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changes in their expression, degradation, translocation, splicing and other chemical modifications. The precise
regulation of RNA metabolism is crucial for the studies of gene and RNA functions, the analysis of cellular activities,
as well as the development of treatments for diseases. In order to deeply understand the temporal and spatial
distribution and functional mechanism of RNA, scientists are always pursuing technologies that can precisely control
the activity of RNA molecules in live cells. There are several gene editing- or transcriptional regulation-based
methodologies that can regulate RNA synthesis in live cells. However, technologies for controlling the post-
transcriptional metabolic behaviors of RNA are highly desirable, but they are less attained. Traditional methodologies
for regulating RNA metabolism, e.g., regulatory RNA or RNA-binding proteins-based synthetic RNA effectors, suffer
from low spatiotemporal resolution, making them difficult to dynamically regulate the post-transcriptional RNA
metabolism in real time. Optogenetics has been used for precise spatiotemporal control of RNA metabolism in live cells
due to its unique advantages of high spatiotemporal resolution and non-invasiveness. At present, photochemical
modifications of nucleotides and genetically encoded photosensitive factors-based optogenetic tools have been applied
for spatiotemporal control of various RNA metabolism at transcriptional or post-transcriptional levels, including
transcription, translocation, translation and degradation. This article introduces recent progress in regulation of RNA
metabolism, in particular the optogenetic control of post-transcriptional RNA metabolism, including technologies based
on photochemical modified nucleotides, light-induced protein heterodimerization combined with RNA tethering, light-
induced interactions between RNA-binding proteins and their cognate RNA motifs. Finally, we highlight prospects on

technologies for precise spatiotemporal control of post-transcriptional RNA metabolism.
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Photo-cleavable linkers Photo-caged nucleobases Typical examples of light-controlled RNA mctabohsm
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Fig.3 Regulation technology based on photochemical modifications of nucleotides

(a) Different approaches for regulating oligonucleotide functions by light. (b) Regulation of RNA metabolism by photoswitchable o-nitrobenzyl
(oNB) or azobenzene (AzoB). O Regulation of RNA splicing by oNB-modified LDSSOs; @ Light-activation of gene silencing through nucleobase-
caged antisense agents; (3 Optochemical deactivation of an antisense agent through light-induced hairpin formation; @ Photoregulating RNA
digestion using azobenzene linked dumbbell antisense oligodeoxynucleotides; & Light-mediated reversible activation of translation via PC-cap;
© Photoinduced inactivation and reactivation of siRNAzos. (c) Translation regulation by the Were-1 riboswitch. In absence of the ligand, the
ribosomal binding site (RBS) is exposed, and luciferase is translated, whereas in presence of amino-tSS, the RBS is sequestered, repressing the
expression of Fluc. With light (342 nm) irradiation, amino-tSS is switched to amino-cSS conformation, causing theconformation change of Were-1 to

activate RBS activities.
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A LA S T DNA/RNA 2 A% AR T I8 IR A%
PRI, 12 [N 8 45 0 M AR RO IO B, AN
M R SCEZF R TR [E3m@] ™M,
oNB B H AT A58 vl LA 48 N DNA/RNA J X 5%
TR 1) B TAMEE Y BRI BRI AE, 1% [N 451
o my DA S IO A 25 B, AT A e TR T
FRTE R e g h i ok 22 Thae [ 3o @] ™M,
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NZARE R HATEWE M GBLA L &
HAREEEL, B FATR LR - & 6 5
b 2 R K Sz B 6 RNA K I &5 1y 1t Fa s o 0,
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dumbbell antisense oligodeoxynucleotides, asODN) HJ
DA 3o 58 A1 6 5RT Ll IS T 30 R g ) AN
gt EtE. HEMAERA KKK, H
asODN G #0012 s, A A8 802K 38 43 1) v 2
BN M A 22 72 AR ORI AR E T 22 = o
1& 11 asODN [ 48 U R AE v] W% b T e 45 #
{15 asODN #l 5 #0155 B 2% 45 & i R ge &5 A IR D
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I A Bk N S BT 28 B mRINA 1) 00 2 ) T
@ ik A% 5 RS, R A3 1 TR G AR B R R
SEHLXT B I R U ER T Y PR/ RNA B2 Bl A
PR Y e SR G it W% G B
B0 M B AT A B, R 43T TR] o 2 B BRI
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77t Amino-£SS 55, X f#13 Were-1 ) % Kk A 14L ,
HE T EOHT OGS RBS V& .

BT AT B 45 R A R A O RO S A% IR T LA
DR RNA VE VRS — F i 68 1 7 925, BRI Ok
VBN RORLE T 77, LA 8] RN () m] 42 1) O 20k A2
O T A MR Y RNA AR . SR80, %7kt
—E R PR B e i, Sk e AT 46 B ]
1 S NP A AE A AL TR AR R SR va L, i i
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P, AE SR ARt i) RS o5 fa DN G R AT b 25 B, 2R
LB 96 15 DA SR o i i 1 DA 2 4 4
BEATAEAR Y SR SR L O, BTt AR H T
A AR 62 5 N G 45 4 T,

I 6 AT B 0 DN 58 25k A AT LAY RNA 456
1B LA A VS M BE AT 6 S, ki T sz Bl
RNA 45 & # A 5 A8 modRNA (modified RNA)
(A FH EAE e st i 24 (B4, (D] H
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TMP-HL fil & e 4 52 21 ' v] # B 1) IN 8 56 1) “ A
JE7 B, MCPFVPg(FCV) AT 7 ZLIRZA, MCP-
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W, DD-CaVT E A BRI I- T 2 fl i 14 i
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HL 6%, (#43 TMP-HL 4 5 MS2CP-eDHFR 1l HaloTag-VPg(FCV) & AE M B AEH . 17 4E 1) MS2CP-eDHFR-HaloTag-VPg (FCV) &
B HOE S A 1xMS2 (U sitel-hmAG1 £ F7 (17 modRNA 1 &1 1% . (d) T % TMP 5 R & A Wi B TMP 19 2 42 € 3 1) CavT (DD-
CaVD I SR EIE . 6N S TMP £ 6%, 43 TMP 5 DD-CaVT KA AR E AR, M B 1k DD-CaVT (4 B i . F& 5 (1 DD-
CaVT 5 58945 4257 1xMS2(U) site2-hmAG1 f{1#E modRNA 5 & I 0k H#i%

Fig. 4 Regulatory technology based on photocage protein ligands

(a) Photocaged small effector molecules. (b) Photocaged amino acids. (¢) Light-inducible translational activation by split CaVT systems and

photocaged trimethoprim-HaloTag ligand through light-mediated removal of the photocage from TMP-HL to enable the TMP-HL-mediated
interactions between MS2CP-eDHFR and HaloTag-VPg(FCV), resulting MS2CP-eDHFR-HaloTag-VPg (FCV) complex to activate the translation of
target modRNA containing a motif (1xMS2(U)sitel-hmAG1). (d) Light-inducible translational activation by photocaged TMP and TMP-responsive
destabilizing domain-fused CaVT (DD-CaVT) through light-mediated removal of the photocage from TMP to enable the interaction between TMP
and DD-CaVT, preventing the rapid degradation of DD-CaVT for binding to a target modRNA with a weak binding motif (1xMS2(U) site2-hmAG1)

and activate its translation.
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REE) MR R AT vE (R G IR S L 43 b B AT
fig ) o,

20134, Cao%s " FIFH RNA Rt R4 RNA
GEA LR, AR 454 CRY2/CIB1 FIA AR, JF
KT AT mRNA BHEE T, SEEL T 0 7L 3h 70 40 A



% 4% www.synbioj.com 153

CRY2
PHR  eFp4E

CIBIl/ CRY2/ CIBN
CIBN CRY2 PHR
N Tether e T ranslation OFF
il 5t GFP Luc
: o & o — pA
e UAA Binding site UAA
Dark 1& Blue light
Dark Blue light
\ . CRY2
| PHR
| CIBN |
.chttE
Tether - Translation ON
5° GFP Luc
Light-induced . G pA
heterodimerization of UAA Binding site UAA
CRY2 and CIB1
OTether: A2 MCP/PUF _Q_ Binding site: boxB/MS2/UGUAUAUA
(a) W5 015 PAICRY2FICIBI RiE %4k (b) BT HESEAF _RIECMRNARES AR BmRNALE#E R4
(a) Blue light induced heterodimerization (b) Light-activated mRNA translation systems based on light-induced
between CRY2 and CIBI1 protein heterodimerization combined with RNA tethering
* CIB1-MP
MCP-GFP
“"+mRNA-MBS

P4/ V, H(GFP)-CRY2

4

dCas9-GFP

_——— Target mRNA

—= sgRNA

—=-__ PAMmer

(c) mMRNA-LARIATAHJEER A 8RR 2 mRNA S TRAE I b OB BAE = ) e T e Afn s i
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Fig.5 Optogenetic control of mRNA localization and translation based on CRY2/CIB1 heterodimerization
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2 il 40 B R U AL 30 W0 4 i 9 mRNA ¥ #H B
[E6(b) ],

PAL /& Weber %5 7F 5 >4 FGBH 1 iU 2k 1 7 % o2 H
1) — Mk LOV Z 44, 3 N oG B C o iR B 46 T
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20 nmol/L SR A1 77, 7E BG4 I 55T 1 pmol/L.
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Fig. 6 Optoribogenetic control of RNA transcription and post-transcription based on PAL homodimerization
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induced LicV-RAT interaction into the CRISPR-Cas system to enable optogenetic control of gene transcription (f).
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