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B1E Fim

TRTOEBAEMIL, 7a~F o EL VW) BREELZ BT 52 &L TR/ A
DNA ZHUNe BRI L TV D, LinL, EEICEE L7 v~ F & I THIE K 7 o
FEEEET D, 7avTF UHEEICLY 7 AEERIIREEIL SN TWD, 2072
IaxFUOWEER (7u<xF L VET Y 7)) IZ8 o> T LERERHIEI S LTV 5,
ZOXRI I v T L OMEEREIToTNDEONR I usF L) ET YV ITHEERTH D,
sua~F VT VU TEARITHFREN O N E T, EBIEMIDASREINTEY
Z Dy uxFr VT ) U TEEHNEOMBEICKHABRN AL LTT 7 F 77
T BE # X7 8 (actin-related protein ; Arp) a AT D 12

Arp 137 7 F o LHEL - IEERICBIEM A A L TR T/ F LT s F T 7 R
— %R L TW5, HEFEERECTIET 7 F 2 EMRVEDREWIES mchmwif@1Mﬁ
FRFRESNTEY, o FRNEOREZIEFIEEU L TWD, —J, /Rl DORMIEIC
EWRA LN D, Bl 21X Arpd 137 7 F AT WE ARG 2 2 >& A TEY (Fig. 1),
DX IREEDENC L > THEDBENRLTELINDHEBZZLNTWS S, /o, 77 F
> DIFEBDHIVENZRHEL T D DITH L, Arpd~Arp9 £ TO Arp (IMITREL,
TIOFrELbllruvTFrUET Y UTEAGERICEENR TN D, FTH Arps 36 K UNArp8
1T INOSO A MIZ DA FFRINCE ENTND Z LR HE S TS (Table 1),

INOS8O ##& ﬁii FERE O B N ETHE(EICRFE SN/ n~TF L VET UV 7HER
D1OThHD, HHFEER INOSO HAKRDOSASEEMNT 5 Arpd & Arp8 NER IR T
ZNEIEAR O module Z L LTV D Z &R -7 4 (Fig. 2), Arpbs module |3 INOSO
FEAROIEMERIEICRE G- LT D 45, Arp8 module |X INO8O EEIAD 7 m~F L HA~dD
U7 — MMCEET D AREN RSN TN D 46, 2D & 9512 Arps, Arp8 |3 INO8O AR
DOEBERIEN LEOHERKINFThH D, £ 2T, Fexld Arp IZVEH LT INOSO #HAIADRERE
WZOWTIRT 2B 27> T&E 7o, TAVETIS, HZFEEREZ FW 7oA © INO8O Gk A3 5
1k U7z DNA R T +— 27 0TI S35 2 & 7, INO8O #41K7° DNA —EHH Ik

(DNA double strand break ; DSB) F{ZOIE~DFEGITED S Z & TR ERIZEE G-
LT Z &8l INOSO HENRNY ) LLTEVEHERHICH S L TN Z L ali LT
72 B MZBWTH, INOSO #HA K2 DSB #fE R MER K DORB ARl T 5 Z & 90,
Arp8 K FRIIZ DSBELIZ Y 7 b— h 3D Z & 0R Y 57 ) NEEMMRICES 35 2
ERImE SN TEY, Arp NESKRDOEREZHIE L TS REEENREZ BID,

AGmSCCHAE, B b Bl H >k Nalm-6 #lifa 2 VT Arpbs 38 X OY Arp8 D s 1l
fatk 2B L, Zha W= ENTIZ L 0, INOSO AR  E M2\ T DSBHEEES
BARFRBEENCBE S LTS Z 2R L, £, 20X 572 INO8O AR DOIRE %
Arp PHHI L TWB Z LALLM LTz, & 51T, Arpd 38 L O Arp8 IZFFEAITHES L.
Z OREREVE 2 BRE T 5 A[REME N B 2 515 bicyclic peptides & A7 UV —= 7 L. ZDik
A - BEREMERIAL 21T - 72,
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Table 1. The actin family proteins of Saccharomyces cerevisiae

acun-family  similarity to reponad subcallular high molecular mass

name actin {%) localization compiaxies)
actin

Actt (100) cytoplasm cytoskeiton

(nucleus) NuA4 INDBO, SWR1 complexes

ARP

Arp1 686 cytoplasm dynactin complex

Arp2 69.3 cytoplasm ARP2/3 complex

Arp3 60.3 cytoplasm ARP2/3 compilex

Arpd 525 nucleus NuAd INOSO, SWRI complexes

ArpS 51.2 nucleus

Arpb 458 nucleus

Arp7 436 nucleus Mplaxs

Arp8 435 nucleus

Arp9 402 nucleus WS > plexes

Arp10 376 cytoplasm (mler'scbon with Arp‘l)

actin nuclear Arp

Fig. 1. Crystal structures of Saccharomyces
cerevisiae actin (right) and Arp4 (left)’ ATP is
represented In sticks and the metal ion is
displayed as a sphere

Fenn et al , EMBO J, 2011

Rvb1/2
- Ar08
th10— 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 (yeliow).

./J,IF\\
/ Arp8- -

k module Nhp10-

Tosiet al., Cell, 2013
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FE2FE Arp5s BE U Arp8 BIEF X (KO) MBIDIER & 2 D EAKIEE DIFHT

b MZBT 5 INOSO A RDOHERERIE~D Arp OG- ZfEHr+ 57-®I2, & b Nalm-6
Hife 2 FHVN T Arp5 38 X O Arp8 O s IRk 2 iz L7z (Fig. 3) GEFEAFEHE Th
% ENLECHF PEUEE O 1) 2 5 CTERD . Arpb 1 conventional 72 KO #ifg %, Arp8
T T A 27V U FHEIZ K 5T conditional (2L A il T = 5 KO flifa 2 ERL L 7=, #ifa
WA I~72 & Z %, Arp5 KO MK CIEMIBEGHITEBIAVE LT (Fig. 4A), — A,
Arp8 KO #lifid ClX, Arp8 B2 RIZHIIEN B2 < 7257 NI A4 7 U UiFERIA% 8 H H UL
B, ARRaEFEME I LT e (Fig. 4B), 2O DOFERNG, B MZBWTH Arps, Arp8
DRI DREEEMEZ A L TN D Z ERRS NI,

# 3% DNABEBEE~D INOSO EE KDL& DOfFHT

DSB 2 IEMEICEE SN WEGEE, ROREFEZHI SR I L, T U7 EOHRIFDOIIEIC D
2%, e MIBIT 5 INOSOBEIRD T 7 N2 EMEMERF A~ D FTFHAZOWTHRNT T 5 72912,
DSB i8R O DO KB 2~ 7-, EOREH, DNA HEPAEH|TH % aphidicolin /7L
TC. Arp8 KO #ifid T3y RUIlisEE (Fig. 5) B L OBPELERS AR ISEML T
7= (Fig. 6), X512, B> DSB#%EAIToH % campthotecin /77E F CTH Arp8 KO #ifu T
EIGGEPHL ARG SN L Tne (Fig. 7). 2D OFERIT Arp8 KIRIC LV, IEH e
DSB &K IMB A 2 o T2 Z & ZoRB LT D,

FEAE INOSO HAKDERLA N L ARE~DE G DR
FA LA R L RIZ L o TR SN A IEMERERETEX, 7/ & DNA Rk~ e fila Nas B 55

EH 25, MBIXZO XD BB EA F L RICK L, BRMEA b L RAREE G T ORI A FHE
5 Z & THIROEF M2 R 5, Arps KO #ifgds KO Arp8 KO #ifaz FHWT~A 7
a7 LA NT ATV, VS OB D KB LD %BEL)S downregulate S N7~ 851 %
i L7z, 2RSSR, BB A N U AIFIE T ORR & LT, Bk A F L AfFE T Tl
260 KO MEO T down-regulate & AL7z i {s 50 A BICHIN L Tz (Fig. 8),
% 2T, bR N L ABGEOALEESE Cd 5 Heme oxygenase-1 (HO-1) #E7 /L& LT,
Z DRI EEAE ~D INO8O HAKRDEI S & Arp D&EEIZfiFHT L7-, RT-PCRIZLD
WT & Arp5 KO #lifds X OV Arp8 KO MO Tl bR b L 2OFMIZ L 59 HO-1
FEBEIZELWERNDL DL Z Enbhotz (Fig. 9), £ 2T, HO-1 &1 EfRICHFEET D
2 SOFHHEFEEK (E2, E1) (Fig. 10. A) ~® INO8O #HAKDKA % 7 v~ F L Eik
% (ChIP) (Fig. 10 B) (T X ViRt L7z, ZOfEHE. INO8O AR Z 4 b DO EIIT A
AL TWDZ EprEniz (Fig 10. C), £7=, BAERMMIE & Arps KO Al & < HO-1
SEHLHE IR~ INOSO SR DEER T 7 == v | Ino80 DAEGIZH R R AL Lo T

(Fig. 11), L2>L. Arp5 KO Mifd CIiZE{b A b L AFEZ HO- 1851 D7 va~F
REENEHE L TV D Z v and (Fig. 12), 260 &5, Arps 13 INOSO #HA K
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DI awFoHAOY 70— MIIES L0 s, EEEROTEMALIZBES LTnbd Z &n
AR I, 612 Arps KO Ml Tk, Bk A b L ZAKEZ HO-1 @ activator Td 2 Nrf2
® E2, E1 ~OfEE&ENHAD LTz (Fig. 13), 2O DR G, BRI T, B2
fEA b L 25T ¢ INOSO # &R HO-1 F LIk ~DH5 A A3H N L . INOSO # &4
DIEMALIZ L 5T, ZOEAO 7 a<F UMEENERIND Z &, F12Z OFEERIC X
D HO-1 R BUHIEfE ~0 activator DFEG A AIREE 720, HO-1 ORBNIEHILI D Z
EARIERENTZ, ZOWRICEWT, Arps N2 0 INOSO #HAKD 7 u~F L VT Y
TIEMERE LTS Z EavraEnz (Fig. 14), 20 X 912, DNA EHE ~OE A5
[Nz T, INO8O HAMRIZ L Db A b L AREBE T ORBRFIEIZCL->TH, ZhbHd
Arp 737/ 2 DNA CHIf O THEMERERHZ AT G- L T D Z &R STz,

EHE Arps BL U Arp8 IZ#EHA T 5 bicyclic peptide DA 7 V—= 7 L ZDFEGPED
fRAT

F4TEETOMPTT, B MIBWTH Arpb 38 LU Arp8 28 INOSO H A (RO HEBEHIAHIZ
BEEREE ZHS TNDZERHLNI -T2, £I T, ZHLDOEE ZE S SITHT L,
ISHIZFE RS T 572000y — V2155 HI T, Arpd B LT Arp8 ([ZHE4G 79 5 bicyclic
peptide # A7 U —=2 7 L7,

bicyclic peptide 1T —TEHEEBEIZ 3 DDV AT A U ZE&ATEY ., ZhlZ TBMB <
TATA &\ o7z linker ZEf &8 2 2 & T2 DOBIRMEE 2 NENICIER SE7-7F KT
bbH, TD2ODEMEEIC KL VIR Z VX7 BITHREET DLW R E AT 2 1 (Fig.
15),

A7) —=2 7% phage display % f\ 7= biopanning 5|2 & > T{TV, ZDOHLTILT 7
—O titer ZPET D Z & Tl L7z, A7 V—=2 7@ rbh T =54, 21
K Ry L affinity selection 1T 7)o 727 77— Ll L C titer (23 LWZED K H
S D Arp8 B LW Arps IZKT X7 F KDOA Y ) —=>7"T|L linker & L T TBMB,
TATA O XL 52 HWEEA L SHEIEOR LY ¥ a UK T LIZRS T titer 120722208
sz (Fig. 16), £ 2T, XFF ROT 2 JBRESIZ T L7 L 25, Arp8 (Zxtd
HXT7F R 28 FEE (TBMB : 14 fii¥E, TATA : 14 f&H) . Arpb (Zk3 527 F K% 33
fi%H (TBMB : 18 ffifH, TATA : 15 #i¥H) HUGF Sz, €2 TV DO TF R Gk
L. KIGECHEL, LY areFy Me Arp8 B8 LW Arpb & D& 2 YERLIE T
HE L7, ZOfER, Arp8 (2t L TIE 3 DO RTF RAEWEEGMEZ /R L. Arpb (Zkf
LTI 3FEDATF FE 1 FEOL BT F RREmWE AL /R Lz (Fig. 17), %%
WREIZ X O [EL L7 MR D Arp ~D 2L DORTF ROFEEWARGELT- L 2 A,
HemICEDORE R EIZIEFRFEOR & Z /R LT (Fig. 18.B), ZNHDOFERIZIA 7V —=2 7
IZX > THBNTZ Arp8, Arpb [ZxFT 57 F R0 F-HEREMEHT° INOSO & ARFkRE D A
AR FIATCE L Z 2R LT 5,
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FEOE WRABE

AHFFEIZ L D INOSO AN E MIBWTH, DSBEECIREGICEETs 22T, ~
J DRZEMHERRHCH S L QD Z EAVRENT, EBIT, B b Arps BNEAIROIEME(LICE
BREEZH - TR, 7 e~ FUMEL AT 5 2 L TR FORSIREBICEEL S
ZTCW5H Z & % in vivo THID TH S/ LTz,

Arp5 KO Az Tl INOSOBE A R MEMAL L 72\ 7o ®lZ 7 o~ T AR EA BN = 57,
Nrf2 |2 & 2385 R EOTEHAL I SN TV D Z EAVURE T2, Nef2 132 b L R FilKIZ
JEE LT, bR b L ASEBIG TR IR EHR OB EE L L TWD 2 &R 5
nNTWs, ZoZ Enb, INOSO HAKRN Z L DBELEFIZBWTH Nrf2 OfEa 5
L. ZORBEHET2 2 & T, MEEOEFEST ) AOZEMMEFFILS FE LTV
EEZOND, —Ji. BHAHFEDH I, Nrf2 28 EFHNCZEL L, Nef2 ¥ —47 > R
T ORBNFIIE AL SN D Z LT, IBRAHKIR EICk+ 2o E LT\ 5, £
D7z, INOSO HAKRDOEREDIIHIL, Nrf2 ¥ —77 v NEGEFORBK T 25 &3+
&b, INO8O HARHIE LG D30 A3 T DRIFKIC D72 RN D WREMER B 2 Hivd, K
FRIZEBNTHRSG SN TF NiE, ZOEIKIZB W CIEFRICAE MY —L L7 % wRetE:
RO TS, SZIITTF ROMBBEANZAAL D LI, ZOMEER 2L 261
fRNT 95 2 & T, ZORREMEIC OV T HMETL T,
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(A) (8) Fig. 3. Wesiem blot analysis of ArpS and Arp8 in human
Nalm-6 cell lines. (A) Whole-cell extracts were prepared
5 letracycline
wr B induce 2 5 7 100995 from wild-type (WT) and ArpS deficient cells, and ArpS
was detected with an Arp5 antibody. (¢-tubulin was also

WT Arp8
aﬂ:ﬁ’o ; = Arpd detected as a control, {B) Whole-cell extracts were
antbody prepared from WT and Arp8 deficient cells at the

-tubulin indicated times after the addition of 2 ,g/ml of
; — -tubulin u
antibody ;‘nm tetracycline. Arp8 was detected with an Arp8 antibody.
w-tubulin was also detected as a control
{A) (B)
A — WT
g 100 —— WT .8 100 - et -
£ -= APSKO :E, e e
c c
g g == =4
-— ~a -
) @©
e 5]
—~
1 1
0 1 2 3 4 5 5] 7 8 ] 10 " 12 13
days days after tet

Fig. 4. Representative growth curves of WT and Arp5 deficient celis (A), and of WT and Arp8 deficient cells (B)
Results represented as foid increase in cell number The averages of three independent experiments with
standard deviation are shown

{A) {B)
£ 50 -
%
Q@ ns
5 40 ¢
w
§ 10
‘é |
- 3 1
5 20 T
S
g 10}
@«
=]
g o «
- WT WT A8 KO

+ aphi lin
aphidico p<0.01

Fig. 5. Representative mitotic chromoesome spreads image with chromosomal breaks in Arp8 deficient celis (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 comparad, Error bars indicate average mean + standard deviation
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- oxidative stress

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 aphidicalin} x 100)/{cell
number at 48 h - cell number at 0 h) in the absence
of aphidicolin]. The averages of three independent
expenments with standard deviation are shown.

Fig. 7. Relative inhibition of ceil growth by
camptothecin, WT, Arp8 OE and Arp8 deficient
cells were treated with 1 ;M 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

+ oxidative stress

Fig. 8. Microarray analysis of cells without (left) or with (right) oxidative stress. The venn diagram shows the
number of genes which were significantly down-regulated in ArpS and Arp8 deficient cell under each condition
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- oxidative stress
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= ArpS KO
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+ oxidative stress

6h 12h 24h

Fig. 9. The INOBD compiex is involved in HO-1 gene transcription activation, Quantitative RT-PCR (qRT-PCR)
analysis of HO-1 mRNA in WT. Arp5 deficient and Arp8 deficient cells. Cells were treated without (A) or with (B)
20 yM Heme, an oxidative stress inducer for indicated time. The expression level of HO-1 gene in WT celis
under normal condition was arbitrarily set at 1, The expression of 36B4 was used to normalize the results. The
averages of three independent experiments with standard deviation are shown,
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Fig. 10. Analyses of the binding of INO80 complex in HO-1 expression control regions. (A) Schematic
representation of human HO-1 prometer loci. Arrows indicate PCR prnimer pairs for ChIP analysis. (B) Principle
of quantitative chromatin immunoprecipitation (g-ChiP) assay. By adding formaldehyde to cell culture, histones
and other proteins were covalently cross-linked with DNA. Soluble chromatin was prepared by sonicating the
lysates from the cell pellet. The chromatin fraction was mixed with proteinA or G beads bound to an antibody.
DNA was purified from the complexes, and the presence of specific sequences in the complexes were tested by
quantitative PCR. (C) ChiIP assays were performed by using antibodies for Ino80 or Arp5 with WT cells.
Relative levels of enrichment of each genomic DNA region are shown. The graphs show three independent
experiments with standard deviation P values (Student’ s t test) are indicated
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- oxidative stress + oxidative stress
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Fig. 11. Detection of the Ino80 binding to the HO-1 expression regulatory elements in WT and Arp5 deficient
cells. ChIP assays were performed by using antibody for Ino80. Relative enrichment of each genomic DNA
region are shown. The graphs show three independent experiments with standard deviation.
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Fig. 12. Comparison of chromatin structure in HO-1 expression reguiatory elements. The genomic DNA of WT
and Arp5 deficient cells were treated with nuclease, and nuclease accessibility was measured by
guantitative-PCR. If the chromatin forms loose structure, the PCR amplification efficiency is low because
genomic DNA is digested by the nuclease. Relative accessibilities of each genomic DNA region compared to
GAPDH promoter region are shown. The graphs show three independent experiments with standard deviation.
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Fig. 13. Detection of the recruitment of HO-1 transcnptional factors. ChIP assays were performed by using
antibody for Nrf2, an activator of HO-1, with WT and Arp5 deficient cells. Relative levels of enrichment of each
genomic DNA region are shown. The graphs show three independent experiments with standard deviation.
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oxidative stress

activate activate
r-\ r\
"'"?‘ lNO( ‘mos remodel

Fig. 14. A schematic model depicting the
role of INO80 complex and Arp5 in the
regulation of HO-1 expression. Although the
INOBO complex binds to HO-1 enhancer
region, HO-1 expression is repressed under
non-stress conditions. When cells are
exposed to oxidative stress, INOBD

- complex binding is iIncreased. At this time,
lNOB@ |N08@ the INOBD complex is activated by ArpS

and remodels chromatin structure, Owing to

capey oo this structural conversion, the activators
HO-1 could be recruited to enhancers and HO-1
expression is activated,
activator activator
(A) "y-rey (B) antigen binding  |oop 2
", kY - Site

) "
"0‘\:’?’ ~<‘° m%w
N N L)
O=f P TSI
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LA X i bicyclic peptide
" . <, J & antibody (1gG)
T N ‘;0 SH
4 o'j\ "‘: HS —
oo N cyclization linker

P . SNH
g ’.:I\_“ : HS &"QA Br
Ao
% Br

Fig. 15. Bicyclic peptide’'. (A) Chemical structure of a
bicyclic peptide. {B) Comparson 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 te a small space in antibody (highlighted in
color), the two binding loops of bicyclic peptide represent
the major compoenent of the structure. (C) The linear
peptide having 3 Cys is reacted with cyclization linkers
and is formed into bicyclic structure.

Heinis et al., Nature Chemival Biolegy, 2009
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Fig. 18, The evaluation of bicyclic peptiies screening against Arp8 (A) and Arp5 (B). Compared to the negative
controls (- ArpB or Arp5), an increase of the phage tders indicates the target-binding peptides were enriched

name LBGUENOE linkar K (M
Arp8-1 A D G EEW L RIEILIGIWIT G| TBME 018
Arps-4 A R G G| EIN G| TBMB 071
Apa.7 A R ; G| TATA 7
neme linkec K, (M)
Arp5-2 TEvB 768
Arp5-9 oxydized 33
ArpS 11 oxydized 0.18
ArpS-11 short oxydized | 01%n=1)

Fig. 17. The list of peptides which have hgh affinity to recombinant Arp8 or ArpS. Some poptides were
synthesized and evaluated in the affinity to recombinant target proteins by flucrescence polarization assay.
There were 6 peplides and some peplides were shown 1o they have high binding ability to the targets Their
dissocation constant (K ) wete shown

Fig. 18. Interaction of peptides with ArpB or Arp5
extracted from cultured cell. (A) Principle of
experiment Whole-cell extract was
immunoprecipitated using antibodies for Arp8B or Arp5
Then the peplides labeled with Buorescence were
Incubated with the precipitated Arpd or ArpS The
Nucrescence s:gnal bound to the proteins was
detected. (B and C) Increased fluarescence signal of
peptides for Arp8 and for ArpS. Each pepbde was
Incubated with precipitated their target proteins at 100
l uM for 1h. The vertical axis indicates the increase of

(A

anb-Arp5 or ant-Arp8
antibody l

fluorescence signal against control The averages of
three independent experimants with standard

detect fluorescence deviation are shown
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BEER g e vk Bt S8 @ G

TOFrTyIU—IZLBE FINO8O 7 O F UiELHE
BEOHREHEITE
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m <

wXNE T OB R O E R

BEREMICBNT, 7/ ABRIEI/ OYF O OoREZERETHIED X
T4 v 7 HEEEZITTWS, Tbb. 7/ AJMBENT. B RBRgicxt
L7 O F OHEEFRT 25 2 ETEORENFIHEIN TS, 20k
RIEDXT 4 v 7 RIS, F4E - 20, B - BICBE5 95729,
ZOHFHEBICET 5MADNHAR THINICIThbhTWwa, LAAL, £0%
FHERBIIEIAHARENZVWONREKRTH 2, FlIE. 707 F U EEERICE
EOREIZET S INOS0 7O F U UET >/ EAEROMKEEZRAT 5
BT, INOSO HAKRDBERRE T THBT 2 F > 7 7 2 Y —Arpb, Arp8 IZ
HHLUT, TOBEICOWTHENTZTo/k, EBMRIEL T, & MNEERMRT
H% NALM-6 fifgZ BT, ARP5. H5Wd ARPS#EETE /v 77U bk
L 7=k 2 R L. Z DMl Z F T Arp5, Arp8 @ INO8O E &K H TOH
BT L7z,

INED/ v 77T MO 707 LA FHTICX D, INO8O #HEAAN,
Bt A P VAR E LEBRETRRHEICEETH S ZEWRENZ, TO
B, REMBEBIEZ b L RARES > /N7 ET3H % heme oxigenese 1 (HO-1)iE
ETFEMRE LT, M@ 21T/ TORR. Arp5-KO BXL U Arp8-KO
M T HO 1 B TREAOEERBIZNRD 5N/z. £z, Arp5 43 INOSO #
EHROEHLITHETHZZ &, BIERA NV ASRH T T INOSO EEhkEiEHE
LT uxF U EEERTZ 2 &, 7O F UBEERRICKSEERTO
AEZNHO 1 BETOBEMICTFET DI LREEZHLSNMILIE. E5IT,
INS5D Arp DAY —IVELT. EE-MARREOGAREBZEMNEL T,
Arp5, Arp8 129 % bicyclic peptide DAV —=> 7 %&fTo 7, Bicyclic
peptide 1. 187 I JBOXRTF FHRIBICEEHEEZERIES 2 EITX-
T I ONVEICH L TEBRAEEE TSI LEARBELEFFTHS, D
FER. Arpbs H DWW Arp8 ICEFFMERES TS EED bicyclic peptide 22
ZEIIL Iz,

AWIFEIL. SIS b RESINEZT V7 F > 7 7 2 ) —Arp5, Arp8 @, INO8O
BEEEOEESHANDOEGZIICOTHLNIILZHDTH D, /. Arps,
Arp8 IZ#A9 % bicyclic peptide 2 A7 U —Z 2 J I K> THREI E £t
DOEAWZEE ZHS NI L= Z &1, INOSO EAEKFTD Arps, Arp8 D
REICBET ZABIFERRE ., BARKEREOIGHERT 5 L TORERT R
NTF—2 &R0, BESBAOEEHROENODTHS LHMTES., C
NEOBANS., FRXEBHELREBETICTRITET S D0 LN,
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