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Fig. 1 Circadian clock transcription—translation feedback regulation
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(Alzheimer’s disease, AD). PA4:#%§ (Parkinson’s
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FIZR T, S B BT Ak, Bmall 1)
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A YRR R A Bmal 171, 235 & IR
20 5 Ak R M PR T Rk B A 4 5T A A BT
T2, MM 2B AT P i & 8 . F ks
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I, Bmall W] RETETR B S5RTT 2R T 77 1H
HAREZ L,

Table 1 Phenotypes of different organs and tissues function changes after the core clock gene Bmall deletion/overexpression
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MR R AL A RGN ARG S, AT TR
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FUHESCHR, X Bmall ik Hizgh =, Eshfifiiz
[ 0GR T IR, IF4E i Bmall 1638 2518 1%
AR T B AT BE ST FHIL
3.1 ARIEZHFR X Bmall RiEHIFNE

I RIFSE K B, SR FH 12 & 3 5 32 3015 IE Bk i
AE N JBAMULH BMALL & (3 3A 88 b0, #8717 ok
I AR, I G PR R 1 R
FAFET AR 70% VO, 8 1 A AT 4323 70 min &
4h 8 h, FHBEAMUNWL Bmall F:PH Y mRNA 2358
W, Per HEP 9 mRNA 223K ) 5 3 T g 00
Zambon 5F " ST R, AZiE 4L 45 min FLUER T
Pz 85 6 h M1 18 h, B PUk LN Bmall . Cryl .
Per2 L 1) mRNA KV 8 3 Th i, RS BEACAH
KIEEHFRAE . R, A AiE3h 5z s
ByaT AR NRB B Bmal 1 3R35 .

SR R, /NRET 4 RSB B s IFIE
1 Bmall SERFRGA T AERT, H mRNA K2 B
HRETE, S5EEFIRBMRE; F8®ILhe
Perl . Per2 JE R BYWE(E FIAACT B & Fhm " &
g TR /N AT A B R is sh 5 E ws WLh
BMALI #l CLOCK W& I i & &3, #id=Y
HeRp e RS, W/ MR LR 1, 5
AWTHGE, SRR, EARREE N
B EH Bmall 354 mRNA KRR ; 202 A B 354
¥ia ol & MEE/INEUE IE T Bmall 55 mRNA =
KW, AT e AN LY
PP EEL, IREEIIRE, MR

M LA, A 4862 s ARz sh 4 el iR [
HAEE Bmall ik (F£2).

3.2 ARIEZ GRS Bmall & iEBIFNE

AN[F)AE B3 BE 25520 Bmall 3356 . ARG R,
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Pt B iz 3 30~45 min 5, A Z R E B8NP
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SYEPiE G, A SZRE S 8L Bmal | Fi G %
KT EAA N, R, DRz st

Table 2 Effects of different exercise modes on Bmall
expression in different organs and tissues

&2 AREFHHAXMAREREARBmall RiEHIFN
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Xt 4 ik Z
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1 ha M Hi Iz 5) A BRI — [107]
1 hIy 474 BRI 1 [108]
4JF H LR IZ ) AN FE i [104]
48 | RIS ) R EERIL 1 [105]
20H B R #Reizs) VR 53 1 [106]
1 ha ki G125 ANE BRI 1 [109]
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A, TNozshffi s " sh sl ki, /I
R T TR GEs s, HEHI
HH Bmall F1 Clock 338 19 HEWES 5 176G IR 5%
T#AT M A IZEE), Bmall F Clock %) 335 35 14
5 100 NREE T S L s s T U B Spp 2
Az LR G AT SB AR DGR I I 2R3, $m T H]
02 523 2E Ry, TRl & B/ BULE PR B |
BRI ISR B v SR T, T I B R A IE e
DIREARA T Bmall ", W2 shxt/NRIC 12 1
HCERCR T B8 Bmall 55 B Bh 3L R B 3k 28 (LA
Koo BHBE, AN BE 032 8l 10 0] 15 % Bmal 1 3%
k22 AR Ak
33 BmallTEIZFhEEHERGERBHNEE
HLH

A RIE sl 83 1 Bmall 63k, AT
ERTEEEEL, WO AR R B
BHAZ 3%t Bmall kW52 H i st . (A 5%
il st FH Bmall (N3R35, SRS 1Y 53
TFHLH AN SO, B AR IR AR
Bmall #5328 8)) T T 1% P A 0 vh 1 7 FH 2
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Bmal 1 38 32 Y885 98 5 AN AR L0 0L 208 A i ¢
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WO BE A R SRR i L AR R
Bmall BA—EWPLRAEM "o Bmall W] HAEY
BT E S A AR R A T B2 AHSC I T 2
(nuclear factor-erythroid 2-reated factor 2, Nrf2)
mRNA 335, LI 4 %-1B (interleukin-1B,
IL-1B) FHIL-6 SRR F3Rik . fedEhisafb "
BMAL1/CLOCK A {3 20 1l 1) A= W 3 52 153 30 it 2K
1 1T B AR NAD 7Kl Sirt] i 2, BE RIS P, 3005
NF-xB, fNERAEIFHFFLEAAREG 1 BRE
L2 S8 Bmall /N ERUGHE . B ESFES B T ROS 7K
RGN, I R M. Bmall N R AR
Clock 3£ R B i, 1 p65 W R 1k, 1E— 2 1958
NF-«B {5538 %, A 20 7 sty
s st EIH Bmal I (2GR JRE RN, IFAHI
SEARI, X ] BB RIS B i Bmall BCEE PEACHY
PEBR a2 —

Bmall i85 45 A WESCE SRS . A Wi
—MIEERA 20 M b A0 S o A T A A, JF
THERAH B ARSI RE R A 0 R o AR Y
A R e AR i AR R L, MU
P B WE AR RO, HERR R A B B
WL R, Bmal A1 #H] mTORC1 i HEAR75F
FIWE,  DASe s O 254 T B O WLAR i sz 45 = bl
PR3 R B O LSk 11L/-PH-J8E 0 i 1 e il 83,
O WL HDAC3 3K B0 SIRT1 KAk F
Ji BMALLZE UK, DA B Wik miose. o LR
g f . kAt , M HDAC3 Fil REV-ERBa P
FFEk, AIErE] EVE Bmall kg inseobiik 4
Wik DL 2% it m A5 S 00 D LB 2 A S R
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Abstract Brain and muscle arnt-like protein 1 (Bmall) is the core gene of biological ~ clock, which belongs to
the transcription factor family of bHLH-PAS (basic helix-loop-helix-per-arnt-sim) domain. It can regulate the
circadian rhythm through its own expression and the transcription-translation feedback regulation of the
biological clock, which plays an important role in the life activities of organism. The disorder of biological clock
induces a series of chronic metabolic diseases, such as cardiovascular diseases, hepatopathy and
neurodegenerative diseases, usually accompanied by abnormal expression of Bmall. Exercise may up-regulate
Bmall expression in peripheral tissues and organs to improve chronic metabolic diseases. Different exercise loads
and types of exercise, such as aerobic exercise, resistance exercise, will lead to the differential expression of
Bmall. There are many potential mechanisms of Bmall in improving chronic metabolic diseases by exercise
intervention, such as reducing inflammation and oxidative stress, regulating autophagy, maintaining
mitochondrial quality and function, interacting with exerkines and microRNA. This article reviews the
physiological function of Bmall in multiple tissues and organs and the relationship between corresponding
chronic metabolic diseases, discussing the influence of exercise intervention on Bmall expression deeply and
putting forward the potential mechanism of Bmall in improving chronic metabolic diseases by exercise, in order

to provide a new perspective for exercise as a non-drug treatment to prevent and treat chronic metabolic diseases.
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