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IVE % 3 2 B PRERIIEIN O 7 THHE ORI, Bk A 79
WHWEDGT 5 =7y VEWHLPICT L7202 &bdTHE
BEThb, TLT, W2DVEDDEDDAT v THPR
WEED S =7y b ek )b, Thwz, EELT
g ] A % 4H ) 43T HENE O IR T 13 B R RE 2 oD g
HEO—DOTH Y, £ OWEIITONTE 7, HikD
S R /MM O MR W O 4 TR L. FIS. FEIE
FEATIC X 0 BE S 2N ST & 72(31,32,35,46,47). L
L. SIS O IPEARERRIC B W RS

FIOMHTIZIE, ATEFTS b BIEER A v PT—7,

HEREN TS o7 AR O HPLETH D,
AR, TR & OB B s BT HE AR L 7z
IR B R0 AR B D HE A AR 2 % 5 Tl AT 0F
HEOMAITL Y, Hi—F VX7 HE RIS, BE
BB AR T2 ENWREE o7z 2D
P X D AEI L 22 K REOBRF LS 7 A DHHEENY
DFREERFEET NV E LT, /2, MO

H2 ECiEZIE S IS ORFREIMENRE

BT D IEIRAAL: S K18 0 A4 PRBLG 2 R R il 230 - CTHSiE L 72,
BEE 2 VR (msec) TH B0 L P5ICIZSH O MNP % |
[ L TN R iR A N R S B XOE B ) s N B ARSI o | =3 S
TIXcAMPRZ B L DR L7ze FREIE 3 U B AL O REEE T
WMAEBIEICDZo TR TE S L) RIICEBRT LE KD
W% % v A5 L Td b, CRE, cAMP response element;
CREB, cAMP response element binding protein;

KERFL5% L T\w5([16,48-50],

S LTPR/NRLTDIZ B 5§ % 815 T2 KAH S ¥ 7z,
HHVIE, HEIRBE I ADRSEER SN TE T,
T, EHHICEETERESELZI YA (aullv Y &)
WA G B 5 TFIREBARN (conditional gene ma-
nipulation) 2 & V). $FE OHINE CHEE ORI ITAER &
YRR RRIEE G A B FH R E % - 72[49],
Null= 7 213584 D B fg 2 S LI #AR T2 R L TR
B4 5720, BETRBICEVFIZEI S84 2H
BERSEZEZB L a0 b hv, FICHLT, 4
PR R T RS X DR S e~y 2Tk, R
BT - 22 ICHI S BT RIEE T &
RIFTHEPITELDOT, FEERETH Y 37 FRHIZ
X B RBE G L RS, BRI BU B EN AT KA
DR % NG 2 TS BE & 72 5 [48,49]

BT, 20X sz~ 204 L TRitED
BEERBIEIN TV, L L., #faTWEIC L )itk
PR EINT T ABFET L2HFHPWAS Ik TE T,
FUESHR I N A (A—8—=< T A) OPDHTD
Wk, WK O EM S 2 X 5 Nociceptinz & &
(ORLD)%Z K E ¥ A TH 551, ZDtkd. Tl
LW TRMEDS RSN 72 A— /S — <y A i & T
&7z (53). F4 bcAMPROIEE K FICER(nducible
cAMP early repressor) Di{ETFHZE< Y AIZHBWVT,
ICER KOX 7 AN VDbW LD A —/3—< 7 XA TH
LHEERIEHS T Lz[52l, ROFETIR, 2O A
% LCICER%Z #RIFEH &¥¢72~~ 2 (ICER-OE) 22
WTHEL <l TR,
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3) itlED 7L —F & L THICER (inducible cAMP
early repressor) & RIAGCR[52,64]
a) cAMP® & il
BHREBICERE EWRT 2bbltm oI EH L
WY YNNI EOEEBLETHY[16]. ¥ F T ADERE
ZALR ZOROWE I EGTHEHEZON TS
[16,53]c cAMPRIZHEALOEAEZ 5l U CTHied TR S RAF
SNV T FIVEERTH D [54,55], £720 TAT T,
YavYayNZEQMEHEY. Z LT WALEH M
R IR RWRRICEZE CTH 55663 #ir s v
N7E, EREERVEEICHEE T 50N ZFOHTH
cAMPRIZEHE D E 7 VB IZ BV TR~ DB 5555
Rz S Tw b 6],
cAMPIZ & O {5 Pk & L 72PKA (cAMP-dependent
protein kinase) it #iz 5. Kl F-CREB (cAMP response
element binding protein) % U ¥ E{t L. UV » E1t
CREBIdi#Efz T £ ®CRE (cAMP response element)
POOWMEERHET L (K3A; KEORKDL W)
[62,64], FIEIC, V) ~#B{LCREBIZCREM:# (=T D NEB
7aE—%— P2 S5ICERDIEE # %35 (M3B).
G N A4 V& A LR WICERY ¥ /87 Hid#(sT
L OCREICESWICH E&T 5 2 & TCREBXCREMIC
X % #BIZFES %2 WHl 3 552, 64, &4 IFICER%E K
B 1L 72= % AICER-KO~ ™ ) & ' ICER% Hi [} 12 38
P X 72< 7 A(ICER-OE~ ™ 2)#EH LT, £h
5O — AT Bh R LK & BRI AT L 7252, 64l
CREB/CREMIC & % #{x T #z51%, ICER-KOY ™7 AT
FEFEICK ), —F, ICER-OE~ ™7 A TG A
ENDIENFEZOND,

b) ICER:#{zT-tZ & RKIWR i Fi s

PP, 5 & — B2 EOTEBNL B E ORERR 4
SRS T 520 F DT IINETH 2, 728 2
I FEEOU & R AWIETE KB TH B HerA
Hbo —F. HEOHTHAREREMIIHZ Bz Tl
WCBIZ S NG, 7 A TIEHERATERNGTESa 77

E3 CREBEICERIC & % & fn FiE itk @ & fHI(A) &
CREMi&(GFDIBEELCREMB K UICERY VIV E
D RXAA V1&E(B)

AN (BB AP RS v s (4 A).
Bl & Bl &SR Sh D 0ARIENZL, Z LT,
FTLAKES (ZV=Y V7RI % REE LTRI
I E RIS RECTH B w7 ATl AR
OREL LT L ARISMEN—RMIZH NS,
ICER-KO~ % A, ICER-OE~ ™ 2 & |2 “fl" &
MiBEFhFhoary ha— V< AL FERETR
Modoe WIS, RN BFiE % T L7z, ICER-OE
~ 7 AT, 24K, 48IERI ISR Lz R &
M EsA I L (M4B). —F. ICER-KOY ™
ATk R RMiELRES, FIREN. av s o A MK
HHEEDICHBECHEIML T (M4C). T4bb,
ICER=% “#FEFEH (OE) —Xx4H (KO)" & B )51
WCEET 2 2 812k 0, REIORMGEAT “IREs—HE "
LR B S e

<7 A2 B HICERFEHE OHAEA MR iR 12135
Breb5 2 TEMAUEZHERSE22 L, 512, BER
FICERVDS CREBIRA-E: D n GGV 2 ¥l 5 2 & 2%
B3 % &, ICERDZEH m#HMEIE R BICLES
CREBIKAVEDBIZ T HBU BB 2 R L 2R R~ T A
O FIIBEMFERIC B W TIER S ORBME 5.2 72 L % %
5N 5[52,64], fIEWNHERLZEL 7Y —DETF VL
LTEZOLNTWELF Y Y V7 RKRKIRETHLZ O
&9 BRSO RBITRIAEISE S b HH 552,64 ; Bor-
likova, Y. #E. K%3E]. ICERIFREHERE %@ L T,
BB Z M6 2o CHRELZNTCTHLLEZ LN
b

ST, ICERIIFERI DT, bbb, @EIIFEBH
RO N FMEGEN W EBIFHE SN 3), @B 7Z4
REERICT L —F 2915 &) EELAFMREE
R5 %25 N 505264], 8 F 7 2L B &
PTSD(post-traumatic stress disorder)% 5| %€= L H
WHIGEWEST LN H H65l. ThwR, TKADH
KIZH S 2 UHBMBLZEEZH 7L =522 S h.,
ZOBPFCHERLEIER EN D, Z ORI ER
e TEDLDODTHEETH S,

AL FREIEENSEC X 0 IEMEL S N Z2c AMPIRAEYE — - — ¥
12 & D CREB(cAMP response element binding protein)7A®
VUit E b, ) v AL E 1L 72CREBIZCRE(cAMP
response element)KAE I EIn T XDOIEG % EHILT %,
— J. U ¥ B {LCREBIZICER(inducible cAMP early
repressor) DHEE.- % b i L CTICERY ¥ /78 7 E S A R &
N5, AENZICERIZY Y E{LCREB & fﬁf%ﬁ’] CRE
#E9 0% ICERIFHRGIGMEILREZ A L7212, #ik
L LTV YEB{LCREBIZ & % TXDIRE % ?fﬂﬁllﬂ‘ %o
COYATAIZKY, RN, 220 2 B AR T S B 2
EE NS, PidY VR,

B. CREME X WHHEE Z > 70— % — P10 biEE S
%o —HICERIZCREM#E W EBICAFAE T % cAMPIRAF I
7HuE—%—P2(CRE%Z 4 05L) M HirE 815, CREM
FIIDNARA N AL V EEBIEHAL N AL V2 F T 5 —
Ji. P22 HEEE S BZICERH 1. DNARS & F 2 4

(DBD 1¢DBD I &5 5 —F) DA %A T %, ICERIE
CREIZHAGTA2DPMEIEREEH L 20912y vt
CREM/CREBH D RHEH] & L THHES 5. DBDIZDNAKS
& F A4 > (DNA binding domain). #FRBIE L ZATGT,
ANy 7aARFryETAA, TAGT/RL7Z,
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A, BiFEEEEO b L—=v 7
HrBA Y a v s by ACHHER LTI 2479
ST 1 R B SR o I R M s B 2 M E T B
2 HHICHFE o2, SHHICaYF 7 A b (B
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“Memory-enhanced mice provide clues to treatments of memory impairment. ~

Shogo Endo

Aging Regulation Research Team
Tokyo Metropolitan Geriatric Hospital and Institute of Gerontology
(Tokyo Metropolitan Institute of Gerontology)
Sakae-cho 35-2, Itabashi-ku, Tokyo 173-0015, Japan

Memory has been a subject of research for philosophy and psychology for a long time because of its essen-
tial nature of human behaviors and thoughts. Localization of memory in the brain was proved only six dec-
ades ago, and the existence of flexibility of neuronal network (neuronal plasticity) was scientifically
established a few decades ago. Recently, we are able to approach the molecular mechanisms underlying
memory using genetically-modified animals thanks to the great advances in molecular biology. In this re-
view, I unwind the memory of memory research in philosophy and give a brief description on the general
concept of memory in psychology. Further, I discuss our genetically-modified mice with enhanced memory.
In addition, I comment that the mice with enhanced memory will provide potential clues to overcome mem-

ory deficits associated with aging, diseases and traumas.
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“Change in nociceptive mechanisms during advancing age
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Summary

Although a few animal studies have reported the effect of aging on pain pathways, the neuronal mecha-
nisms of pain sensation with advancing age are not well understood. Therefore, we have studied the nocifen-
sive behavior, dorsal horn (DH) and trigeminal spinal subnucleus caudalis (Vc) nociceptive neuronal
activities in aged rats to evaluate the change in neuronal mechanisms with advancing age. Our data were
summarized as follows: 1) The paw withdrawal latency to heat stimulation of the hind paw was signifi-
cantly shorter in aged rats compared to adult rats, whereas the occurrence of the paw licking behavior was
significantly higher in adult rats compared to aged rats. 2) The DH nociceptive neuronal activities were sig-
nificantly higher in aged rats compared to adult. 3) The spinal block caused an enhancement of DH nocicep-
tive neuronal excitability in adult rats but not in aged. 4) The Vc neuronal activity increased after
naloxone administration in adult rats but not in aged.
These findings suggest that an impairment of the descending inhibitory system in aged rats causes an en-
hancement of the DH and Vc nociceptive neuronal activities, resulting in an enhancement of noxious reflex

during advancing age.
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FEd 5 EIEHEHIY THUELZDOTH S ) Ho

IR, E D DIFETT 742k BED

CZOFZHEMICWREZ b DL L, MR 2 B LB EE T LR FLEW OHR, RUEB
B OFNT % [AREZATS 5 2 E AT E HME—DEBHAFHEEWET VIIED ) 5 THH 9o

1. RRECTONEIFREZERVWCELRRA
ZALOWFEIIZ B HEEN Y &1 F > s BRE ) & L
THUL I Ze 2 E 208 U C & 7205, JodE, /N B & S0
EFNVEE LTHW AR OB R4 128 L2
OHbH. TOT EIE BEPIRRFEORL DT [FHE]
By & L CoBENEFELE & BT FFZEEd oA Ik
IRRBERIEELTCVDLLEEZDTHAS ). Wood-
head (Woodhead, 1978) (. fJEAVEALWIZEIZE L T
WAHHHE LT, 1) 1 MOZRE TR SADFREROF
HEefmonsZ &, 2) BRBWTHL I 25, FHRBR
BOBALICESIIHIE L) 52 &, 3) WFFICIN
BOHFEFOHAESFET LI L2 BT Tn5, 51
Patnaik » (Patnaik et al., 1994) 1. 4) Z% ok
AT T A0 3 X M SHFLENC I L OEficA
% TTL I L, 5) KRR AHHIRIC X % B R s
REAHEEDOBRIEVE A BT L, 6) OB ATTOE
e RS e 2 &, 7) MBI AETER R % fil) 5 H2)s
AT 5 2 L2 5B L L REDBEIZ DWW THEA OIF7E
bWHETH 2L L, 22T 5. EBIT, 1970405
FEEFOGE THMB W OEBEEMEL TELLIET T
74v¥ 2 (Danio rerio) (Streisinger et al.,1981) %> X
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% 71 (Japanese Kkillifish, Oryzias latipes) (Egami,
1973) 7% EO/NRENEBAWFORIZL EE ST
IS FEBRIR TG 2 7 I K & o ROBIZE e FE 5
VENE D) 70 = TR 5 TV DS & S N EEED B D)
HBRIADENEHHOESOFMBWE L TNNIUMKEH, ¥
X7 T774v Y ald, WRITTEA AL TR F ORI
SEHIBWTEBRBIWEL TEDOOTEELMUZL DD L
9 12 % o 72 (Haffter and Nusslein-Volhard, 1996)
(Eisen, 1996) (Kimmel, 1989) (Fishman, 1999)
(Fishman et al., 1997) (Talbot and Hopkins, 2000)
(Detrich et al., 1999). ZHltEv, 8) BIZFHEAR
Y7 E OB T LFAHEM OB (KRB RE RO
ANEZX7 ) ==V, cDNARmRNADEFEAIZ L S
BEFEHPEN T+ )Ty F AT TEAILK
LEIETO/ vy y (BIEFRHEEE) %) 9) #
fETHEMOER (4 ) AMRC®DSanger CenteriZ & %
¥TT 74 v vasy ) KRS O5ER) 5HEAT
L. EBETofE T W Lo#EEF LV ToR
MRS REIC 2 D DD H 5. 10) MR (7
Y'— ! Poecilia reticulata ¥V —7 4 v ¥ 2 Not-
hobranchius guentheri, Nothobranchius furzeri) ® %
LS PR 5 2% B % o 8% B8 19 2 1k, ALK 22 1 £ 1L
(Woodhead, 1984) (Markofsky and Milstoc, 1979) O
WFZEICE & &, €77 74 v ¥ a T bk £33
W L % fir (Gerhard et al., 2002), 4 ol % 1L
X = =Rty 37 B (Kishi et al., 2003) (Tsai
et al, 2007) « = b a3 v 7 ¥ YR HEDOEA
(Murtha and Keller, 2003). 178 & id 18 ® &£ 1t (Yu
et al., 2006) (Zhdanova et al., 2008) A¢ TIZHEH &



. BIEMED 7O DIEET— 5 Bhivo2oH 5, F72.

FU=T4 v T2llBVTH, TORTHIGIZEWH
®OFE (Nothobranchius furzeri) # w52 & T, WY
BRI DA G- 2 B B 2 I T & 5
ZEDHEEINTWS (Valenzano et al., 2006) .
SICEER A&, €T T 74 v ¥ 2 OMMIEARRICE
WTHMMTREZR A P LA -BLSf A== — % v
TERMK (32—F b)) A7) —=v 7L, B
B THIWRLOE 2R § ik % HilEs 2 2 & IR
L Tw5% (Kishi et al., 2008) (Kishi et al., 2009) -
CHE, FHEEIWE TOVIZ BT B IR O AR 7 B AL A
FE (“aging mutant”) OHEECTH L, ¥TIT T4 V2
TOEWIRICOVWTIKIZH HI P LFEL s 2 &
LT BN T T THRARI/NUBFOERRI BT 54
LIEDOWFROMES L, DR E TS BRI 5 %
L2 HAET 2720 DOEBIILEEFZHTHA ).
74 =NV T =27 X MDA L . KRR
xR FRIEFR 0 FAEYMFN T L2 SIS
TOEZIIELMAET 5 2 & T, Wi b HHELNIED
HEE & BB — A~ DILH IR SN 5,

2. BI374V1ZAVERELRR~ D7 TO—F
4 H E TS A 73 ' T OVERBIY A BRI S
NTEDS FHBIWIC BT 24k & BILD SRR % %
A5 L CTHBUIEEREEH 2 ) o ABITHHEY O R
WIS L L & v ) HE B E T 5 L TREEYAIIB Y
TEDOTEERMEICSH ). T2 HHEE) Y I8
OB, BREEINRAE L W) x5 T 2 R4S
NOHEWMISHRFEENTVD, EVDIFETI T4 v v
AR, WFEM B E L CZ20EHEFREIZIEDD .
B ZFJE IS T S FJEE NI L TW 5 €7V
WETRDTHS 9o WEIMMERFEIEELRE
mz. ERZEEERNFEAETEOBRESHILTE S &
W) R DR OTEME L LTI SR, £
CERBMSNBEFNTFERLEFHEE LML)
J NIRRTEAGASEEAE T & B & v ) Rl H N OFFR R
HOET VAN EISHHEAZ LT ETIRT & —
KT ¥TT7 4y varleizB LBl 5583 %
HEWTH S 72MBZD L) HHIlH ) Fr 1T RN 2 15 E]
ZlZ7z L BAboMRmE A gz, ik~ —
g — & 7 ) 15 % FIR & RH P IS RE LT & 72 (Kishi,
2004) (Kishi, 2006), & 4 L4} TidGerhard® 7 L —
TWET T T4 v v 2O & BALBRICBT A RE 2
EOBBIEDREWFNEILE HE (Gerhard et al.,
2002) (Gerhard and Cheng, 2002) (Malek et al.,
2004) L. Keller5D 7V —7F LA b L ZADFEEIZD
WTEAL L OB TR L 722 WA Keller et al.,
2008) (Murtha and Keller, 2003) %% %, F7z, o
AL, AT O BEGERMAE (R EEGERMARITH
FEBE) OMEHE D M DOZALIT OV TREHE L 7235
B o2 575 (L and Dowling, 1997)
(Stenkamp et al., 2008) (Morris et al., 2005)
(Stenkamp et al., 2008) (Maaswinkel et al., 2003)

(Maaswinkel et al., 2005) o Z Z TIZMAEOH L, S
L BILOBEERREL D, ¥T T T4 v 2 TOH
(LIFFRIC O W THE SHHLII » THED TE7AEFHD
R & T HLSRA L7z,
FTAZETI T4y a8 E2 200 1
EORICHG L2 LML, ZOEHIRETTI 74 v
DEALIZE T AR L O BRI BT D - 72720,
ARy ¥—DIEHRIER, €O IERBY) TH
WHNTWAEZILDOFHMIEHE L R VBN, = —F —
TRER, BIEHEEETOT— 5 —R—=ARKR2 S
Wb ot MEDZOEIZFEREZL L EA
L7z (EB2EI2%) €757 4 v azifgesCldift
Lo T oz, EBMEEDL O Rh o7z
b ThHb, 7275, IEZFOMTIZ, ¥757414 v
WAERER RS E ) RO TEILOWIRIIKRELES ) L v
) FEED D o7 (FEBE FHHEMIIH 3E, RETIE
S5 FEZZHOLHMT 5). BILOWIEIZIENT
RHABIIREIN L HFGOBHWREBR L 2F) —
T4y arBRAT ENIEILEZEEbNI, ERTh
Bz CTHADFGORE) BET T 7 4 v ¥ 2k AL
ROEBMEE L TRAZDIZIZZFN% D ICEHYEDH -
oo TO—OHOHMIZ, BMIRIGIZTIEH Z05 BFL
LCHHOENBHRARMD T A IR ICEIRD B o 72005
Thb, TLTHEIEF. ¥T7974vvaizafdast
®Ofi (Cyprinidae) TH b, T4 Haf vz &b, %K
MTE5eml FOE¥TI 74 v 2l ELT100em
PRADLIALTRIRERITALTED L. EBIHIED
BB TSI 74932135 0K THLDIZH L,
AR LBHOT7F 2L (Fv 7 F ik gtk
1504) Tid1 0 0ARLEDENIDH S5, FHEEY
ORIEEE 5 2 MBUTBHRO T L LSO TE
DREBAERLDTH L BV T LRV THA S
TR [BEEH] TEd o0 I/ I3RS ES
Bl AR ORI (BELZwv?) 2R TOTIE
BB E W) RIUI NG L FEBIZ2 0 0%
TR HEFOILDHFANHARTHEFEINTVDEITH
% <http://www.echigo.ne.jp/~koi/zen/hanako.htm >,
<http://users.venet.com/rrenshaw/hanako.html> .
B T A DOEALWIZEZ 20§ L NV T ) & LI FEHBIEL
PHEZ THEMIREL LS 720, FFREELIA
HaftB g3 sE75 74 v v 2i3E) 7259 L Hw
WBOTzDONE S Z b DOMIEEKRTH S, Z>HOHHIL,
LODHFENT, br) EREFALLLTETTI 74 v
a0y A7uYea s bHIERERTLIZZETH D,
ZOZEIZEY, b b EAOAEE TR AR T
EH2 IR, T T 74 v vakEbEdle o
Kex B DOETFNVE & LTH ) L ORERERIIANT % &
DTHEILTE) L) IFZEE b2 EILdk4 2o
BTbdHd), BESIAKNIIET I 74 v 2TD
ZALIZRICSR D I s E L7z,
BRI T T A ENREDDTIERVWELT
b, BELLIZMITAZLIZTELZVHAKOER DT
B2 —HTHEYOMIMFEABEREIIMEIITT T T A



ENTBEIETH DI EITREVIE BV, FEAIT AR 1B A
THY), ZORBICH 2 FEREIELTHL I Lh b,
AN T T a—FIEB RIS AL EHMTE 2w
ETHEZLDD. BIZLTRBIZZIBRDOTHA ) D
FeA TOFE A BRI BT B EET LNV O RER LR
P2 PRI ZABD 5 2 12X 0, IFRM AR EAL
WL AEYFAINEZAL S ZDEAMIETFHUTEL LEX
T, FEERRE TR0 72 BR T IHHE R T ORERED,
R ERLIHENLTHAE,. iR, BETF~NDOA LR
B OFERER EHE D ARNFEBIREORZIC L ),
ROFEHEEOHSFICH TR EL BB EIEZH VS,
MROEFEEEZRECTE R AL LT BERE~D
FlE&LRD., A BRHRDOIEEICO RN S, BlLBRK
BRATIE R, MBAOEBE LTHY RIF5Z&13%
WELTH, BB EE FET 5 2 & 05 1b
MEEAEITLILICORDVLILRELHITH D, £
LT b LAERREZ BUZEIcr T o s &9,
Y7574y 2l 3EbOTRIGERETNVEWE 2
D155, BAIZEXT T 714 v ¥ 2 2B B ELOMRIE
PRI L FIRICB LD~ —h— ONf F<—H—)
B % e (Kishi et al., 2003) (Kishi, 2006). Bzt %
Yoz, BB, BILDNAOKI, Fax 7 EReT
OXL—A (7aX7—1) iFEotl, TERm
ATV, ZNOORTHEFICB) 5 ZLEN—
¥ NI b —EORMMAE b THET, Mk
THOAEBAELD Y. RGNS ANV =Ty Bk
PURTEDS S 5 & FIF L 72 (Kishi et al., 2008) (X11)s
—FHT BTT 7492070 X L — AR L
THEY (Kishi et al.,, 2003). FAERIREHREE LD
B CUIBBRR V. B4 1ZZFDcDNAZMHIZ 7 u—=
Y7Ly 7UXT7HYOREIIIEEMS L v, A
BeBE 2D 2 L0 LI B b B Hi kg I DWW T b
M L7 (Imamura et al., 2008) « DI &%, 7824,
B ERT - LTOREMA L, BERM

E1 17 vBA#@®E31 vAROEISTavralcBIFd

ELEER—F HSU MV I —EENELELE
Bz Wi O B ST (—F T 0220083 V) I2Lk 5T #
IbL2E¥ 7574y (31 7 Hifh) OBEBITHROIGMED
Rons, [MiE (Kishi et al, 2003)2>5 05[]

RTHHLEZTWD, LLadb, REBHZE
578X L—=AZDbDIIHMICELOY ==L L
TIHHYTE BV EE R D,

bbahA, BloM—=D<v—7—1313FH ) B
WEEZLRETHY, MIREEHICHEDSL ETOZED
RD N A T — T — R Gl SR D FHLRR B2 I AT 55 4
THbLIERBRTHAH, /20 7T 74 v all
BB 3, MBUE— B HARE R <L BARICES Al
BHES T AEOWMRICOAHTH L L EZONS, K4
. WG & BB A L ARET T T4 v v a DR
ONOTERTI I A AEROKEZD b O3 HH L
HBWZ xRl ¥TT574 v 2 ilBWTREE L
HRKEEFTEZVHETVWDLIIEZWS2IILE
(Tsai et al., 2007) o €75 7 4 v ¥ 2 \ITEFEE G,
TERMEILD o, Sho b RgHmE 2 b L 2
X D fEHE SN B (Yu et al, 2006) (Tsai et al.,
2007) o BALMEN—% - H52 b F—FYRRE¥T I
T4y alie &b, F oM URERT D T
FRIRGEA L A2 B|EICG 2 SN MR T AT %,
BRZEWL S L2, BT % SRR O IcB W
TOHOMA ANV AHRRICL D BTREE 225, 2L T
COZEE ¥TT T4y v aDELOERLE KO
BB CIRFHE CH B 2 L 2 P& &7,

INFTOERERE D &I, BLMHER—-5 -7
VEZ Ak &3 VAL i AV R S IENOF X | A2Y YN
DAZ)—=r7%2003EICHBKL, 5FTIC[#E
Lt d 2 | WHEtkod 2 ER KL ZOR L@ T %
1 O0fisH DL EHES A 2 2 2HT) L 72 (Kishi et al.,
2008) (M 2), M4 DTS Nizwfn T O & B
FMBOKFINZW T 5AY (Kishi et al., 2009) . TN 5D
HEE SN2 ZToRiciz, tho@iEicdciciibe

K2 €I7574vY10ZEEFRTOMHEREDISHEIC
BIFBE(LEHER—F HS5T MY F—E5EEDRH
L a4 VADIFAZRIZE S 1 1 EEOBREFORE
2 ARSI B A BB IO B W TR VBB — 5o F 5 2
N —UiEHERT I EBW SN o7z, BinTHEX
S E TS % FNENOEREOGE L LIZE L,
[z (Kishi et al, 2008) 75 ®5[H]



DEEAFR L FHHE SN TVUDLHDLFEFEL, 2D [F
BRSO B E 5] IO IE 41 (proof-of-princi-
ple) R LT E 7, FHEEIWIC BT 5 A2 22
ICERARHEEEORAIINSWOTTH D, L)L
CIKRTHBETOEILEXY TSI 74 v 2wy EFIL
EHWTHT LRV TH 2O SN A2z 722
b, TOZERAHEICET BRI %
HEY DI DDOTH L EMfFEINL, ROERE T,

BECRE Sz 1 O Eosfa -2 hEhojgt e &
LSBT B e DR & B TR O EAEH (epista-
sis) DEEVE% RO 2 LB D 5. H—DBET 72T
Tl% < HEOBETFOMENEHENT VAP EALD
FEINCH 2 2 B2 OIS T LI ENEETHS ),
BT (e HHT 5 | BRI E ZOFTHEETO
g, b LI b aR e 5 BRAEA2S [HER
REEFR (vevertant)] ZBUX L. #Hr7- e AReE 5851
RRET LI ENEELRREELLTHS I,

—HT EMTFEMICE TS 74 v varka4 D)
WCRELSTREGRMIIHET LI LRITRETH S I 2L
DEZTWDE, LB IEHMTIEE L5 TLE
OIVERBREDIRIA S VIR 2 8 b 2 & 2R L 72\,
fiil 2 ADOFEAEBRE S L 13474 & DAEEMIC, DI
I ) 2B BEEZBEET L VOTERY S IEMICT
WL FRO TR R RLHIIE R & Bl L CTHEMICD T2 2
2HDTELHALRR>TLDETH S ) M

YT 774 v 2D EOERIIMEE - 72139 Y
Thb, GH. Beoicddiitd 2, 3013ED
TN —TPKRENZB TG D TV A DS, EDOHFIE
BRI FEHY & L TEBLMIED £ TH LM
I, FRERT AN ERE 2D NWEF X 5,
LaL. 7574 v ¥yazluizidomiermgt e
EHICHALDOEBENIFRICH TR TE 2 2 LT TH
D, SHROEBRFNREIEDRIIIE R R nE
BBV 2 THH I,

3. SEOE(HRDERE/NEEBORE
BRI CEE L 92H 245, 5T LN
VORI S — AR )T 7 a—F 2 SN 7 7a—F
NEEFL, AW ST oOEMEEEL & v b
T—=2OHRTYAT AL LTI DFANEHEA TS,
HBALE VI AEGHBIZE S L ZOMMRENS DOT
HY, BRERZEZTLINTITERTRETH - 725
MBS ZRE S ®HIEICE),. TITRTHO TEE
L9 2RI LT B ISR - 720, MLk,
gD ZNZEND LNV TORRERHRBL S 725 Sh,
ke LCoMamtsmiEse s BErgitcdsr s
L, ZR oo EZAVIED L) &3 2 RKIENH
ML (P WEFEAEL A5 S ERO L)V (R I
%) CTomAkE LS, MliottatkE e L T
B2 A ML TH L LEEZ LD —H T,
% L DFALITHE D ZBMIEBICH > TE, TS DEkE:
BT OBAME D W KA I 2 0 b o o #EFTHE
BBEMLTVBEFR D, Ld o T, Bk

WA 54y (life span) ZEIFT72DIHSHDT
B, e & SIS 525 5@ 5 RE~DO TR &
EWANDEN %52 HEZATE (health span) %3
ESED1OIHFIET S LEE R 5. BIALOEYHE
PO % JERETZE . LTI LD L 2 L3RR E LT
AL E oD B BIEN LRIRANOITRIK 2 5 2 51T 7
Vo R BB Y a v Yawanzing Lk R HAE
AW R HEB I B 5 BALDIEFERIZEIC L D vl
Db DH—METOERPEILEFmITHEL) DT L
HBRHB SN, ZNDNE GO 72 5EFHERY T 2 i
FUZBWTH BRI N/ HIHELE LTSN A S
Leotze LI LeDs, H—@&EF nfobti
RIHHARE LCORMMEIZSE S HEAIELT
BY. KD 1 0ETEZDELOBMARZHL 72dDD Y
AT AR NAF TV —DREHE, VAT AR N, F 1
T — BT 5L A AER CIAHLD D W 2 UL 2
PVEEINE S, ET T T4 v akdulk Lz
¥, 7/ L#EIET (genotype IZB1F % ‘genomics’

AT 20 & B (phenotype (2B1F 5 ‘phenomics’

FENT) £ TR 5 5 LCHEBRTE L, Rz
AL DET NV TH % L FKEIZ, ZOFEDORFED 5 Ik
R LB % Z W3R Z o THB Y.,
FNEFRFAMATEREW THEESR LI,
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A novel contact point between developmental biology

and senescence biology provided by zebrafish
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Senescence might be thought as the opposite of early development, but there is a possibility that a com-
mon molecule having a similar or even different function is working between these two phenomena. We
have investigated to analyze the relational regulatory mechanism that exists in the both process of the
early development and the senescence by using the zebrafish, a small freshwater fish. We also have identi-
fied to isolate the mutants and responsible genes, targeting the phenotype of the “senescence” ( “embryonic
senescence” ) appeared during early embryogenesis. Some of the genes have already been suggested the re-
lationship with the actual senescence with chronological aging, but many of them have not yet demon-
strated. The physiological senescence may arise as the distortion of the external environment interweaving
with multiple genes rather than a simple gene mutation. An unexpected gene originally may induce the phe-
nomenon and the process of senescence. Then, is it possible to detect and identify a number of potentially
unanticipated genes under complicated regulations randomly and promptly? The small fish, especially ze-
brafish will make it feasible and would be the only experimental model animal in vertebrates where we can
perform the exhaustive exploration of senescence-related genes and small molecular compounds parallel

with analysis of the phenotype.
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