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3t Rev-erba (EVH 1T SRR EYIE P VER] . 5200 Rev-erba (T REIN R | 1231 5 Rev-erba (AR A 1 X2 313l id Rev-erba

VAR YA B AE DL AT T BB, DIAZ SR R R AR ) & L BRI R0 257

KB Rev-erba, LRGN, i25h, BRI
FESEKS R87, R337.1

i} 44 8 1 Rev-erba, B 32 K 0% 1D 4%
511 (nuclear receptor subfamily 1 group D member 1,
Nridl), J&—FhE A E I, fENLA .
JEFIVE . G M R0 i i A5 2 2 LB T Y O Uk
ik, EREREMERFARE YT, AERE R A
RAFHZNER], Il e A= ysh RGEFIEFRAR
ARG o ZORLIR AR WG R At I A e 3 g
g R A Bl — Rl LA 2o isi , #5647 A
AR A ES R, EEH TR
AT AR L SRS IR S — . A APLA
M “Rest L7, ZObidkE )& BEiT 5 R 25k
)2 7 SRR 0 & T S 1| SN 57 A % N2
Y16 sz B0 AE Y R GERIR T AR, b o
Rev-erba HU /018 | B, TR R IME
HF, Rev-erba3Rik sz kAR, BEZ R mMLAA
YA RO AR, I, Rev-erba W REJ&IRYT HEKL
TR A=Wy IR R T B8 R ) P TR A

BN — R RARBT A HEfd R Y T
B, HAARUALE YA BB A E IS 2 i 2 5
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DOI: 10.16476/j.pibb.2023.0371

AT FETRE . LT Rev-erba TESRI AR W) & AL )
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M. ik, SRS RS S Rev-erba 192 57
PEFEIR ) Rev-erba X iz B RE S THEEAER, itz
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1.1 Rev-erbaIEH S5 S

Rev-erba /& #% %2 & & % (nuclear receptor
family, NRs) BYEEZIR G2 —, T LI 7 45 Ff oA
ROt 225 ARERCT A RIRRES D K R
PENREE A P B A 4 . Lazar 55 7 F KR
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& IR Rev-erbo (1442 BRI YR BCAR T HLE 2“9
IL” Bz, AR B B AR ST () # A R 5 53 TR
o BEEXZ IS AWITRA, ATABL T i
21 & (heme) J& Rev-erbo 1947 5 M BEC AR, 7
WA MLAREGHIFRMN T, Rev-erba N EA G 5%
M8, JUFEZ A, Rev-erba fF[RJESFASA Rev-erbf
BRI, MR AR T, AR E R T
Rev-erba il Rev-erbf W LLET A, 45BN, #E
A BRI S, AR 50% YA s AT LA
FALERRAIAS ', Rk, Rev-erbo Al Rev-erbf i3
REVER FE B & . TE Rev-erba i R /N B AU
Rev-erbB Pl LAHATHR 434 1, 11T Rev-erba/ B AL
I53% D) 2 S 38 s o e PR 338 v W AU T 1A T M Y 5
Zde

Rev-erbo TEMR N 7 0 A B F RO T HOhURR
M ZERRE R o A% A2 ARG I — M 2540 Ry 2 R P A%
X (A/BIR) . i BECRST I BFIR A5 H 4 DNA 454 X

R
a \f\'
NRs A/B C/DBD
M~
& \f\'
Rev-erba A/B C/DBD

(CHEDBD X)), #HEX (D). BIARZ A X
(EE LBD X)) LASBISIIREs i (Fll), H
o DBD X & SR, vl B R A5 S R S
PEDNA A4S 4, 1 LBD X [ 555 5 A e R 4h
G HHMZAZAF AT, Rev-erba i) LBD
X AN H 5 8% 2 iR L 90 ) 7 (nuclear receptor
co-repressor, NCoR) 25454, HEZ BiGH: =0
FI (B1) o WS ARG L5 A B R 52 A4 AH
FPNLAZAK (RAR-related orphan receptors, RORs)
5 Rev-erbs 5o AR R A m oo, HefE)F A0 L
%5 1, [HI, RORs il Rev-erbs 4 1% P XiF
THERE PR Y A B G

W5 KB, Rev-erbo FEHLIAR R ZASEBAI 4T 5
A, TEACEHIE G ZHEN, anar sl JOE . IR
NEMSEAR ) B N EE . XV HES Rev-erba ) 12
Z: SR B AR AT A O 0
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Fig. 1 Structure of the nuclear receptor family and Rev—erba
Bl #Z%ZERESRev-erbalZEH
W2 R FRIR — W 254 R s R T AR X (A/BIR) | BE AR ST BEIR 45445 DNA 254 X (CIaDBDIX ) . £t X (D) . FiAkZE & 1X (E

BEKLBD [X) LAKBGE IREL I (FI), HADBDIX & &2 taiz, 5% EDNAFAI4 A,

MLBD X 557y li AL &, S5H

A% Z IR FEART ), Rev-erbatiit = B0 74 5 (I FBR, VF FRev-erba 45 A= BEECAR 1Y 1L 21 (heme) ‘5 NCoR%F 51 jRev-erbalil

LBDIX %54,

1.2 Rev-erba 5SEHTEEE

BT AR AR WA S N - PR R AR Ak T
AL B —Fh L 24 h o R P TR A, e
PR B 45 A B R AT LR A5 ) e A Al Tt e
INE, MIMORIERARDIREIE W iafE, HERCiE
AL, STl R SR N BRI
ot AL E 28 2 BRI 3 A AR
T 5% B S 5t B8 % (transcriptional-translational
feedback loop, TTFL). IR h MRG0 —

T, TGO, PR RZARR B E K
1 % 1 1 (brain and muscle Arnt-like protein 1,
Bmall) & AV T Az shfa th ] (circadian
locomotor output cycles kaput, Clock) % )& F#%
SR A, U IR SRR E R, R
Jo 5L R T (enhancer-box, E-box) X4k
A, Wsh R 1~3 (Period 1-3, Peri~3) Fifait
6,22 1/2 (cryptochrome 1/2, Cryl/2) FZJ%E I HiAth
FLR B9 %: 5 . B Pers Al Crys AW R, — 3%
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TE B 2 AWl i Bmall F1 Clock WiGHE ' 55
— 7, FERREIREEH, Rev-erbo FHEAE b—Fpik
s A B 7E TTFL & 5 /EH ©', Rev-erba Fl
RORo. 52 4+ P 1 5 2, — 8 A 5 AR LAZ 44 52 v T A4
(retinoic  acid-related orphan receptor response
elements, ROREs) 254, w] 3l 2 5 il A ih
Bmall ¥ 5% (VERT ' BRILZAL, Rev-erbaif 5H:
Tl L R AE S 2R R R . BN, Rev-erbo AT 4
Bmall F1 Clock 5 F — KG9 Pers M Crys
JIrml, HIEF=A T Rev-erbo 5 ERE . MY
ik, Rev-erboifGEHIMINHEI Crys. PAS 2543
12 (neuronal PAS domain protein 2, Npas2) Z5H}
BhEERRYFRIE . B2, Rev-erbo 5 AR Eh 5L A 3
[FIAS) B T D RS IR 25 A I 4 D 286, 3 e F L A
e SR RN B R A O X B R Ui AP 3L (clock-
controlled genes, CCGs) MKk, BEWEA R 1T
Az ) R R B o TR L WO b DA R AR A

Bmall

T

<€— ROREs

Rev-erbo,

L

Clock

E-box

_‘ Crys

RORs

— —

Bmall

e e

BT Rev-erba 5B R G rh AR BE K BT AF
TERIER R, HAEERA LY R 40 TR VR o i —
AW . 24 Rev-erba ik S if, HAh A= Pppp It
N 2s32 BN W52 . 2R A TRESLIBIE 251 T /R
FAYRTES Rev-erbs 43 ML M4 SRO011 5 SR9009
Ja B /N i, &I Per2. Cry2. Bmall,
Clock ) Fe Rt Z B, Npas2 W5 L5
IR T FiBR Rev-erba )5, Bmall Fll Npas2 33k
BE LM AN, Rev-erba X 4EFF 4 W Bh R G
AR R R E H AL B AR . Rev-erba iR
AN ETE RS2 RS PR B N AR, JF HLAHA A
B U, BKITAE 1 LI, Rev-erba fif e S EUME R
PRSI, AERERIISER T 293.22 h, DL BB
GERYEIR, Rev-erba 1E Pe K I A Pl X 26 rh 7
AR R e, HFGR R i A HoA e I
BRI RS LT R Rl (12)
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Fig.2 Role of Rev—erba in the regulation of TTFL
B2 Rev-erbatEidTTTTFLEI/ER
TEEE SEBIIE U5 R (transcriptional-translational feedback loop, TTFL) AAZ.LIRE T, Bmall fIClock P A& FUITE M F IR Ik, Bl

J5 S5 E-box X k44,

KB Periods F Crys G 3L ()7 53t . i PersFlICrysH AL 2R,

THIE R E A YA Bmal L FIClock (3G . fER

SERHH, Rev-erbofIRORaZE AL S RORESSE &, 40 BTG AT Bmal 1555 . FA1, Rev-erbo5 HABRHhRERAFEE ZLIK R, Rev-erba
] B Bmal 1 FIClock 5 I5 — SR , M9 Pers X CrysFfl . 538k, Rev-erbotl 7] LLEAINH] Crys . Npas2 2 #h 5L 19355 . Rev-erba’5

AL R R P R s 3L R (clock-controlled genes, CCGs) RYZEIR, M AWy RMEARSE LR . S0 A AR A5 %

.
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2 Rev-erba5Z&M{KEME K

2.1 Rev-erbafEZ&HEAEY & R P RI1ER

AR A AL 8 AR T EAZ A A v ) —Fh 2
g%, A LRI IK 3 ADP ¥4k ATP, N
YR A G S T LR M RE B Y bR E A
R EERBIAYE, TN R BG5S DL RSN RIS
WOl 2 R TR TR oK, AR A ShZRR A ) & h
(mitochondria biogenesis) i ', TR IAFE
PRI ZH A RE I A PR, IER A LR AR 11 5T 1) 45 132
Bt LR o o S AL A 5 0 s 2
v 575 I F 1o (peroxisome proliferator-activated
receptor y coactivator-lo,, PGC-la) #fIA Ky &2k
TRAY A B BRI R T, ot F63k 8 doh (R4
I REE R . 2 PGC-lagiBiiRfLEk I 2
PEACIG I, AT ORI T i — R sk K -, |
¥ OF W% PRl 1/2 (nuclear respiratory factor-1/2,
NRF-1/2) 4§, FFH 2 ML biik i 5 N+ A
(mitochondrial transcription factor A, TFAM) )3
ik M 2% %7 /&K DNA (mitochondria DNA, mtDNA)
S AN o LG, LR AT E i PGC-10/NRFs/
TFAM I B 7= AR B Y ZRREAA 58 iR A= ) i
U

CL 51 Rev-erbo T T AR A Y G L, HiFkik
R A G SRR ) & i 7 . Woldt %
RS I, B LR AR RR Rev-erba
Ja . /NI T7KFREAR, 30T B kiR A=)
A RERS, PGC-1o i mRNA FIEE 1 Bk 540 9 F
BT 56% F150%, i3RIk Rev-erbo U HH B T AH K2 1Y
TG0, FIALRARTG PG, FEie £, PGC-
Lo Fl TFAM By A4 0. [AIFEHL, Amador 55
WAE IR h &I, 4l rh i 2R3 Rev-erba W] LA
PRI RARAE A, HA58RARI AR A LA
LI, X5 EHIUPRE RSS2,
RIS R, Rev-erba N] LIRS LR RIAR A W) &
B, K Rev-erbo B RRAEY) G A2

ORI AT LA 1) 775 B A2 P sl 2 A bR
EARFERARA S R, RRRERIARRAS S —
b, WF5EEM, Rev-erba nT AT [E] 1 55 ZR A7 1A
WA R A, LR 2 0 A 8 R R TR
b, Sun% ) KB, Rev-erbo A LA i I 45 £ 4%
GHEZE A TR A SORLALE W) 6 WA [ IS il AR
YA T . [RIA) Rev-erba t ] LLSZ I 2R R4 A )
A A R R R T BRI e ) . g5 L,

Rev-erboa MUBZERARAEY) G IRV ESR. “H) )
K7, S 20 9 4ERp bR A= 6 il S A Wit
R “REds” . Bk, ALl — 24248 Rev-erba
VS TEBE FIE, IRYT AR ATR AR R R T S8
PAR AL R
2.2 ®MRev-erbaWI A GEEE

Rev-erbo X PRI 7E S A M AR5 10 A8 A 3 A Uk
Z R RA T 5 R G M A A AR A, ST i 2
REEY G
221 BROTEZEAL

IRk iz J22 sy b PR A SRR AR AR B | Bk 1

SERTRYBEIR——3E e, BT RERRLS REUEY
By R 2 B R G 3

(suprachiasmatic nucleus, SCN) {5, ARE[F
A B A 5 R (%) 3R 38 B A R e A 5 DAL O Y AR R AR
o, MR R . REAR A B — R R
Jng P PR AR E AR T AL, BIVRE R A A
SR DA SO G IR B2 HERF Rev-erba i ERIA Y
HEIRM, WFEHGE, FrEo IR N R e 2
B} 8] 5B Rev-erbo mRNA 235 28 Ab TR
AEFLATE PR/ NET Bl Rev-erbo S 24>}
PRI A Ry, IR o TRER A H
(i) B B - Bk 2 (B 2 e B %) B R R 3, %o
Rev-erba 3% ikt W sZ W AEAE 431 ), A5 e ik —
HRSE

SRR EY) G S BTN R e B
BER. Bk, 2058 E R HET,
WPGC-1a ™, LHLARE AR, B 712
BEME S I~V (complexes I-V) 4 B TR AR B
RIEABRHEMIRG . 535h, LRURAEY G
MU SAABCR RGN, BCRE LA D)
Ji%E . AR L. e QA T MO . gk
PR 2 v Y Z2 b PR i LA S T AR Ak Y T SRR
R BRRIE S — R Y R S AR
b, SR TAEN A H M RE AR L, kiR RE
LR ANCIREV N RZYTE <= o AR V€ 2 W27 B TS i
BRI I AL SR LR A ) L AN 52
Wl AWFSEAE T, BERR RG-S 5 ML R AR £
FEBE] IR 21 R HCHE AR S 25 R B ] T F R
ML N TSR (ROS) R, AN OKE- T,
LRARA Y B AR OGRS MRS, 2R B A Al
2z BB s B ZERIA SR PE ARG IR
%1 F, PGC-la, NRF-1, TFAM %4 i # kK
SRR AR, mtDNA R /D, Rev-erba mRNA £ %)
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FRaA I T REARAEN B DL RS R A
AN (=5 /= 2 R R & Y5 T U NAEL 7 e D RN SR v
T, Rev-erba N RETEEIR T HEZEHL S8 UM Lokl (AL
Y6 B AR T O]
2.2.2  fREEN

R 25 &1 (metabolic syndrome, MetS) &
CE1(09 3 SN (1501 [ = A= | DA 2 2 SN (IR 7
(18 £ 15 PR 28 7E — AN o (] B A7 A 1 I DR 25
fIE B8, Rev-erba BE B HI 4 M 4 19 BE & AL MPIR A,
Z 5 TG, Ieli . 2R GE 24~
TR PO A R R 2 AR PR s iR AR N 5%
F| Rev-erba H BB B T = 100, 1 Rev-erba 25 [ F
PRSI AT, SRR AL . R I A
— RN RACE R 2 8 1 AR AR Ak I K
J& MetS [ EZENFENLE] . Rev-erbo AN AT ELH A
il 8k £ 4% A F kB (nuclear factor-kB, NF-«xB) {5
SRR EE T MR RN T, WHAR-1B
(interleukin-1B, IL-1B). FI14r%-6 (interleukin-6,
IL-6) 453Rik ', BRI NOD 32 /R #2811 45
F A G EE 13 (NOD-like receptor thermal protein
domain associated protein 3, NLRP3) RJAE/MAK
AL IS5 T B W AR A LA G 4 it &
BN EYIRIEH . AR A, Rev-erba
W3 5% SR9009 fig T I A J AU A I e AR N e
— % W M #F M (nicotinamide
dinucleotidephosphate, NADPH) %k [if§ \lV FE 3¢ ik
KA, W8/ ROS AU AE B, AT R4 e 4 28 A 0 i3
SR AU E L TR S B eSS N A B T
5 Rev-erba fFAEA IR R, Rev-erba Ml BESEIR
ST ARG 1 DA 1

YERPURN S SRERACH I EZE ARy, 2ok
TRA= W b Al S AR A B, 7R
JoE L 2 RUBE IR AR D5 A8 1 LA K0 il A i 5
AU A SR BN BRAR A ) A sz 0 7 HALR AT
€S PGC-1a K R RE . AL A28 . ROS
bk g REE R AN A O P, W, 5
MetS J& 9 BIL il AH O 14785 55 2k 30 Ko A L 1R T3 3
I/ A SR 5 R AR A A ) L/ 1Y
R, SRR A YA BN R X BT
LR BRI TB . AR TTIRAMF R LR
Y6 bR S AR BR 1 CHE, IF%5 1E Rev-erba
AP IR EIE

adenine

223 Wi

BEA AR RIS, R R TTRE ) 8
s, BT AR TR, AR R
AV B B B (1) 2 45 1 5 3 S b PR AR o i L
X CHSEIRE s, DR 2 T AN A BURE T
FE, FECSCNARMGRDGE S, kLN IR
PERS S AN R W7, AR AN,
2 F B HUR T HREE R A 2 T HLE AT R S Rev-
erba S AW P oRE R B4R R T B 5 B0, sk
RN, IR R 2 T EUN U B R R
ALY NERER R I, SAERZIRE ML, A
% Z AR E RN ELEE Rev-erba 1F N ) 22 4~ Bif 4 ik
mRNA FikKE TR . 546, Rev-erbo I fig
TEIRTT B L B A B vh 45 1T AR,
Rev-erba 1] i i NRF2 A7 2% 2 iff th 118 % BT £ 40
WY ZR b A A sk = Btk 38598 Rev-erba
K HAb I Bh BRI IE , A F T2 E NIRRT
#, EEmEe AR .

ZWEERY], Wk R e E Saeeit®
RV, L AT A8 1 BLAY mtDNA %8
A HEDR AR P R S R s A U A S R 2
SRR RE RS B MEAPLIA BRI
LRATE GARISAHOCH Z R, Qb iR PR
o I Co I A5 PR 0 55 i S v iR A AR B A
ISR AR AR W) e A X T AT 92 i HRTH o T
PURI 3 B R L, AR HE, 12810
(ubiquinol-10) 38 &f b ¥ UL B A7 2 98 15 B F 1
(silent information regulator 1, SIRTI ) /PGC-1a fih
I LR )6 s 1E 25 R R SR AT
FITIREM TR 5, PGC-1o il i W s 4R A A= 1
B G/ AR TEORT S0 2 L D) A L 8
Hitt, 7ERPGC-1afy FI#FF, Rev-erbo 1] GEiH
b A T LR A W) G B LA RS BT 2 R A A
S

X ERC A RA R SR, BRTHEE
AL AR Mo A2 175 5 Rev-erbo TG PR & 2E
AR BN R, HAERIRY SAE M AR T RE 2
WSO LE Y& N TEDLE] . K, Rev-erba
VE R Z R LR )G B SCBREBE DAL, 3 i 95 L
TR, BRI ALY & M, PTRE UGN B
AR, PRI R BT
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3 iEZZI5Rev-erbaIHEIAT

WEGETIA, 2P NTE RSN AR R AR 2L
Rev-erbo FRibIKT-5¢%, B RERREG ks,
M FE IR A . 18—l KA i
P2 AR B, TEXSTRERIIRTIRE, fRUFpLIA
RS R A T EEMEM. FEE, kM, 2
3 5 Rev-erbo INA & HYVIMNEE R, Rev-erba I g
RS B BRI R ) G i ) ) B B
3.1 IBEZNIXFRev—erba B E RN

B P30 0% A= W o 2 2 W DA ] 22 0 2R B
g, AR UVEy—MESmA, EiEM

AP REHE R RIE, BN E—FEZER
T, AT LA BT R R IR ARG,
HAEVA RGN TTEMNERG, AR, 2
ML B 17, Hansen 4% P8 ZEXT A AL AR B A
BRI 112 ) 1A T B # USRS A i AR AR
L& 40 (human primary myotubes, HPM) H &
W, SARANS AR, T )72 30 5 HPM 1Y
Rev-erbo mRNA JK-P-7EA I [A] s ¥ B THE, SR
iz S AT BE 2 T8 Rev-erba 215 7K - AR ALY
KR, ETEanif, X0z 3 E KRN
ZFEfL, HXT Rev-erbo M ELAE AL HHA . 4%
WHoE 4 1 ARz 35 2z s 8 XS Rev-erba £
NP (R 1),

Table 1 Effects of different exercise modes and exercise cycles on the expression level of Rev—erba

®1 ARIEZHHF RIS 3N E AN Rev—erba FiA K FHIZ M

AN 5 I FEER AL BT E Rev-erba 4k, EEPDUN
B3 in NHFARIVE 4 i A JH 2 A EAT3IR fiif 1132.5h T [58]
/NER HEIL — Yk fiif 1132.5h BEAE [59]
HEIL — Uk i IS B PEA
ERETEN — Ik PRIz Pin

N HHML FEIE 5d/E, JL108 fiif 11187 R AR AR, R T [60-61]
HHML FERE S5d/H, 10/ o I8 2 T

FhE B 1 L —WtE (S eyl PARAIBE IR VAN AP A R A AR AL, [62]
IR L — R IE B JeFte e T [63]

—7J7Tfl, Rev-erbo 3%ik/K V-5 B3z g5 & (152
M), Da Rocha 2§ ™ W4T T ANz 8l 7 X AN R 41
A1rh Rev-erbo 22k /KIS, 45 AP, Rev-erba
X2 Bl R BURE, TR 7, R R T B LA K
Pt BH 1z 2l ¥4 RE W A2 A1 A RN v e 20 2L Rev-erba
mRNA KK, H 5o B Bk AR Tt ) B AEis 3l
J5 12 h 118 h L 3 = Y Rev-erba mRNA JK-F-,
P27 Rev-erbo 1) % 5% | W n] (e 32 3135 3 9 JE 1Y 5%
M), Shen %5 "' AYSEURZE RYGUE T X —FEAH . 7EXT
TR R PR /IN R T v A6 B A e i B s 3l T T
B, Frf i sh 485 a& LT Rev-erba mRNA 445 F
s, H S50 B AL AR L o B2 4 T i 5 EH
o BEE AT SRTE T AR FE 12 3% R IR RS
/NEUFFHE D Rev-erbo £ IR RYSZNA, = ARIRTRSs
T E BT Rev-erbo 85 HKE, B 5 KR035
HEATH T 60%VO0,,,,, 1K 58 JE 12 3 Al 90%V O,
MR a s, S5HRM, KRR R sHs sl E

S, AR XU R E T R Rev-erbo 2 1]
FEIRREAK, iAo [A] BRGE Bl %) Rev-erbo I EAL
VAEEN) | Tl o T RE A B S iR
$E7R 15 B Rev-erba 25 1834 P BEAEAE 10 B A<M
PR DL S5 R R R AT REJZ , Rev-erba /F
Jp TR -, B R AR A A AR fh T AR
b, RIS SRR AR RIH AR, PR mIRI AL
B, I R A B E ST Rev-erba 283K 77 T BE I
e

Ji—Ji L, a8 E K A 2S5 Rev-erba
Rk, TIAE— R M2k E g K IHIE 8 T At
X} Rev-erbo IR REMAAFTEZE 5o Small & ' ik
AR ZIRE AT THY T 80%V O, A — IR 1
HAT 423l , s s F1is 35 60 min KM
WU H LA R B Rk, 25 R LB, B3l
Rev-erbo mRNA K- N[, SRIMAEIARSMNEFR 1 LA
Mrp, X—ZE LI R TI, Rev-erba mRNA VKA K&
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AR, Pinto 55 Y U/NRAERL & EiEAT THOE
10°, 34 20 m/min Y 2 Ez 3, 18 305 B Z)
Rev-erba 341, i35 1 h 13 h, Rev-erba ik [A7K
Fa TR . B — R i 3l s i B Rt
Rev-erba WM A RE AT FRAY, KA Z 3l AT
e J& 5 ) Rev-erba ik B AR . WA T
A N ISR R B, 10 JEAT s B T I RE A A
T D PR R /0N B 5 LRI HE I 73 719 Rev-erba £ 1 3R
5, BRI R a9, 4ERRLAR R BR AR

iz RS WS R AR, XEREELAMEIIZ
i, BRSPS I AB A AN R i T sh R
SRS ER T ERIRG A KHitk—k iz
B BE A SRS ) 2 X e L (A 98 435 SR = e i
My, K B[] B (32 B RS2 IR Rev-erba 36K 7K 7
T Re s W, JF B S UGE B L)
X,

25 I, Rev-erbo Xz sl U, Zah7]
AR A A I R R g R 2R . B RTE shX)
Rev-erbasZWIAWEGEANIHER = , 28Rt B
SN HFRIR G PRI | P AE 0 A AN [R) 5 ) A
LA iR s fiiefb . [RIEY, BT Rev-erba 7EZH41
2 AN, AR AT R AT sl Hh e Fgh
JEILH LU R TERB AL T Rev-erbo ) 2 A
3.2 Rev-erbaXtiEBhEE /11 B E

BHNUE ARG Hz sy, bt
2 300 LA RUB BT R AT ik, X sk
K225 TIVERA . st A aE 2 AR B #2
e B RCTTERZERLE /N BUBE B BE ) WA RRAIR,
H B Bh 3L R A 12 S ki B L 5 vh R 35 T AR
s, UEME e S A2 BV AP RGP . A
R ZIia she 1 — R Y T AEAEN s, — AT
Z WA R e ACE 7, X S IR Rev-erba
IE(E IR Rl KB E S, $R Rev-erba 1] B4
s ahie 1 S5AEYR RGN EENE, 2R E
R, Rev-erbo 5 B NLIN £ T A: BEHLEE 2 (0] 4F1E
HUIMKR, $K Rev-erba 23X -85 Wiz Bl HE 18 1%
14513 . Woldt 55 = & B, Rev-erba AJ it i /1
LAY G S A B BT RE, B
Lk = Rev-erba ()/NERRIMIZ SN RE T T 1%, B
HUA A RE S 3241, Mayeuf 45 ' iR o8 LR HH
B L 8 a2 B ME O Rev-erbo 1] MG kT
PRIFIR 3852 3R 71, H Rev-erbo Bl Z 2 8L

FYA IR ZRIRIE I, WA AR A AR AR /N, AL
ISR, AR AEARSMRIA N i 3235 Rev-erbo ]
FEARWLZE A OCHE A I I LEF e AR . A%
WLRE AT R Wiz sEe /I EZINZE, Rev-erba
SHEBIMEIG UM E, Rev-erba FikiA 2
PR EER,  BE SR TR, IR R e R
IKZEAEL, BRWZh G, dEi 3 MetS 7, il
FH Rev-erbo 3277 5 A BUBCAAR 5 AT 38 12 345 0 g 29
FE, BUDRIDIE, BGE MBERIAE 5, 1GY7H
REHESFARE " 55, Rev-erbo X & LT
AR RS FEAUMAVE R . BRI B AN I R AR
AR S WA BURR Y, i 7 o0 K B UL IR P A
(myogenic precursors, MPC) [JH4%H . Zr4b L Kl
A Y, MPC G5 A3 A0 T A R TR LA 58 1
BEE S RRRTHE SR, Rev-erbo T {2 MPC 734k,
P B Y P, FENUVA RS AR
Rev-erba s BRSNS B VE T FARAL , ZEWLRI
i Rev-erbo 235 T VHA R T LIEMEESE 7, WifE
JE SER) AT R T Rev-erbo 23R8 N m] B 120 25
JEF I, @R Rev-erba i, MPC 1143 58 55017 W]tk
Hagg 2 K, Rev-erba 5B #% ULFR A 1 F A
AR FAETE T, R RS IR R T

DL LA EE SRR, Rev-erbailiid Z 55851
LRRAEY G R AW IUR TRy . Aei A
FEas A SRR, AR, [Ty
BEREST, TEF NS Sl b rh I T E A,
KAV K Rev-erbo AFEAIGIT WL PG5 TS 7EHE A3
DI ok stngiz sh R0, 2L fiE 07 48 A3 i
XFE.

4 IEBhEILRev—erbai AT &KL E KX
RO AT BEHL I

4.1 Rev—erbaiff#=ZAMPK/SIRT/PGC-10if 2
Rev-erba. ¥ AMP Jif 1k 5 F 4 & (AMP-
activated proteinkinase, AMPK) /SIRT1/PGC-1o. i
AR T e SRz sl i 2R AR A 5 B A AL
iz —o SRR EY) G A RS RIS B AR lis Pk
WENEER, ZEE CAERZ WIS LARHIE 7
AMPK/SIRT1/PGC-10. &1z 875 F LB AR A A A%
ML EAs . AR R, ARpAR PR e A
4k, AMP/ATP LB 38, #5R 1L ¥ AMPK,
E—214 % SIRT1 & O BHLEHG %, JEEH T T
) PGC-la, HFEPAREY G HoHL, Mk
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RIS — A% 2 (nicotinamide adenine dinucleotid,
NADH) & —FfE7e s A il DUA L
A NADHIAJF A NADH (B U1, 8 8h5 1
NAD'/NADH (B2 b BE B HeA5 i SIRT1 176 14 4
AU RE. © 8 Rev-erba fb T & LAE
HAW A REZER s, &
AMPK/SIRT1/PGC-1a ¥ FJi7, HAMHI AMPK i Pk
23 FELIBT Rev-erba Xof 2 b (A0 (1) I AVE FH .- Woldt
G IR R, Rev-erba iR J5, AMPK & M:FE
ik, 1% T SIRT1 /51 PGC-1a £ LWk, ki
KA E A2 BN R, AR BREE/ NS
BNVEALRE )52 400, MUbRE )™ B TR, isshheky
58 Rev-erba KPR %G i SO, DTS it P8 1)
Rev-erba #E 23 ABEIK, 5 AMPK BAHEH], 75
SRR EYE N B, BETHE 368 B )
BhIER Rev-erbo 315, HEMIZ 2) )5 5 R AL 14
A G AT 8 2 8 i Rev-erbo fE HF AMPK/SIRT/
PGC-laill - 2AY (&13).
4.2 Rev-erba5|EECa*BEETL

Rev-erba if5'F Ca™ il 1AL W] iR 212 25 T4k
RARAEY) G Y 53— B e . Ca> 2R LA
Wi ) G5 S, BRI E iz shid B rh Ca™id i 2 47
LAY . Ca U R Sk A 1 & pl Y FE 22
5, N Ca* KA S: PGC-10 /1l TFAM Y3,
I f1:bti % NRF-1 il NRF-2 15 DNA Z5 4 (938 Jn 7',
5 6 A B MR 2R 1 PR (calcium/calmodulin-
dependent protein kinase, CaMK) /p38 2Z%4 )i {1k
P4 (p38 mitogen-activated protein kinase,
p38 MAPK) 1 LA PGC-1a, 5 SR RIAR Y
e MAh, CaMK WAEIE] W] LU# o cAMP U
JofF (cAMP response element binding, CREB) %%
B HERPPGC-1a ", Ca¥ G BIENUANFIEE
ISR B 7, Ca il AR #E SCN #4250
PR e R R A E VR 2, RN IR
Ca® P2 BB RS RIE T . Vieira 55 7 5%
KIL, Rev-erbo N g ik Ca® YA 1) ML & 15 J3 g
M52 A9 4330, Rev-erba i 157 GSK4112 88/ T
Y Ca? e FE B3N, 1T Rev-erba 45 BT M) 7~ A5
THRARER . Wik, B35 EH %N Rev-erba
Hsgdnm, L JH Rev-erba 8 FHRIA, FFIM BG40
M Car il A . DA S5 RERI, Rev-erba
FEVET RN Ca™ il &y AR 2] 7 EEAEH, zghm]

AEIE 1115 F Rev-erbo 3Rk 51 L Ca” i@ kA, iF 1T
WA R AR AW G a2, {H Rev-erbo /2755 Ca®*
i AR AR BAE FH AT i B an el 7 s i — 20
w’A (El3).
4.3 Rev—erbaiBERW RS

PRtz 4h, iz 3l GEiE L 8 1 Rev-erbo ik,
HETT 20 ROS AE 1, D s AL I 3, KA 2k
)G R IE AT o GORLIR SR 20 42 ROS Y
FEAL A, Y ROS Y77 AR R T 4 A A% A Ak B 1
BES1, Wi RASAANIL . TRk DNA H 4]
H A= K DNA &S BE T 149 55 A SRR TE &
A AR B U 5 52 200, R EY)
ARG 7 B3 5 AN i ROS KA TE—1
b R, BEAREGRTE] (5T 1 min) FIMESR
B (KT 30% 19 VO,,,) BYiz A 25| e Ak b
B, AR B T AR 5 B 12 s A B L ARk
NEFPR AR RIE . a (GEZES d) AT
(12 ) w3 U0 2 he s WL v B9 4 48 A i 7%
P, THER R 2PEE ST A AR B . I,
PUAEAL R G MU AT e AT sh M A I O
o WFRERW, PrEALEH A H AR,
71~ 20 X AU AR 0L TR P 87 0 52 380 A B R e R R A
Rev-erba ] LA L JAHTEAL I mRNA ik, 358 N
TEPEPU AR IE M, A AR S A s A |
(superoxide dismutase 1, SODI1) . i %A b &
(catalase, CAT) %5k )3 s ROS Bl & 4, W/b
ROS A i, A7 800 e AU A I et s i s o i
Rev-erbo 3K 25 S ECRALN I RF 22 FLR 0
Sengupta 55 " KB, /IN BRI RUET Ak 40 L U T
FEAR ) Rev-erba i, LI T HUAALEGRY R, A {R
AR SR AZ A s, R AR R, 2ok
IRTHARSE K, PGC-laRikHEIN, $EREhiik Y
Gligem . AR, 25PPETE Rev-erba A]
1355 PGC-1o Ml T i 5 53 6 NRF-1, TFAM %
ik, WRAAATIGE, SRR, HE TR
BRBFIOMERETEER

Zx b, 13l A] BRI 52 W Rev-erbo Rk KF-,
JA SN R R e, SR AL, R4
R E SRR E Y & Bt FE o AR fu[Fhizs By ae 4 2
JEHIA RS AL Rev-erba UG LA R G I A BIXT £k
BARAE W A A R A LR B RN A R S — 2D R
7t (&13).



2024; 51 (6) wEE, % WHERERev-erbafEiZZhiFSLEN LY S K P HI1ER R AT 8EHLEH <1365

Rev-erba. ——, Ca*

— Rev-erba
\som CAT
,' / Eﬂﬁzls R I

RO CaMK
AMP/ATP § —> AMPK \ Rev-erba @ ccGs |
o CREB |
NAD*/NADH T __, SIRT1 _V Dz — > il P p38 MAPK
\
\ l /
N NRF-1/2 / 7
-~ ~ — - -~
TFAM — Rk - - R
l mtDNASZ 0% 3% —{ A —> < §
LR E

Fig.3 Possible mechanism of exercise—induced mitochondrial biosynthesis via the clock gene Rev—erba
B3 iEzhiE i i E E Rev-erbail S L& FIR £ Y& B HIRTBENLH

izshid v, AMP/ATP X NAD/NADH LB 34 il 8 73 51 52 i AMPKRI STRT 136 ¥, 8757 - 8% LAY AR5 1 . Rev-erbadh T AMPK/SIRT1/
PGC-1aff IJiF, iB3N{EHRev-erbadk R 4G S RN, MITTHE 5% 5 B PR (1 Rev-erba il <3 A MUK, 5 AMPKEAAVER], i AMPK#ERR L
B SIRTE Z BT PGC- 10, 18315 | EANMIRL M Rev-erboll 5E3E58 , - HRev-erbak (7635, FEMSZBUXT AR th Ca? il fEAYTA Y, 4Ca*
T CaMK/p38 MAPK 2 fPGC-108,CaMK 5 CREBZS & HEMIMPGC-1a. J34h, B35 Rev-erbadh 1335 L FHRERS N IR EDT ALY
[T, WISOD1. CATAHGMNIE sh A LB RS, W/PROSANL, W42 AN O R A M) B B B AS RIS . Rev-erboiiidt UL L igste
HIRPGC-1a)i5, Wil PGC-10/NRFs/TFAMIE B4 ImiDNA B il A% 5f, i LRI EY & S 7 -

o HIiZBHEJ) . Rev-erba ¥ AMPK/SIRT1/PGC-1a i
- 6 . Ca®'Ji ik DA ST AL 2R R R0 M T T R
I 3L [N Rev-erbo BER G B TTHE S RERAIN SIBRENRA Y & RIS AENLR] . Itk BPphE
i, LAY G G R R T EEAEM, B [N Rev-erbo A RE Sz shE LR A AR M1 B N i
WATAEEAL . RPN DL S 2 M S BURN EEEES, WORAYE AT LIS S e g R W
Rev-erba IRV KA, AR GRARLE  bLEEAE S
YIRS o 3B SR R —Fh e 1 (el B ) FEOA T
REXT Rev-erba WA HIEE W, (HAF—E R & X X M
tx ﬁﬁﬁjﬁ%r FUEBIRHIZY, [RIFEHE, Rev-erboc (1] Dues H, Staels B. Rev-erb-alpha: an integrator of circadian
LR R WL 2 ORGSR, (R0 thythms and metabolism. J Appl Physiol, 2009, 107(6): 1972-1980
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Abstract The clock gene Rev-erba, also known as nuclear receptor subfamily 1 group D member 1 (Nrldl), is

a crucial regulatory factor in organisms. It exhibits circadian rhythmic expression in metabolically active tissues

such as skeletal muscles, heart, liver, and adipose tissue, responding to various environmental stimuli. Rev-erbo.

plays a significant role in regulating circadian rhythms, metabolic homeostasis, and other physiological processes,
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earning its designation as an “integrator” of the circadian system and metabolism. Rev-erbo. establishes complex
connections with other clock genes through the transcriptional-translational feedback loop (TTFL), which is
important for the rhythmic output of biological clock system and for the relative stability of phases and cycles.
Mitochondrial biogenesis is a physiological process initiated by cells to maintain energy homeostasis by using
existing mitochondria as a template for self-growth and division. As the “energy factory” of organism, disruptions
in mitochondrial biogenesis are closely associated with the development of various diseases. Studies have shown
that not only the factors involved in mitochondrial biogenesis have circadian oscillations, but also the
morphology, dynamics and energy metabolism of mitochondria themselves have cyclic fluctuations throughout
the day, suggesting that mitochondrial biogenesis is regulated by the biological clock system, in which the clock
gene Rev-erba plays a key role, it drives mitochondrial biogenesis and synergistically regulates autophagy to
normalize a number of physiological processes in the body. Rev-erba is sensitive to both internal and external
environmental changes, and disruptions in circadian rhythms, metabolic diseases, and aging are significant
inducers of changes in Rev-erba expression, and its concomitant inflammation and oxidative stress may be an
intrinsic mechanism for inhibiting mitochondrial biogenesis. Therefore, the enhancement of mitochondrial
biogenesis by regulating the Rev-erba activity status may be an important way to improve the pathology and
promote the health of organism. Exercise, as a commonly accepted non-pharmacological tool, plays an important
role in enhancing mitochondrial biogenesis and promoting health. It has been found that there is a close
relationship between exercise and Rev-erbo. On the one hand, exercise stimulation directly affects the expression
of Rev-erba, especially high-intensity and long-term regular exercise; on the other hand, Rev-erbo achieves
indirect regulation of exercise capacity by mediating processes such as skeletal muscle mitochondrial biogenesis
and autophagy, muscle mass maintenance, energy metabolism and skeletal muscle regeneration. Based on the
above findings, it is hypothesized that Rev-erbo may serve as a key bridge between exercise and mitochondrial
biogenesis. Exercise enhances the transcriptional response of Rev-erba in the nucleus, upregulates the expression
of Rev-erba protein in cytoplasm, activates the AMP-activated proteinkinase (AMPK)/ silent information
regulator 1 (SIRT1)/peroxisome proliferator-activated receptor y coactivator-la (PGC-1a) pathway, regulates Ca*
flux and downstream signaling molecules; meanwhile, exercise can upregulate antioxidant gene expression and
alleviate oxidative stress through Rev-erba, which ultimately enhances the function of mitochondria, and
promotes mitochondrial biogenesis. In conclusion, the clock gene Rev-erba emerges as a crucial target for
exercise-induced enhancement of mitochondrial biogenesis. In this paper, the biological characteristics of
Rev-erba, the role of Rev-erba in regulating mitochondrial biogenesis and the factors that may influence it, the
interaction between exercise and Rev-erba, and the potential mechanism of exercise-induced mitochondrial
biogenesis via Rev-erbo. are sorted out and discussed, which can provide theoretical references to the mechanism

of exercise-promoted mitochondrial biogenesis.
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