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Senior Citizen and B-group Vitamins: Longevity and Nicotinamide

Katsumi SHIBATA
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The University of Shiga Prefecture, 2500 Hassakacho, Hikone, Shiga, Japan, 522-8533

The research on the relation between the reactions of acetylation and deacetylation of histone and
suppression and activation of the transcription has been recently preceded. In 1999, it was reported that
yeast which had one extra copy of Sir2 was found having 1.4 times longevity, while, the mutant to lack
Sir2 being shortened to 1/2 compared with the wild types. In addition, in 2002, it was clarified that Sir2
(= NAD*-dependent histone deacetylase) was inhibited by nicotinamide that was one of the products. In
2003, as for the extension of the longevity that induced by the energy restriction, it was reported that it
happened through increasing the appearance of PNC/ (a gene that codes nicotinamidase), and however, the
effect disappeared due to the lack of Sir2. Well, the mammal has the sirtuin (SIRT) family, and it is known
that SIRT] is homolog that is the nearest to the yeast Sir2. In 2004, it was reported that the appearance
of SIRTI had increased with the brain, fat tissues, the kidney, and the liver, when the rat was kept for 12
months under the energy restriction of 60%. From these reports, I have thought that it becomes a key
that extends longevity that the relation between the Sir2 protein (NAD*-dependence histone deacetylase)
and nicotinamidase controls aging. The nicotinamide metabolism in the nuclei was presumed in relation
to Sir2 and nicotinamidase. Moreover, it was reported that the activities of rat liver nicotinamidase, and
nicotinamide methyltransferase which is another nicotinamide metabolizing enzyme were increased by the
energy restriction. In mammals, the catabolism of nicotinamide being increased by the dietary restriction
(limitation of amount of level that the weight of the maturity rat is maintained constantly) becomes clear.
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2. REZAF VU7 I RORFENFHEBDL-T
WBEEZSNELSICBT-OM?

2-1. 7AONFUBEIBIZEANYOT7EFIVELE
BR7EFILOEEH

ZOWAEBLETONE LI I Dh, ZDONEX
DEMBENT B,
MREBSERICTbN T 3 BETHEETIE, EAMY
DT EFNMEBTHEL TS LI BHRIEHS»SHS
NTwr, LaLads, Zhid#i 2RIEYNLRERIC
TELWEER, EX D7 FNMLEBEEREEOH
i L OBRICHK Z R OMAEB R D Bh otk LT 5D
1996 EILBED a7 7 FR—F—¢ LTREINT W
53FTdH 3 CBP/P300ICE ARV P FAFFI VAT =
7 —E(HAT) IEMHELHEINY, TLEE XA UB
7 FNALEEFE (HDAC) & L TRBRIIh Ty v 8
BHEFEEBOEENHEF RPDI DR T /' TH 5 I &
PEHSOIZINYZ L hEDPS, TRAVYDT7XRF N
ft - B 7 & F MRS & TEE OEEA - BIFh L v ) =
DOBRMB ORI TES, X517, 1997 4, DNARE
HDEBRTF p53 3 CBP/p300 I k » TP £ F ML X
NBLEVIMEINEonTERY, FUv7Eo7RF
Mt B 72 FAALORER, BEEMiOPLHGEE
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2-2. Silent information regulator 2 & NAD+ {k7F it

BR7eFILLBEREEESD

ZD X 9 72T, 2000 £, Sir2(Silent information regulator
2. BRIZBLWTEEDYA LYy Y JIBELTw3E T E
231995 FEICHE XN Ty V2 8)I12 9, NAD: k]
DEA P UBT7 v F NVARERIEESH 5 2 L mEI N
N, ZOEERIE, NAD 7R FLLENnER (2
DIRETRIEE I/ neF v @EEL-oT0B)2HEELE L
T, B7eFMbEnze ALy, 2aFry7IFBIV
O-7%F)VADP V) R—ZA%2E4 T 3 (NAD* + 7 FI
fLeA by > =aF 73K +0 7&F)VADP J K—
A+ B7eF ML A FY), R P72 FALE
NZLYALVyy vy, $hbbREEIueF U EiEL
%5, ZORR, BsMHIIH, FRBOUFSLVWIR
HThB,

2, Sin%k ]l a¥—fRSI B OB LR

"o (€% 3279 %
BQRI~23ESH) LY b 14EDHFMmEHEO DML,
Sir2 # RABRBOEGIIEFERD 1/2 1 ETHET2 Y,
2%0, Si2 BEFOEWTHS Sir2 ¥ 0 Hix, BR
DEAL - FMOFIHICHAEATHE Z EBHE M E ko1,
ZDSir2 DEEEIRBRICEB T 3 2L X —HIRIC X 25
EEHMBRIZOBATHE I EBHEHSLIZENTREY, ¢
bbb, BRE TN 2—RFIRE0.5 % 7V a—2)T
BT D LIERIREH(2 % 7V a—X) L L THE
1.25 fEREER SN2, Si2 2 REICLEEKTIR
HEEINRWIO, X5, Sir2DrER S TH S sir-2.1
D& FEBE DR B D Caenorhabditis elegans D Ffy % iLIE 4
ZEW b MIBLTSIRIZELEVWRER S TH B
SIRT1 23p53 D7 2 F M bE N LCT7 R - 2%
ET2EeBHEINL VY, I hsOWENS, Sir2
LEDFER JIREVMRCACBREIN L FaicBEo 2R/
FTHLIERTELTVS, o7, EriZBLTHL
FNX—HIRIZ & 2B LOWH & FROER DO AREMELT
TZ7,

TITC, SI2OMNICEET S LE L USI2H
NAD' OFET 7 F ML R M 272 F LT
B EEBOHLTWAE &, NAD' 14 NADH 138
TENBZDTIERL, =aFv7IFE 0 7&F)L ADP
VR—=ZAICHBINTLEY., ZDSir2 o7+
RIGREBRO=aF 7 I Fick B HEI NS 9,
PEDERD> S, BERBRICEBWTZALY—-HRTT
SI2 {EUVB LR T28EL L TRO=ZDOEENE L% £
53, OSIRY Yy AIELRAMBERTZ, @Sir2 iz
BB 7 2 F VLRIGOEE NAD Of#ah £ b, Sir2
EWENERT 2. QBT v F MLRISIC & > THEWE T
hradry I FdEIR#I N, Sir2iEs LR
1%, 20 bODOTEMICOVTIE, ZRLF—FHIRT
TH SIr2 VRABEHL RN EHBHL TW3E 9T
BAINS, 20L& RER» O N— = FREEFEHD
Sinclair & ORFE 7V — 713, HHFEERZ HWT, Sir2 &
NAD- Rt & DR#E A LAY, UTICRT I L2
DL T3 291 E HIFRRHCEWLTIE, 3
(BARGBIETF, 7u X7, IDNA)OYA Ly vy FEiE
FRE(BEMHEREFE) BSREI TS,

2-3. NAD* £ & & D BE:&EN 19

HEZT 5012, K1ICHFERD NAD RE0
BEZR L, NAD' R#te HFae 22 ¥—HlRE DM
RIZOWTE, T Z Bz,

(D Nicotinate phosphoribosyltransferase # a2 — F ¢
5 NPTl 2 BHE I BRTRFGVEBEEOBER LY
b1I6FBLED, L Lids, NAD' BE & NADY/
NADH HEZEL L Tokd oz,

Q@QNAD* AR b 2R Z a—F T2 EEFTH
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Tryptophan L-Asp + DHAP
SFRMIEMET BEIOARNLT

Quinolinic acid

Sir2ig At
WATAHL

B 1, NAD* fRREOBIE (HHFEAL).

Ni-Methylnicotinamide

Sir2 (NAD* KGR 7 & F VLEEE D —) 1d NAD* fR#ith & &4uE, NAD' RO —>TH 5, Sir2
DREIZERDO NAD SBICEER2RIEZI LI 05, NAD ofEEER L L TOKENIEE Tl 2w,
LaL, SI2IEESHEART2E, Ehl oS 2R/ Bl o F VICERL, BESIH (VAL
v v ) EN, HEHGHPENS, 48, HBRORAITRLE=2FY7IF>NMN (Za+v 73 FE/
X7V AF F)—> NAD- ORBIZIZFABTIIEE L NAD BB KTH 505, HFBRTHRET 20E
I TH %5, DHAP=Dihydroxyacetonephosphate,

% PNCI (Nicotinamidase), NMAI (Nicotinic acid
mononucleotide and nicotinamide mononucleotide
adenylyltransferase), & % \» | NMA2 (Nicotinic acid
mononucleotide and nicotinamide mononucleotide
adenylyltransferase) # A 3 2 &, rDNA (rRNA&E{Z
F)OREMLDHEL, ThbL RNA DAREBOET 25
ot ¥, TUXTHEBOYA LYY v T (EEH)
DBEFE o7, UL, ONSI (NAD' synthetase) DE A X
ALV Vv TICHBEE I ko T,

@ Sir2 R EEREICE T 5 NAD* BIGER OB L B
B o (ZDZ LiX, Sir2 ik NAD- O F B2y EEE
ETRRVILEERLTNS,),

@x 2 ¥ —HIBRIz & o T, Nicotinate phosphoribosyl-
transferase 2IZE RS, REDBEFH L kd ok, Th
5DEPS, 51L, Sir2 FEHEIZ salvage NAD+ £ A B
B¥(=adF v 7 FooaFv@@s—aFrige) 27
VAF FomaF VvB7F=vYR2 7 vEF Fo=ad
VPIFTPFvI X LAF F(NADY)) D SHRAT S
NAD* L)L, $50IENAD' KHETEYEICE->T
FAHINTOLAREEZTIR L, 29, NAD* 2D %

DORITFM L ITBRR VS L,

2-4. ZOF V7 I RF Sir2 OFEEH 14

Aoz, BERIEBRWEIN:,

OS2 ORKIGEND 1 > ThHhb=aF v 7 3 FIZER
DYAL VLT EB{HEHEL -,

@=aFv7IVFRSI2Y vy \7EDEEZMEIL T
Wihipot,

@=aF 73 FIIHEREEAD rDNA O 22 4
Ex2BO7H, T4 tDNA QA HEEDE W Sir2 &
BEACTREEL»RIFTI L3 b o1,

@HMR OB 5 mM = 2% v 7 3 FEERTRE
BT L HEMBEGEEBOFEMOFETICETETL
72, ZOETLHE S RIBER LRI TH- 1,

®Sir2 REBEMZ =2F V7 3 FBEEERETEE
LTHHFGDOETIREBD Sleh oz,

®=2a2% 73 FiXinviroTSir2 & SIRTI(E + @
Sir2 %0 7)) OFEFHERTH 2 2 LOEEHI N,
I[Cso 1& 50 uM ﬁgff)ﬁf:.

2%h, BAKBIT 22239V 7 3 FOTHRDOLRERE
PEEEEDLIBHE I EBbhoTEL,
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2-5. Nicotinamidase DEE 4 2

2% b, Nicotinamidase 25t 2 + Y D7 X F VLK
IGICEELRGE 2R L TR HREENTTE, 22
T, CORIETIMEDEREZE LD L,

OBEROBERSZ 0.5 % 7V a— AR CRET S LFH
WHBIER S 28, Z DIELK I Nicotinamidase 2 2 — F§ 3
BIEF PNCI 2 RIBE RS LRI,

QHAEMOBR % STCTEFEEL LBy ay 7L
H), BEOEERRED 30°CEERTHEMBLENS 2,
DIEER b Nicotinamidase # 2 — K9 28EF PNCI %# %
BIE3LHERLE.

QFF AR 5 5RO PNCI # B AL I-BROFEMIE, &
2RELIERL 72,

@Pncl LANVIdE D 7))L a— R BEMET T 512
P> TR,

® cdc25- 107 L V(32 V¥ —HIBOEMZ 5 S
TIOBEAIZ Pncl LRVD ERZH|EEI LI,

®7 I JBEHIR, HAMLA, BAFLA, YLE -
WEINZTART, Pncl LRV ERZE[ &8 LT,

@#EEIZ Nicotinamidase {EH# S Pncl ¥ v 82 H L~
WMIZIGLTRD Sz,

®=aF VBOWMIZIDNADY A Ly v T2k
e ot

@ de novo NAD* A & HARR % RIE X ¢ 1 BERE (bna6 A ;
quinolinate phosphoribosyltransferase % X { B¢f}) % X
SiZpncl AIZLTHBEEDEHMTEF L, 202 ki
Pncl $ % b % Nicotinamidase 13, NAD* £A&BKIZ B W
THRENLRREZ R L TRV EZERL TV S,

@ npt1 A (nicotinate phosphoribosyltransferase
DEEBEBTFREKR)IBIA VYL VY IREKRTH 3
73, PNCI (nicotinamidase ® & {5 ¥) 2 B AT % &
HETREBEET 3, b A&, npl A (nicotinate
phosphoribosyltransferase ¢ & & 7 X ##k) o # K KN
NAD' L _R)VIZEF 4R 12 BETH 2, 22T, K
I de novo EEBBOPEETHAX /) VEERIFML
TNAD VRV EIEFIZT 5 L, nptl A, 3xPNCI ¥D
IDNA DY A L vy v 7 (§ b b rRNA OEEH]) % %
ERDOL RV ETRIES ¥,

@ &  ® NNMT (nicotinamide methyltransferase %
a2—-FT28EF) 2BRICEATS L, IDNADYA L
VIV IBER LU, ¥7:, BRO NNMTEET L #E
I3 YLR285W DBEA LA Ly v /e ER IR,

@ YLR285W D E A B OFEMEZEITL 7225, 7
a—AHIHEMTHEEL T, ISRFMIES LD
72, L2 L7%d35 YLR285W REMRIZFERERL & I I
TN a—ZAHRIC X D FEMPBEN S Z LD 5, YLR285W
X PNCI LRz, KYBOFaRHER T TIRLV,

B ® o

(k%310 79%

ZETOIL%E, BBELEDTRRTEE, 2Dk
) fRE KD T B,

3. EAEBICEITBSI2 773~

TlE, B L) LfllaLANoHRLE, ANhEoEg%
BYIOfEEL L ToFEMEEZRA—IRL A Z ISP
BRRZEL Tuied, BABYO 2L X —HIR & Sir2
77 30 =BT BEC WORT

FHAEYICIESIr2o A€ w &L L Csirtuin (SIRT)
77 I —BEEL, SIRTI 2EERESI2 IR DIV AT
Uy Tchb, thdk, EMIBWTLSIRTIICE-T
FMPERT LI EDBTRETHLD:, 21T, NAD' ¥
ZaF 7 I FRMEFE T Z L2 L > TSIRTI DiF
# % W T X 3 D AEEEKFE .

3-1. SYRTOIRLE—HIBRE SIRT1 ORBEED

B

Cohen & W3, HHERED 60 % ICHIBL -8
MEAE®R»S 12y AFMBE L7 v M2 AV, SHlERIC
BUIBSIRTI 0XBBELZFARE 25, B, IEUHEK
B, FH# &% o TH BB R TRIERD
BIML T2 e 28ELTWE, LT, BRER
RICEABHDICE LT 2L ¥ —HIRIC X - T SIRTI
DIEMALT A2 LR R LTS, I6HEREL-ZvY R
DI, BERHICE VT SIRT] BEEB MM T A2 &
617, SIRT1 DEMN E R 2EER T & L T ph3aw,
7 A—=7~y FEERT 920 NF-«B2 @@ s nTw
5, InSDOBEERTIROTNOMEES, 7R F—2 2
B59 %, SIRTI BHEEBOMMIZIX p53, 74—~y
FEERTFDFoxo3aZHBEETEI L0517, 2w b
7 =7 # TR LI IR L Lz vy, SIRTI
o 0EERTF2HIES 5 VIZMHEER %A L THllg
R SEFEDH AN D BEZ 2B 2 HFE0L ) TH B,

3-2. SIRTV IZAERF QBB ZMEI U B A= ERICT 2

HFEBERTIX, B /L a—RBEABED 2 % b
505 %ICTF2E, ZOHFMMP L2 FICOUBI L%
2, ¥R THLEFBICERILZLDLO YL, R
REYOREZ T 27 TOEMBRIZEHRLAZDD
DFD, SIRTISIZoREn ) ORHBNEL 252
L0 &AL 72, Sir2 & SIRTI 1 NAD - & 721 Bt 7
FMULBEETH S, T, B7eFMbEnsy vy
B, EDEIRLDBHB0h, EdBokIiz, 7
FUEENTERA U BROEATHL, TEFAEEN
TR VYD TRFAEBRNS E, EXF Vi DNA
LEECREA L TREE s ueF v IREE RS, OB
L F VAL NAD RETH B ENELOTEETH 5,
—%, 7Fnfiz7eF L CoAnlET s, 2% b,
SIRTI 3D = 7L ¥ — (RIS T 2% 72 71
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CoA L NAD* ML TR, BEEFOVLL vy
TR 6WTwBEEZBLIENTES,

Tid, ZONAD-KFER 7+ F VILEER O L E R
ERBEOBERELZDOD, EiX, HEHVEETIIRY,
FOXO4 b HE LD D, Bi7eF VLI NS I LTREE
TEMEASEA L, BRI B VLTI, RBERE A~ D5y
fLosiifl S 5, WMiEFME% HFMcpERRT A
FELTHRENEERTTHS MyoD b SIRTL iIZ & -
THT7 £ F Vb h, HFMR~oTMRES NS 2,
—%#, BERGRTTHBp53 LwIHIF U7 EBII Tk
FALERZTCEREEET2REBLE LD, ps3 DT
v F AL LMIET 2 9, 5% b, SIRTI i3 p53 {EH: 2 1
fTscec, PRV AENHTS, ), VAVF
EKERMNZAEBEER T O PPARy i< X 2 BB iEHA(L
BER7EFNLENEZ ETHFRIEh, BHEKCET
ZIEMOERIMHENG 2, X512, PPARy DEEH#
B’ET & LTRE S 17 PGC1 (PPARy coactivator 1) %
SIRTLIZ &> Tl 7 FMLE N5, 7 F LI ns
PGCl i3 EIcBEb 2 BEF2FEHL, /Va—xE%
B 50,

s DW|EN 5, SIRTI OFEEH AR, BIBERL
ok ) nfR#EH2L 6L, 20—5T, BFHE, 7
Na—AREEBACT S L) aR#EHE2 b6 T 2L
THMEPEET S5 LV, LrLiads, ¥, Z0k)
RRBEIC L > THEMBOUDLDH, W RFR L%
WTWEDT, HWIBLIHLPIZENETHA .

3-3. ZaFY7IRKBEE SIRT1 & OB

—aFv7 3 FRE, NAD fR# L SIRTI & DRI
WTIE, V=7 —BHEBIEeT7 R L), HREERO
REW(7—5—BH) 2RI LIZ W XO@BHR» S R
2ot

ZDYATE, 2EXF VHEOMEILEET % Ufd2a
(ubiquitin fusion degradation protein 2a) & NAD* &%
BETHL=_aFVPIFRE)RXILAFFEPFZUN
F9 v A7 295 —*¥ (Nmnatl : =2 73IF®/ X7
VAFF(=aFrBBe/ 27145 F)+ ATP - NAD!
(NaAD*)+ PPi, REEREEAICRETE)LDF X574
YROBMWRAFFHFEL T3, Araki 5 i3 0B IBR R
JEHMIRE % > C Nmnatl 088 BE P #RE M % BT
THZ LRSI 72, BIREEELEIX NAD: ¥R
koTv@ED SN, ZDERIZ SIRTI siRNA IZ X > THI
flxnt, Thbb, 7—7—FBHEELeY RICRSNT
PR # A, Nmnatl IZ & > THK NAD L _)Las
ERU, 2088, SIRT1 BEMHL I LIcRET 3
bDTHSEEbiT,

Revollo & 2%, < ABMEHEME2ZH, —aFr 7
IFBZaFVYTPIRNE/RXIVLAF FICERT S =09

B »x o4

(B 3Iv79%

YP7IFFRARYRTNVEF VAT 27—+ (Nampt : K
BEHRIEHEWBEDONAD kb 74— Fy JHES
ZiFBzkickh, MEADNAD BEZ —FICHERFT
LHBER T 5) OBBIFRERIC L - THIKPA NAD' L <L
& SIRT1 #HEA ER L 7245, Nmnat DBEEERE L F=
2F VT I FHEMOWBFRIZS ZOREINED S e h o
It EBESHICI L, =aF v 7 3 PRSI SIRTL iE
BILEDL ) BB B A 5DPHSHTIE AV, &
B ELEFABMICBWTH NAD B2+ &
IZ & > T SIRT1 DIEHRE AR TH 5 L ) 7.

3-4, IRILF—HIRIC K BthDENR
IEANFE—HROMBICIHFEFEREDOAL ST, EEY
B, FREZME, HOREER, BEIRWEZ CRx RBR A B
CTEBHIGNTWS 2 EfRL7 X9, Araki 5O
HIXSIRTL IC k& 2R REEHERL T3, £72,
SIRT1 o:BRFEHIC & b MR S H S, BERGM
DB SREI NS Z LIk, £ v 2 ikt 2
RBERIS, 77 v — LPEEIAREEAL 2 &R 12 B L 2R
DIGE - FPHICEELRARY5255DTHEY, 20
91T, Skiz, BRARER%Z SIRTI BED L H IS¢
IENTELDODEVIMENIL T LIk’
LTINS, X5lc, NAD' 3, =a+ v 73 FfR
Bz L > TSIRT1 2FHITE L L HIch B L 2HRFFL
VAN

4, SYMNCRFBRIXRILF—EIREN=IFY
PIROBERBICELIFTZE

DI BRIEEERICILT, SFTHRELBHS I
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=20 4
40 -
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-100 4
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-140

Body weight change (g)

Day
X3 IAAX—HRTCHEHELLT v F OFEEL,
13 B DI Wistar 25 v + %, @EATI0HM
fE L, ANOBREEZRFICRL L) ICH
FRL 7. Control #ix, HHICEIZ ¥ 78, 2/3
HIXEHENHOMENRED 2/3 B2 ERE ¢
7o, 12BIEHMBREOMNENED /2B%
FEWXE, OBIEEANE2E5Z 2o AR T
H5, BHEIZFEHE £ SEM (n=5)T®R L% O,
CONTROL # ; @ 2/3 % ; [, 1/2 8 : M, #IREE
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LCER—aF v 7 I FREFE 20 FHEE, ZATO
Sir2 £ a7 ¥ —EYORIGEBOHN % HENT 5.
B3k, 79y Fr2IRLVF—HIRT CHE L ROKE
DEERLEObDTH S, 2LfAREEZRVE, 10
HENE ETHET S, B3 v P TREHERED 2/3 7
EBEOHIBRTHREN BRSNS, ZD2B3ILRER
FIR(FES I INIB) T2 LoaFr 79—
PiEESHBERBICKLC, ABICE kB ILZHAN
EL(M4), £, =aFr73I F2RT2EETH
22aF U PIRAFANFSI VR 25— FPIERLEEIC
R RBZLERWELL(K5), ZABHYTLAREFHIR
(BB 7 v P OBREI—EIHERFIN 2 BREDHIR) T,
ZaF U7 IFOERURBMBMEEZINL Z EBHS D E
ot .

HELLT, EXPrd7EeFMLIZIE 72 F L -CoA
DBLE, B7 2 F VALicid NAD S8, Lo L7 &

B Control
& 23
O 12
B Starved

R R — N/ NS U
(umol/h/g liver)

X4 3AAVF—HIREIy MO —a2F 7 I5—¥
EEIC B LI THE,
BEIZFEEE £ SEM (n=5) TR L7, BhL3KAFE
i&, Tukey % B HEGAER T (p<0.05) THEELTR

DN LERT,
15
S -
g 79 MFER d
Qbso 1.0 - E Control
= 2/3
% lb 0O
g 0.5 B sarved
)
=
Z 0.0 -

X5 TRAX—HIR2T7y FFBO=aF 7 I FAF
WES VAT 25 —EERICB XIS THE,
I3 FHfE + SEM (n=5)TCR L7, BLAHATE
i¥, Tukey ©% & HERER T (p<0.05) THEZELSHR
ol LE2RT,

FEwt—afFr7rIF 537

FUMERIGIE = aF 7 I FickoTHEENS, =2+
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