~

e

N

HR

JOJ3S A

=5

Bt

Tyl
Exnt =

tyvygv2
(R AE - 29 |

w33
[HiA

14

15

22

23

5VINI3000 4/ LRy NKO—IBRT+—5 L
[SE6n DIRAE & BIFEAEID T

TRy NT—2 BH EE (EuEREEEYY —)
% >/J8 3000 AE FEE (AL THREH)

2amE [E£HOb b ERROERZEBIgL Tl
A #E2 (EuEREEEYY—)

praEEs [EEBEROERH RS SFRIFEORE]
Fil = (EmEmA®)

[Emfl® &£Ho 7055 L0BEEEELT
RE B EZ GRILEHER)

JARUZ P& BEl. LA =th, 88 BlAk 2 ks, IREE 1E3F.
KH HEE
[RARE - BiEEY /L - #2218 30001
X TR BEE (KRAZ)
JARUZ S FEE 22, {8l T2, £ 5. £B BE. Mg B,
N, BA R
[DADIBRFEETIRICRITES /L - 52 INT DiRE]
RE A H (FERAZERSEHEA

INRUZ S #7 —@. &8 &, It RH. B =E. A4 &8,
=& AT, #El R



——— JOJ5L

1001 00 ~ 1001 10

1007 10 ~ 1001 30

10001 30 ~ 1101 00

110000 ~ 1201 30

goood goood

gboooboobooboobboobgobogoon
gooomoobooboboooog

goboobboooooobooooobooboon
ud oooan

00000 1o0000d0dd oobo ooooooooo

gbobgogob oogoobomoo bbb ooo@ob ooooobooboom
o0 00000 bbb o ooboooo

120030 ~130 50

googoobooood

13050 ~ 150 20

Oboob0200000000 0ooo0D0O0oOooooooo

0ooobobo0o oo oomoo oboooboboboooom
b boboooooobmob bbboboobooboobobooboom
O 0000000000 00000000 DoD00o0o0o

1500 20 ~ 1501 30

godouoggooood

1500 30 ~ 1701 00

170000 ~1701 10
170010 ~170 20
17020 ~170 30

0o0ooo 30000 Doooo mooooooooooo

gooobobo oboboobooomob ooooboom
o0 oo obobong ooooooob
o0 0Dooooomob0 obooooboboboooonm
b oooooooooo

gono oooooobooog
goon g0 obogooooobobgo
gooo goooo



®/E

UOU UUoooooooooooo
0000 3000—00000000000000000000000000
000000000000 000n

googooobboooobboboobobbboobobooboobobobbobobbobboobobooobobboboo
ggoboobooobooooobooboooooobboobooboobooobooboobooboboo
oboboobooooo

gozoo00bdboboboooobobobooboooboobogobDbooboboboboDoobD o
goobooooooboobooobbooogboogoboboboooobooboboboooobbobIoboobOo
goobooooooooboobobooobooooboboooooboboooboooon

gooooobooboobobooobbbooooobooboboboboooo oo oboobbooo
Umgoooobobobbooboooobogobboboscoobobooooobboiliboboboboboboooog
gbbooboboboooobobboboboboobooboboboobong
O0ooobooobooooboboboboboooooobo 300 boboobooboobOo0obOoobboooooobo oo
gbooooboobobobooooobobooooboooooboooooo

U0 UlUooooooooooooooooood
O0oo30000000000000000

B |

gogb3oc000 00000

goopooooobobooboooooboboboobbboooooobooobDooboobbobobbbboooogo
gboooobooobobooobboogobboooobboobboooooooboboboboboo

oooooobopoooogoboowccooooobobooooboboboobDoobobbDoooooooooo
OoOoDO0obooogopooobseobbbboboooobD0b0obobow/3ooooggeeooooon
gooooboooooon

gogoaseotooboooobooboboobobotbobooobooooboboobooboobooooboooo
OOoboobOooooboooboobDoboooooooooooAllJapanD OO0 OOOOOOODO

goooobgoobooboobooobgoooboobooyooboobbooobooboobooboobo
gbooboooooogosoooooooooooboobooboobob0bbob oD bobo oo
goboobogooobog



-

N
S \ DR YILEE

noog

Y ERORIAEZRELT

U0 0Mob0dl dddibUdoooooooooo

19400 40000000
19650 3000000000000

700 3000000000000000000O0O0O0O00OO00OO0O0ODOO0OO

19730 800030 0boooooooooooooon

ooooobooooooooobobobOoooooOCboOoboOoooOOobboOoooooDo

ubobooboooboooboooboooo
oooi100400000000000000O0O0O0DO0O
20010 40000000D0000ODOODOOOOOO
20040 400 00D00OODOODOODOODOODO
200200000000

20050 1000000O0CCOO bD200000

gbooogooooobosobobooobobboonon
goo0oooboOooobooboooooooD4a000
goooooobooooobbbboobbooooogoo
goobooboboobboobooboobooooDon
gooboobbbooboogooboboooouoo
gooooooooobobbobooooogoooooon
goooooooboboboooboboboboobooooon
goooooobooobooboobooobooobon
gbooooooooobooboooooog

goooboooboooboooboooboooboonbog
goobooobobbbbbboooooooooon
goooooobooooooboobobb DNAOOOOO
gooboooboboOooooooboooobooo

goooobboooboooboobobooobon
O0000o0ooooobobOoOoObNADDOOODOO
gooooobooobooboboobooooboon
goooboO0ooooobobobobobooooooboooo
goobooboOOooogugAIDSOSARSOOOOOOOO
goobooobooobooboobobooboboobooon
gbobooooobooobboboboobooboob

gbooboboooooobomoooboboo
gobboboooobobooooooooboboooon
U0ooboooooboooooobooobDon ras™
goooobobonO ACE20 Dock2OD O ooog oo
gbooobogobobooooouooboboooooobo
oogd




N

e

S  EEBRBROEMEFELE

noog

D090 SFRIEORY

U0 [MdO0db dbl0U0U0ooooooooooooo

978000000000 0000O0OO

198600 000000000000OO0OO0

e idioooobomNHOOOOOOoOooooo
16000000000 0000O0O0O0O

mE

ol000OO0OO0OCOO0OO0OOOOOOOOOOOOOOOODOOOOODOOOOOOO
o30000C0O00ObOOODOOOOOOOODOOCODOOOOODOOOOO

0000000000000 C0O00O0O0O0OODODOO

goooboobooo20g0booobooobooon
gogoooorvoboboboooobobooooobooon
gbobobobobobooboooobboooooooDoo

goobboooobobooooboboobobboooo
goboboobboooobboooboboMcer-10
TNFo OFFAOO0O0ODODOOO0O000ooooooooo
goboboooobboboobooboobboobpoboboba
goobbbooooobbobobobbooouubooo
ggoobooboobobobobooobobooobboa
0000O0o0oooooood AMPKI AMP-activated pro-
tein kinasedJ 0 PPARa 0000 00000O0DOOODOO
gobbdobbooooooooboobbobooobobbo
goooooboooobn

O0000002000000000000 000 AdipoR1
000 AdipoR20 00 OAdipoR1IO AMPOOOOOODO
OO00OAdipoR20 PPARc OO OO0OOOCOOOOCOOOODO
gooobobobooooboobobooooboboooboon
gooooooooboobooboboboooooooo

gobobooooobboooboboobooobbooboon
gooobobbbbooobobobboobbooooo
goooboog
2000000b0obb0oboobooboobooobo
gooogooooooo AMPKODDOOOOooDOO
godboduo2000gooobboboooouoooog
gobogboooooobbooobbooobooooboobg
00000000000 ooooooooogon dru-
gable’ 00 DO0D0O00O00O0OOODOOODOOOOOODOO
gooooooboboobooooboobbooboboooogdgd
goooobobobobobbbbbbooooooooooogd
goooooooobobooooooooooooogd
goobooooobbboboooooooobobobooodgd
gooobboboobbooboboo
goooboobbobooobsgobuooboboobg
ggoobboooobooobobbooboobobod
gobooboobooooboobbobooobobooo

SEEMEOEERERAL TR -THRRSKITOER

Frooe Baiats i el bo cammuiitty

W AR AT T

| WARTT-#~-2

— RO |

| s EFECRE

BN RERAT—-F~<—2
e s '

BEHIF . kL b s
1 !"':"'l"'._ i -I . .
] .il "_‘E‘!‘ | r '.;.
el T . AFET 38
Lt mi . AsNEaEnm T
m | sIERAVAN Bz

L i’ l F |
ERM BT <
itk S e

Bl -ARCEEZNRAONALHTRE

T HE - Eﬂ-ﬂ-ﬁ!ﬂl‘i"

PRMAIF & SO
P TWAFIRFARA

oo

1) Nature Medicine 7: 941, 2001,
2) Nature Medicine 8: 856, 2002,
3) Nature 423: 762, 2003,

4) Molecular Cell 17: 171, 2005,
5) Nature Medicine 11: 400, 2005

/7

Bk i
Frak o RRURE —4- 6) J. Biol. Chem. 281: 8748, 2006
ERET 7) J.Clin.Invest. 116: 1784, 2006,

ATAEY =k 8) J. Biol. Chem. in press, 2006







1 110000 12030




&
1000 - " @a705L0RAEERLT—

&
U U000 OUU00Uoooooooo0ooooooooong

Jofdbooboooo ooooooobooooooooooboooboboooo
00000o0ooooooooooooooOoOoOooOoOoO0OO0OOOO0O0O0000000000000a0
J000d0ooooooooooooooooooooooooooooooooooooooOreesnnoa
000000oooooonieesioooooooooooooooooooooooobooooboboooooOze040 3000 ODOODODOOO
4i00o0o0o0o00ooboOoooobooooooboobooooOooOoOoboOoOobOOobooboobooooOobDbOOObOOObO00DO L0 ObDOOOOObObOOD
gobo0oDoOO0obOo0bDO0OmDperiOobO0OO0O0ODODOODOODOOOOODO022000000000DOO0O0OOODOOOOOODOOOOO

gooooOze020002005000000000000000HUGO0O0O0O0O0O0O0O0O0OOOOOOO20060 40000
gofdoboooobooDoomooooobDzei0MOOOOOO0O0OO0O020010MO000OO020030M0O0O0OMO0200300000O0

goboobooboooo-00ooooo-0oo0000 2001000000

oo ooubobooboboobobooooobooogn
gbooobooooobobooooooboboobooboo
gboobooooobobobooooboooobbooboo
gboboboooboboobdbNAbODODOOOOOOOOOOO
gobooboobobbboobbooooboooboobobo
goboobobooobboooboooobbboboobobo
O00o0000oo00bO0o00000o0obbOOod GNP DO
goooboooobobooooobobo

gopoooogzoeotopooooboobooobobooD
gooooobooobobobobooboobooboboooo
gooooobooooboobooboboooooooo
gbobooobooboboboboboboboceNPODODOO
gobooboooboobooboooooosecognoobooono
oboboobogoooooobooboooboboobooonoog
goooboooboooobobobobooooboboboooDo

goobooooobboooboobbobooboboboobobo
gbobobbobooboooobobobboboboooooooob

BRI HE 327 LSS
MHREF (RiEL - feF
TE T ] Z l!“ oM
A
L FiE [ﬂﬁ;’-::l‘l‘- MR DRt |
n AHERTE

FinrRY ARERR

EEmaEam . TP LERRARE
IFEREIE A - R - D
5 # = 22 ] . T —
ENREAREONT l_i!lﬂ"ﬂ'”ﬂ".’-
T L ac) - KM e
P R ATEET
mmnﬂ:.rﬂl REENERE A e R
o) W -
— . e LT
S F AR BET A= F e
(% - pRERSRIN)
BB s BT TR 'l _ S -
i £ xR T NE ERTROER  iEe e E e

goooboboobooooboooboobobooobobomm
gbooobobooobobobooooooboobooooboo
goboobooboboooooboooboooboboooo
gboooooooboobobobooboboooooboooooo
gbooobodobooobooboboboboooboboooooo
gbobogoboooooobooooobooboboooboooooo
gbooboooobooboboooobooboboboboooo
goooboooooooooobooboboboobooobooo
gooooboooobooboobooooooooooboo
gbobooboobooboeNPODODOODOOODODDO
gobooooobooboboboooooboboboooboboooobo
goboooobobobooobobobbobobooooboo
goobooboooooboooooooobboboooboooo
goooobooobobobobooooboboooooo
goood
ooooobobooboooooooboboboooobooon
gooobmoooobooobobooobooooboooooboon
goobooobooooboobobooboboooboobobooon
goooobooooboooboboobOoboomooooo
goboooobooobooboboboobobobooooboo
goooooboobbobbbooooooboooobooobooboooboo
gbooooobobooboobooobooboboboboobooobooboo
gboooobobogboooboobobooboobooboon
gboboobooDNAOOODOOOOOOODOOOOODOOO
gooooooboobooboooboobboobooboooo
gbooooobobooobooobooooobooobooboooboo
gooooooo
coboobobooobobmoobooboobooooomobooon
gboboooobobboboooooboobooooooo
gobboooooobbooboobooood




gooogno
ggoo oobo

- 0000000

\: 00o0oo00ooo
1960000000000

1984000000000000

ooooo
0000000000000000000000000000
000000000000000000000000000
00000019900000000000000

o0 oobooooboooboobooboboobooooobooo
gooooo

obooooooboooboobooooooooooboooo
gboooboooboobooooobboooobobooooag
gbooooooooboooboobooooooboooa
gobooooooooooooooooooobocoooa
gooobobooobooooboooooooboobooboobooo
gboobooobooooooooOooooooboooooDoo
goooboooooooboooocoboOooOoboOooo
gooooooooooobobooobooOoboooooo
gobOobooboooooobobooboobooooOoooobooo
gboobooocoocooocboooooobooooooboog
gbooboDNADODOOOOOOOOOOoooooaod
goooooooo

coooboooboobooobooooooboooooao
gooboooooooooooooboobboooogd
gboooooooboobooboooooooooboonog
goooooooo

tyval

gooogo
goobo bood

ooooogo
oooooooooo

19840 19860 O OOOODOOOOOOOOOOOOODOOO

19860 19880 000000000 OOOOOOOO

198800 1992000 0 00O0OODOOOOOODOO
gooooood

19900 19920 000000000000 COOO

19920 19940 000000000000C0OO

19940 19960 00 00000O00O00O0O0O0O0OO
gboooooobooo

19960 19980 00 000O0OOOODOOODOO
gobooooooboogo

19980 19990 00000000000 OCOOOO0OO0
ooooooooboogo

19990 20040 0000000000000 OOOOO
gboooooobooo

0400000 000O0DOOOOOOODODODODOO
gooooooooooo

do0oooooooooooooooooooOOoOoOoO
000000000000 0ooooooooDooooao
bbb oooboonooboooboooo
gooooooboooboooooooooooooooo
oo bboob oooogod
gooodobooooooooooobooonoooon
0oooobbobobdbdo0dUdPUREDDOOM O
gooboooooobbbobbobooooooooo
00000000000 constructive biologyMO O 000
goboddoogooobobbooooooooooo
goooooooo

gopbobooboobobboboobobobooboobobo
U0 PUREODOOODOOODOOOOLDDODODOOOOO
gbobdoobuobdouoboooobbouobobon
O000oooooooooooooooooooooog
000000000 0oooooo0@mooooooooo
0000o00o0ooooooooooooooog




gooogo
ggod ogooo

oooooo
oo

19840 30 OO0OOOOOOOOOOOOO

19890 30 OO0OO0OOOOOOOOOOOOOOODOOO
gooobooobooon

19890 40 O0OOOCOOOOOOO

19890 50 OO0OO0OOOOOOOCOOOOOO0

19910 110 OO0OOOOO0OO0OOOOCOOO

19970 40 OO0OO0OOOOOOOCOOOOOO

20000 40 OO0OO0OOOOOOOOOOODOOODOO

20040 40 OO0OOOOOOOOOODOODOODOO

ooooo

oobooooooono

tRNAOOOOOODOOOOoOoooooooooooo
oooobooNMRODOOOODOOOOOODOOOOO
O000ooooboOtRNAOOOOOOOOOORNADO
ooooooooooobbooobooono

gboooonooboooooooobooodv-ibooo
ORNADOOODOLINE RNAOOOOOOOO RNADOO
ONMROOOOOOOOOODOOOO0OO0OORNADOO
oboooooONMROOOODOOOOOOOOOOOO

00 Onon-coding RNAO OO OOO0O0O0O0O0O0O000O
ooboooooooocOoOoooOooobocOoooooooDo

goooooobosoeecoooobooboooooonooooo
oooooboooooooobooobobobooboo Xooooo
ooooobooooOooboooOoOoOobOooOoobOoooo
oob0ooOoooooooobobobooooooooog
oooooodo

10

goooo
gogog odgog

= 0poooooo
00000

19490 0

9720000000000

/70000000000 0000000000O00D0

oooooo

77000ooo0b0oO0O0 oobOoo

198200 0000000000000O0

1989000 OO0

1991000000000 0000O0O0O0DB00DOO

1990000000000 00000O000O000ODO
oooooboooog

20000 2002000000000

gobobobobboooooobobobo
goooooooonon
cboooooobooooooboobobooooooooo
oboooooooobOooooboOoocoboooboOobooooo
goooooooobooooooooon T.thermophilus
HBsO 10O OOOOOOOOO0OO0OO0O0OO0O0O000o0O
b2000O0o0cO0oO0oOOobOobObOOobOOobOOOOoO0ObcOO
cooboObooooOooOooOoOobOboboOobOOoooOOonoo
OoOoooooo2iMbpO O0O00O0OO0O0OOODO 2,000
cbO0oooooobooobOboooOoOoboboOoboOooon
ooboooooscooooobooobood
oobooodgo40000b00ooobooooobooon
ooobooooooboobooobooiseonnoonooooa
cooooboooooocobbbooboooobooooooonDo
ooooboboooobooobooooboooooooonooo
oobooooobooboboooooooooooood
ooooboobooooooooooooooo




gooogno
goboobo booboo

ooooooo
gooooooooo

gbooooooooooo
UbooobOooobbOobOb0O0OLINEDODOO
gboboooooooobooooooboobooooo
goooooocooooooooboooo
goooobooocoooooobooescooOoooOoo
goobobooob2ar0bnoosooooooooboooo

gbobboobooooooo

gbobooboobooobooobobooog

o0 0000D0O00OO0O0OO0OODOODOODOO
goooooooooooboOoboobboobooo

gobobooboooboooon

oooooooobboboooboobooobooboboooo
obooboobDtoobooomooboboomoooooo
obooooooooooooooboooboooooo
oobooooooooobooooboomoooooooo
gbobooooooooobooooboOooboobooooa
gbooooocooooOooboobooooOobooooonog
oooboooooooobooooooboooooboooog
oboooobo-o0o0-—-00000b00o00oboooobo
gboobooooboooobobooooooboboooagd
gobooboooboooocooooooooboo

coooooobooooboboooobooooooooono
goobooooocoobooooooboooobooboOooog
gbooooodoobooooooboooocooooooong
gbobobo—-doooooooooobooobooooood
goooooboobooodoooobooobooboodd
goooooood

tyval

goggno
oot bOoodod

ooooogo
ooooood

19550 9050000

198100000000000

1985000 0000000000000

e oooooooooboonon

19910000oo0oocoooobcoooon

199200 000000000000000O

30 0ooooooooog

1999000000000000O0O000000ODODOOO

020 00000000O0ODOODOOOOOY
oooobooooooooooooood

oooobooboobOobooboob0ODNAODODODO
oboboooobOooomooobooooobooo
gbooooooboooboobooboobooooobooooog
ooooboooooooooooboooooboooboDbOooo
o—-oobOoboboooobooooooboooboooog
obobooboobocoboooooobooobooboooooo
oboobobobooboobooboooboobobooobooo
oobooooooooboobooooboooboooo

ooboobob—-0o0obooobooboobooooboooaon
OO0O0000000o0o0o0Oo0000Odimportindex-
portinDORanO0 000000000 O0O0COOO0O0O0ODOOC
oobOoocooooboobOoboboobobOooOoooo
oobooooooo

gobooooooboooooocooobooOooooood
obooboOoooobOoobobooobOobOOoobOoOooonoo
ooboooooooooooooooood

11






2 133500 15720




b

N
;\i\ B e
L2000 B L #2159 3000

o _
ﬁ 00 000000 D000 ooooooooood

197700000000001977000 1980000001984 000000000000D0O19850 00 1987
ooooooooooooooobooooOooOoboo0oooooOoooooooboOoDboooooDObDOO
ooooogooeeonoooooooooooboooobooobobooooodzesoooooonog
ctoooooomoooobooooooooOooOoboooooOooooOoOOOoOOobOObOOODObOOOO
oooooboooooooooooooooobobooooooOoOoboOobooOoooDooo

goooooooooobDoooooooooooooo
OO0oooooooooooooooooooopooooo
0o0o0oooooooooonoooboobooooooon
goooooooodooooooboboobboobbobbooa
gooooooobobooobood

000000000000 dToll-like receptors0 00 O
goooboboooooooboooonoooobooon
gooobbooooobbobbbb oo oooo
goooooooooToOooooooogooooobo
gooboTOOoDOoOoDoobDoobobboboTOUOoOOo
ThiO0OOOOO Th20 OO0 O00DO0000o0d ThioooO
0000@Th2 000000 mo0ooooThioOO
Th20 00 0000000000000 000000000O
bbb buoobbboo
O0000ooooooooooooooo ThioODOOO
OooooboooOooOOTh200000O0OOOOOO

O000000o0ooooooooooooooooooo
O0o000oDO0DoU0OooO0DU0OoOoDOoDoDUooOoUooUOOO
ThioOOOOOOOlOOoOooOOoooooooooooo
O0000oo000ooooooooooTh200D00000O00O

e
¥

A (]

BAFIES L RhA

P

gooogoboobooooboboboboooboooooobo
oboooooOooooooobooocoooThiDODODO
0000 Th20 00 000000000000 Th2OOODO
o000 ThiDODOOOOOODOOODOODOOO

gooooooobbobbobboooboobboooboobga
ggooooobbooobbobbooobobooooboobg
googobooobbuoobbobobooobbobobga
gooooooooooooooooooboobobbooda
ggoboooobbobobboooobboooobboba
goboboobbooooooooooooooogTd
gobobooooooooobobooooooooooa
gogogbobooooobbboooobooouooooga
goboobboobpboobobbboobboobbobo
gooboooogoooooboboboooobbobbbod
gooboooboooboon

goboboooooooooobooboboboobobooo
goboooboooooooooobobbooboobooo
goooooboooooooobobobooobobooo
googd

BERHE
i, oAz,
s

R g ey
|1ymﬂm
 BY 9T

v .

i EREE
-2

T L e — i
o,
'__x FRE—T2 &

A

14



gooogno
gooog ooobgo

goooooooooooog
ooooooboooo

19470 203M 05900

oo

19700 30 OO0OO0O0O0OOOOOOO

19720 30 0OO0O0O0O00O0O0OO0O0OOO0ODOOOOOOO0O00
19740 30 0O000O0O0O0OO0O0O0OO0O0OOOOOOOOOOO0O0O0D
19760 110 0000000 O0OO0OO0O0OO0O0OO0OO0

oo

19740 40 000000O0O0O0O00OOOOCO

19810 120 OO0 O00O0O0OO0OOOOCODO

19860 20 OD0000O0OO0O0O0DOOO0OO0OO0ODOOOOOO0OOO0O0
19990 40 0000000 0O0OOOOOO

gobooogoooobobooon
goooooooOoOobOO0oOooomoooseeeonnooooon
oooooobodoooooobooOoooooOoooboboooo
goooooobooboooooboooooooooooooogon
goooooooboobooooobooobooooboooooooon
oooooooooOoooboOoooooooooooooooooo
oooooo0o0o0oo0o0o0oo0ooooooooooooooooo
gooboooooooooO0oO0ooOoO0OoO0O00On0O paroper7d
ps000000CCOOOOOOCOCOOOOOOOCOOOOOOO0O0O0
goooboooboobooobooobooboooobobobobooooo
O000bsSs8O 0000000000 0OOo0oOoOooOooooooo
ooo0ooooooooooooOoOOOOboCooOOoobooOoOoboo
oooooooooobOp47O00OO0OSH3OOOOOOOOOOO
gbobooooooobooboboobobooboOobobOoooOoon
gobobooooooooooboooobooooboobooboobooo
2000000000000D0D0DOOOODOODOOOOOOOOO
oooOooioobboooboooooOoboobOo0OO0O0000 IrRF-3
ooooooboooooOoooooO0oooOooOooOoOoOoooOoooooo
O0000IRF-3000000000O0OCBRP/p3000O0O0O0O0OO
1000000000 00000000000000O00O000 RNA
goboiligobooocbooboobooboobooooboboooboooooon
ooooooooooooOoboooOoOoOoOoOobOoOoOoOOOOoODO
oooooo
jjoooocoo0ooOoooooboooooooOooooooooo
gboboooooooooobooooooobobooooboboooon
goooboobooboooboooooboooobooooboobogon
goooooOooOoooooOooboOooOoboboooooooooao
oboooooooooobooobooOobooooOooboooooobooboo
goboooooobooooobobooooooooboobooogoon
gboooooooooooooooooooboobooooooooo
goooboooboobooboooooboooboOoDbboboOoooon
ooooooooobooooooooo
gooooOoOoOoooOoOooOoooOoOooooOoOoOoOoOoOoooDo
goboobobooobooboooooooboboobooboooboooobooo
gboooooboboobooboobOooOoooboOooooOobooon
goboboboooobooobooobobbobobobooboooon
oooooo

oooooooooo

gbobooboobooooooboobooooobooobooo
ooooobooooooooobesooooooOon
goooboobooooobooboooobboeesoon
oooooooooboooooo

19980 20000 00000000 OOOCOOOOODOO
050000000000 000O0O0DOCOOOOOOOOO
good

o060 0000D00O0O0O0O00OO

gboooobobboobobobooooooooo
gboooooobooboobooobboboooooobo
gooooooooobobooobgobooooobooboo
ggbooooobooboooboooooboobobobo
goboboooboooboobboooooooobobooobooo
gogbooboooboboobobooboooboooboooobog
gddddooooooooooobooboooboooog
gogboobooboobbpobobboooobg

gooboboooooobomoooooiwvboobooodg
gboobooboobboobboobboooboooo
oooobooomoooooboooooooboo
gooogoboobbobobbbbbbbbooooooog
gobbooobooobobooboboobbooboo
goboooobooooboo

15



gooo
gooodg ooon

oooooooo
ooooooood

gooooo

1985000000000 0000000O0DODODOOO

19920000000000000000000000OO
oooooo

19940000 NIH/NIAIDO O OO HIv-1O00O00000
ooo

1600000000000 00O0DOO0O0ODOOOOO

199800000000 200000000000000O0AO

20000 ODOoOoOooOoOoOOoOobooobooOoon

Hiv-10O0O0oooooooooooooooooo
gooosbogoooooooooodgdHiv-iobogoo
goooooooooooodivIiooooooooog
ggbodoooboobooooobboooo

goobOooooioe00dnoHIV-IOOODODODOODOO
o010 0000000000000HIV-IOODOOO
goobbooobbboooooboboobooooo
gobogobooboosbbooborv-100000
gogbooboobobooboooo

Hiv-iODoOooooooooooooooooooog
gooooboboooodiv-iooogooooboboo
ob0obbUbGaghiboboobobooobobbooo
gooooooobobbbooobobbobooooooo
oooooboHvV-1lODOODOODbobOoboboboooobo
gbooooooboooobooboboboboobo

16

oo0oon
[0 Masa Tsuchiyall

gooooo
ooooooood

¥

gboboooobooooboooboboboooobooobobooon
gomooo

19950 0000000000000 00O00D0DO00DO0O0O00OD
0 Development of a novel method for global analysis
of bifurcations in chaotic systemsProf. C. Jaffel]

gobooboooooooboboooooobooobooboood

Obifurcationl O 0000000000 DOO0OO0OOOOOOO

0d0obooooooooooooooobooboooboo

ooooooog

O000A. TovbisDOOODODOOOOOOOOOOO Hénon

mapd 000000000000 O0OOOOOOOOOOOO

0 Asymptotics Beyond All Orders( O 00000000000

19960 19990 00 00D0DODO0OO0OOO0OO0OODOO0OO

0 Prof. Greg Ezra0DO0 0 OO0 OODOO
oo0o000000000000o0oooOoOob000000o0o
ooobooomoboooooooobooooooooooo
oooo0o0o0oooooobO00omooooOo0ooooooono
Oooooooooooooooboo0000oooooooo
Oo0o0oOoooooooOoOoooooooooooooooo
oooooooo0oooo0oooooooooooooooo
ooooo

19990 200100000000 0OOODOOOOOOOOOOO
0 ODevelopment of a novel method for
determination of complex biochemical net-
works, Prof. John Ross[J

ddodooobooooooooooooooooboooo

00000oO0Oo00oooooooooooooooooo

oooo0oO0oO0OO0O0OO0OO0OOObOODUOUOODODOoOooOoooo

00oo0oo0ooooooooooooooooo

20010 20040 00 000O00DOOOOO0O0ODOOOO0ODOODODO
godoooodooooooomooooooo
0000000 DO0O00b0DbO0OO00OUOPopula-
tion GeneticsUO O OO OOO DNAODODO
ooooooooog

20040 20060 0 00000000O0OOOOOOODOOODODO
00000000 Bioinformatics Institute of
Singapore0dp5300 00000000000
OodooDoooooooooooooono

20060 40 OOOOOOOOOCOOOOOODOOO




tyvave

Systems Immunology Approach
to Understanding Dynamic Pathogen-Host Communications

Understanding the dynamic interactions between pathogen-host communications plays a crucial role in overcoming
infectious diseases. In order to grasp the dynamic activities of cell interactions, we need to understand mechanisms of
dynamic control of temporal gene expressions via signaling pathways by ligand (concentration) perturbation in a cell
membrane. An ideal biological model for this is innate immune system in host. It integrates specific signaling pathways
with the corresponding cis-regulatory systems of gene expression in immune signaling responses to ligand perturbation
on Toll-like receptors (TLR). Then the same philosophy is applied to pathogen anti-immune response systems.

In order to achieve this goal, we need to explore dynamical methods that analyze temporal concentration profiles of

transcription factors within a cell nucleus under a given perturbation stimulus. Recently, Prof. Kumar Selvarajoo and I,
at the 1AB, Keio University, have developed a novel computational methodology called the Non-Integral Connectivity
Method (NICM) (US patent filed). This method systemically analyzes the dynamic phenotypes (temporal concentration
profile) of a set of network species to a given external perturbation and determines their network structure. In addition,
a theoretical/computational approach has to be developed to demonstrate the dynamic regulatory control and mecha-
nisms of a gene expression via activation of cis-acting sites on a promoter region (cis-regulatory systems of gene expres-
sion). Then integration of signaling pathways with cis-regulatory systems becomes possible once a relationship between
temporal concentration profile of a transcription factor and activation of cis-binding site/sites such as binding affinity of
the transcription factor to the site is found.
My group has developed a novel sequential logic modeling (SLM) based on the concept of finite state machine, which
provides a discrete view of gene regulation to understand as well as to control the dynamics of cis-regulatory system.
Our method can be used to systematically decipher the dynamic function of cis-acting sites, the dependency and cooper-
ativity, such as synergy effect among the sites, with respect to when, how much and how fast the gene of interest is
expressed. Time-simulation analysis in the SLM can be performed to simulate gene expression profile in mutagenesis
analysis (in silico mutagenesis), to predict novel gene expression profiles under different activity of cis-acting sites (for-
ward mapping) and to identify specific temporal binding activity when a particular expression profile is given (reverse
mapping).

To verify our approach, the SLM is applied to a set of well-studied expression data on endol6 gene of

Strongylocentrotus purpuratus during the embryonic mid gut development. Analysis of endol6 sequential logic model
specifically determines the function and dependency of three cis-acting sites: Ul, R and Otx of endol6, which are key cis-
regulatory elements for sea urchin gut development from specification to differentiation. A dynamic regulatory mecha-
nism for endol6 expression controlled by Ul, R and Otx is clearly revealed and demonstrated to be consistent with
experimental findings.
The dynamic activity of cis-acting sites via transcription factors as well as the number of cis-sites involved in the regula-
tion of gene expression can be identified from temporal gene expression profile using the approach of the reverse map-
ping on the SLM. To validate this experimentally, we apply the SLM to gene expressions of type | interferon family,
which is transcriptional regulated via activation of cis-acting sites of NF-k B, IRF3 and IRF7, to understand innate
immune recognition mechanisms for viral infection.

Currently, my group's focus is to expand the SLM to analyze dynamic behavior of gene network using time-course
high-throughput data to understand dynamic cell interactions. The target is to understand pathogen-host communication
(interaction) through comparison of dynamic gene regulatory networks between pathogen and host cells via integration
of associated signaling pathways. Achieving the target is durable using our approach in the following perspective:
pathogen activity to host, such as phagocytes, can be considered as perturbation on TLR to initiate host innate immune
recognition mechanism; whereas in turn, pathogen develops anti-immunity mechanism (as perturbation from host) to

overcome innate and adaptive immune mechanisms of host.

17



O OO0
ggooob boodgo

oooooo

‘ oooooooooooon
195700000000
198200 0000000000000 DOO00000ODO
P80 ooooboooboooooooooon
199200000000000
0 boooooobooooboooboooouoboooboo

ooooobooooobobobooooooobooooooo
19980 00000oooooooooobboooooboobobooon
goooobooooobooobobobobbooooobooon

googoobooooobobooobboobboong
gooooooobboopoboboodooogoog
gooooobboooooobobooooooboooog
gobooboooboobooooboobobooobo
goooooooobooooobboboooobbbooog
gogboooboobboboon
gobogbopbooooboooobboobobobog
gooobbbooooobbbbooobboooooo
gooooobooobobbobbbobooomoobooooo
godoooooooooboboooooboooood
ggbooboboo20b0oooobobobooobobo
oboooboboobooobooooooobooobooobobo
gooboboooboboooboooboooobbobooo
ooooooobobooboobooooobobom™mboo
ooooooooooooooobooooobooooo
goooboooboboboobobobogooooooo
gooogoooboooboobboboooboobooobo
oboooooog
gooobgoooboooboobobooobobooboboboo
gogoooboooobobooboobooboooboo
gobooboooboboooboboobooboood
gbobobooooboboooooog

18

godgg
godgb dgbod

goooooo
ooooo

8000000000000

19810 OOO0O0OO0OO0O0O00

198500000000000

s ooooooooooon
19800000000

1991000000000 0o0o0oo
1500000o0o00o00o0b00ooooonoo
ooooooooooooooooboboooooOooossoonog
TOOOOOODOOooooooooooooooobobooo
oooooooooooooooobooo

gooooooooddooooobobooobooood
oo obooooooooooo
0000o00ooooog SsLAMICDIS0MI O OOnoono
gooogo

SLAMOOO0O0ODOODODOODODOO0O0OO0OoooooO
b oboboobobuoobbooboooon
ooooooodoin viveDODODOOODOODODOOO
Joobooo sLAMOUOODOOOOoDoDoOOooooo
goooooooooooooo

gooooooooo sLAMOODOOOooooooog
gooobooobbooooooooooostAMOO
0000000 HOOODmMOooooooooooom o
000 XOoooooooooooo

O000O0OOreverse geneticsO OO OO0OO0O0OO
000000000 o0oooooooooooooooo
O00o0oooooooooo




goog
ggobog oooo

ooooooo
ooooooo

19630 30 OOOOOOOOOOOOO0OO0OOD

19690 30 OOOOOOODOOOOOOOOODOODO
19690 40 0DOO0OO0O0OOOOOOOOOOOOOO
19730 40 OO0OOOOOOOO

19740 100 OOCOOOOOODOO

19760 30 OOOOOOOOOCOOOOO

19840 40 O0OO0OO0OOOOOODOOO

19910 30 OODOOOOOO00OO

19940 50 0OO0OOO0OOOOOO
goooooooooooooobooooooon
oooooooboooooooooooooboobcoOoooo
ooooo

goooooooogodoood
goooogod

000030000000000000000000000
0000000000000000000000000
00000000 D0000D0000000000000
000000000000 00000000000000
000000000000 00D00O0

0000000030000 00000000000000
0000000000 X000000000000000
0000000000000000000000000
00000000000000000000000000O
00000000000000000000000000
0000000000 0000000000000000
00000000000000000000000000
0000000000000 0000000000000
000000D00000000000000000000
00000000000000

000000000000 0000000000000
000D s3000000000000010000000000
000000000000000000000000000
00000-000000-000000000000
oooooooDoo

tyvave

19






3 151300 17300




///
//

2

|

197200000000000197700000000000O0O197700 1980000 NIHOOOOODOOO
gboooboooboooobooobobobobosgooooboonbo

BANEEERERICM T 7=
T/L - 2N HRA

U0 goody oobod

gooooooodan

20030 0000000000 O00OD0ORNAODDOOODOOOOOODOOOORNAOOOOOOOOO
O0D000OooODO0O0OLTROOOOOOOODODOO0O000O0O0O0O0O0O0000O0OerbBOOOOOOO

oooooooooobooooooboooobooOOoboo

gbobooboboooboooobobbobOoboboobobOobOobOOob0bObOobOobOobbObOObOoDO

gooooooooboboooooo

gooobobobbooobodbo boooonooooboo
gopooboboboboboboobboooooooobboo
ggboboooboooooboboboooboooboooo
goboooooooooooooooooboooooa
goodooooooboooboboooodoooduuogo
gojddoooboooooooobbooooboboo
goggoobobobbbobobboobbooboobbobo
gooooobooooooobooouooooobbooo
gooboobobboooooooooooooooooo
gobbboooobbooobbuooobooobboo
goobbooooboobobobbbboooooobbboo
oooooooooooooobobobDo™moobobo
goooobobobbobobbbbooooobboooo
gobooooobooooboboboboboboboobobOoOon
oooboboooboooooobobooboboobuooon
oooboooboboboooobooooboboobuoooon

HAOERIzEITE=Y LBE - 2 A9 BRE
~ AR T LR RO S~

HAHE S LT |

AR WREE, BEARE

AU AR =T
BIMMHE. ncHMA

A LR S

AO0FTH =4

=galil. H4FiEn |

A |

HAM Y F LT BAMT i BN

00

~
B Al S 5T LT R I B R

gooobogooboooobooobooboooboobooboogon
oo oboobboboobbobooboooga
gooooboboobbobobooboooboooobooba
goboooooooobboboooouoooboooodgd
gogboobooobobooobboobbooooboga
goooooooboobobooooooboooobbooggd
goboooobpoood

goobbboooobobboooouobbbooooo
ggoboboooboobboobooobbooobog
gogoboooobooobooobbooobbooboba
gooogboboooooooooobboooooogg
googoopobobobbooooooobbbbooooogoa
goooboooobobbobboooooooooboog
gooooooooooooboobooboobooboobooooo
goobooooobobobooobooboboooobbooooboo
gobooobooooboobooboobooboobooo
gooobooboboooobooboboboooooo
goooooooobobooboobooobooboooo
gooobobboooobboboboooobuoooooooo
goooooboboboooboobobobooboooo
goooooo XooNMROODODOODODODODOOOODO
gooooooboooooogoooooooogoo
oo oo bbooboooubooobouooobo
goobgoobooooboooobbobooooboooo
goooboobobobobbobooobooboooooo
gobooobgoboobobobbooboboboobo
gogobobbooobooobbobboobobobobooga
gobboobooooooboobbooobooooopnboga
googoboobbobobbooboboooobboooooo
goodogogoboooboboobobboboooouoooodgd
ggboooboooboooboobbooobobobobga
gobobobomom

22



gooogno
gooo gobogo

‘ 000000000

t" ooooo
19870 000000000000
00000019920 000000000000000 0
000000000
00000000000000019%00000000000
ooooooo
19970 0000000000001998000000000
ooo
20010 000000000000000000000000
0ooom

goobobboooooooobbbooooobogo
gooooooooooboobooboobogoooboooo
gobooobooboooobooooooobbobog
gogoogoooooboobooboboobooooobo
goooobobobooobooobooobgooboooood
goodobooobooooboobobbbbbouooo
goboboobuobboobobboobboobboo
goobobooboboboooboboooobboboo
gooooooboobobobbbbbooobbbbboooo
gooooooogoobbobbobobbbooooobobooo
gooood

goooobbooobobooobobooobboon
XOODooooooobooooNMRUO DD D OODO
gooobbooobbboobboooobooobboo
gooooooooobobobbobbbobbbbboooo
goobbbooooboobbboooobooboooo
gboobooboboobodobooboobooobo

w33

goog
gobog bOoOo0d

= 0oooooo

jﬁa oooooo

1979030 0000000000

1983030 0O0OOODDOOOOOOOOOOOOOOOOO
oooooooo

19830 60 OOO0OOOOOOOOODODOOOOOO

19850 10 OOO0O0O0OoOooooood

19850 70 OOOOOOOOOOODOOOOOOOOO

19880 60 OOODODOOOOOODOOO

19880 70019900 60 0OOOOOOOOODOOO
0000000000000 0DO00ooO
Research Associate[]

19970 10 OOOOODOOOOOOOOOOOO

Jdddddo0ooOooObOO00o0o0oooooooooooooo

cobooooboooooooboooooboboooooooo
ooboooooboooooboobooooobooooood
gboooboobooobooobooboboooooonooog
oboooooooooboooobooooooobaoog
OOckitDOOODODOOOODOOO0DmMKITIMOOOOO
ooooOOooDOO0obOO0oOooOoOobooooooooooooDo
OcekitDODOODDOODODODODOOODOODOOOOOO
DoooopooddekitDOODOOODOOOOOKITOO
ooooooooooooooobooo

OOC0ckitDOOOOOOOOOODOOOOODOO

geiIsTbooooooOOooogooboooooooo

gobbooooobbboooboboooobbooo
gbobogobbobooobbooboob pbrbogo
ooooboobdemycd E2F-1I000000O0O0OO0O
gobbooobobobobooobooobboobboo
O0000 AnamorsinD 0000000000 OOO

23



gooogo
gooo bOooo00d

goooooooooooooooo
goooooooooooooo
00o0ooooooooo
ooo0ooooo

9100000000
8400 0000000000000 0000O0OO0O00O0O
oo ooDoooooooooooooono
19880 00 0000000000000 OOO
19910 0000000000000 0
19930 0 000000000000000000O0
1996000000000000
20020 0000000009000000000000 ERATO
0dooooobooooooooooooooo
20030 100 OOOOOOOOOOOOOOOOOODOOOOO
00000o0oooooooooooooooo
O ERATO-SORSTO O OO O
20010 40 0OOOOOOOOOOOODOOOOOOOOO
goooooooooood
Computers and Thought Award 19930]
Prix Ars Electronicél 200000 0 0 O

goooboooo
cobobobmoboomoboooooboooooooo
oboooobcooboooooboboobOobOOooboooooo
oooooocobOoooooOooboOoboooboooooooo
ooooobooow=gpDOooOOobOobbobooooonesd
oooboooooooOooO0ooooboOoOooobobooono
ooooboooooboboboooooo*o0obobooOoo0o
cooooboooboooboboOoboooOoboobOoOooooo
g*sgoobboooobooooooooooooboonoa
obooobooooboooooobOobOoOoooooboooo
oooooooooobobooooooooooboOoooad
ooboboooboobomboobobobooobobooo
goboOoobooboooboooooboooooooog
ooboboboooooobooboodoboooooobooood
oooooooooboooobooobooooooond
ooooooooooooobpboobOoooooDon

1). Kitano, H. Systems biology: a brief overview. Science 295, 1662-4 (2002).

2). Kitano, H. Computational systems biology. Nature 420, 206-10 (2002).

3). Kitano, H. Biological robustness. Nature Reviews Genetics 5, 826-837 (2004).

4). Kitano, H. & Oda, K. Self-Extending Symbiosis: a Mechanism for Increasing
Robustness Through Evolution. Biological Theory 1, 61-66 (2006).

5). Kitano, H. Cancer as a robust system: implications for anticancer therapy. Nat Rev
Cancer 4, 227-35 (2004).

6). Kitano, H. Cancer robustness: tumour tactics. Nature 426, 125 (2003).

24

gogoo
gooodg obood

A oooooo
000000000000000

19930 0000000000000D00O0

19940 OOOOOOODOODOOO

1950000000 000000000O

orlboboboobcbooooooobod

2004000 OO0OO0OOOCOOOOOOCOOOOOOOCO
ooo

0ooooooooooDoboooooooooooog
0o0ooooooooooooboobooboobogdo oo
00000000000 00000O0dChIP-chip; Chro-
matin Immuno-precipitation combined with DNA chipl
gofdobdobooobooobobbbobobooo
DNAODUOOODODOODOOoOooOooooooobooooo
oo booooooooo
goboboooobbobbooobbuooooooogo
gobodoooooobbooobbooobobdooo
gooobooboobooooooooboobooooooooo
gddoogbodobobbuooboouobboooubo
O0o000ooooooooooooooooooooo
Oo0o0oooooooooooooooouoooooo
gooooooooo




gooogno
ggbooo obodgod

oooooooo

19410 50800

od

e OOoOooOODoOO

1920000000 00000O0O0C0000O00O00O0

od

19730 19750 0000000000000 00O0000O0

9750 19770 0000000000 0O0OO0OODOOOO

9770000000000000

19780 19800 000 O0O0OOOOOOOOO

19800 19850 0 0 0000000000000

19860 20050 000000000000 CO0OOOOOOOO
ooooooooo

o05000000000O0O0ODODOOOO

0ooobob0OBHK21OOUOO 335000000395
ugbooobooobboobuoboobooogbbo
RCC1OCCG1/TAF2500DADIOHCFOO OO OOOOO
00 E10Ded1/DBX RNA helicasO0 000000000
0000o0oooooooooopPCcC OO RCCLO
OO0O0tsBN2000OO0OOO0OOPCCO MPFO MOOOO
Cde25BUO 0000000000 OSODOOOOOOOO
000 MPFOCde25BO0 000000 0O0O0OOOOO
RCC10 Cdc25BO0 MPFO OO O SOOOOODOOOO
O00ooo0oOorRCcCclOOOOOOOODOOOOOOOnO
00 GUOOUORanO GDP/GTPOOOOOOOOOOO
ooo

O0o000ORCCIOOOODOOOODOOOOOODOO
00o000oOoooo0ooOoooooooooooooog
O00D00OtsBN20 OO0 Caffeined SOO OO PCCO
O0000D0ODOCaffeined O O 2'deoxyadenosine 0 ATR
ORCCIOOODODOPCCOODOOOOODO O2'deoxy-
adenosine0 000000000 ODOODOOODOOOOOO
Jddoo0oOgRCClOOODODDOOODOPCCOOOO
O00000ORanGAPO H3OOO D OO ClrdOD OO OO
oo

w33

gooogo
gooog boogo

ooooooo
oooood

19810 30 OOOO OOO DO

19830 60 OOOOOOD OOOODO

19880 70 OO0OOOOOOODOODOO

19890 120 OOOCOOOOOOOCOOO

19900 20 OOOOOOOOCOOOOOOObODOOCOOO
od

19950 40 OO0OOO0OOOOCOOOOOOOOOOO

20000 80 OOOODOOOOOOOOOOOOOOOO
gboooboooo

TGFAODOODOODDODOODDOOODOOOOOOOoO
goobbobobobuoooboboooobbbboooo
gooopoobooboboobobobobbboboooooooog
00000000000 TGRB OOTGRROOOODOO
gooooobooosMP OO goooooog
gogobooogooooboboo

TG O 100 NO00200000000000Smad
0ooooO00ooooOoo0ooOoOoogg TGRB 10
Do000000smadO0O0O Smad6e D 0O O0O0O0OOOO
TGF- O0ODOOOOOOOOODODOUODOODOOOOO
gg

oo0oOTeRpBODOOODOODOOOOOOODOOOn
goooboooobboboboooboooooboobbooo
goooobooboobobooboooooooooonog

25



gooogo
goooo ooogo

-
.

19820 10 0OO0O0O0OOO0OOOOOOOOOOO

19860 70 0OO0OOO0OOOOOODODOOOOOOO

19910 80 O0O0OOOOOODMODOOOOOOO

19930 40 0OO0O0O0O0OOO0OOOOOOOOO
oooooooo

19930 100 OO0OO0OO0OO0OO0OO0OO0OO0ODOODOOOOOO0OOO0
gooooooooooooooo

19960 100 OOOOOOOOOOOOOO
goooooooooooog

199800 100 OOOOOOOOOOOOOOOOOOO
ooooooboooooa
goooooooooooooboooo

19990 100 OO0OO0OOOOOOOO0OOOO0ODOOOODa
Jooooooooooooooon

20010 40 0DOO0O000O0DOO0O0O Executive Committee

20020 40 OO0OO0OOOOOOOOOOOOOOOOOO
oooao

20040 40 0O0OO0O0OOOOOOOOOOOOOOO
O0ooo0oooooooooboa
gooooooooooooboobooooboooono
Oooooooooon
goooog

Oo0o0ooooooooooooo/0oooooo

oooooooooo

googasocoonboooooboooooOobOoooonono
ooboooobooooobooobooobooooboboooboog
oooobDoobDOoOONMROOOOOXOOOOOO
oooooooosoogzscotbobobooooooog
ooboomoooobooboboooboooobooooooo
obooooboooboooooboooboOooooooo
goood
coobooobooboooooobooboooboooooooao
oooooOooooboooooooOoooboOoOoOoooDno
obobOooooboooboobcoocoOobOoooooo
oboobooooooobooboboboOooooooooog
booooobobooboooooooooomooog
oboodooboooboooooOooooobooooond
ooooooooooobooooboooooboooond
oooooboooooobooom@moboooooobodaong
ooooooooocooooooooboooood

26



