72RE R, b o~ —F —(3 apicidin 35
L O n-butyrate IZ X > THEICHEM L (X 13).

LU, TSA TlEZ DX 5 RbrfgEk~D ki
Mot (X8, 10—12). it~ T, EoL-1 #ilfia
DUFEEER~D 3 LFHEER I b R e B 2 ko~
DT T WUERELE L TNWD Z LRI 7.

t ~ HDAC 3R HDAC DREHINC 532 FHIE
I2EW 27521 (HDAC, 2, 38LV8), 77 A1
(HDAC 4, 5, 6, 7, 9 BLU10), BLUZ T2 11
(HDAC 11) {230 EN, TSAIZZ ZATIBIOT Z
A 11 HDAC ##ifil L, n-butyrate (%27 7 A T BL W
HDAC 6 & 10 Z[&< 7 7 A THDAC Z 42 2 &
DS STV 5 [21]. Apicidin 38 X OY n-butyrate |2
& % HDAC BHEMERIZ A CTh 5 Z & 3l S
TUW5 [29]. 7> T, apicidin 353 X TN n-butyrate |2
% HDAC FLEMER I L= Z &1, Zhsofk
SRR RIS S TITFEL, — 4,
TSA OEA I S TRIEMERIZ /R 5728 [30] 12
—IBIRER LB LN R EZXLND.
HL-60 clone 15 HilEi% TSA A ML RICHR D K L
W22 LIck> T R MR T BT L
&2 LRERIC T 5 2 & [29] v, TSA &
n-butyrate (XIFIEXFE U X5 RIEHZRT DD TSA
DJ7 A apicidin X° n-butyrate & 10 & U 233 V-
B, ARBFERERO L 5 bR ERIEV DR A S
ni-EEZOLNS.

AWFFETIE, AfFEEERYE A IR AL 2Y HDAC B3
WL > ThBERIC b+ 5 Z 2R L7z, LaoL,
HDAC PRSI IR~ 7o il Db 2 358525 2 & A
e STV 5 [31]. Apicidin 1% EoL-1 #iiE<> HL-60
clone 15 fifid % HEERIC /b S D EH 2 FF21E00,
FRIFER R A MR AR K562 i 2 FR i BRIk &
W HEH, mrEBEERYE A FE MLk HL-60 i 2
CDI1b ZF819 5 & o 2l oy b & & 2 EH
ZFpo. F7z, HDAC PHEH L L Thalriis Sz
valproic acid IZHLERME F M HIRER U937 Hllfid 2 HLER
(2, AR R 2 ph R b S S . L
L, K562 #ilad43{bid apicidin 721) CTix7e < MS-
275 IZ X o THRFE S, ARIFERR F M55 e ik
MEL Hifa DR EK~D 53k % n-butyrate K> TSA 12 &
STHFEHINDZ ERFESINTND. I HIZ,
EoL-1 #ii> HL-60 clone 15 #ifiiE apicidin <> n-
butyrate |Z & > TUEER~53bT 5. 7> T, HDAC
PSR TR < M0 3 b 23553 508, £ Ol
D43{bi% HDAC PREFHKOFIUAKAAE T, MlaoofE
HIRIE L2 b2 572, 2D X 5 72 HDAC [
FHIZ L DM MEFFEERIZE A DT T
JARTZ T TlidZe < MR A 22 N RO R F-I2 K -
THHIE SN TWD RN & 5.

74



75

3.5 #&

AWFFEIZIVT, EoL-1 MO IFEEER ~D 53 ki
%9 % HDAC FHEIEOIEM 2 Mt L7-f5 R, Fife
BIZT B F b 23583 % apicidin 38 X »-
butyrate I% EoL-1 ez A e ER I 53k = S EH

DD, —BARTEF AL L2EEL 2D
TSA TIIAFBEERA~D R Z B0 2 &2 5

12 L7=. ZO/ERIE HL-60 clone 15 #llfim 4 AV /=
i'EI/El\ ERERTH Y, GFRERERME E i M R L e i
T TFMEEFHEET D Z LI K o THERERIZ Y
92 Z DRI N7z, ARIFZERRRIE, EERN
TOUFRERD AV HEE DfF D Z 72 &3, IFFREKR
P 5 OB iR B OTR R PR ICHE R T & 2 &
E2oD.

™

AWFZED—E1L, 7 v — 3L COE [Frthfc R
DREEFICELS S ELFE] , BIemrs
MR E IR sE GREE 5 15086202) , M
WEgE (B)  (RREEE = 18390455, 20390439) , Hi

e GREE S 18659495) , H AT IRBLS K
BIAFIE B 52 E GRAEE S 19002194, 19001898)
EZTTVWHZEaWE LHEELEERLET.

X #

[1] Brownell WE, Bader CR, Bertrand D, and de
Ribaupierre Y. Evoked mechanical responses of isolated
cochlear outer hair cells. Science 227, 194-196, 1985.

[2] Kachar B, Brownell WE, Altschuler R, and Fex J.
Electrokinetic shape changes of cochlear outer hair cells.
Nature 322, 365-368, 1986.

[3] Ashmore JF. A fast motile response in guinea-pig
outer hair cells: the cellular basis of the cochlear
amplifier. J Physiol 388, 323-347, 1987.

[4] Santos-Sacchi J and Dilger JP. Whole cell currents
and mechanical responses of isolated outer hair cells.
Hear Res 35, 143-150, 1988.

[5] Zheng J, Shen W, He DZ, Long KB, Madison LD,
and Dallos P. Prestin is the motor protein of cochlear
outer hair cells. Nature 405, 149-155, 2000.

[6] Liberman MC, Gao J, He DZZ, Wu X, Jia S, and

Zuo j. Prestin is required for electromotility of the outer

hair cell and the cochlear amplifier. Nature 419, 300-304,
2002.

[7] Dallos P, Wu X, Cheatham MA, Gao J, Zheng J,
Anderson CT, Jia S, Wang X, Cheng WH, Sengupta S,
He DZZ, and Zuo J. Prestin-based outer hair cell motility
is necessary for mammalian cochlear amplification.
Neuron 58, 333-339, 2008.

[8] Arima T, Kuraoka A, Toriya R, Shibata Y, and
Uemura T. Quick-freeze, deep-etch visualization of the
'cytoskeletal spring' of cochlear outer hair cells. Cell
Tissue Res 263,91-97, 1991.

[9] Forge A. Structural features of the lateral walls in
mammalian cochlear outer hair cells. Cell Tissue Res 265,
473-483, 1991.

[10]Kalinec F, Holley MC, Iwasa KH, Lim DJ, and
Kachar B. A membrane-based force generation
mechanism in auditory sensory cells. Proc Natl Acad Sci
US A489,8671-8675, 1992.

[11]Souter M, Nevill G, and Forge A. Postnatal
development of membrane specialisations of gerbil outer
hair cells. Hear Res 91, 43-62, 1995.

[12]Le Grimellec C, Giocondi MC, Lenoir M, Vater M,
Sposito G, and Pujol R. High-resolution three-
dimensional imaging of the lateral plasma membrane of
cochlear outer hair cells by atomic force microscopy. J
Comp Neurol 451, 62-69, 2002.

[13]Murakoshi M, Gomi T, lida K, Kumano S, Tsumoto
K, Kumagai I, Ikeda K, Kobayashi T, and Wada H.
Imaging by atomic force microscopy of the plasma
membrane of prestin-transfected Chinese hamster ovary
cells. J Assoc Res Otolaryngol 7,267-278, 2006.

[14]Tida K, Konno K, Oshima T, Tsumoto K, Ikeda K,
Kumagai I, Kobayashi T, and Wada H. Stable expression
of the motor protein prestin in Chinese hamster ovary
cells. JSSME Int J 46C, 1266-1274, 2003.

[15]1ida K, Tsumoto K, Ikeda K, Kumagai I, Kobayashi
T, and Wada H. Construction of an expression system for
the motor protein prestin in Chinese hamster ovary cells.
Hear Res 205, 262-270, 2005.

[16]Hartmann WK, Saptharishi N, Yang XY, Mitra G,
and Soman G. Characterization and analysis of thermal
denaturation of antibodies by size exclusion high-
performance liquid chromatography with quadruple
detection. Anal Biochem 325, 227-239, 2004.

[17]Hertadi R, Gruswitz F, Silver L, Koide A, Koide S,
Arakawa H, and Ikai A. Unfolding mechanics of multiple



OspA substructures investigated with single molecule
force spectroscopy. J Mol Biol 333, 993-1002, 2003.
[18]Murakoshi M, lida K, Kumano S, and Wada H.
Immune atomic force microscopy of prestin-transfected
CHO cells using quantum dot. Pfliiger Archiv (in press).
[19]Mio K, Kubo Y, Ogura T, Yamamoto T, Arisaka F,
and Sato C. The motor protein prestin is a bullet-shaped
molecule with inner cavities. J Biol Chem 283, 1137-
1145, 2008.

[20]Janovjak H, Kedrov A, Cisneros DA, Sapra KT,
Struckmeier J, and Muller DJ. Imaging and detecting
molecular interactions of single transmembrane proteins.
Neurobiol Aging 27, 546-561, 2006.

[21] Csordas A. On the biological role of histone
acetylation. Biochem J 265, 23-38, 1990.

[22] Villar-Garea A and Esteller M. Histone deacetylase
inhibitors: understanding a new wave of anticancer
agents. IntJ Cancer 112, 171-178,2004.

[23] Tzumi T, Kishimoto S, Takano T, Nakamura M,
Miyabe Y, Nakata M, Sakanaka C, and Shimizu T.
Expression of human platelet-activating factor receptor
gene in EoL-1 cells following butyrate-induced
differentiation. Biochem J 305, 829-835, 1995.

[24] Hara K, Hasegawa T, Ooi H, Koya T, Tanabe Y,
Tsukada H, Igarashi K, Suzuki E, Arakawa M, and Gejyo
F. Inhibitory role of eosinophils on cell surface plasmin
generation by bronchial epithelial cells: inhibitory effects
of transforming growth factor . Lung 179, 9-20, 2001.
[25] Saito H, Bourinbaiar A, Ginsburg M, Minato K,
Ceresi E, Yamada K, Machover D, Breard J, and Mathe
G. Establishment and characterization of a new human
eosinophilic leukemia cell line. Blood 66, 1233-1240,
1985.

[26] Johnson DJ and Walker CL. Cyclins and cell cycle
chekpoints. Annu Rev Pharmacol Toxicol 39, 295-312,
1999.

[27] Heath H, Qin S, Rao P, Wu L, LaRosa G, Kassam
N, Ponath PD, and Mackay CR. Chemokine receptor
usage by human eosinophils. The importance of CCR3
demonstrated using an antagonistic monoclonal antibody.
J Clin Invest 99, 178-184, 1997.

[28] Fischkoff SA and Condon ME. Switch in
differentiative response to maturation inducers of human
promyelocytic leukemia cells by prior exposure to
alkaline conditions. Cancer Res 45, 2065-2069, 1985.
[29] Ishihara K, Hong J, Zee O, and Ohuchi K. Possible

mechanism of action of the histone deacetylase inhibitors

for the induction of differentiation of HL-60 clone 15
cells into eosinophils. Br J Pharmacol 142, 1020-1030,
2004.

[30] Komatsu Y, Tomizaki K, Tsukamoto M, Kato T,
Nishino N, Sato S, Yamori T, Tsuruo T, Furumai R,
Yoshida M, Horinouchi S, and Hayashi H. Cyclic
hydroxamic-acid-containing peptide 31, a potent
synthetic histone deacetylase inhibitor with antitumor
activity. Cancer Res 61, 4459-4466, 2001.

[31] Ishihara K, Hong J, Zee O, and Ohuchi K.
Mechanism of the eosinophilic differentiation of HL-60
clone 15 cells induced by n-butyrate. Int Arch Allergy
Immunol 137(Suppl 1), 77-82, 2005.

76





