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Fluorescent sensors for imaging of interstitial calcium
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of Nature , 05 October 2023, 6220(2023)

Abstract: Calcium in interstitial fluids is central to systemic physiology and a
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crucial ion pool for entry into cells through numerous plasma membrane channels.
Its study has been limited by the scarcity of methods that allow monitoring in
tight inter-cell spaces of living tissues. Here we present high performance ultra-
low affinity genetically encoded calcium biosensors named GreenT-ECs. Green'T-
ECs combine large fluorescence changes upon calcium binding and binding
affinities (Kds) ranging from 0.8 mM to 2.9 mM, making them tuned to calcium
concentrations in extracellular organismal fluids. We validated GreenT-ECs in
rodent hippocampal neurons and transgenic zebrafish in vivo, where the sensors
enabled monitoring homeostatic regulation of tissue interstitial calcium. GreenT-
ECs may become useful for recording very large calcium transients and for

imaging calcium homeostasis in inter-cell structures in live tissues and organisms.
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FRAS T ZE A I AT I ) o X PR R A E 251 Be FH TR DT/ oA B, wTEU
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TR GTEETT R, OIIEBER (ToT) AV At s BN A A B . IX Pk
SRR R FFOCTE L FH I BEAN A= o JE U P AL b R RS B L AR AN
FIEEME, MLX92216 A1 MLX92217 SR SEHE I BBt SRR T H ShIRHR/ M
BB, SFRIGHAENCA 0.9 A, AP ERIATEMEE CRARRRT
RS MLX92216 A MLX92217 $ It 22 il 11 1 31 il A B 22 T B 4 B T

YEHEYEE (1.6V 2 5.5V) 25k, &HT-40°C 3| 85°C M IRILE .

OfLRERHT i : BAFEHMEH 1300 HBREFHLRA CMOS BG4 k3

9 H 30 HH B, HAR S CMOS MG A B3 41 B 7 AR 1B (Smar tSens)
Tt H IEsUfEH Cellphone Sensor (CS)Series FAHLNM A 1300 & KKK
F IR i ——SC1320CS » MK X (BST) BIG AL AR B it 1A 23. 6 Lmm®
BN RSE, $53 B S AR SmartClarity®-3 FoR, A& ERE.
FAATE L R R R S, WONERE TS B R FEE
7R LHT N A R AR NI RE B o SC1320CS SR Y B A A O kY
SmartClarity®-3 ${ AR, JF454 SFCPixel® L FllF AM BST (R R 4H, HIK
JeVERESRAF I RART . AERTAEOAR ™ i, SC1320CS HBOL EEM & 7 250%
(QE) 73 AIFETH20 23%A0 12%, {EHICLAILHE TSGRl o, SRR
LS BRI, [RIEF, SC1320CS HIshATuEAHX -T2 4dB, RELREA S
2 EBE ARG E XA S, RIUEREIT W] A0 EE RITEMRR, W

i H st IO AR IR R K

O R : ORI £F/RT 3D HET I SPAD 513t
9 H 29 HHE, WA dToF & F it 2 &l M A T S
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it Global shutter BSI SPAD i F—4z#iHiBE 0 dToF IRFEFL KLY
VA6320. 1ZAR AR ISH/INTG, SCRE 1200 f4rHER, 60fps Wi, SR
AR/VR 558 B PR ARAR . SRR AR T & VA6320 KL At
ff) 3D HERR G K, B A Cu—Cu & RIR &%, Bk s w5 gt
HIB R S A, RS R TR RIS, Bes AR RS 5 PR A
[F R, SR AR 20, MBIV S DI R BRI T SRR
FEHT I I BST SPAD AR RS HOR 5 IR B DTI TE, M T4 FSI
FARIETFUE 7 RE ORI s T A 20 A B A S ORI R, PDE $R3
M BB T K

OfeEI 4. TEERIHE 3 CBKTTH T ams Osram HOLH A RIHT

10 H 3 HiHE, HBeEERE . LED KBOGA T KR B HK =] B (ams
Osram) B AW, {&EBIRBUFMEAA B B HPR Oy HEME “KE AL
BTa” —— P ASR LRI R 3 LTI 6. RE T & B EHED)
ams Osram A7 T8 E R &R T I T —AOL A FARBOR, TPCET 5%
& CBRMILRA P EEITH 7 ) R SCRFZ e 7L S BF G H - A
TR AT BN o« X Tt R AL 5 4, 1l IR 4 5 3 55 MR AT
AR IIZIH B “BINE L7, 1Ak, ams Osram iR BBEH A=
AN % WO, FHFWE 78 T R AR AR 7, IX B8 1 ) 37 58 H] UV-C LED.
BB BBOLHEL (LiDAR) HULZLAMNOLA S, ML “Tk 4.0” B b
L FH Q8K o

OfERRME . =& Q3 BMRETH T 80%
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10 A 11 HiHE, =2/ 7R =FEEWAEBR R LT 80%, [
R BRI Fr N T S, S EC AR AL S BT . MR
P, =BT 7 HE 9 AFEEANE T REREE 2.1 12T (15.6
fe370): M, =B RFH FEREANENY 10. 85 HLH#Ht. X
—WEERY IR S, AR P ks Bk A R HLBeA R U s B 5 e
= BAG ERORIEARER I —— O BTl et S 50 3 HieE 4 73
fCitt. AR, =—REHECG B W FH 7 Ras, = 5ok
& A, 2854 4 H B IREAT ™ 5, = BAES =5 P HE =,
A A, RIS Fr i 8 SO+ ok g™ B AT L 3R

OB E: mitkRE CMOS BG4 REE FK RS THRIFIEIAR £

10 H 10 HHE, KEKURSMETROARAR (BURMERR “Kot
JRAS” ) TR H ) A2 ATRMBISCE AR A, NI B, (A
R BOK O R KO TR VKO 2 G, KEEHLITIAL I 55 =4 TPO,
HAT, KOUROGAERAR LEg A&R2gE L Mos FEBL RS 14/16
bit ADC. TR /> #FR KHEI . Stacking, —4EM “4EBHEE. AT A ]
GREFARAES . PR, HITKBRGIE 7 KR4, il 30 Fobrik
Fet, RN R R R BRIT R VB sl R A
L R REASIE . RIS AU, ORI RS AN KIESSIE A1,
28w ) R AL R R H AT T4 BT, AR T 2020 4. 2021 42K

2022 fF4r SIS ELENVIRN 1. 98 1270 4. 11 1276/ 6. 04 1275, 43 Azl )H

-

BEAFE 5938. 72 J5 76 —3316. 85 J3 0% -8314. 81 5 TG,
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OfEEFNZS: MEMS ¥t EIA) 7 RoboSense HEEEH#IFR SAE =T BB IR

10 A 2 HYHE, 1E SAE 2023 (ZB7Nf@) IRAER Re S MIBREOR [ Frif R
253 (fAIFR SAE 22 R4 E, RoboSense RGBS EIIE N, EHEE
FE B R IAT B ol gE 2R 2023 Y EI REMBIR AT “EEREERS I )
A¥” ;5 RoboSense MR ANHIIR “BIEHHA” A “RREM BT ZH 4
Ak PR AT, JF ROy ME— SR HBOG A k.

ORI : RS WRERERE “2023 BERBER M ZE Ak ”

9 H 27T H, i (Ueg) & SREIEHET L (SMDC) &L
“HEZKIEE - 2023 FE U Jmh EREE 7 fE BRERIIE TR, fE BB
B sl b, BHEIAR DY SRR R KRS R RS, F AR
B AR AR (LR RIFR: SR 2 S RETOREIFr Ui 7
RO RNEL RPN AR —Z0A], AL “2023 B SRR BERHS
AN o ENERB LR “NEN” lk, mERE 2000 F6)
LR BUAUARAL SRS U, IRBHE REAZ O BOR . AR IERBUTIE “F
57 R, H AT O A MEMS A2 80 ASTC i B R BK 1) B 32 iHAE
SKHLRHES B ™. AR “REARRB Mg RG it ” i iR
ML FROR, CEBIE NS, A as et BRI, (LR
REFR W T E=EDT L FNE ST NS

Gk XPHIH . PEAESC

B TURH
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