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Development and application of optogenetic tools

Qiyao Wei, Chenchen Xu, Melyan Wang, and Haifeng Ye

Biomedical Synthetic Biology Research Center, Shanghai Key Laboratory of Regulatory Biology, School of Life Sciences, East China
Normal University, Shanghai 200241, China

Abstract: Dynamic variations of the cell microenvironment can affect cell differentiation, cell signaling pathways,
individual growth, and disease. Optogenetics combines gene-encoded protein expression with optical controlling, and offers a
novel, reversible, non-invasive and spatiotemporal-specific research tool to dynamically or reversibly regulate cell signaling
pathways, subcellular localization and gene expression. This review summarizes the types of optogenetic components and the
involved cellular signaling pathways, and explores the application and future prospects of the light-controlled cell signaling
pathways.

Keywords: synthetic biology, optogenetics, light-controlled signal transduction, light-controlled gene switch, spatiotemporal control
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Fig. 1 Working mechanism of the optogenetic toolbox (See Table 1).
£l KB TR AR
Tablel Mechanism of optogenetic system
Opto system Tal/2 Td1/2 aon (nm) Aoff (nm)  Size (aa) Chromophore Mechanism References
ChR2 0.2ms 15 ms 470480 - 737 Retinal* lon channel  [4]
Bphpl 3-30s 15 min 740-780 640-660 BphP1:732 Biliverdin* Dimerization [8]
PpsR2 (dark) PpsR2:465
CRY2 10s (90%) 12 min 420490 - CRY2:498 FAD* Dimerization [9]
CIBN CIBN:170
pMag 15s 6.8s <500 = pMag:150 FMN* Dimerization [10]
nMag nMag: 152
AsLOV2 Seconds 30-50s <500 = 143 FAD* Caging [11]
PhyB 13s 4s 650 760 PhyB:908 Phycocyanobilin Dimerization [12]
PIF PIF:100
CRY2 (Oligo) 30s 5.5 min 420490 - 498 FAD* Dimerization [13]
UVR8 Hours Irreversible 280-315 - UVR8:440 * Dimerization [14]
COPI COPI:675

Abbreviations: aa, amino acid; FAD, flavin adenine dinucleotide; FMN, flavin mononucleotide; A, wavelength; Tal/2, half-life
of association; Td1/2, half-life of dissociation; *endogenous.
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Fig. 2 Photo-responsive proteins and relevant cell signaling pathways. (A—C) The MAPK pathway. (A)The TULIPs
system fuses the ePDZ domain and the yeast scaffold protein Ste5 to optically control the MAPK pathway in yeast. In
the dark, a peptide epitope is caged by docking of the Ju helix to the LOV core, while under the illumination of blue
light, the Jo helix undocks and exposes the peptide epitope to recruit ePDZ-Ste5. The TULIPs system realizes the
plasma membrane recruitment of Steb to activate a series of biological effects aroused by MAPK activation in budding
yeast. (B) The Opto-SOS system is an engineered light-gate switch which can drive Ras activation. The
membrane-localized Phy protein responds to red light driving heterodi merization with a cytoplasmic Pl F-tagged SOScat
construct. The membrane recruitment of SOScat leads to Ras activation and nuclear translocation of BFP-Erk2 to have
impact on downstream of MAPK pathway. (C) Upon blue light stimulation, the membrane anchored CIBN interacts with
CRY2PHR domain to recruit cytoplasmic CRY 2PHR -Raf1l to the plasma membrane. Membrane recruitment of Rafl
should subsequently activate relevant MAPK cascades such as MEK and ERK. Without light activation, ERK is
cinactivated because of the dissociation of CIBN-CRY2PHR which returns Rafl to the cytoplasm. (D) Apoptosis
caspase pathways. The system uses upconversion nanoparticles (UCNSs) as a plasmid DNA carrier and a nanotransducer
to convert external near-infrared (NIR) light to local blue light. Upon NIR illumination, the cytoplasmic CRY 2-FADD
can bind to membrane anchored fusion protein Fas-CIB because of the recruitment between protein CYR2 and CIB
under local blue light activation. The interaction between Fas and FADD triggers Caspase cascades in cell leading to
apoptosis. (E—F) PI3K-AKT signaling pathway. (E) When activated by red light, the membrane-fused fusion protein
PhyB-mCherry-CAAX can recruit PIF-tagged protein iSH-PIF, the iISH domain of which is a constitutive binder of
endogenous PI3K. The membrane recruitment of PI3K leads to upregulation of endogenous PI3K activating PI3K
derivative AKT pathway. (F) Opto-Trk system. ED, extracellular domain; TKD, tyrosine kinase domain; CRY PHR, the
photolyase homology region of CRY2c; and mCit, mCitrine. Blue light illumination drives the oligomerization of
CRYPHR domain leading to the activation of the linked TrkB receptors which can further trigger PI3K-AKT signaling
activation and regulate neurite outgrowth. (G) Rho family of GTPases. FKF1 contains a LOV domain that detects
450 nm red light. Illumination with red light induces fusion protein FKF1-Racl to bind to the membrane anchored
nuclear protein Gl resulting in the membrane recruitment of Racl, small GTPasel. Subsequently, the covalent bond
between FMN and FKF1 is hydrolyzed returning the LOV domain to its resting state followed by the dissociation of
FKF1-GlI complex. (H) STING signaling pathway. Upon light stimulation, endogenous GTP can be converts into
c-di-GMP by diguanylate cyclase from NIR light-actived protein BphG1 or far-red light-responsive protein BphS. The
upregulation of c-di-GMP level stimulates STING receptor leading to the dimerization of TBK1 which drives the
phosphorylation and dimerization of free interferon-regulatory factor 3. Such dimerization and phosphorylation causes
the translocation of IRF3 into nuclear to control the transcription of target gene.
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VE R AEAE G JE 3 R % 1 B R ——Cdcd2 W] LT
Racl, Raclj RhoA HAH#SHI, 3 M) 4i i
YRS )2 R B E

Jt4 Rho GTP fiff 2 4t i 3 ZAKH T 4
R sZ 4K 7 (GEFs) Ryt i B4 555 72 , il by
JEEE T PhyB fiE TR, G Rk PIF 52 F
GEFs (Racl/Cdc42/Rho) M iy % Opto-GTPase,
FELLIEWEE T A —E AN, 40 Tiam &1
(Rac GEF) 53 W& (Cdc42 GEF) (RS {E
A= AR S 22RO, Tim 284 (Rho GEF) 1
AR SE T A0 M R AR e 47 ) . Yazawa 218
FIHA B R TF 0 FKFL-GI 2 7 T 5 60s &
fE#%: (BLAD), al4A%5/) G 11 Racl EAMJfIfE,
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[F) Bt i 3 BE X URE RO 2 (B 2G). 1k
4h,LOV-PDZ D) J¢ LOV ZEH £ 4t (LOV uncaging
system) 4% F T Rho GTP [ifg (4 gl 75 1137381

25 STING 55i@kg

TP & fil i K 7 (Stimulator of interferon
genes, STING), th# & MITA 5 MPYS, 1 TMEM
173 FEH i, 2—f 5N (ER) MCHE
S, aPUNAIMLE N 5 E DNA BUERIR A%
172 (CDNSs), M1 i 42 38 i 2 R fe 3 B A 1A
MEE e, Hhads TR FHE (IFNs) FE R AE
2 Jf R - 2100081 B pF S ], STING ALK
KRBz (1 — Rk 73+, AT R AR DNA
TREE . ANTE LB Yt DNA, DT B P I G0 e
MISEFER R0 JE— 258 & B STING o]
VE R AT R IE &4 (cGAMP, c-di-GMP,
c-di-AMP), @it cGAMP & 5§ (cGAS) M4
B cGAMP, T AT LAKS I L 3% DNA B2 il A s Ji
TRBEHLE — (5 (# (c-di-AMP, c-di-GMP)™ _STING
Plo® J57E TKBL i (Tank-binding Kinase 1) 47
SR TP NT 3 (Interferon-regulatory
Factor 3, IRF3) 5 #% A ¥ (Nuclear factor-xB,
NF-kB) R AL, DI 3 $E 5 5% [ F AR BE T
e P g PR A s U727

2014 4, Folcher Z™ i3 i STING jiifi%, #|
FH i e L fii-#13 11 BCl (EEG-based brain-computer
interface) JF & T OG5 T ik B L il AR 8
VR 43 1 T A M B AR i SEAP (Secreted alkaline
phosphatase) f%ik. Z A STING i 4l & 1Y
JCPFA L1560 B B A0 BphGl RAMAEH . 4HE
TS FILEF DGCL 25 #41), (Diguanylate cyclase)
DL B STING Z ik [, A T #0046 i iy
c-di-GMP K- I TH IFN-B Ji3 2l F 0 ,
UK gl ¢ 2 B 3L I % S (Piencace)-SEAP-pA)
(K 2H),

2017 4%, AU R G BUE Y 2 R

http://journals.im.ac.cn/cjbcn

STING il f& Uit Jy e fs S i, A TH 5
PRI 7 (STING) 15y 4 i N 3R 1T iR A%
AR R, R A LB 1 BphS (c-di-GMP
A1) LA c-di-GMP & — B R Rl Y hjH 17
Pt 5w BT K IFN I G ((hIFN-RE)-
(ISRE)s) 1E& GLP-1 H1 Insulin Y J sl 13 761
N7 T LGN B ) GLP-1 1 Insulin 233 2 55
THERB IR ITS (B 2H) . (H % Z 58 i s /8 T
P STING 38 i 1 MK i, RGe5 5 A%
FE B R AR (03 S 4 B3 =g
XA, FENAH EABEART R FHit, 3841
JE SRR T RS R R L PR R RE R Y
kRS, HEW 3.3,

3 ABHMETRENNA

HE W AR 14 v R RO T 255 18] IR 1] A9 £
SRS RN RIBHP T, — MG T THEN
AT RE 51 e AN AN Xk Bk o 23¢ m pi 2H 2 )2 B R R
RS, g I ] i) TR R s L n] RE DR SE A0 i 04k
HFE R AT, S I A AR A AR S S A
Bl K DN 2 Tk T R SR AR | 38 A5 M AR DG )
fiff o @ OEE AL T RBEE AR 1 21 2= /00
Z/PRFER ISR A ICA GRS 3 HAn A= ik, IF
AEff 5 1 22 J0 R R 2 1 22388 T K A B B i 15
FR R AR (8] 5 R I e T H s i A
P2 H bRl BE A A5 18] I ADRT B2 A RE T . (5,
DI A% o TR AR A0 A 5 T % R RO 51 RE A AE
ZRIEREAT ST A 2 A Yo (R R 2 A I K
A Gl AT BRI SY) . FEDEM S L T A
FHES 0 AN 538 % A 1 AL S5
PRAtE BRI E AR SR, I RERE R AL SR ST A BR
i, S HABA GBI A B K, WOLRE R
KB, BER . BURE AR 8k R4
IEAh, HATE LA 15 a5 =l et S
P [ AR, T Qe S5 DA B 2 2 A5 5 0 e A
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SR FE 04 AR b 30 B 4 40U, e A A5 53l
P& AT RE 23 IR 3K — ZE RN ) DGR P AE o
31 AFBEEMEEVFMRPINA

S int A% 2 5 LR N FH TR b e Ay, T
ST BN R St 14 8 9 2 ' A A T A A A TR
ARBFFE 45818 2005 4, Karl Deisseroth 7
WFL B 2o I A ChR2, SEBL T ek ig T
1 ms NG| Rl — BRI LAy, T8
MG TERIES . AT B A AR
W)z ARIE A B O Do R b 22 A
9 52 00 71 OV K S 2 TR A I R %
VA AL A BN K e 4F . 2019 4F Claire N.
Bedbrook 84 45 43 #L f 2 31 7 UL B M T
M T oK ChR Z8{k, HHp4AF{k ChRgerl.
ChRger3 Ji& 31 th 1t R A9 # 28 22 48 19 ) 15t 1% 2% 3
1%, JUIH ChRger2 Jos YG4FHE A B AT sE i ph 225t
MG AL F S, VIR T RS N D it
&2 ANIE - TR ACHT SR g [

32 RERZFAEREREIBIEFHNA

38t 15 e — Pl R A% S B0 A 2 AR S 2 A s
Rk (Bhsk . BHIFRLR g sk TH,
AN FTFARGE B E R 5 0,
PR U K 1101 ik % 35 PR 8 25 4 B A0 S BIURS 4 1
AEVEEE, HICH] SRR . Shimizu-Sato 25 BWH 1
1R FRlG Ga4-DNA 45418, (Phy-GBD),
¢ Gal4-DNA i 3% _F ity PIF3 (PIF3-GAD), 52
PRAELLERR S T Phy-GBD 454 PIF3-GAD fil &4
H, IIMTE Gal4 i3 g+ il B RS R 5 ;i
LT RE G 5 . Ravi S Kane 2125 H
CRY2PHR-CIBN & 1 7E 5 0% T ff f o 2
elFAE E 17 2 HAr mRNA, AT 300 B0 72

SR R Ty R AFTE— BRI 3R . w5 2 )
LN B AN SIS 220 A sh+ X8, i, Ot
i F 5% A e P SHe 0 S5 80 45 28] A U 35 TR] 4 A7 A5
T I, FH T IR 2 S 1 5 L (R 2 4w B . Polsteiin

&: 010-64807509

2 (831 1) FY Gigantea il FK FLAH B4R 09563 2 4t
| AFHE S5 1) DNA 454817 (Zinc finger protein,
ZFP) LI 55 VP16 5 sk #iG + % Hbr DNA ¥ 41,
FEAEE G T IF A e sk 72 . Konermann 258431
TR SRV TR RN 7% DNA - 2545 80F1
B SRR T VPB4 L5 S ) CRY 2-CIBL B &
i, SCEUBSRAENA LW, MR B HE 7
A TR R 2 0 2 R 5 R R R S A8 i X T

BRI HE K 2215 B9 CrelloxP . CRISPR/Cas9
FRGEY mAORE IR RS, AR R
R ORE o B VR P, SEPRAERT A, 23 fa) b AR
PR RE R R IR, et = o 4 T AR Z I K o
3.2.1 % CrelloxP RFEEEEEEE

CrelloxP ZE KT FLIVERIA, BRSNS
Fr5E DNA T4H . % RS S5 RIS loxP i 5
(Locus of X-over P1) #il Cre ##fif (Cyclization
recombination) . |oxP {37 s/ b 5 2H B 51 B9 6L 45
fE—BK 34 bp 1 DNA P41, A P4~ 13 bp (1)
R I B A E S F—> 8 bp B .LFEA; Cre 4
fitf = —Fh 343 MNESLIRALLM IR T, W)
AR, BRI AN . RFI
A B R BIR loxP i 5 ) DNA H 41, Cre/loxP
TGN T B 2 M 5 A A A B AR A 1 il B
5, T G % i B AZ i O e Bl R A

13 Won Do Heo 41 & T —FP i 8k
ORI T A Flp 410 (PA-FIp)®, AT
TARPN B A4 . Z R G E A PA-Flp 7] fhs
BFHAEN 5 CreloxP RG45G, B Flp #
P Cre RiL RS, nI[EBTHLTE Flp A1 Cre; Ff H.5E
I UERI T PA-Flp f#iE . Cre /-5 A4 P M B fist
) Cav3.1 UTERIG N T /N IR RAT N o
PA-Flp 2R AMER . M. 5 T ks
R, Ho G CRE I BB 1 TC B & A
R B STG /N BROR G R0 X 3, Sl i 2 B2 R 52 4
LT TERIAE AT A i DR A T R8O
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3.2.2 ¥ CRISPR/Cas9 &4t yi#a £ K 448

CRISPR/Cas9 % 4t s 21 i 75 K Wi Ak i F v
h T RHUAAZ W B S AR DNA T % A ) —Ff
T P S B AT, 75 ) ] CRISPR/Cas9 HE47 2%
(K g A v, W] LASE 3 #M R F: A Cas9 il sgRNA
SXof B0 35 PR R4 T B B DA T S 3 PR B L AR
A

A 60 3 Y CRISPR/Cas9 Kt [H 4 #8577 =X,
C&fH TRZME . sk IoiE M Split Cas9
R GLA] 5 OL TG 1 pMag Fl nMag J5 7E Dt IR
T fd Cas9 i M E411%, 2018 4 Felix Bubeck
SR LOV2 #E56oot , 51 A T 4 Wirke I Listeria
monocytogenes Ji W 17 {4 H1 (1 Acrl I A4 25 1 /E A5
I EFME TH CRISPR 28K (Anti-CRISPR).
TEWCHRIELT , % CASANOVA RS LIMRE YD)
HbFE CasQ R A FIE MR A 22 18] 54 8 1
SMERYI, AT FEIT IS A1 Cas9 DNA #L[a]
SENL BN F12

e CasO ARG T3 KB ) AT %
(R R gt , SCEL T RS R R L AERAMERY
PSR Ao, PR T SR R T EAE
3.2.3 J&# CRISPR/dCas9 R4 AEHH F£ ik

dCas9 /& Cas9 %45 (D10A Fll H840A) J5 %k
EEREEENED, P EAEGEREA
RIRE S, RMK; dCas9 5 H sl 2 1 il & nl
FHF P90 Sk R4 . 9845 DL DNA A7 5 iR id
199900 o TSI R N ) LR 20 A DR
¥ kik, Cas9 sk dCas9 RG# AW LIk, UL LA
HARZ AL 20 )R8 dCas9 RG AWrai i, 1B
Z R YR EAEAE LI JOE A6 . SO
WM . ROVACRAR . FEPER . JO R RS
SRR R, WORAERT A 2SI, 5
JE 4 7 AR REAR 25 20 M S B 4%, DRI T BB A AR 47
Hi fif Db 2 25 W R s A A 1 — S [ B, — S5k
o7 B O R S T e ik B S DR 4 R G RR S
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S PR B 1E A8 A

Y B 28T & T 6 J i CRISPR/dCas9
JEN 73, 2015 ARG BFSE R BT, dCas9 4
S 1 e I N7 2R B P S o N U R A6 A A
L 5% . RS CIBL [ dCas9 7f sgRNA 5| % T
B ) N R AL 05, B SR T CRY 2
WL TS CIBL 254, MmiEyE BrsLH
Byt o I ) N TR B DR A N B Sk e 3K 1 i 1V 3R
GAENT ILAEC 2 B L s i %7,

33 XERFHETHEEMFRFPHNA

St A& 2F U AL AT 8 T A A Y el ,
1 PR IR 2 S TR A R 3 A D) 8% 45 o 44 1)
AT ZERTE, JF HAZ M TR St AR 5
&S H RIS DA TIT L 3R 400 i 2 TR S R R
IEZ9 LG A ST — R A KT
MG, Hod kst . Zx Al | g, i
it A5 27 T B e FE R 5 A5 5 7K P4 il o3 Ak DG B 3
DRI AT A SR ki R A, (5110 Sokolik 2R A g
SemR, VVD g — Ak, EiEsa s eiA
+ Brn2 MRk, mFRIAM Brn2 A 55 FHH 0l
Oct4 . fie i Sox2 b8 I i 28 4 b 5L R ) 3%
PRI R A E 5 B ASMEDLBE T (BphS)
DA AR S 0 2 11 (BIAD), #4158 4 46 2% it
21 107 g N 3 e PR [ g o 4 e SR B -, E T
Mgt T a2 6 R CRISPR-dCas9 % 4: (Far-red
light-activated CRISPR-dCas9 effector, FACE)!®®
ZARG A EAOSF NIR S AN LR Rk, i b
P B Bl 2855 S I NEURON2 7 20U £
A REM TR . BRAh, R A0k
T J B A T N T e T AR AR 4R i (CSC),
Hrp R AR CSC 4l fu 215 5 Mg &2 & i) G R
L 24084 Sox2., OCT4, KIf4 Fil c-Myc
fi6 2 15 0T LA Fs i Pk 4N e % Ak ol iCsC, BT R A T
fifivk CSCs #ImZiYy, Hilt—L0roE g 2594t
Ak LA e 98 A AR AR Sl 979
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34 AIEHRIESERSERATT

Wi A REY AR R R, SERYT S
MG ST R T — 2B & s . il At 45
B AL 2 ) TR 5 A A A BT ST A o
BITIAHTIR R, Rl EL 48 251 s 2k IR YT
(5 e s ISRk N, FEEHBIE A SRR R T
PO AER R, TERIN SR KF 35 B80T 1
I 23 F S 5 AR A T R OO At i
SEG S XU YT 2R S JEEE T R SR
PEHKE TR A A TR BT
R BRI, ek iITiR R, B
BT, A A A 53 B AR | B PRI LA Bk 22k
P (W, 3.1) S5 EHRBIR AT RATHERE

FERRREVRYT A, 3 LA R Gy 7 i anad 4k
AT LS HARRE R, 78 ZFIRAERTT I
PRI FH P 280 0 27k, ARG S i iy 7 1 A7 A
AT . BTSRRI e A
1A% 2 2R 56 0] LIRS B IR 2 A0 e A A5 1R e
S S PEHT A M T4 B IRE 200 6 107 R e e 1ok
W T, Rl —E R AL BEE T,
AR T AL G AN IR AFTE I R, He 411
#3. T Opto-CRAC R4 (G455 7 Rl-1is
L S IR N U AL ) VA ) o0 4a X (A F By i
LOV2 ZEMORBEISL R BAES> T (STIM) HEA
RN LA R AR, Il EA S Lov2 B
iz STIM 5 | CRAC EHH ORAIL 454, 774
Ca I HLAv T 0 122 A P9 — 28 50 3 A A A A4 I
BE (B 3A)SION % R SR T AT TR e 4
CAR-T ZHjifirh ) Ca?*/NFAT {55 ; 8] A Opto-CRAC
F2 550 R 14 200 L5 ) B 78 24 S22 AR 2R 2 o
P EL B RGE R RE S EVRAYER S, A feRE T
0 HIE AL, 55— CAR-T (Chimeric antigen
receptor T-cell immunotherapy) 1677 Y64 R4
PA-CXCR4, FI| Fi#a b B -1 32 14 15 5t mig i 4 48 £1
JRZ IR 5 R ST RESC & L i@ ) 505 nm JGHE 7

&: 010-64807509

S AR N EAE TS, BT TR S
iz (B 3A). Xu S o & &k 52 56 5iF B 48 i
PA-CXCR4 i i CD8" T i 7EYE I 414 F | fiE
IR o A g s pesh 2019 4E Molly E
Allen 215 A2 417- 5717, ¥t T TamPA-Cre
Gl DR EOEm N (PMag,nMag) 5 {5
W oF  (Tamoxifen) i P 4% & i 25 14 3 &
Split-Cre FE A1/, T 5P/ siEFs
WOLIL R I A PURZ IR RS, 28 CAR-T
YRR S, i — 2P T CAR-T IRYT I
() ) R

G RERY) 4.6 fCIANBE e —HBE IR
i, TR A — RGN IFRAE DL 1) o
RYA M S B0 5 S S T BeRg 0 B PR AT Y
1% 58 T B8 2o 7™ M (8 AR B4 i R 28 AR T SR
(1 BOBEIRIR) B GLP-1 (11 AR G) ALl
MRS P40 . RS A A 2 S s ST
PIETEREIRIGIRIT RGC B, 2011 4, A
2R P T Y R Y A 2 R s
PIERAS, a AE 4 b R FRB W mR G
B Z A B E (Melanopsin), 7& i G0 T Al
DA G — ZR I I DA 5 SR T b 06 e SRR 1
NFATs, ILIZZR S0 LB NFAT 454y
Sk GLP-1 5 8l F kUK 5 GLP-1 (% sk 5Kk
AR BT R 2 A R 2 P e T — e
5 W R G0, T E#E R LOV & 1 VVD
Lhkik — R4k, @bl DNA 45445 Gal4
(1-65) 5 VVD Z5kI . SEEaE a5 VP16
AlA RIEME T GAVV., #EEAMH T GAVY %
FENTT AR SE IR 3T Gal o sh i R ik st 5
Fik. IEW zhang MG RN R FRAL
(PAC) I AJBRR B AliffLrh, @k WIS R
P CAMP ZKF-, DA T 48 55 7 26 W e 12 38 01
1 (Glucose-stimulated insulin secretion, GSIS)
ok S B i B AR A
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Opto-CRAC PA-CXCR
e® e

FACE system

Q dCas9 % MS2-effector

Transcription sgRNA

O "2

F-a
l'l‘umor killing

E 3 NIEMAAESIRRNEER A

Fig. 3 Engineered optogenetic signaling pathway. (A) (left) Opto-CRAC system and cancer therapy. To simulate a
conformational switch in STIM1 in cell, LOV2 domain is fused with STIM. Upon blue light illumination, LOV2
domain undocks and releases STIM which can bind to membrane-localized CRAC protein ORAIl1to trigger Ca®*
influx and Ca”*-dependent responses in immune cells. With light activation, secretion of cytokines can be upregulated
in opto-CRAC engineered DCs, TILs, and macrophages (Mac) to kill tumor cells. (right) PA-CXCR system.
Photoactivatable rhodopsin (Rhod)-CX CR4 chimeric chemokine receptor engineered T cell can traffick and kill tumors
with manipulation of light. (B) The FACE system controls stem cell differentiation. Based on endogenous STING
signaling pathway, the FACE system utilizes bacteria diguanylate cyclase-BphS to convert free GTP into c-di-GMP
which can bind to the domain of BIdD leading to the dimerization and formation of the FRL-dependent transactivator
FRTA (p65-VP64-NLS-BldD) when illuminated by far-red light. The FRTA translocates into nuclear and binds to the
chimeric promoter Pz, to initiate the expression of the FRL-inducible genome transactivator (FGTA4) by assembling
MS2, p65, and HSF1 recruited by the MS2 box of the sgRNA-dCas9 complex. The FACE system optically controls the
MS2-mediated recruitment of transcriptional activators to improve the activation efficiency of dCas9-targeted
endogenous genes.

J TR CHLUEVENR . SEREER R K
P07 P R BRAE 2 I, A g O e it 1
— PP ZL G VA 45 B e TR e 3R il O 56 . R AL
2 e G 21O Y 32 AR EE 11 BphS A iRz 4,
BphS EL£LG IR T Al 774 c-di-GMP 43+, i
— B E T c-di-GM P #4514 24 58 I 5438
% p65-VP64-BldD S AR W 1 JH 8+, &
LEARAT T L1 VA 5 5L TR 3R 3K 1 e 45 3k TR 4
(% 3B). fJEimat A G BAY . Jeite
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BB TR 2o RS R, T bt 4 1
— AR R 2 W NG T 8 — R F B s ikie)T
RS (K 4. ARSI Tl APP Mt
i I 478 R 5 2R R 1K il A S B R 4 o i W A 2
4 F IR o 3 — I TSR S Wl PR S8 AR R i fe
FEPE, BUBL 1AL G2 11 I AN TR S 25 1036 9 W DR 1Y
Tk o kI i JC AR A S I R A 2 R TR
THC R H T 24 0 0 0 2 e R R K L T 25 W B B
[
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Transcription

— T

Optogenetic point-of-care therapy  Stem cell differentiation

Drug screening

B4 AIMELEGESERNATHELLRT. THRESSL. BYFENREE
Fig. 4 Schematic diagram of the application of engineered optogenetic signaling pathway for point-to-care therapy,

stem cell differentiation and drug screening.

4 ReEHRR

DA 20 £ 518 ) S B R A W o B AT
GRILIE o HRT, DG sl 40 i 055 8 i i ]
CL 3" 8 21 52 B4 1 2 1 055 5 P R A AT BT
WA M 2% shas . BT RN R e E A
Ve AN E A 2 I R AL B AR S BRI T
F4 T 8% o

o 2 R SR B AL o T R s KL, X
—FEVEAS Lr R 1AL G ST T P Bk R 25
o HE, SEHRREMAREFICE, HATFEE
I & B AT AL B« LR L RO
Rt 5 mactE S AL, RE AN TRE&TE
AWTFEAROCIERLA BRI, (BAT G 5E 4 2 s ]

&: 010-64807509

1455 S 36 VR M R S A R RS2 o (RIS, o2 ]
TESG AN I, T 2855 AN TR ist A4 2 T H )
PEAEDEHE, HAZUFERE )Y 25 5 d 2 — )
RIGFEWHER . BLoh, 76RO 40— Bt )R
SR — A L BRI R . T ELDE R &
FLER/N PR G fe  T R L A %
AR

BEXTRL BRI, Sy 7 SE B 22 4ok vE B 3
i, Ot e TR L B b Tk it
HOMKE . R REIL R T B, lAngh & R
AL BEEBBEOR D TR B EE TS
A SRS R T A X O 43 7K~ 1 e R
o IEAFRES G S AU R G fE—E e
JE P TR BB A R . — D7 T, Jeseontt
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A G AR MR 105 B BOR A 2 Ji Syl 2 PR e A3
THAR SRR g F R A KT AR A Y
AWEAL R RICN ATRE s 5 —TJrTan, —2E R
B MR SR AN LA R AR . AU R AL
i R G AW I & o T (A T Y
&, VAR E N 2B G 2R ER
G L i . 205 WA A AR S 4% . A
AT BB 9 24 e 4% R G g
FRARR PR S . — 3 A P19 A
WA EABIE A A WU SR SSHE 19T Ui
QT T

UK B S U e B € O D O 2 L K i
AT T AR A, Ay 48 M A AN T3] 2 1] A e ] Y
LA RIS B TR R OE T T B, o AR
W I B SRR ST SR AL TSR T R BOR S
b AR K AR FE AL 1R 7 T TR BF S LA 3G )T R
FRT
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