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B1IE Fim

AIEH OBk S RV ETH DT 7 F 0%, MIENIZBWTHEERD G727 F
> (Globular-actin), H 2 MX G- 7 7 F U BNEA - (L L7z F-7 7 > (Filamentous-
actin) DILRE CIFET 5, MIREICBWT, F-7 7 F > 0Ny RAALGRAL) 1358 [E 7o Hi a5
FeZ TRk L. MO TERBHER:OUEE 7 & DRk 4 Zefliffaféie 2> Tnd, 2o X9 2l
IR 27 7 F o OIERERS A T2 7 ZE, 77 F U ASH#ELR) - fEERICBErE 249
57 7 F o BEE A 87 E (actin related protein; Arp)<°. TV FUREA X LRI E
(actin-binding protein; ABP)IZ L » THIEI S LT\ 5, S BITIEFE T, MlaENICEBT
LT 7 FUDRERERT AT I 7 AR SIURD TN D,

BAOT 7 F o OREL LT, BNG- T 7 F B Arp 7 77 I ) —Ldicrm~F
YVET U TEEROWER S NI H LT,V a~ T o OREESCERM7 &
BRI SRS B 535 Z L 23 500272 > TV % (Oma and Harata, 2011), %
DT, BRIZEBT L F-7 7 F L OEESEREICOVWTIIRVGHAHATH -T2,

AR, BB FOWHUEDOBRIC—IBENENT 7 F 7 4 F A FOBEREE D Z &
DT 4T A MEBITPIIHEIR 1 CTd 5 Octd DR BIHEICEE 2% HI A2 FF> 2 L AURS
#1(Gurdon, 1962; Miyamoto et al., 2011), #WNIZI1T 5 F-7 7 F > OEREHEH~D B 573
EHSRD TN D, £ ZTAHIETIL. ABIICENT 7 F U BES 2 ERER E b
B O EERREENLT HZ & T, BN F-7 7 F 2 O & filiHBEREIC DWW T2 =
EERBERE LT,

B2E BT/ FUVEALZERICHERER L MERMIERR O

T U T OMBE R Y v b VIS 1T D Importin9 (Ipo9) & Exportiné (Exp6)
X THIEHSND, 727 F 07 2 BESNTIIE =2 FT OIS TS 7 F /1 (Nuclear
export signal; NES)23MF/E L (Wada et al., 1998). D72 KD T 7 F I TMRE I
FAEL, BNOT 7 F 2 bl E ~PkH &4 % (Dopie et al., 2012), £ Z T, AT
v 7"} (Nuclear localization signal; NLS) #7 7 F 2452 & T, BENT 7 F
vEEENSESZ EERE L, 9. NLS 17 27 7 (NLS-actin) % & M55 Hifia <
& % HeLa ([Z—AJIZBL S &, LB SBMEEIC X 28R 21772 (Fig. 1), ZOfEHR. &
NOFET 27 7 F o BOWMDERD b, BN T/ RV zJEpk LT F-7 27 F @ GFP
HABBES N, LTI TRIC, 2D RIVRHEMNZF-T7F DR RATHD
M ZODFEBRIC X0 RRGEE LTz,

9. F-77F 07 v —7 T Phalloidin (285 7 Tl 5 Alexab94 #fHNL 7=
Phalloidin 71 —7 % v, &Y 21T->72(Fig. 2), 1 R OPURYLE TN N R
JL~0 Phalloidin OFEEIEFRD BRI -T2’ 70— 7 OS2 24 R £ TIER L
el 2AH, BRAY FA~OFSERBIEE S, NLS-actin OFIUZ K VRS2 B
NWINFE-T 7 FUHERTHD Z LRSI,
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Wz, F-7 7 F O > THES ZFET 5 Mycalolide B ﬂ@%ﬁb\ ZA LT
T ARRDBIELZ 1T o 7= (Fig. 3), = DOfEF. IEAILEED 30 7714212 BTONRY RO
HERMNBEI N, 25D - S>OKEEN S, NLS-actin DFEHIZ LY *le‘] F-77F0
N RN ESND Z &, FEENICBNTHT 7 F U I3ESHKEZREFL CND 2 &
D BN/ oz, £ TRIZ, N RAVEBERETICENICER LT 7 F o neT G
TIF e UTHIEL TV D D E Rt LT,

¥ 9. Lifeact 7”0 —712 L > TENT 7 F 2 OIRBEMENT 21T - 7=, Lifeact 1X F-7 7 F

AT H_TF KT, TOMAIIT 7 F L OES - BEAICEE LN ERMLN
T 5 (Riedl et al., 2008), = D% FH L. Lifeact-mCherry 3~~~ ¥ —% NLS-actin

EHRHIEDH LT, BT 7 F o ~OFfEENRD LD BRI X 082 1T 7
(Fig. 4), = O#5%. Lifeact L EENT 7 F o OILRMENTRD Hiv, /N RAZBREL TR
WHilaTH, ENT 7 F o L —IEF-T 7 FUORETHET 2 Z &ENRSh
Too ZHIUD DORGER RS NLS-actin ODFBUZ L > T, b MEEMITENEF-T 27 F
e NIRRT REZR R A MENL T E T2 Z LR ST,

BI3IE EEHEICKTIBANF-T7 7 F v OB

TV ATENINEH N ZBIE Y e s T I 7w\, BENF-T 7 F
DIERLN Octd OFRBUCHBE o RENZFFHOZ ERHEIN TS, 22T, b MEEHIIC
BUIOENF-T 7 F U BKIZ L - T, [FERIZ OCT4 ORBLFHEENE X 2 0% fftr Lc, &
& PCR (I X 2 FHMHT T, NLS-actin ZFEH L7oflgics VT, 2 br—L L ik L
THEZ OCT4 ORB EFPNER SN (Figh), = 2 TRIZ, WIEET 7 F > OENJETE
BEBINEIEZ Z LI2X - T, [AEEIC OCT4 ORBGFENRD LN D0MBEEET T2, 7
7 F o OWMEESHFITH D Latrunculin B (LatB) (&, fMlaE 07 7 F o #BliEA S W, &
NOT 7 F o RfERZ NS E L ERHRES L TWD, £Z T, £9 Lat B OB X
STHINUTENT 7 F N F-7 7 F o BT 20t 217 > 72, £ OREHR. Lat B ®
LB X 0 EENIZEBIT 5 Lifeact 7' o — 7 O BIZZ S, Lat BIIENT 7 F o 0ES
ARHET D Z LR S (Fig. 6A), £7o. BN F-7 7 F ORI L % OCT4 O%H E
F oo bz (Fig. 6B), ZHbHOFfERND . b MFEMIATHEEN F-7 7 F 7% OCT4
DIRBLATHFEST HZ LRI,

ZZTRIS, BN F-7 7 F 12 K D OCT4 Ol 7 3 BLA MR O RN 217 - 72,
Wnt/B-catenin > 7 7 /W2 BT 5 FEEREGK 1T 5 B-catenin L, Wnt > 7 F /L DIESF
TEFCHMREDT 7 F o747 Ay MIREG LEZERIND, £/o. Wnt > 7 F /L OiEHE
EIZ LV EN~BITL, OCT4 25T % —7 v MG T OEREFHE %217 O (Li et al., 2012),
INHOHENL, BENIZEBW T Breatenin [X F-7 7 FUNIHEET 5 Z & TLRENLI N,
ENRIEEREM L, OCT4 2 &t % —7 v MNEETZTEMELT 2 IRtk a2 5 2 | £ ORGE
11> 7= (Fig. 7).
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£, B F-actin OIERIC L DGO L MR 5720, ~47m7 1A
fENT ZAT o 72, ZAL L2 BB 70 5 HHIlaN S 7 G LIcBIE FICEE T 5 &, #
L 7= 85 BinOH @ 16 i Wnt BEE(RFTH 25— T, B L7z 55 DBUn T
X1 LIEEN TV - 7=(Fig. 8), Z OfEFIL. Wnt/p-catenin 3 7 F /L DIEHALIZ
EWNF-T7 7 F o RN EGT DL~ L T, £ZTRIZ, BRF-T7 27 F U0
B-catenin OHIIINBTEIZ G- 2 HREZ M L7- & Z A, NLS-actin 2588l L 7= filfd Tl
N B-catenin OHININEIZE S 172 (Fig. 9A), KIZ, HENIZERE L7z B-catenin 235 EEME
LG L CODDEMITT 5720, Vo7 27— UL R—4—7 v &{Tolz, ZD
fi . NLS-actin FBAMIL C L AR — & —85 7+ Of B 2588 LA iR S u(Fig. 9B),
WIZFEFRE L7z Brcatenin NHEBIEMEICEH G L TWAH Z EWRS T, ZNUHDOREENS |
N F-7 7 F 27 Breatenin Z 40 L CERGHIENCRE 595 Z & R S iz,

BAE BNT 7 F U OESHIEICIIT 5 Arpd OBEREMRNT

EROFERICEY  BNF-7 7 F X DEGHIEHA~OBE SR me I, Ll
NIZBIT LT 7 F L OBEBITBIET) 707 I TORERCA b AFERE L EOFRIZO
FHBERE I, WE OBESMF TR SRy, i, MilE L BT 7 F ol
HHERE DS ENICAAE L, @F 1IN F-7 7 F o ORI STV b 2 & 2RI LT
b, T T, BNT 7 F ORGSR ZRET S HNT, AFETIET 7 F 77 2
V=8 R BED—D>Th D Arpd IZEREZ Y T 21T o7, Arpd 137 7 F o L@l
FMEZFF>—F T, BNICRELTEY, 77 F 20X )il LanEg 2 F5o,
ZC. in vitro DFENT D IR ERGFIICT 7 F o OESZHET L Z L@ sh s
(Fenn et al., 2011), Zi15 OEATHIIED S, Arpd BEENTT 7 F U OEG#HET L2 &
T, BN F-7 7 F oG35 arRetE 2 B 2 72, TOMGEED72, b MG
FIN D Arpd Z b SEERIC, BN TT 7 F 2 BAOBEMNE & 5 0N 217> 72, RNA
THEIZLD Arpa D/ v 7 X (Arp4KD) FEBRClid, WO Lifeact 40BN A8
£ 4L, Arp4KD IZ KW ENT 7 Fr OEAEARD Hbiviz(Fig. 10), Arpd 137 rm~TF
VET UV TEEEROERSY VXV THDZ s, IWERIEA~ORE, FRoT 7T
DOHE — R OWER - TdH 5 Ipo9/Exp6 ~DEEEDATHENE & & 2 28, T Hifii
PERF DORBUZEAITRD B 7=(Fig. 11, D OREN S Arpd BENT 7 F
Y OBREAGHBEIKTTHD I LIRE I NI,

BHE REEE

W, B OPIHEDBIIENT 7 F 27 4 T A 2 PSR S L, & OFEHEZ AL AN )
WLIR 7 Cd 5 Octd ORBIFFGICHEREE A RO LRGSR EBNF-T 7 F
Y OMSBEDSTEH SHUEO TV 5, ARIFETIE, b MESMIROBNTT 7 F U BEEEZTE
(B ATRE /R FEBRR AN L, BEN F-7 7 F 2 OFSRE & ISR 2 fibT L7=, = OfEE,
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b MEBEHIOBENTERESNITZT 7 F o7 4T A M3, Y AT VINE Vo851
DU DOEE & R F OCT4 OB EFHFEST 5 2 L 2W BN Lic, ZORE
FHFHEIDOBNICBN T T 7 FUATEGREZALTEBY ., SHIBNF-T7F 12k
% OCT4 BB OFHFEME DS E LI/ F SN TND Z EZREB LTV D,

WIZ, & MBS L 2N F-7 27 F o Oi8 R % AV T, Bcatenin [Z1EH LN
F-actin |2 £ % OCT4 I OFHE A B = X LD 21T > 1=, HINE & [FRRICENT 7 F o
T 4 T A hsD Breatenin FEEDBILE S, S HITEN F-T7 7 F 2 OFERICHEAF L THY
U7z Brcatenin NEREIEMEZFFET A Z L2 AW L, BENF-7 7 F BB OHH
bEBTEA R Y =T 4 v 7 Hl~B 57 2 aTREME 2R S 472 (Fig. 12A),

BNF-T 7 F 007 7 F R0 RVOERKIL, 7 AOBNZEREEICHEEE 525
AR H D (Fig. 1), 7/ 2O Y =37 4 v 7 HINCB W T, 7 v~ T OERE
FCRL BNIZBIT A7 a~ T o OEREENSEEREE LY Lo, BN a~vTF U DZE
BB I E S D& 2 "V BOEBIR TR S . TEAER ] 2L o Tl S
NDHEEBEZLNTWD, Lol BZEEOMR Y 37 G 0mkRe. TERBEIT 70 & OFEIT
RHTH D, AR TRBENTENT 7 F 7 4T A FOBRRICE D7 n~F o n2e
FRE~DOEET, TI7F 74 T A MPEEHRO—D2& LT, 7/ LAZEHREIC T 5
L CW 5 AfgEME %~ LT % (Fig. 12B),

AR TIX, ENT 7 F oA F 7 AZHEZ DB LA OFE L L, Lat B 3%
NT 7 F BT, S6IZ0CTYRBBLZFHETHZ a2 LT, BUE, Bl TO0H
{EFEBRICBWTHIHIE RO EARREE 72> T D, Atk LatB 2 ED 7T 7 F U861k
BMDENF-7 7 F VBRI 2 DB SO T2 T, BRNT 2 F a2 —75
v MZL7eBEFoEbh R om B, HAERSE~OHEKRO PR TE 5 LB 2T
Do
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NLS-actin merge

Nucleoplasm
~85% < ; :
Fig. 1. Expression of EYFP-NLS-actin
induces the nuclear localization of actin
and the formation of nuclear F-actin. To
analyze dynamics of actin in the nucleus,
actin fused with a nuclear localization
signal (NLS) and EYFP was ectopically
Nuclear expressed in Hela cells. Cellular DNA
actin bundles was stained with DAPI.
~5%

Hoechst33342 NLS-actin
A Wy

Fig. 2. Properties of nuclear
EYFP-NLS-actin bundles
formed in Hela cells. Nuclear
EYFP-NLS-actin bundles have
low affinity to phalloidine and
requires longer time (>24hr)

24 hr for staining.

NLS-actin  Phalloidin-Cy3 merge

Fig. 3. Nuclear actin bundles were
severed by Mycalolide B. HeLa
cells expressing EYFP-NLS-actin
were treated with Mycalolide B.
Mycalolide B severed nuclear F-
actin.

Mycalolide B (50 ug/ml)
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actin Lifeact-mCherry merge

EYFP-actin

EYFP-
NLS-actin

Fig. 4. Expression of EYFP-NLS-actin induces the formation of nuclear F-actin. Lifeact-mCherry was transiently
expressed together with EYFP-actin (top panels) or EYFP-NLS-actin (bottom panels) in Hela cells. Lifeact is a 17-
amino-acid peptide, which binds to F-actin, Cellular DNA was stained with DAPI. Bar = 10 pm.

Expression of OCT4 in HeLa cell

P=0.0007
- P=B 04 !
a 2
= Fig. 5. Nuclear F-actin activates OCT4. OCT4 gene
2 15 expression was increased in cells with nuclear actin.
E Hela cells transfected with a vector coding for an
& indicated proteins were analyzed by gRT-PCR.
b Normalized values with the expression of GAPDH
= were shown.
% 0.5
4

EYFP EYFP-actin EYFP-NLS-actin

Cont +LatB

A DaPI Lifeact-mCherry  merge B Expression of OCT4

< 35 P=0.02

- 3 3

5] =

(&} 825
3 2
E 15

@ E

+ ‘_.a' 0.5

3 o

Fig. 6. LatB induces polymerization of endogenous actin in the nucleus. (A) HeLa cells expressing Lifeact-
mCherry were treated with 1 pM Lutrunculin B (LatB) and the presence of nuclear F-actin in these cells was
observed under a microscope (lower panels). Control cells were not treated with LatB (Cont, upper panels).
(B) The expression of OCT4 in control and LatB-treated cells were analyzed.
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b

Ratio of Nuclear- to Cytoplasmic B-catenin

Nucleus

Cytoplasm
B-catenin
B-catenin 4__5:“““"“9 stabilization f-catenin ON
B-catenin
Wnt target genes
B-catenin

Fig. 7. A schematic model of B-catenin tethered by nuclear F-actin,

Cell signaling related genes

Increased signaling (85) Decreased signaling (55)

16

’ m\Whnt signaling

| .-'l [ Other genes
\ 69 J

X
~ =i e

m\Whntsignaling

/@O Other genes

Fig. 8. Microarray analysis of HelLa cells expressing NLS-actin.

Nuclear localization of B-catenin TCFILEF activity
4.5 P=0.02

1

0.5
0.5
o

EYFP EYFP-actin  EYFP-NLS-actin EYFP EYFP-actin  EYFP-NLS-actin

P=0.03

-

I al
[T ]

-
n

Relative Luciferase Activity

Fig. 9. Nuclear actin induced nuclear localization of g-catenin and activation of a Wnt/§-
catenin target. (A) Nuclear actin induced the accumulation of nuclear B-catenin. (B)
Nuclear accumulated f-catenin enhanced the activity of the TCF/LEF promoter. The p
value was determined by student’s i-test.
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1.4

ns.
20 Nucleus 2| Pe0ss |E| —
S ]
% +::i::n(zsa} a8 1 m Cont
~+—Ar B
5 12 — ArpdKD(448) T o8 = Arp4KD
=
£ 10 g
g § 04 el
5 &
= 0.2
X g5 =
25 ] 25 50 i3 100 125 (%) 0 - T ——
Relative position Arp4 Actin Exp6 Ipo?®
Fig. 10. Detection of F-actin in the nucleus of Arp4 KD cells. The relative Fig. 11. Effects of Arpd4 KD on the expression of actin transporters.
distributions of Lifeact-mCherry in the nucleus and the cytoplasm were Expressions of the indicated genes were detected by qRT-PCR.
compared in control and Arp4 KD cells. The expressions of Exp6 and Ipo9 were not affected by Arp4 KD.
A B heterochromatin

Actin Actin Actin Actin

Actin Actin Actin

!

euchromatin

ON (including OCT4)

Fig. 12. A schematic model of epigenetic regulation by nuclear F-actin. (A) Nuclear actin has an ability to form
filaments in the nucleus and regulates gene transcription through tethering p-catenin near chromatin. (B)
Regulation of chromatin structure and spatial arrangement in the nucleus by nuclear F-actin.

ON
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i B ADREROET RUHENE

Ly FEAth

T EE FE BE
FEER oo wie mm B 0% A6

FAL® X gy 2 Fo T4 9 A S R OREEE MRS OTIE

WX EE O R OO EE

BEEAEYOY ) LS, 20X F 2 OMEETOBNREZS TERET
BLEZ X T4 v 7HAEZTITNS, Tb5E. 7/ LASHIKBEANT. #k%
IR HEREIT IS U7 BRERE S 2 TR U TRTEL T B, D& S xR RERS
BCBIBIED o RT 4 v 7L, FE - M. BR - BRITBEELT
BN, ZOHTFHEBICOWTRAHELZENS W, LFE. MlEENoY 7 F
JICEBLT, ERAEMIIBIAHRRIEY 2 X7 1 v 7 HliEHE ORI Z
RAl. TNETIK. AHIREED) 70753 27 0BETENICERENS
THOFT4TAY RS AMERTF Octd DEFICHETH DI ENHRES
s, IWEE. &7 27F DR EBDBEBLFRBEGEHOA N XL ZMHHT S
7=, BBITY T FIVINLS) ZAML7=7 27 F > OFRBIC X > T HelLa Ml
WIZT 7 F > T4 5 A bEABRITHRS B, iizfTo7.

XA 707 LA KB ERAZEERNTOMER, BNT 2 F 745 A b

JRRIC & > T OCT4 2BV EHBEERTORE EANED s Niz. BT U
F U X BDEBEELDOA N =X LD—DE LT, MlENDEERS T FIVA
ERFTHS Wnt/B -catenin FEEDORES5 2% X /2, IEET B -catenin Il
JABDOT 7 F BEICHEA L TRELS NS I EBHSNTWS, NLS- 77
FoERELEHMROBEANTOBANTIRATVF > T4 T A2 k& B-catenin
HBENBEIN, X512 Wat/ B -catenin &7 0E—F —OIEMHLIEED
5Nz, ZORERIX. BAT VF 274 T A2 M ERERT B -catenin 2N
KRETRZLICE- T BETFRRACAEGITZHILZRRLTNS, 561
WigiE. BENTT 2 F > 74 FA MERERIET 2R TFORRZT o> €T
DEMRTELT. MIIBELTHY, EEHICHEIREFENTNWETIF >
RS RV BED—DTH 5 Arpd IZIEE L7z, Arp4 1. in vitro DERRIC
BWTTIVF U ESEZRETHIENBESINTNS, HeLla Mf2liCBNT
Arpd /)90 F I LEEZS, BNTOY V7 F OEGREPENT 7 F
T4 TAY MRBREN, & 5122 OMilt THIHHMEE T OCT4 ORBAEN
ggank,

AR BEADT I F > T4 5 A2 bBAHHERET OCT4 ZRLHET S
EERFORBICEEREEZELTIE. £ Apd PERT VT2 OES
OFFLEZNLU T, BETRREHMEICES T 2EEZATHIEREZBUDT
oML HDTH D, INEOFRAIFMAICERT-bOTHD. BEES
BAOEEMNELHEEINDHDOTH S, ZOXIBBEENS., KR IiFELE
REETITAETZHOTHS LM anD,
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