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Research progress on the application of optogenetics to

circadian rhythm and related diseases

WANG Shu-Heng'?, BAI Shuai-Dong"’, BAI Xue"?, WANG Wei-Yu'?, QIN Xue-Mei"*’, GAO Xiao-Xia""**
(1 Modern Research Center for Traditional Chinese Medicine, Shanxi University, Taiyuan 030006, China; 2 Key
Laboratory of Chemical Biology and Molecular Engineering of Ministry of Education, Shanxi University, Taiyuan
030006, China; 3 Key Laboratory of Effective Substances Research and Utilization in TCM of Shanxi Province,
Taiyuan 030006, China)

Abstract: Circadian rhythm, also known as circadian system, is an endogenous time-keeping system that adapts to
the change of day-night cycles in the environment. The circadian clock system consists of the central clock and
peripheral clocks in peripheral tissues. The circadian clock genes regulate the rhythmic changes of cellular
signalling molecules, thereby influencing the spatiotemporal dynamics of cell life activities. In recent years, an
increasing number of studies have demonstrated that circadian misalignments may be associated with a wide variety
of diseases. Nevertheless, the mechanism underlying this phenomenon remains unclear. Optogenetics is a novel
technology that allows precise spatial and temporal control of cells by expressing light-sensitive proteins. This
provides a novel perspective for the study of circadian mechanisms, due to their distinguishing features of non-
invasiveness, reversibility, and spatiotemporal resolution. This review examines the application of optogenetics in
the study of the circadian system and related diseases, with a view to identify new ideas and concepts for the
investigation of circadian rhythm-related diseases.
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HI MR AL 22 X _E#% (suprachiasmatic nucleus, SCN),
Ay R R R0 H At DX 3 R S S il o JIE R
BEWLSE 5 Fh b JH AL 23 3 308, HAEANTRR X
AFEIZH G R S Mk AR B 1% SCN 1R 4
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TSR TR e i A 48 o0 S B 0 AT R P
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2, EEW I AL EHOE 2 AR AN AL AR R
JeBAL IR RS Y, S R BT, B
ChR2 5| A A28 70 45 P b 452 90 b 28 3R 12 3E AT
SRR 2 T RER T 52 bE i B A ). B 2 R
o g MAE A 2 B N, FEAE
GoBUE ARG b, PRI T E 2 BA R IREN)
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JI BTG A RIeHEHA EERERRA M (m) A 5MEEEN JemRLE SR
MEH ChR2 opsin 450/— 0.2 ms/15 ms BTl [32]
Melanopsin opsin 450/— ms/s G BB Z K [33]
JellyOp opsin 470/— ms/s G BBk [34]
Opto-p2AR opsin 500/— s/min GHEEMRBZMAR  [35]
Arch opsin 566/— ms/ms Bl [36]
NpHR opsin 590/— ms/ms Bl [37]
MBI UVRS ¥ 300/ LB 1% ms/h fik 5 [38]
PhoCI T 380/— min/AF I8 IR [39]
LOV FMN 450/ HE RS 10s/50 s SERE A [40]
VVD FMN/FAD 450/ RIS s/h A5 — 5% [41]
CRY2 FAD 450/ 3115 s/min [R5 [42]
CRY2-CIBI1 FAD 450/ 1% 10 s/12 min SRR [43]
Dronpa ¥ 500/400 s/s s [44]
TtCBD AdoCbl 545/5B1% RARE i 2R [45]
PhyA PCB 660/740 HKiRig AR/ [46]
PhyB PCB 660/740 1.3s/4s R R [47]
BphP1 BV 760/640 30 s/15 min SR B [48]
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TR T AT 9 9 A ) 200 A I 2
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Hi 1A ChR2, FIH G HE R SCN H AVP-RGC il
5| AVP B, 2010 4F, Hannibal 28 ®7 i T
CCK 7E SCN 5 X filkx X ¥ ik, HZH| VIP #
ZICHI XL, {H CCK & e A KA yem ik,
ANRIEOLEDFE A Perl, A CCK 155 1 B
NHEZ 5 I6F S0 AW 5 LR O A B (11
o SR, 2023 457 45 AL Y R 6 i A% 2 b
RERFLT SCN 1 CCK #& il #5 B I 1M Th ik
AL, SRRAEAR IS CCK A1 & JuRERS 5] i
NERTEAT ARAEALETRS, BUE VIP A TTREE T
SHALE R, F£ B SCN 1/ CCK 1 £4 6 n] Ll
VIP #1228 J0 T B R IR B, 4] VIP #1250, A
UL 55 )6 BT SCN 1 25 FBARAE A, Ml fa e &
H BN AT 8. 282 R 2400 8 DG 2 R %
SCN MR FLREAT 1 IHAN A4
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F— WA RN, AR BRI E
FAT R G R 2 LI 7 T B A 3 R I,
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BT, BT AR IR IR 7T K
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o R D 4, R 7L 3 420 D % S 21 AN B e Uk
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Z SCN, HEMis8ngn i Ca® WP, Wis Ik e
MR - OB JeH 455 B H (cAMP responsive element
bind protein, CREB), ¥#i% 5] CREB 5 Perl 1 Per2
Ja ST H N et (cAMP response element, CRE)
gy, BSOS S
D, G EAMBBEZAK (G protein-coupled receptors,
GPCRs) J& 3 {5 5 gl vl LA S £ 8k 4 1 o0
PRI RIS R A AR AL A 11 . o, GPCRs AT LA
VR H R =5 G S B B 4| 8 1 (B-arrestin)
F& A AT A EELRE U BoAr, Ak

KR G A B IE 52 Ak X 3 HES A7 0 52 1 24 i
PR R DA P AR A R U AR ) B SR R R 9
i
3.2.1 Melanopsinififz 445 £ K
iPRGCs 1 1 Opn4 3[R 8K 5) %14 1) Melanopsin
ERTERT P AE EEMEM Y. Melanopsin /£
N O REA, & FRA A& K e iE 2
TH, w{ERN G B A MBS o B 1 LT %
531N FH 3 F A2 0Bk 22 R A T I 40 N S 5 3 A
T T

2007 4, Ukai & " ¥ Opn4 1 Per2::LUC ¢
2 Bl R 5 I IR e e & NTH3T3 4 g b, kg
S 6 h, Per2 JxA: 1.8 h BIAHALHATAN 2.5 £5 (I HR 1R
At . LA NS 2 5 71 BAPTA-AM 8% i g C
(phospholipase C, PLC) il 5, #& % i ' ) i 51
A AL, W] PLC /-SRI N Ca™ Bl
1E 6 Melanopsin i 715 41 i 24 47 B0 A8 4k 22 0C
3, [A4F, Pulivarthy 25 "R 1295 # %% Opn4
FAFKIA Per2::LUC %6 2 Bk 15 2L A 1 HEK293T
20 rh, i H R 5 %9k Melanopsin ; {# ] 480 nm
WEEAE AR R TR (circadian time) CT12. 22
A3 RS, e CT12 HESFB5R T JLIRME, 1% 3L
FARL A SE0H  CT22 A1 CT3 M8 5 ) HAR I8 A8 10 5
WA B2/, AH AR AL AR HIAR K (15 s (1 BRG Bp ] 77 A
214 h IAERE ), ELAHES MR E BE A 6 ) B0RE S 1R
(3G I 384 n . 33k — 25 @ ik A AS [F] ) [R] 25 CREB
Fo HL i R AL 235 K P, AESE Y6 ik & T pCREB 5
Per2 J5 31 CRE A7 i 45 &, HED Opn4 1) 5347
FILWITM N Ca™ 3 1% 3 T 5 CREB B #1L,
SR G TE G R T Per2 B2 H A 5 (10 B0
Ak, 2012 4, Balazs"™ ¥ Opng 5 N\ NIH3T3 41
Ji e, S e A B R DR mRINA 3R 0K 7K P 5 52
Melanopsin X} F % [R50 5 7F 488 nm W5 Y61
4h, Cry2 ik Bl e Ca® 582k, &
B O TR B 4 P o U L, T AR K
CREB W1k, s EMmeh R HFRE (B 4. X
Sest PR, TEARAMII K RERS AKX Melanopsin
()RR R SR TR T Ol LB I A= IR S
3.2.2  cAMP{E 5l g R AR e B A

K B B2 3 1 (cyclic adenosine monophosphate,
cAMP) 2 41ffE 55 S EBEE G/, EEY
B RGH, cAMP @I 5 AW BRI R E 3 R B E
MEAER, BG5S 5 TR M4, T
HEHEERE T, Wk, @es e R
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WEOLHES N, Melanopsinty % & 40028, MIMiHHGaqMPLC, PLC/KMEPIP,2E B DAGHIInsP;, it X8k 015 50151 Kk
AN BECa L, K CREBWERRIL, WTiPer2MICry2Kik. Gaq: GHE[; PIP,: WEMEELVLEE-4,5- ~#MR; DAG: Hih—

fig; InsP3: JLEE1,4,5- =R

B4 FiEfEFHEIEMelanopsingd T4 M E E FRiA

a2 L P cAMIP 3R 82 38 1 47 1) A 47 o ik PR ) ik 2
—MEAT 7. FAUKERGEUE F (JellyOp) £ —
il 8 % 7% GPCRs JfiE i G & 1 (Gas) MUK S 5
-5 cAMP PRAE RN TR B AN, e
PG IR R IAMEBS (beggiatoa photoactivatable adenylyl
cyclase, bPAC) & — /e W G HE ST T o] AF% i) cAMP
P2 A, I R 4 A A B R (e a2 TR Y
R, TATTE A T BT 9T cAMP S B 8 1 1 ik o

2017 4, Bailes 25 " ¥4 JellyOp S AFik Per2:LUC
RIS FL K 1 Ratl 400, 470 nm ¥ Y63
BE, nTLAMER F Per2 AR FIHRME 1 B B A4 5 2
min {61 E S AT N cAMP 3K 52553 0 29 1%,
KB JellyOp #i% 1 Gas 155, FFIRZ) cAMP ik
o, 2 Per2 (Bl 5A). i, ¥ JellyOp
HEAT 528 A58 B0 D BE % WIS Barrestin {5 5 (1)
JellyOp F112A, F44H 5 ANFRi1L Per2:LUC L3R

Fp i 75 JE R 1) Ratl 4B, BEGHINECR {8 Per2 3%
BRAENA . 5 JellyOp MHEL, JellyOp F112A ()i
5 9L Per2 TTAAALIRRT, JellyOp BUE 512 Per2
AR AL AEIR T H. JellyOp F112A ¥4 Wkh %
L B HLE 5 JellyOp AN R, #E I 3 7T B8 3@ i 0
B-arrestin #f fi 5 MAPK. ERK 1 CREB [{J ] H.{F
A% (E 5B).

IEAh, 2021 £, Blaum'” £ U20S i 4 4
bPAC Jiifi, 475 nm W YGHRYS 5] Perl i i
H—20% Bmall::LUC %GR B 5 2R3\ U208
Y, 7E Bmall AHALAR 2R B R S 85 0% 25 5] &2 AH
RLIEIR, T /E Bmall VAR I HESF 25 5 H A7 52 71
2023 4E, Ono %5 ' F FAL & bPAC 1] AAV i 5 5K
L4547 PER2:LUC %% % 3 [ #)t &5 & K ) GAD67-
Cre /Ml SCN V)1, 1E Per2 RiKIE(E (CT6 A1 CT12)
I 470 nm EOGIESS 1 h, Per2 [RAHALIEIR 2,



936 e

2% 364

JellyOp

JellyOp  F112A

Q\\ fr"frf r“?/ " 4

(- \'Ufm/l‘x,, o

Circadian clock:\/» (

=
L -

y o -
&7 Rat 2

ERK.
CREB\/

0 Per2 P Per2
e [ Y Y)Y

)0 000000 JOOOOOO

(AN T, JellyOpM R K AEAE, WML GasMIcAMP, #— ML PKA R & CREBREER1L, i Per2ik: (B)Wi%
HESF R, JellyOp FII2AM G R A2, i iG L GRKHIB-arr, #F— B #IEMAPK K FIFERK, %K CREBEEIRIL, 15 Per2
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