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5 e S AR TR T BE.  Sirtuin &2 o0 Bk BRI — A%
F R (NAD) M K 20 85 11 20 S e A0, L0 4 46t
AR L O SR o S AR e 1, AT 5
Wi EE ZHERES, B RER Y Sirtuin FROA Sir2, EIEA
NNKFFH 7, 2 5i$ CR SR MPLE LM%
ATIER AN, FE . 2k B ) Sir2 [R5 23 Sl B
b dSir2. Sir-2.1, {5 H 1A K HLH R
HAHPAER . W FL 3 Y Sirtuin 5% G
SIRT1~7 7 ANia, o SIRT1 & EE M 212
AT A AN — AN R, R NI
P Z 1, % SIRT1 HisE ZHLB A 9Y, AT
e NI SR A I E BT ). A SO LR A
L AED D Sirtuin WAE R PLEIEAT 2008, TRELH AR
FHN AP g 2 R E I S R, PRI AUk
(R J 5 ) Bk N 75 i s iy m) B

1 SiR EERSHEGIEKPEEXEER

BRI RE(Saccharomyces cerevisiae) & 5 E 5T
(R BARASE AR, 0  BEBE P  L aB A AR A T T
fno, P RE R Z B PR, AR IR
(replicative aging) I F2£ % % (chronological aging).
S A 2 T T FLA A 2200 2 A0 R R R 2R,
0 I 2 8 2 1) DA A 22 53 % i 240 I 1) AR e A 2300,
AH IV 147 i e 75 iy B 2R A7 52 75 Ay (replicative
lifespan) Il J¥> 75 iy (chronological lifespan)t?. &
A i iR R AR 6 T2 1T T RE 70 24 E
R BRFTRe A i) AR RN H. 1997 48,
Sinclair 5 TV BB (A48 4 tDNA PR (ERC) 1]
REALE X AP P 2 A, BRI T e B A A
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(i) ][] 5 o 4 T A LA i D), T R T T
ERC. ERC 7t S W1, (HAREML MGk —
EA B B B A . A ERC 45 DL
TEREAS S ARSI, eI 3= BE A BEAH v S 8 4
Hhn, MM D, i A REA K AR
5 ERC MARTFEEE. 140 b 170 40 i 43 22 I %
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ST L AN A i R S AR Y, A 1k R At i
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(0.05% I A M HE 7R 35). E CR &A1 F, MEBEAK
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SXof 2 1) 24 iy AN 3 B e,
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Fig. 1 The mechanism of moderate CR and

severe CR influence yeast lifespan™
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X3}, %: Sirtuin £ A2 RFEKF HHLE R R 7

M Cde25 FEAZ 51 128 A R () S KA 75 22 Sir2
EAN SR TS, EXHFEET Sie2 76k
P47 W o, ORI RE G A A KRl I Sir2
TEPERI R sk SEEE. RS CR T 0 Sir2? H Y
CARMAAAEM M7 590 NAD/NADH (1) Lt 451
AT AETE PR R I e se Bl (nicotinamide, NAM)
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1.1.1  CR ¥#u& Sir2 figfe2 —: H#4 NAD/NADH
PG, 75 CR B T I REAH AL T~ R &t = 11)
ARZS, AT o3 A R B B AR R RE B DA A A2
4 furh NAD' s34, 1 4 JU% X NADH (1)
B>, 3% B4 ) NAD/NADH L 4] 484 i 20,
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Ab, CR A5 PR R AERAR, MR BEEE AR S 2 i
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150 R A IR R AH AR S 30T R R NADY
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7, NAM R FE ARtk 4z g 2 Sir2 3E e, 41
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PNC1) X fE52 M NAM HIf8E, PNC1 & RES
NAM 4L Jg ASBEH Sir2 3EPE JE Tule, JF HAm
I NAM [ 2845, CR il i 41 g )y PNC1 il NAM
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B A4 DNA R4 7 52 i SCRH W7 2 11 5 5] Fob 4
MEER G, WELEA AT AEIE K. Fobl JL DN Rl BE D
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RS2 A A EAE . SRR Si2 L@ i
WA, dSir2 78 Rl h A4 L — e T W,
T2 WU R A% R 5T 2 TA) R ] 2 AR, 5 7 I R
2 RS E 45 AL, dSir2 2 5 i 45 SR )
At JE 4.

T Ik 9Dk B R BRI R AR B AT AR SR
W5 b 3RkAS CR RN [ T AR oy B e K AL
7E CR R EAA N, H dSir2 1 mRNA /KP4 mE T
2 500 A dSir2 SRR, CR 5 1) A i 5
WIRE KN 52 290, L E K, dSir2 F1 CR A&
T 3T A [R] 11 3 4% R A o JE AT R (R0,
Ah, dSir2 i Fak AR RE A E I AE CR 444 I
B0, ] Sir2 fAk 22 Bm A (1 2
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AT AER, (HJETE CR &4 Ry i A ik
—DIERKIMER . XTI R, R R,
dSir2 fEIT CR KA EAFEH .
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IR DLRE K SR I A iy, e A S EUR MR P dSir2
FIE T e A AR iy I B A I % h] R
W R AEERERE T, 4l NADYNADH 45 (14544, ,
ol AR AE R i CR 5 DR XS Sir2 JE5 &
TR
2.2 CR A Sir2 EFMZ& B PRHR

F5 N4k HU(Caenorhabditis elegans) &P iy 5L (1)
MY, - LER AR, AE .
DRI G A i A, S RO, BB R E R
R, O SEEMUIEREZ —. H 1988 5
R K AR RARAE age-1 P/E LK, 5 NTER dUiR
AR T AT ) A A R,

ALk IE R 4 b 774 4 B Sirtuin FE[K, Hop
Sir-2.15 W BF Sir2 10 57 A% 0 X IRAT 31% (1 [ U5
P, Sir-2.2. Sir-2.3. Sir-2.4 5FE]F Sir2 #% 0 X 15
(I RIJEPEA A 10%~20%. #EIX 4 FiIERF Sir-2.1
CLER WY I S 2 AR i Jo] ST (1 e i e 4 2
YERIBY. S AL Sir-2.185 VLA e 52 bk DL A g
NLFIREAL Siv-2. 185 VIR IE I &R, #n] LUATIAG 2%
M AIEKL) 50%. K2, Sir-2.15848 0K 1) 75 iy
A%, HOOT I 25 B SOTR S (1 BB AR AT i v
DRI FRAT D, AEA TN b, Sir-2. 10 fefEFH T
7T e o B SN IS W IS R v o
(insulin/insulin growth factor-1 signalling pathway,
[S) L3 K 7 DAF-2, B 2 A4E N5 1S i 4T

(3% 5 128 & DAF-16 KA1 I,

BRI B PR, ATRAFEZE B R
F| CR R FgE KA IR VE L, 90 G e A7 40 i
PPIRA N RS IREE H . MR (ke s sl 3 ) gt
AW T B BEN. eat-2 2k SR FE,
BESC LR H A 2% o AR BE 7, ek ALt iR 2 Th g
R, B YRR T B LR A fiy R AE R,
S b Sir-2.1 W) S I ol 2 i R B K. itk
AU —FRAUBFFOR I, 1R R SE 0 i K A i
ERIH, Sir-2 1T, 75 Sir-2.158 AR bR 1 28
AR, CRIEKFAMRORNE A, Fik, HEW
Sir-2. 1YEF T CRIZEM T, (H 2 AW T/ N
RIL, 1E Sir-2. 1588 L i, /b it 5]k
() CR b n DAZE L AR A JE AR, 3 AN & AL 7 A
FEHE WA Sir-2. 1R S HL T CR A FHALE AR
TR, kb, Sie2 1ER T AMRA TR
eI, A FERH R8RS 3 T £3 Sir-2.1
[z AR, ANERLERE R AR I S A R BRI A 1
T, EAMRN TG B A Sir-2. 1 RIE T B OCHE
T TG A TE ik BRI AN B R I8 A R eat-2 5
SRR RAFATT CR, Sir-2.1 K13 5 5 DA A1 i 1 Fn L 4n
M IE AT BT B, A ST E ks
WHEYN T )H 8 FAE CR X Sir-2.1 1) 5 561 715 45
B, Ak Sie-2 VBB LIS sh . BARYE CR 4
T, Sir-2 TR & FE R KT EIRAS BeAE i DR
UEHEIEBH Sir-2. 175 CR ZEAK 2R Ha 3 iy R AL o 4
THE, E eI T Sir-2. 1 [ EpR N T
(R B 7 BT i, L 28 xR 1320
JV 2
23 HEABERSEVHRSRZENXER

PR (Res) & —F 2R 5909, FILRE
TEAR AN Sirtuin [ 4E K P9 BE ST ) 77 v i 2NN
TTHIALEFRI, fEFERE R, Res 7] AP Sir2 & Ak
FE—FIBRL CR MFER, B SENgl, b e g
BEMI S HIPE Ay, A R R I, Res th]
FER I T Ay AL B g . @ AL R 4l &
EVERIER T R, AR R CR BTk
A, AL G S SE ) CR A% EL A R YR A K
V-, 1X 5 Res /N RFIE G ARAHES. KAD
B/ JUE i 8 JUTL Rl 400 L ) i PR 2 08 B o
Res Fiffi CR o748 T 3L 146 5. Ak, Res #7IA
HEHZALT CR HISEE 7.

TV UE L CR 7] LAIE KA A P (1738
{H2 Res =75 RERLY)7 CR %t A (G4 FH SR AFAE
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X3}, %: Sirtuin £ A2 RFEKF HHLE R R *9 -

1L, 5 Howitz 55 W52 2| % bRl 1T Res 1EK 75 iy
IR % BT ANf6], Kaeberlein ZE MR8 Res %A &
FHIE KR . (EE M, Res 1IE
B, AT RER DA AN [ AR M AOR ) 73 i A
WTFB ALY =225, A, Res BARFEE T =
R AR R, (HAEIER RN
H1, Res WA B AL S SN AR, XLt
FORRNIERE AW, Res FFAERIE KA Ay J)
WosEA. TR IR R, RS TIRER CR (1)
Ay,

3 SIRT1 7ZEME EL 14 & B94E B HLHI

I L 3 40 P AH O (1) 5 i iF 9T 45 R 7R, CR [H]
FERA RS A an (A, b R ¥ D) R ds A 2
WFFT s BV K B 19 5T SIRT1. SIRT1 &I LB
Sirtuin ZE(SIRT1~ SIRT7)R 12—, HAT s R
SPAZO IR, SIRT1 fES5H b S5 WERE Sir2 &
JEARALL,  Thie AR

FE/NERAARY, CR BESE N 1 (4 IR 412 (WAT)
Hf) SIRT1 & 7K, /3 CR 51 E L
RN RN B SIRTL JE K,/ B I AE K
RUFBE S PR R A BB H A R U S I G -,
AP35 2 BAE ) SIRT1 /N RUAE CR 4544 N ISR I
IO AT I S S NS B /i DA U VAE S 2 SO Sv
SIRTI frIEFE D /N Bl 5 50 HEAH LAY s, AR s
WK, IX5 CR 4&AF T 0/ BER BUARZ AL, )
Ik SIRTL 1 /) B RIS 78 v B 107 Ak & 1R 1 0
BN T A [ A A2 1, 2006 4F, Lagouge
EHFFORI, 4/ R AR SIRT1 30 71 SE 4
P, AR RE 3. SR B I ) 2E K
FUVLEF4E e R N, R Har it K, JF HLAeh
TR AR PR () R Az, N4k SIRT1 Thig 5
AN, 7E CR 454 F SIRTL 7ENLIA L 1 FK
PR SR 0, SEPRAR Sl e RV REAR G, £
HFLAYIH CR REMEIRE 5 R 2 AH GBI . i
FAP. R DL ) kA Ak S PR S,

%} F CR Al 3% SIRT 1 XA a) 8 H w138 47
A — AN I G AR 2 AR 41 2R
H1, CR 512 SIRT1 & (/K1 & 3 s, Wi
Ak MEWT~ F R0 T p k™, fE S A )
1, NAM (13 BRI 42 5 9 REAN B AN A4 R, A
NAM P4 i NAD® 1) B i 2 NAM i 1R 55 37 75
fiff (Nampt), Nampt 7EFFLE0Y) b RIFE AT £2 At
HL N NAD® (19 7K1 & 5 SIRT1 3iFi 4 (1% 46 FH =2,

Nisoli 25057 % B, CR B85S/ BUAR A £ kL 1A
= AN IURE S/ R ) [ T TR D A =R e
(endothelial nitric oxide synthase, eNOS)HR /N il 1
BATiZ %, e NO fig i SIRT1 ik, 1M
7t eNOS B/ B WANGE. 4D CR 248 eNOS
FINO AN, S SIRTL - if Fn 2 b 44 & i
.

SIRT1 7i#4 & FRAIZ A T Iml AL sh Py 5 1L
2R DINLE M A 5 Az B, H AT CL%0 SIRTI
FIER YA 10 280, iE4EE. p53. FOXO
W, NESI, Ku70%, NF-xB®, PGC-1a"Fll
PPAR-yYEE,  FLr KH oy 3 20 4 [ 7. SIRTI
i HAK 16 1 H3K9 Z: 4WAbG, F541%0 HI AH
HAEF, JFCME4L R 1 HIK26 2 4BHE, HEme
HEAEE S G (O AR ™). SIRT1 gl {4k p53 &
WAL, Af p53 WS N H bR S i YR
B, 1T BE 11 DNA #5347 BRER T s g v i 1 1) 4 5
Z AN TN BV IR 2T 4 4 i v e Ak
SIRT1 tHA] LUt -4k 410 il 11 1.7 (promyelocytic
leukemia, PML) %5 3 1] p53 & WEtk, Jf H 22 fi#
PML A 516 L 2 MR 4l B 3 2200, i 2 K/ BRI 7
Al DNA #1475 5 0% SIRT1 5 MRN & 4 14
(MRE11-RAD50-NBS1) (1) NBS1 AHEAEH, {2 f#
NBS1 % ZFiALF1 ATM /- 5 1) NBS1 i1k, it
T 5 Y (/A ¥R DNA Bififs 5, 4eiesei gl
SEAEPEE L SIRTI e NS IR M By U 12 2 1A
¥ XPA (xeroderma pigmentosum group A) ] % £, Tk
b, BE T BG s AZ TR 1) BY U112 & (nucleotide excision
repair, NER)®. SIRTI fit5 FOX04 54, it
25 LA AT i L s AOS 1R

51 DNA #i 2 Hh bl 2 —. DNA 23|
WG, Retofg, Rl gk, R e
i 7E DNA $ 4567 s 55 5 2 1) DNA (2 = 8 .
XA AR B, Rk & & A LK
Hi ATP [ 5% (6 /A8 75 28 1 (SWI/SNF. ISWI. CHD
HTINOSO %) 25 (F i 4%, 413 (1 L WAL A 25 2
WAL A MR RE NS SE M 2L SR EARINES &, IF0 gt
A SN SR A 18 s, E T 5% W 1) DNA $i493 18
4. SIRTI M8k 2kid i y-H2AX. pNbsl Fl Rad51
55 DNA 0515 = AH G I i B, B AT B0
ATM L ARREIE 52 DNA $if5, Ml T 8IEE 1A
FeoE RO, ek /b 40 o 1) e 12 A1 Y 32 7y NAD/NADH
() AR U BE 14 55 SIRT1 2 Z WAL B v PE, Bl )iS
S E Suv3oh (& 415 (1 H3K9 1) H e Ak 3k 1M 52
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PRI S, AEgifurh, 1 ERIA SIRTL Ref
o TS £ B BT 3 DNA B0 e &, i ol Bk
SIRT1 Jii 53041 fu it DNA Hi {16 5 RE S R B
AR L, SIRT1 7E DNA 45145 15 52 i F2 v 3vd
FHARE EEMAA O, XI5 2 1 R A
(& 2).

| e |\ e | | e
2i) MRS DNA #£5L Y 3 /
p53 Ku70 FT
FOXO3 NBSI NF-«B
v-H2AX FOXO03

pNbsl
Rad51

Fig. 2 SIRT1 and genes associated
with aging in mammals™

E 2 SIRT1 REEMAHEIEREFR™

SIRT 1 7E e i 2L R 4 J 484 B 3o o w30 1

VERIEAF AR Gl — 712 SIRTL 7E40 i
PEAFRBET AT AR I, e SRR

FRAFERE . R CR MK & W U
PRI R A A ) P gg 1 75 i, Rl SIRT
A2 MR B, H & — 2 Sirtuins, 41 SIRTI
I SIRT3, W HEA (eI MR T e 5.

4 inlnfnﬁtzé

B PR H T A AR ME— XA F A=) 2 H

A R A FHORLE. WFSTEN], MRk T,
Y, AETEAGRD, EARUE L TR

REIE K Z P A iR ) A, Sirtuin A& NAD' 48 )
AL CBALRE, eATT CUE 2 R 2 LWk
VSO PR IS PR R A 1, T 15 B SRR,
TERS AP e Bk 4 HORIT S O ok ) 4 5
LA g HA REAER A 1. W FL3h4 Sirtuin

S IR 2 EY AN, XN AR E R R
RAEFE AR R E LA, Xﬁkﬂl‘]ij\‘” CR ZEH RV,
(K370 AU AR RO, B B B TR
SRV IR NS A G %I, i FIAIT ) i

g iU CR SEIE G2 IOHLR], MM S 25 RN
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Fig. 1 The mechanism of moderate CR and

severe CR influence yeast lifespan™
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ARl fE—26 Sir2 @RI, M5 — Al
B A4 DNA R4 7 52 i SCRH W7 2 11 5 5] Fob 4
MEER G, WELEA AT AEIE K. Fobl JL DN Rl BE D
W REAA DNA B4, {f Sir2 pilt b 58 A8 HRAH X 48 1) 75
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HELEPRE REH A AT AL 5y —Fh Sirtuin, Hst2, A {E
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UbAh, JE Sir2 K& R, lEREE AT R
AT 75 3% N B Tor. PKA DL K Akt 25004
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MG R 7 il B ST
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TR A= i JRH ). SR R AR AE 1) 3
W, e R SR AR, B m. %
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DA RIS S . 7E SRR, WP R
WUT V2 AN [RIRATE U SR ok PR SR e ik e i, Bl
T T A0 SR )R R RE A5 R s SR S )
FEE R, XSy aE oK. . B
B SERERERTEIERE. PRI AE AR TR 4 A
AR ET UKL, BRI AE a2 A, (]
I AREREC. 0N SR A SR A
T B B il A7 385 I () A2 A LA K 1 3235 Bl g g 1 1
I, JUHEMEME R MG, SRLT CR /DR SR 1)
TE BN 5N,

EENE R MR N A 5 Fh Sirtuin, LA dSir2 A&
59 RE Sir2 e BRI i) [ U284 dSir2 BL NAD
MO 1) 25 LRI 7 UM AR O 4 B 1 e 0 i 2 R
BRIEI 25 CWEAL,  IF HAEAR SN 5250 b S 21t
L -DNA 6 AN x. @RmEAIEM,
dsir2 I R WEAL DTN S E(Z)H i 2 LWtk
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RS2 A A EAE . SRR Si2 L@ i
WA, dSir2 78 Rl h A4 L — e T W,
T2 WU R A% R 5T 2 TA) R ] 2 AR, 5 7 I R
2 RS E 45 AL, dSir2 2 5 i 45 SR )
At JE 4.

T Ik 9Dk B R BRI R AR B AT AR SR
W5 b 3RkAS CR RN [ T AR oy B e K AL
7E CR R EAA N, H dSir2 1 mRNA /KP4 mE T
2 500 A dSir2 SRR, CR 5 1) A i 5
WIRE KN 52 290, L E K, dSir2 F1 CR A&
T 3T A [R] 11 3 4% R A o JE AT R (R0,
Ah, dSir2 i Fak AR RE A E I AE CR 444 I
B0, ] Sir2 fAk 22 Bm A (1 2
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AT AER, (HJETE CR &4 Ry i A ik
—DIERKIMER . XTI R, R R,
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dSir2 i& 2 1 K2 ZWEALEG Rpd3 1 il ALY,
K¥, CR eI Rpd3 R, MK Rpd3 A%
IR DLRE K SR I A iy, e A S EUR MR P dSir2
FIE T e A AR iy I B A I % h] R
W R AEERERE T, 4l NADYNADH 45 (14544, ,
ol AR AE R i CR 5 DR XS Sir2 JE5 &
TR
2.2 CR A Sir2 EFMZ& B PRHR

F5 N4k HU(Caenorhabditis elegans) &P iy 5L (1)
MY, - LER AR, AE .
DRI G A i A, S RO, BB R E R
R, O SEEMUIEREZ —. H 1988 5
R K AR RARAE age-1 P/E LK, 5 NTER dUiR
AR T AT ) A A R,

ALk IE R 4 b 774 4 B Sirtuin FE[K, Hop
Sir-2.15 W BF Sir2 10 57 A% 0 X IRAT 31% (1 [ U5
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(I RIJEPEA A 10%~20%. #EIX 4 FiIERF Sir-2.1
CLER WY I S 2 AR i Jo] ST (1 e i e 4 2
YERIBY. S AL Sir-2.185 VLA e 52 bk DL A g
NLFIREAL Siv-2. 185 VIR IE I &R, #n] LUATIAG 2%
M AIEKL) 50%. K2, Sir-2.15848 0K 1) 75 iy
A%, HOOT I 25 B SOTR S (1 BB AR AT i v
DRI FRAT D, AEA TN b, Sir-2. 10 fefEFH T
7T e o B SN IS W IS R v o
(insulin/insulin growth factor-1 signalling pathway,
[S) L3 K 7 DAF-2, B 2 A4E N5 1S i 4T

(3% 5 128 & DAF-16 KA1 I,

BRI B PR, ATRAFEZE B R
F| CR R FgE KA IR VE L, 90 G e A7 40 i
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BESC LR H A 2% o AR BE 7, ek ALt iR 2 Th g
R, B YRR T B LR A fiy R AE R,
S b Sir-2.1 W) S I ol 2 i R B K. itk
AU —FRAUBFFOR I, 1R R SE 0 i K A i
ERIH, Sir-2 1T, 75 Sir-2.158 AR bR 1 28
AR, CRIEKFAMRORNE A, Fik, HEW
Sir-2. 1YEF T CRIZEM T, (H 2 AW T/ N
RIL, 1E Sir-2. 1588 L i, /b it 5]k
() CR b n DAZE L AR A JE AR, 3 AN & AL 7 A
FEHE WA Sir-2. 1R S HL T CR A FHALE AR
TR, kb, Sie2 1ER T AMRA TR
eI, A FERH R8RS 3 T £3 Sir-2.1
[z AR, ANERLERE R AR I S A R BRI A 1
T, EAMRN TG B A Sir-2. 1 RIE T B OCHE
T TG A TE ik BRI AN B R I8 A R eat-2 5
SRR RAFATT CR, Sir-2.1 K13 5 5 DA A1 i 1 Fn L 4n
M IE AT BT B, A ST E ks
WHEYN T )H 8 FAE CR X Sir-2.1 1) 5 561 715 45
B, Ak Sie-2 VBB LIS sh . BARYE CR 4
T, Sir-2 TR & FE R KT EIRAS BeAE i DR
UEHEIEBH Sir-2. 175 CR ZEAK 2R Ha 3 iy R AL o 4
THE, E eI T Sir-2. 1 [ EpR N T
(R B 7 BT i, L 28 xR 1320
JV 2
23 HEABERSEVHRSRZENXER

PR (Res) & —F 2R 5909, FILRE
TEAR AN Sirtuin [ 4E K P9 BE ST ) 77 v i 2NN
TTHIALEFRI, fEFERE R, Res 7] AP Sir2 & Ak
FE—FIBRL CR MFER, B SENgl, b e g
BEMI S HIPE Ay, A R R I, Res th]
FER I T Ay AL B g . @ AL R 4l &
EVERIER T R, AR R CR BTk
A, AL G S SE ) CR A% EL A R YR A K
V-, 1X 5 Res /N RFIE G ARAHES. KAD
B/ JUE i 8 JUTL Rl 400 L ) i PR 2 08 B o
Res Fiffi CR o748 T 3L 146 5. Ak, Res #7IA
HEHZALT CR HISEE 7.

TV UE L CR 7] LAIE KA A P (1738
{H2 Res =75 RERLY)7 CR %t A (G4 FH SR AFAE
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1L, 5 Howitz 55 W52 2| % bRl 1T Res 1EK 75 iy
IR % BT ANf6], Kaeberlein ZE MR8 Res %A &
FHIE KR . (EE M, Res 1IE
B, AT RER DA AN [ AR M AOR ) 73 i A
WTFB ALY =225, A, Res BARFEE T =
R AR R, (HAEIER RN
H1, Res WA B AL S SN AR, XLt
FORRNIERE AW, Res FFAERIE KA Ay J)
WosEA. TR IR R, RS TIRER CR (1)
Ay,

3 SIRT1 7ZEME EL 14 & B94E B HLHI

I L 3 40 P AH O (1) 5 i iF 9T 45 R 7R, CR [H]
FERA RS A an (A, b R ¥ D) R ds A 2
WFFT s BV K B 19 5T SIRT1. SIRT1 &I LB
Sirtuin ZE(SIRT1~ SIRT7)R 12—, HAT s R
SPAZO IR, SIRT1 fES5H b S5 WERE Sir2 &
JEARALL,  Thie AR

FE/NERAARY, CR BESE N 1 (4 IR 412 (WAT)
Hf) SIRT1 & 7K, /3 CR 51 E L
RN RN B SIRTL JE K,/ B I AE K
RUFBE S PR R A BB H A R U S I G -,
AP35 2 BAE ) SIRT1 /N RUAE CR 4544 N ISR I
IO AT I S S NS B /i DA U VAE S 2 SO Sv
SIRTI frIEFE D /N Bl 5 50 HEAH LAY s, AR s
WK, IX5 CR 4&AF T 0/ BER BUARZ AL, )
Ik SIRTL 1 /) B RIS 78 v B 107 Ak & 1R 1 0
BN T A [ A A2 1, 2006 4F, Lagouge
EHFFORI, 4/ R AR SIRT1 30 71 SE 4
P, AR RE 3. SR B I ) 2E K
FUVLEF4E e R N, R Har it K, JF HLAeh
TR AR PR () R Az, N4k SIRT1 Thig 5
AN, 7E CR 454 F SIRTL 7ENLIA L 1 FK
PR SR 0, SEPRAR Sl e RV REAR G, £
HFLAYIH CR REMEIRE 5 R 2 AH GBI . i
FAP. R DL ) kA Ak S PR S,

%} F CR Al 3% SIRT 1 XA a) 8 H w138 47
A — AN I G AR 2 AR 41 2R
H1, CR 512 SIRT1 & (/K1 & 3 s, Wi
Ak MEWT~ F R0 T p k™, fE S A )
1, NAM (13 BRI 42 5 9 REAN B AN A4 R, A
NAM P4 i NAD® 1) B i 2 NAM i 1R 55 37 75
fiff (Nampt), Nampt 7EFFLE0Y) b RIFE AT £2 At
HL N NAD® (19 7K1 & 5 SIRT1 3iFi 4 (1% 46 FH =2,

Nisoli 25057 % B, CR B85S/ BUAR A £ kL 1A
= AN IURE S/ R ) [ T TR D A =R e
(endothelial nitric oxide synthase, eNOS)HR /N il 1
BATiZ %, e NO fig i SIRT1 ik, 1M
7t eNOS B/ B WANGE. 4D CR 248 eNOS
FINO AN, S SIRTL - if Fn 2 b 44 & i
.

SIRT1 7i#4 & FRAIZ A T Iml AL sh Py 5 1L
2R DINLE M A 5 Az B, H AT CL%0 SIRTI
FIER YA 10 280, iE4EE. p53. FOXO
W, NESI, Ku70%, NF-xB®, PGC-1a"Fll
PPAR-yYEE,  FLr KH oy 3 20 4 [ 7. SIRTI
i HAK 16 1 H3K9 Z: 4WAbG, F541%0 HI AH
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B, 1T BE 11 DNA #5347 BRER T s g v i 1 1) 4 5
Z AN TN BV IR 2T 4 4 i v e Ak
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leukemia, PML) %5 3 1] p53 & WEtk, Jf H 22 fi#
PML A 516 L 2 MR 4l B 3 2200, i 2 K/ BRI 7
Al DNA #1475 5 0% SIRT1 5 MRN & 4 14
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T 5 Y (/A ¥R DNA Bififs 5, 4eiesei gl
SEAEPEE L SIRTI e NS IR M By U 12 2 1A
¥ XPA (xeroderma pigmentosum group A) ] % £, Tk
b, BE T BG s AZ TR 1) BY U112 & (nucleotide excision
repair, NER)®. SIRTI fit5 FOX04 54, it
25 LA AT i L s AOS 1R

51 DNA #i 2 Hh bl 2 —. DNA 23|
WG, Retofg, Rl gk, R e
i 7E DNA $ 4567 s 55 5 2 1) DNA (2 = 8 .
XA AR B, Rk & & A LK
Hi ATP [ 5% (6 /A8 75 28 1 (SWI/SNF. ISWI. CHD
HTINOSO %) 25 (F i 4%, 413 (1 L WAL A 25 2
WAL A MR RE NS SE M 2L SR EARINES &, IF0 gt
A SN SR A 18 s, E T 5% W 1) DNA $i493 18
4. SIRTI M8k 2kid i y-H2AX. pNbsl Fl Rad51
55 DNA 0515 = AH G I i B, B AT B0
ATM L ARREIE 52 DNA $if5, Ml T 8IEE 1A
FeoE RO, ek /b 40 o 1) e 12 A1 Y 32 7y NAD/NADH
() AR U BE 14 55 SIRT1 2 Z WAL B v PE, Bl )iS
S E Suv3oh (& 415 (1 H3K9 1) H e Ak 3k 1M 52



*10 - SMFEEMYIRER

Prog. Biochem. Biophys. 2012; 39 (1)

PRI S, AEgifurh, 1 ERIA SIRTL Ref
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(& 2).

| e |\ e | | e
2i) MRS DNA #£5L Y 3 /
p53 Ku70 FT
FOXO3 NBSI NF-«B
v-H2AX FOXO03

pNbsl
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Fig. 2 SIRT1 and genes associated
with aging in mammals™
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g iU CR SEIE G2 IOHLR], MM S 25 RN
R HIEIRAL, HSCEOILL RS . LB 1T
P~ BEPRITAEAE I AL, JFRE N TT AR Tt %2
LTS L 50 S AR D S ARV A D% 24 e {4t T 221
BB SRS

s % X W

[1] McCay C M, Crowell M F, Maynard L A. The effect of retarded
growth upon the length of life span and upon the ultimate body size.
1935. Nutrition, 1989, 5(3): 155-171

[2] Klass M R. Aging in the nematode Caenorhabditis elegans: Major
biological and environmental factors influencing life span. Mech
Ageing Dev, 1977, 6(6): 413-429

[3] Masoro E J. Overview of caloric restriction and ageing. Mech
Ageing Dev, 2005, 126(9): 913-922

[4] Tatar M. Diet restriction in Drosophila melanogaster. Design and
analysis. Interdiscip Top Gerontol, 2007, 35: 115-136.

[5] Weindruch R W R, Fligiel S, Guthrie D. The retardation of aging in
mice by dietary restriction longevity, cancer, immunity and
lifetime energy intake. J Nutr, 1986, 116(4): 641-654

[6] Merry B J. Oxidative stress and mitochondrial function with
aging
7-12

[7] De Cabo R, Cabello R, Rios M, et al. Calorie restriction attenuates

the effects of calorie restriction. Aging Cell, 2004, 3(1):

age-related alterations in the plasma membrane antioxidant system
in rat liver. Exp Gerontol, 2004, 39(3): 297-304

[8] Rao K S. Dietary calorie restriction, DNA-repair and brain aging.
Mol Cell Biochem, 2003, 253(1-2): 313-318

[9] Marton O, Koltai E, Nyakas C, et al. Aging and exercise affect the
level of protein acetylation and SIRTI activity in cerebellum of
male rats. Biogerontology, 2010, 11(6): 679-686

[10] Norris A, Boeke J D. Silent information regulator 3: The Goldilocks
of the silencing complex. Genes Dev, 2010, 24(2): 115-122

[11] Kennedy B K, Smith E D, Kaeberlein M. The enigmatic role of Sir2
in aging. Cell, 2005, 123(4): 548-550

[12] Bitterman K J, Medvedik O, Sinclair D A. Longevity regulation in
Saccharomyces cerevisiae: Linking metabolism, genome stability,
and heterochromatin. Microbiol Mol Biol Rev, 2003, 67 (3): 376~
399

[13] Sinclair D A, Guarente L. Extrachromosomal rDNA circles—a
cause of aging in yeast. Cell, 1997, 91(7): 1033-1042

[14] Kaeberlein M. Lessons on longevity from budding yeast. Nature,
2010, 464(7288): 513-519

[15] Fabrizio P, Longo V D. Chronological aging-induced apoptosis in
yeast. Biochim Biophys Acta, 2008, 1783(7): 1280-1285

[16] Fabrizio P, Longo V D. The chronological life span of



2012; 39 (1)

X3}, %: Sirtuin £ A2 RFEKF HHLE R R

0110

Saccharomyces cerevisiae. Methods Mol Biol, 2007, 371: 89-95

[17] Nisoli E, Tonello C, Cardile A, et al. Calorie restriction promotes
mitochondrial biogenesis by inducing the expression of eNOS.
Science, 2005, 310(5746): 314-317

[18] Lin S J, Defossez P A, Guarente L. Requirement of NAD and SIR2
for life-span extension by calorie restriction in Saccharomyces
cerevisiae. Science, 2000, 289(5487): 2126-2128

[19] Qiu X, Brown K V, Moran Y, et al. Sirtuin regulation in calorie
restriction. Biochim Biophys Acta, 2010, 1804(8): 1576-1583

[20] Lin S J, Ford E, Liszt M H, et al. Calorie restriction extends yeast
life span by lowering the level of NADH. Genes Dev, 2004, 18(1):
12-16

[21] Schmidt M T, Smith B C, Jackson M D, et al. Coenzyme specificity
of Sir2 protein deacetylases: Implications for physiological
regulation. J Biol Chem, 2004, 279(38): 40122-40129

[22] Lamming D W. Response to Comment on "HST2 Mediates SIR2-
Independent Life-Span Extension by Calorie Restriction". Science,
2006, 312(5778): 1312¢-1312¢

[23] Bitterman K J, Anderson R M, Cohen H Y, et al. Inhibition of
silencing and accelerated aging by nicotinamide, a putative
negative regulator of yeast sir2 and human SIRTI. J Biol Chem,
2002, 277(47): 45099-45107

[24] Anderson R M, Bitterman K J, Wood J G, et al. Nicotinamide and
PNC1 govern lifespan extension by calorie restriction in
Saccharomyces cerevisiae. Nature, 2003, 423(6936): 181-185

[25] Furuyama, Takehito, Banerjee, et al. SIR2 is required for polycomb
silencing and is associated with an E(Z) histone methyltransferase
complex. Current Biology, 2004, 14(20): 1812-1821

[26] Kaeberlein M, Kirkland K T, Fields S, et al. Sir2-independent life
span extension by calorie restriction in yeast. PLoS Biol, 2004,
2(9): E296

[27] Defossez P A, Prusty R, Kaeberlein M, et al. Elimination of
replication block protein Fobl extends the life span of yeast mother
cells. Mol Cell, 1999, 3(4): 447-455

[28] Rosenberg M 1, Parkhurst S M. Drosophila Sir2 is required for
heterochromatic silencing and by euchromatic Hairy E(Spl) bHLH
repressors in segmentation and sex determination. Cell, 2002,
109(4): 447-458

[29] Clancy D J, Gems D, Hafen E, et al. Dietary restriction in long-
lived dwarf flies. Science, 2002, 296(5566): 319

[30] Rogina B, Helfand S L, Frankel S. Longevity regulation by
Drosophila Rpd3 deacetylase and caloric restriction. Science, 2002,
298(5599): 1745

[31] Rogina B. Sir2 mediates longevity in the fly through a pathway
related to calorie restriction. Proc Natl Acad Sci USA, 2004,
101(45): 15998-16003

[32] Friedman D B, Johnson T E. A mutation in the age-1 gene in
Caenorhabditis elegans lengthens life and reduces hermaphrodite
fertility. Genetics, 1988, 118(1): 75-86

[33] Tissenbaum H A, Guarente L. Increased dosage of a sir-2 gene
extends lifespan in Caenorhabditis elegans. Nature, 2001,
410(6825): 227-230

[34] Wang Y, Tissenbaum H A. Overlapping and distinct functions for a
Caenorhabditis elegans SIR2 and DAF-16/FOXO. Mech Age
Develop, 2006, 127(1): 48-56

[35] Lakowski B, Hekimi S. The genetics of caloric restriction in
Caenorhabditis elegans. Proc Natl Acad Sci USA, 1998, 95 (22):
13091-13096

[36] Bishop N A, Guarente L. Two neurons mediate diet-restriction-
induced longevity in C. elegans. Nature, 2007, 447 (7144): 545~
549

[37] Bamps S, Wirtz J, Savory F R, et al. The Caenorhabditis elegans
sirtuin gene, sir-2.1, is widely expressed and induced upon caloric
restriction. Mech Age Develop, 2009, 130(11-12): 762-770

[38] Fukui M, Choi H J, Zhu B T. Mechanism for the protective effect of
resveratrol against oxidative stress-induced neuronal death. Free
Rad Biol Med, 2010, 49(5): 800-813

[39] Fontana L, Partridge L, Longo V D. Extending healthy life

from yeast to humans. Science, 2010, 328 (5976): 321-

span
326

[40] Hu Y, Liu J, Wang J, et al. The controversial links among calorie
restriction, SIRT 1, and resveratrol. Free Rad Biol Med, 2011, 51(2):
250-256

[41] McBurney M W, Yang X, Jardine K, et a/. The mammalian SIR2
protein has a role in embryogenesis and gametogenesis. Mol Cell
Biol, 2003, 23(1): 38-54

[42] Cheng H L, Mostoslavsky R, Saito S, et al. Developmental defects
and p53 hyperacetylation in Sir2 homolog (SIRT1)-deficient mice.
Proc Natl Acad Sci USA, 2003, 100(19): 10794-10799

[43] Chen D, Steele A D, Lindquist S, et al. Increase in activity during
calorie restriction requires Sirtl. Science, 2005, 310(5754): 1641

[44] Boily G, Seifert E L, Bevilacqua L, et al. SirT1 regulates energy
metabolism and response to caloric restriction in mice. PLoS One,
2008, 3(3): e1759

[45] Laura B, Dena C, Ashley R, et al. SIRTI transgenic mice show
phenotypes resembling calorie restriction. Aging Cell, 2007, 6(6):
759-767

[46] Banks A S, Kon N, Knight C, e al. SirT1 gain of function increases
energy efficiency and prevents diabetes in mice. Cell Metab, 2008,
8(4): 333-341

[47] Pfluger P T, Herranz D, Velasco-Miguel S, et al. Sirtl protects
against high-fat diet-induced metabolic damage. Proc Natl Acad Sci
USA, 2008, 105(28): 9793-9798

[48] Lagouge M, Argmann C, Gerhart-Hines Z, et al. Resveratrol
improves mitochondrial function and protects against metabolic
disease by activating SIRT1 and PGC-la. Cell, 2006, 127 (6):
1109-1122

[49] Baur J A, Pearson K J, Price N L, et al. Resveratrol improves health
and survival of mice on a high-calorie diet. Nature, 2006,
444(7117): 337-342

[50] Civitarese A E, Carling S, Heilbronn L K, et al. Calorie restriction
increases muscle mitochondrial biogenesis in healthy humans.
PLoS Med, 2007, 4(3): €76

[51] Tang B L, Chua C E L. Is systemic activation of Sirt]l beneficial for



* 12 SMFEEMYIRER

Prog. Biochem. Biophys. 2012; 39 (1)

ageing-associated metabolic disorders?. Biochem Biophys Res
Comm, 2010, 391(1): 6-10

[52] Cohen H Y, Miller C, Bitterman K J, et al. Calorie restriction
promotes mammalian cell survival by inducing the SIRTI
deacetylase. Science, 2004, 305(5682): 390-392

[53] Revollo J R. The NAD biosynthesis pathway mediated by
nicotinamide phosphoribosyltransferase regulates Sir2 activity in
mammalian cells. J Biol Chem, 2004, 279(49): 50754-50763

[54] Salih D A, Brunet A. FoxO transcription factors in the maintenance
of cellular homeostasis during aging. Curr Opin Cell Biol, 2008,
20(2): 126-136

[55] Takata, Takehiko, Ishikawa, et «/. Human Sir2-related protein
SIRT1 associates with the bHLH repressors HES1 and HEY?2 and is
involved in HES1- and HEY?2-mediated transcriptional repression.
Biochem Biophys Res Comm, 2003, 301(1): 250-257

[56] Yeung F, Hoberg J E, Ramsey C S, et al. Modulation of NF-kappaB-
dependent transcription and cell survival by the SIRT1 deacetylase.
EMBO J, 2004, 23(12): 2369-2380

[57] El-Khamisy S F, Saifi G M, Weinfeld M, et al. Defective DNA
single-strand break repair in spinocerebellar ataxia with axonal
neuropathy-1. Nature, 2005, 434(7029): 108-113

[58] Picard F, Kurtev M, Chung N, ez al. Sirt] promotes fat mobilization
in white adipocytes by repressing PPAR-gamma. Nature, 2004,
429(6993): 771-776

[59] Vaquero A, Scher M, Lee D, et al. Human SirT1 interacts with
histone H1 and promotes formation of facultative heterochromatin.
Mol Cell, 2004, 16(1): 93-105

[60] Homayoun Vaziri, Scott K Dessain, Elinor Ng Eaton, et al. hSIR2
(SIRTI1) functions as an NAD-dependent pS53 deacetylase. Cell,

2001, 107(2): 149-159

[61] Langley E, Pearson M, Faretta M, et al. Human SIR2 deacetylates
p53 and antagonizes PML/p53-induced cellular senescence. EMBO J,
2002, 21(10): 2383-2396

[62] Yuan Z, Zhang X, Sengupta N, et al. SIRT1 regulates the function
of the Nijmegen breakage syndrome protein. Mol Cell, 2007, 27(1):
149-162

[63] Oberdoerffer P, Michan S, McVay M, et al. SIRT1 redistribution on
chromatin promotes genomic stability but alters gene expression
during aging. Cell, 2008, 135(5): 907-918

[64] Fan W, Luo J. SIRTI regulates UV-induced DNA repair through
deacetylating XPA. Mol Cell, 2010, 39(2): 247-258

[65] Goodarzi A A, Noon A T, Deckbar D, et al. ATM signaling
facilitates repair of DNA double-strand breaks associated with
heterochromatin. Mol Cell, 2008, 31(2): 167-177

[66] Craig J M. Heterochromatin
Bioessays, 2005, 27(1): 17-28

[67] Lavu S, Boss O, Elliott P J, et al. Sirtuins—novel therapeutic

many flavours, common themes.

targets to treat age-associated diseases. Nature Reviews Drug
Discovery, 2008, 7(10): 841-853

[68] Mikogai A, Yanagisawa J, Yasuzawa-Tanaka K, et al. The
nucleolar protein NML regulates hepatic ATP levels during liver
regeneration after partial hepatectomy. Biochem Biophys Res
Commun, 2009, 390(3): 591-596

[69] Jeong J, Juhn K, Lee H, et al. SIRT1 promotes DNA repair activity
and deacetylation of Ku70. Exp Mol Med, 2007, 39(1): 8-13

[70] Haigis M C, Sinclair D A. Mammalian Sirtuins: biological insights
and disease relevance. Annual Review of Pathology: Mechanisms
of Disease, 2010, 5(1): 253-295



2012; 39 (1) X3}, & Sirtuin £ A ERHEARFHHLH P A RER 13-

Advances in Sirtuin on The Mechanism of Calorie Restriction on Lifespan”

LIU Bin"?, CHEN Wei-Chun"?, LIU Xin-Guang"**", ZHOU Zhong-Jun®
(" Institute of Aging Research, Guangdong Medical College, Dongguan 523808, China;
? Key Laboratory for Medical Molecular Diagnostics of Guangdong Province, Dongguan 523808, China;
3 Institute of Biochemistry & Molecular Biology, Guangdong Medical College, Zhanjiang 524023, China;
Y Department of Biochemistry, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong, China)

Abstract Caloric restriction(CR) can delay aging and the onset of aging-related diseases. Sirtuin plays a key role
in the aging process regulated by CR because of its ability to sense the metabolic status and to integrate into
adaptive transcriptional outputs. Sirtuin regulates the aging process by altering protein activity and stability through
lysine acetylation. Moderate CR in yeast influences replicative lifespan and chronological lifespan mainly by
increasing the NAD'/NADH ratio and regulating the level of nicotinamide. Similar mechanism also exist among
Caenorhabditis elegans and Drosophila melanogasters. SIRT1 protein level increases in response to CR in
mammals, leading to an increase in PNC1/Nampt expression, which favors the synthesis of NAD" from NAM,
potentially acting as a major mechanism to drop the leash of SIRT1 inhibition. NO up-regulates SIRT1 and
mitochondrial biogenesis. Cellular and organism's senescence may be influenced through the deacetylation of
histone, p53, NES1, FOXO by SIRT1, indicating sirtuin and its homologous analogues play important roles in

aging process and lifespan extension under CR in different organisms.
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