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FLE Fim

TRTCOEEAEMIL, X7 VAV =L KRB L LI/ a~vTF UG WO RELE
BRI GEE TR T 5 2 & T RREREAF L=/ /) 5 DNA Z2#/Ne NI L T\ 5,
LrL, mEICEE LY n~F UG, ARG R -OERA 72 £ OFIEIK o
BEAET DD, Z7a~TF UEEICL D F ) MERRIIREEIL STV, 20729,
XTI VA —LEATA RERHEVBRELLV T 7 a~F o OELEl (Fa~F )
BTV ) ko TH 7 AEREDPFIRICHIE S TWD, ZOXH7R7 m~F Otk
EWEATO TR/ u~xF L VET )V IBHAERTH D, /7ua~xFrVET ) I8
AR D P E T, LIRS RFESNTEY . Z<Dr7a~vF L VETY
v TEERNE ORBICHNAEERN L LCT 7 F o077 F U Y VR 'E
(actin-related protein ; Arp) % & A TUVND 12,

Arp 137 7 F v b - BEERICBIEMEZ A L TR T2 F U ey s T 77 Y
— &R LTS, HEFEERETIET 7 F 2 EARFEIVEDS S WIEIC Arpl~Arpl10 £ To 10 &
HEMRFEINTEY , 251X ATP #EAEML 72 & O 5+ NI ORI IEF ITHELL L T 5,
—F . FFREDHEEIITEVDR A OND, Bl Arpd 137 7 F TR WFEARLS N 2
DOEATEY (Fig. 1), 2O X5 EEDENC L > THEDOBEW R B TZb IND EE X
LITWD 3, £, 77 FrOREDHEIZHEL TWDHDIZx L, Arpd~Arp9 F
TOArp IIIZREL, BT 7 F v bicrza~F UV ET7 ) U ITEAERICE LT
%o FTH Arps LT Arp8 1% INOSO EAKIC O AR RANZE EFN TN D Z &l
ENTW5 (Table 1),

INOSO AWML, HEERERTIX 15, B hTIX 18 DY T 2=y Fh ORI NLDE R
FHEAEERTH D, TH, HEFERER INOSO HA KD SLAME ST 23T, Arps & Arp8
BEEIRFTENZI Arps module, Arp8 module & V9 [E4 @ module Z#k LT\ 5
ZERphotz 4 (Fig. 2), Arp5 module X INOSO A IKDIEIERIEICE G- L TRV 45,
—7J7. Arp8 module X INO80 HEKD 7 v~F o H~d Y 7 )v— MNMIBH5T 5 /lgEMED R
ENTND 46, ZD X 91T Arps 3 L OV Arp8 1% INOSO #H A RICMZEDRERINFTH v |
BEEOBEEREICEG L TS EEX LN TS, 22T, HAIEFTINHD Arp IZHEH
LT INOSO HAKRDIEEEIZ DWW THIIT 23 2 > CT& 7o, ZvETlT, HEFERERZ HW-
fiiEtt T INO8O A A D M5 1k L 7= DNA #HHl~7 + — 27 O#ETEBICE 5425 2 & 7. INO8O
BEED) DNA —E#UIHr (DNA double strand break ; DSB) #\ DEZE~DFEE B
52 L TCHURERICEG LTS Z L 87 INOSO EAIKN T ) N2 EMEMERHZ a5
LTV ZLaE L T&ER, b MTBWTH, INO8O #HE1A7)S DSB #5EIH I TEE K 1D
HEERHET HZ L 90, Arp8 IKIFIIIZ DSBHMLICY 7 v— hENbH Z L wigy 7
DZEMAMERHCE G2 2 E MG SN TE Y  Arp WEAIEROBEREZ il L T 5 ArRetE
MWEZ BN,

AFwCTHAZ, B b Bk Nalm-6 #lifa 2 VT Arpb 35 KUY Arp8 DI =1l



Rz ERL L . 2z FOTZfENTIC L 0 L INOSO HAEA B MIEWTH DSB HBEES
BARTRBUGNCE G L TWA Z EE2 R Lz, 72, 20X 572 INO8O HERDIEEE %
Arp DNHIFEHI L TWDZ EEZHALMNI LT, 512, Arps B L OV Arp8 (IZFRFEAIZHEA L.
F DOHRENE A FRET 2 ATHEMEN B 2 41D bicyclic peptides # A7 U —=2 7L, & DOk
B - SRR AT o 72,

Table 1. The actin family proteins of Saccharomyces cerevisiae.

actin-family  similarity to reported subcellular high molecular mass
name actin (%) localization complex(es)
actin
Act1 (100) cytoplasm cytoskelton
(nucleus) NuA4, INO80, SWR1 complexes
ARP
Arp1 68.6 cytoplasm dynactin complex
Arp2 69.3 cytoplasm ARP2/3 complex
Arp3 60.3 cytoplasm ARP2/3 complex
Arp4 525 nucleus NuA4, INO80, SWRI complexes
Arpb 51.2 nucleus INO80 complex
Arp6 458 nucleus SWR1 complex
Arp7 436 nucleus SWI/SNF and RSC complexes
Arp8 43.5 nucleus INO80 complex
Arp9 40.2 nucleus SWI/SNF and RSC complexes
Arp10 376 cytoplasm (interaction with Arp1)
actin nuclear Arp

Insertion | = *

Fig. 1. Crystal structures of Saccharomyces

_ ] ; cerevisiae actin (right) and Arp4 (left)*. ATP is
Hiotone binding = * represented in sticks and the metal ion is
(unstructured) displayed as a sphere.

Fenn et al., EMBO J, 2011

Rvb1/2

Nhp10- module
module

Fig. 2. Assignment of module position of yeast INO80 complex*.
The Rvb1/2 complex (gray) is located in the head of INO80. The
Snf2 ATPase (RecA1, orange; RecA2, green) in the neck is
crowned by les2 (pink) and has the Arp5 module on the back (red).
The Nhp10 module is assigned to the body (blue), and the Arp8
module is assigned to the foot (yellow).
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Rvb1/2

Arp8-
module Nhp10-
module

Arp5-
module

Tosi et al., Cell, 2013



FE2E Arps BL U Arp8 B FXKE (KO) MFaDIERK & 2 DEARKIMEE DIENT
b MZBIF 5 INOSO HA K DORERERIE~D Arp DB 5 295 7-®I2, & k Nalm-6

AL Z I T Arpb 36 KUY Arp8 OB I IaRE 2 132 U7e (EFRIIFFEE Ch 2 [E
B PENETE D1 ) 215 CTERY) . Arpb KO #ifidld conventional 72 KO #fifid %, Arp8 KO
MfRIET RT3 A 27 U U#FEIZ K - T conditional (27 HLZ il T 2 KO Mgz /ER L 7=,
IO & 7 Eadhiti L, §T Arpd HUiAd L OB Arp8 Hilk & Ve = 2 #
7y NEITV, FRENO KO Ml oLz iR L. (Fig. 3), Arp8 KO #ifulL, /
> 77y MREIZ X0 A SkME Arp8 O BLE DS NTEME Arp8 ORBLED 10 FREIC Ed o
TLESTWDER, 7 M T7¥A 27 U UAFE FORHERIC L o TREANIH SR, Y
BALAETL 7 H TIRFFERIT Arp8 M 572 < 725 Z LW STz, £ LT, ZNbH D
RO FEARMME Z2fT9 5720, M2 7=, £ OfEE Arps KO HIIE T
fatEsE i c BN AE LTV e (Fig. 4A), 7a—H% A b A MU —fEHTIZ L - T Arpbs KO #ilfd
TITMIaEH G2M HITER L WD Z L b ITRETIIRINTEY K, Eim) . i
D DOFERND Arpd Z5ERICKIBT 5 2 & THIBE I OMEITICEEIEN 5| S22 S, R L
L CHIREAEDME T35 & &2 bivd, —77, Arp8 KO Ml Tl Arp8 2AFERITHMI S
LMD T NI A 7V U EBMGE 8 B H LR, MifuEaEMs 1k LT (Fig. 4 B),
ZDOZ LD Arp8 b Arp5 [AlEE, ERZ2NEEMOMETICEAE L Tnbs EEx bbb, L
ML, Arpb KO ffifd & Arp8 KO Hifid & TITHE R 2 M5EE DEE 2R LT, ZDZ
LD,

« INDD Arp MR DEREVEZ A L TV D ATRENE

- AR OIEE 72 EER INOSO A RHEREIZH W T, Arp8 AL W EHE /A &EZH > T\ D
ATREME

DR S U7z,

#3E DNAREEEE~D INOSO BAKDEE DT

DSB M IEHEIZEE S WiEe, RaREFE 2GSRI L, T 73 EORIE ORI D
RND, ZHETIC, Arp8 X7 LAY —LfEREEZA L TWAHZ L. b FTlx INOS8O
BERD DSB E~D Y 7 )— F S Arp8 IKFHI TH D Z LB L NS T, £ 2
T, Arp8 KO #ifid © DSB Z#53 L 7o B, YetafROMIfaM & D X 5 R RE A2 73 % fif
Bri7-., £79°. DNA #HH%EKTH 5 aphidicolin Ik > TDNA#HE A ML 24252 %
Z & TDSB ##E LI BEO Y RO 12 TS T CBIZE Lo, ZOfER, Arp8 KO ##
Je Gl e ARG BE R 2388 L C\/= (Fig. 5), KIZ. aphidicolin ¢ DSB %75 L 72 [
ORI 2 HE L, Bl EREZFE N L2 (Fig. 6), Fig. 6 ® 7 7 7 Offitdhix = o HhE
FHERZ R L TE Y, FHER 0%13 aphidicolin DA HEZ K - CHIJAESFEIZEZN /22 & &
Y, —J. BHEER 100%(3 aphidicolin #INC L - THIIEEOEMMN R e /e >7 2
L xR, 100%% % 5 1% aphidicolin Z %I L7=F%, HIfAES B Lz 2 & 2R LT



W5, HEORER, Arp8 KO Al CTIXEF AR O M & b U CHE5 P E =R AN B (23N L
Tz (Fig. 6), [REROMENT 2 511> DSB #5584 T 5 campthotecin /7/E F CT{To70 & Z
4. aphidicolin #RAIFF & [AlkE, Arp8 KO fifld TIZHEFEILERA A BICHMM L Tz (Fig.
7)o 52, A% camptothecin THLEE L 72 F5, WLELH% 2 KEfE IS L OY 8 R[] O FRf s C Arp8
KO i CILEF A & bl L C DSB O~ — % —Cd 57-H2AX 0 foci H AT L HIN
LTWAZ & bRz (B k. 2014), Aphidicolin ¥ X TF camptothecin (2 X > TH| &
L Z S/ DSB IFAHFIRLEL 2 E1E & 2 WITFREOBEEREIC L > TEEI D Z &0 b,
ZHH DORERIT Arp8 KIRIZ LV | IEE R FARKLE ZAEEBEEDME T 7 b= AN
BINTWbEE2xDLILD,

FAE INOSO EAKEDEILA b LA ISE~DEEE DfFHT

fE{b A F LRI K - TR SN DIEMEREFRFEIL, 7/ & DNA 0Bk~ il NEe B 253
525, MIIXZOX S @A N L ARICK L, LA b LA RERE T OB ETHY
T5 2 & THIBROIEFPEZ#ERF T 5, VT4, INOSO HAAN Z b O s 1R BLHI I BE
B L T2 Al s LR 7R 1 K » Tty <47z 12 (Fig. 8), £ Z°C. Arpb KO #iifuds
F N Arp8 KO #ifiz HINT~ A 7 a7 LA T 24TV, 26 OERFORIBIT K D 5B
2% down-regulate SN 7-BIEFZ I L7z, ZOREFR., BLA NV AIEFE T ORER & b
i LC, BbA L AEE F T2 b o KO Mo )5 ¢ down-regulate & 72185+
HHRABEITHML T, Arp5 KO #ii, Arp8 KO #ifam i J5 THi@ L T down-regulate
SN B DOELETIE, INOSO HAKIZL > TEDORBINBFH TN TNDZ LERLT
Wb, £ZT, LA DL ABEIOBEERESZD 1 > TH Y |, FEIHIEEERE S 5 4R 1
DIEMTHME A TN D Heme oxygenase-1 (HO-1) BEnFI12EH LT, OB HIERRE~
D INOBO HAEIKDEE- & | Z DA RHERERIEIZ 35T Arp O 5 FEI 2 fiftr L7z, 7,
RT-PCR (2 X V. Arp5 KO #lifiads X OV Arp8 KO M35 HO-1 DFRBLEAHIE L.
BARORBL R L i L, TORE, 2 O KO Hifla CIEIEmE A b L AL
IZBWTH HO-1 OFEBLENFD LT\, 612, B{EAXA ML R&2 5% HO-1D3Bi%
LB, Arps KO #li, Arp8 KO fiflad i i ¢ HO-1 DRBIEMELNITE AL ERE T
Wieho o, Z ORERIT INOSO #HEKN HO-1 DFBUHHEIZE S5 L C\nWbd Z & &R LT
W5, 2T, INO80 &K, HO-1 DFEBIHIENICEERG L TV O0nEH LT 5
7=z, HO1 8510 EFICAFAET 5 2 >ORBIHIEER (E2, E1) ~0 INO8O # A 1K
DOfsH % 7 a~F oafEikkEiE (ChIP) 12XV Rt L7z, FEBIFHERC INOSO A KM
FEE LW ENRTTIZHRE I TS Radb4B D 9 A > b9 L bl LT, Ino80

(INOSO G ADEEFY 7 = |) [TM{EA F L ARRVIREETH E1L ICAEICHEG L
Tz, SHICIEA ML ASMHET T, Ino80 @ E1 ~OfEAESZEML, E212BF%
AEZME b SN, —77, Arpd [Z(LA F L AR WIREETS E2, E1 O J5IT%f
LCHBRMADBIESNZ, S5I2, BEA F L ARHZIE, Ino80 [Alfk, = DksA EA Y



452 ERENTE, ZROOFERENS, INOSO AN HO-1 O3 HHIICE B 5
LTWBZ LRS-, 2T, Z0 INO8O A ROFEREHIEIZ 51T Arps 231 5 %
BN+ 52 Ll L, £, Arps 28 INOSO HAKD 7 n~F v ~D Y 7 )b— MNMI%
HLTWSO0ZEMTT 572012, Arps KO filgizB1) 5 E2. E1 ~® Ino80 DOfE & IRHE
ER L7z, TORRE, E2, E1 ~® Ino80 DFEAIREITEEL A b L ADF I L &3 84
ARG & Arps KO #ifiw & O THE R 21T H S #1727 - 72, IRIZ nuclease accessibility
assay 1T\ Arps DM INOSO HEKRD 7 n~F 2 UET Y v VIEMICH 2 5 8%
FAR7= (K B, %), GAPDH o7 u®—4& —flika# %L LT, E2, E1, HO-1©» 71
T —fgk, HO-10FE 5= oD/ u~F U EETHM L= & 2 A, BAROMIET
L HO 1D LD 7 a~<F U AEENRA—T7 12> Tz, —F, Arps KO #ild Tix E1
TORFEENMIE SN2, 25 OFERIE Arps 28 INOSO HAKD 7 n~F o ~D Y 7
N— TR, 207 uxF L VET U O ZIEEORBNCES L TS Z L aRm LT
%, 2T, INO80 HEIKIC XD HO-1BInT FifEHIkD 7 a0~ F UAEELWN, HO-1
DGR & D K 9 B4 52 20T L7z, E2, E1 IZIFEERF 13675 2
& T HO-1DORBLZFHIFEIL TWD Z ERM BTV D, BH & T Tld repressor 73 Z 415
DFEIZHREET 2 2 & T, HO-1 OFBZMET 2, BbA N L A5 T TIX, repressor
DMEEEL . 23 V|2 activator N FEAT 5 Z & THO-1 OFENEMHALEN S, +Z T,
INOS8O A AHRE D HEDS Z 1L & DR G 1 DOFEAIRAEIC 5 2 DB A fifhT LT=, £ Dkk
E. BIEA L AB L O INOSO HAMREKEAED A MEIZ X 53, repressor D& & EICH E 72
I e oz, UL, BBEA b LRSS T CO activator DFE A &EIX Arps KO
AR CIX B AR D 36 L2 -0 E £ TR LTz, ZofER 6, Arps KO #ifd T
IXER{L A b L ABRZ activator 235 A LIZ < W22 HO-1 OFEBNIEE LS nZ &R
RENTe, ZNbaELDDH L INO8O HEKIC L 5 HO-1 OFBIFIH I L OB RHRE
(2B T Arps NH Y HENZSOWT, Fig. 9 DETANE 2 55, BAROMILCIX, B
fEA R L RRFZET E2, E1 ~0 INOSO #HAKRD Y 7 b— MEAHI L, Arpb 73 INO8O
BEKD 7 a~F VT U U THERERTEHALT 2 2 LT, 2D OFEIRSSZ OO 7
Ry FUEEERED D, 2OV uvF o OMEEIC LY | HO-1 BBHEERICE G T 5
55K 175 repressor 2> 5 activator ~& L I D Z & T, HO-1 DFBNTEHE LS D,
—J5. Arp5 KO fifa Cix., E&fb A b L AKZ INOSO HAIKILZ E2, E1ITHELTWE
DD, Arpbd K L TWDH 722 INOSO HEARMNEM LI T, /7o~ F U BN EE LT
FEILR-TND, £D72, HO-1 DIREBLFIMITEIKIZ activator 2355 TE T HO-1 D%
BBNEH LS N2 nWEBE X HRD, 20X 512, INOSO #HAKIX DNA B~ E R
M T, AL A b L ASE BT OFBEGENZ L > T, 7/ L DNA LAl 1EH 7
HEFFICHFHE L TWAH Z EDvRENT, 72, Arps 2N INOSOBEEED 7 n~F L VEFY
VI IEMOHIEICEE TH D Z L% in vivo DFEBRZ THID TH LN LT,



F5E Arps BI W Arp8 IZ#5E9 5 bicyclic peptide DRV ) —=> 7 L ZDREEHED
fEAT

HA4AFEETOMPT T, b MIBWTH Arps 33 LU Arp8 73 INOSO & RO FEREHfHl 12
BEREHEZH S TNDZERHLNIR ST, I T, ZILHOEEEZ S HITHAT L,
SIS T B 7200y — %1525 BT, Arpd B L Arp8 IZFEA T 2 bicyclic
peptide # A7 J—=2 7 L7,

bicyclic peptide [F—ERIERBZIZ 3 DOV ATA U 2EATEY . ZHZ TBMB X
TATA &\ 57z linker Z1EF &85 2 & T2 2OBRIREEEZNTITER S ETF R T
& 5, linear MDOT'F NIIZ DWENNEE & 72 D720 FERIZ X7 B O EDEMLIZ
EORE D affinity THAT 200 E £ 57220, —J7. bicyclic peptide IZEK L7= 2 >D
BRIEIZ LD | 2 OREER flexibility 738 HFEEHIR S D 7201, BRI S /X7 B OFEE
DEALIC. 227 LT affinity CHAT 2 = L ANAHETH S 11 (Fig. 10). MZT. HFHA
ABFUEDF L2 1/100 £, 43 7#b 2~3 kDa LIRS 20T I/ BESINFE
ESNDTD, {LFERPIEFIIES ThHD, 2O b, REAEIELE LTS
BEfFFSh TS,

Bicyclic peptide ® A7 ) —=1 7% phage display % i\ 7= biopanning %2 & » TIT
W, ZOEITIZT 7 — U0 titer ZMET D Z L TR L7z, A2V —=2 73 #iicqTHo
NTWEGE., EZ X7 E L affinity selection 1772727 77—V L LT
titer IZF LWEMNKRIE SN D, 8L 103~104 1% & titer ISR S i, FRI & o8
7 BIZ%9 5 bicyclic peptide WAV UV —=0 7 TETWNDH LW TE S, Arp8 BL O
Arpb IZKTHRTF ROR Y ) —=27"T|E, linker & L TTBMB, TATA ® X6 5 % H
WA S 3REIEDOE LY g VAT LR T titer IS+ 0 R SN 2 Lk
INHD Arp IRERTEHNTF KRR Y —=v T &Rzl L, XTF ROT 2 R
BoB 2 b LTz, & ORES., Arp8 IZXt9 275 N7 28 fifH (TBMB : 14 ffiJH, TATA :
14 1) . Arp5 (IS4 %<7 F 73 33 fd%H (TBMB : 18 f#fH, TATA : 15 ffH) HufG S
Nic, BHZ N7 BEOR UEMICHEET 2T F RHP T, 207 I/ BEESI O
similarity 23m < 725 Z E DD TWD, 2D, XTF RE2pyfh o7 I/ BoE
T TR UL EEAT 21T 9 2 & C similarity O BEA R TE D, AHFETELN
Te_XTFROT I Bidd e L& 2 A, Arp8IZxtd 57 F Rofiz, 7 I /il
FI23E similarity 28 L CWD XTI T RREHHDH Z BT, Arpd IZkd 57
F R T% similarity DF S DERTE 22 0D G077 F Rid Arp8 5 X TV Arps
T HoRaMEzA L TWDEEZLND, 7 X /BRSO BT O RETHR N
similarity Z# & &2, WL DNDOXRTF REA L, KIBE CREL, BRLZY a2 e)h v
K72 Arp8 38 LN Arps & DS A & 9t yeiE THIE L (JLRIFZEE . Bertold 12X - T
Fehi) . HOLRGIEORE R A b LT, MEbER Kafl) 2HEHLZE A 3HEOTTF
R2% Arp8 1Z%f L TRV APEZ A LTz, Arps (2xf L Cik 3 FEHO 7 F K& 1 ffE



DE BT F Rp@EmnsEaEE A L e (Fig. 11), d#OBRIGEDR R B E 2. IR
DEBRTIZZNHDTF FOMIH K Arp ~OfE AL 2-4M L7, S0k 2 -3
BRIV, AIH K Arp8 B LN Arps ~DERTF ROFEAM 2T Uiz, & DR,
Kafl723 1 uM Rl OXTF R 4 fifEH (Arp8 IZxfT 5 7F N 2 fifH, Arpb [Zxd 57
F K 1FE) 1 ZZ2nFNo Arp 123 L CRIBEORE AL R LT, BN 7e~X7F R
JAH SR DIER) Z X7 BTk L THmWREEMEZ R L2 2 0D, Arp8, Arpb (239 5%
7T R FHEREFRATR INOSO A ARHERE D N I RIF CE 5 L B2 bivd,

FEOE BAEBZR

AR SCFZE 208 U, INOSO AR e MIB W T,

- DSB #&EHE ~DRE L
- BR(LA b L ABEO HO-1 O H il

LD 2 DOBEEE L, 7 AEEMRFICES LTS AR L, &6iT, 2
@ INOSO B AR DOFERERIAENIZ I3 T, Arpb (X INO8O HAIKD 7 v~F o~D VY 7 )L— |k
TER<, 207 u~xF L VET Y U 7EMEGIIL TWD Z &2 6T LT,

INO8O #HAKIZL Y 7 m~xTF U ~OfENHI SN D Z & AVR ST activator 13,
HO-1 B2 A, flix OHUFR{bEER 5 AR R 7 £ OE{s D master regulator
ThHZENHLNTWS, BEOHIIETIL, 0 activator IXE{LA b L AHE T WE
IRE U CERER T ORBLEIELT 5, 200D OIS FEY AN AL % 2 ek 3
%2 & T, 7/ 5 DNA SOMBEOEFEEAHER L, A% 1L U &7 255 OFIE & il L
TWb, Z2DOZ &G, INOSO BHAKMN ZEDBEEFIZBWTH Z O activator DFEAHE
FI~OFEEIZBE- L, TORBEFIHEHT 25 2 & T, MIROEFEESY ) LAOREMEHERIC
IR FHELTCWb EEZBND (Fig. 12(4)),

—JF i R E LD M BT 2 O activator 28 E & RN L EAL L,
ZDH—7y NELTORBENFITIEE LS D 2 & T, JIAAI: Elokd 2t ED
IO N> TNDHEEZEZLNTWS, b L, NAMRIZEWTE INOSO HARMN Z D
activator OFEAES~D U 7 b— MBS L T2 072 L FhuE, INOSO #HAROHEEED
HHNZ &> TZ D activator DIFERBIRFORBLAAX T EE 5 Z &0, BAULTEWT 56%)
TRIRTEHENG & IR B RREMEDR B 2 DD, B 5 ETHE LI Arp8 B LN Arpb IZHE&T 5%
TF RIEZ OWIKICB W CIEFICHE AR Y — 1V ERDAREMEZ D TN D Z End | 5
FEDOFRMEIZ OV THMFI L TV 22 FEL TS (Fig. 12 (B)),



(A) (B) Fig. 3. Western blot analysis of Arp5 and Arp8 in human

aps  tetracycine o o o o (days) Nalm-§ cell lines. (A) Whole-cell e.x.tracts were prepared
WT vo induce from wild-type (WT) and Arp5 deficient cells, and Arp5
Wt Arp8 was detected with an Arp5 antibody. g-tubulin was also
a r:i?osd i Arp8 detected as a control. (B) Whole-cell extracts were
Y antibody prepared from WT and Arp8 deficient cells at the
~tubuli indi i iti
gntl\"b;dm - o-tubulin S |nd|cateq times after the addition <.3f 2 yg/ml of .
Y antibody P ————— A s { tetracycline. Arp8 was detected with an Arp8 antibody.
o-tubulin was also detected as a control.
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Fig. 4. Representative growth curves of WT and Arp5 deficient cells (A), and of WT and Arp8 deficient cells (B).
Results represented as fold increase in cell number. The averages of three independent experiments with
standard deviation are shown.
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Fig. 5. Representative mitotic chromosome spreads image with chromosomal breaks in Arp8 deficient cells (A)
and frequency of chromosomal breaks (B). Mitotic chromosome spreads were prepared from WT and Arp8
deficient cells cultured in the absence or presence of 25 |M aphidicolin for 48 hrs. Frequency of breaks in
mitotic chromosomes were compared. Error bars indicate average mean =+ standard deviation.
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Fig. 6. Relative inhibition of cell growth by
aphidicolin. Sensitivity of WT, Arp8 over expression
(Arp8 OE) and Arp8 deficient (Arp8 KO) cells to
aphidicolin was calculated as follows: [{(cell number
at 48 h - cell number at 0 h) in the absence of
aphidicolin - (cell number at 48 h - cell number at 0
h) in the presence of aphidicolin} x 100]/[{cell
number at 48 h - cell number at 0 h) in the absence

* of aphidicolin]. The averages of three independent

experiments with standard deviation are shown.

Fig. 7. Relative inhibition of cell growth by
camptothecin. WT, Arp8 OE and Arp8 deficient
cells were treated with 1 yM camptothecin for 1 h.
After washing out the reagent, the relative
inhibition by camptothecin was shown as in Fig. 6.
The averages of three independent experiments
with standard deviation are shown.

Fig. 8. MATIly-associated proteins were categorized by
gene ontology (GO) annotations as listed in the Mus
musculus Genome Database. Proteins found in the MafK
complex which is a transcription factor of heme
oxygenase-1 (HO-1) are shown in red. Ino80, an ATPase
subunit of the INO80 complex, is denoted in blue circle.
(Katoh et al., Moll Cell, 2011)
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of INO80 complex and Arp5 in the
regulation of HO-1 expression. Although the
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Fig. 10. Bicyclic peptide'". (A) Chemical structure of a
bicyclic peptide. (B) Comparison of a bicyclic peptide with
an antibody. The molecular size of bicyclic peptide (1-3
kDa) is approximately 100-fold smaller than that of the
antibody (150 kDa). Although the antigen binding sites are
restricted to a small space in antibody (highlighted in
color), the two binding loops of bicyclic peptide represent
the major component of the structure. (C) The linear

peptide having 3 Cys is reacted with cyclization linkers
and is formed into bicyclic structure.
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Heinis et al., Nature Chemival Biology, 2009



name sequence linker K, (UM)
Arp8-1 A|C|D W|L|C|R|E|L|G|W[T|C|G| TBMB 0.16
Arp8-4 AlC|R W|[C G|S|[G|E|N|C|G| TBMB 0.7
Arp8-7 A|JCIR|G|T|P|W|G|C G|C| G TATA 7
name sequence linker K, (uM)
Arp5-2 A S|S[N P LIG|H QlA G| TBMB 7.6
Arp5-9 A AlQ[Y]|V]S A|G|W|S|E|Y G oxydized 3.3
Arp5-11 A P|G G|W|S|F|E|V|G G oxydized 0.19

Arp5-11short | A P|G G|W|S|F|E G oxydized | 0.13(n=1)

Fig. 11. The list of peptides which have high affinity to recombinant Arp8 or Arp5. Some peptides were
synthesized and evaluated in the binding to recombinant target proteins by fluorescence polarization assay.
Peptides showing high affinity to the targets were listed, and their dissociation constant (K,) were shown
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INO80 complex activity and function may he controled by the peptides.
It is possible that artificial control of INO80 complex lead to new treatment strategy.

Fig. 12. Outlook for the future. (A) In normal cells, one of HO-1 activators is known as a master regulator of
many antioxidant and detoxification enzymes. It is possible that INO80 complex contributes to the regulation of
these enzymes expression and keeping cell and genome stability. (B) In cancer cells, this activator is recruited

and the the target gene expression is activated constantly. The Arp8 or Arp5 binding peptides will be utilized as
a new treatment strategy.
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