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Dynamic Tracking of Mitochondrial Cristae by a
High Photostable NIR Fluorescent Probe
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Abstract Using indole squaraine cyanine as the fluorescent scaffold, we successfully designed and synthesized a
wash-free fluorescent probe, designated as CSE, through the introduction of cationic salts. Performance characteriza-
tion demonstrated that CSE not only exhibits excellent photostability but also possesses near-infrared fluorescent
emission. Intracellular colocalization assays with commercial mitochondria-specific dyes further validated its ability to
precisely target mitochondria. Under stimulated emission depletion (STED) super-resolution microscopy with deple-
tion of 775 nm, CSE clearly resolved the fine morphological details of mitochondrial cristae, achieving an impressive
spatial resolution of up to 54 nm. During super-resolution dynamic tracking of mitochondria leveraging CSE, we suc-
cessfully captured and delineated key dynamic events, including mitochondrial fusion and fission, cristae remodel-
ing, and tubulation of mitochondria. The CSE probe developed herein enables super-resolution imaging and dynamic
tracking of mitochondrial cristae, thereby holding great promise as a powerful tool for dissecting the dynamic mecha-
nisms of mitochondrial cristae under physiological conditions.
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(DMSO) . 75 #& 1l 50 A1 2 g ¥ 2 0 e i, R A JELJEL B 5 28 R 5 A BR 24 7] 5 MitoTracker Orange
CMTMRos (MTO) , 2-(2- B 48 Jk-4- il FEFE 3L ) -3- (4-filf FE AL ) -5- (2, 4- R 7K ) -2H- DU 5 PR 4y £6
(CCK-8) . Hoechst 33342 il Mito-Tracker Deep Red FM (MTDR )W [ 3 [ £k g% R ]

"H NMR #1°C NMR #3575 % 1R FH Bruker 400 M A% B 35 P 1548 (7 ) 41 6 7 23 7)) 78 DMSO-
dy/CDCLHAE , LLTMS S N2 5 BREFFES R R 1 UV-Vis IO AE H 37 U-2910 435608 TH(H
AH A A B BRI TERE N 1 em B4 0% H G LS 700 6 5 986 & SIS 7E e 75 450 WARkT 1 H
37 F-2700 55653 G EEAL CH A H 3r 28 w)) F il ;s 78 Abberior STEDY CON i 43 B 48 i B8 (1[5 Ab-
berior A ] ) XA UET T2 6 A% .

1.2 ZiidiE

1.2.1 CSE# 4t % C-3"(500 mg, 1 mmol) AR Z%E(108 mg, Immol) fiIIA S mL ZJiEH, #£85 CF
PEFERI R . G R o/ FE Tl 8 e 0 550 o e e A € i 4l Ak CSE, FRAS 5 4. 'H NMR (400 MHz,
DMSO-d,), 8: 7.64(d, J=7.5 Hz, 2H), 7.58(d, J=8.0 Hz, 2H), 7.46(t, J=7.7 Hz, 2H), 7.35(t, J=
7.5 Hz, 2H), 5.78(s, 2H), 4.30(q, J=7.1 Hz, 4H), 3.74(d, J=7.4 Hz, 2H), 1.49(t, J=7.4 Hz,
3H), 1.32(t, J=7.2 Hz, 6H). “C NMR (101 MHz, Chloroform-d) , §: 174. 6, 172.8, 170.5, 141.4,
139.9, 127.7, 125.1, 121.3, 110.5, 87.6, 49.3, 39.4, 31.1, 28.7, 26.0, 24.9, 15.5, 11. 4. HRMS
(m/z): CLH N,OSTFRIE(E : 497. 2622; MIRE : 497. 2603. 5 41157 5 NMR F1 HRMS 1% & I Scheme 1
FE S1—S7T(WASCZFEF ).
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625 nm; PI: 10 pmol/L, Ax=561 nm, Awm=575—625 nm; LTR: 200 nmol/L., A,=561 nm, A.,=575—625
nm. STED & B HFELE R 775 nm. XFFHEF 0916 M 5256, FF 4 i 5 CSE ££ 37 “CF % 8 30 min,
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Fig. 1 Chemical structural formula of CSE(A), normalized absorption and emission spectra of CSE in toluene
(B), the absorption(C) and emission(D) spectra of CSE in different solvents, fluorescence spectra of
CSE in glycerol-water mixed solvents with different volume/mass ratios(E) and fluorescence intensity

ratio of CSE to the control with the increase of glycerol component(F)
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Fig. 2 Co-localization imaging experiments of CSE with MTO(A)/LTR(B) in live COS-7 cells, photostability
of CSE and MTDR during repeated confocal imaging of the same region(C), comparison of the photo-
stability of CSE and MTDR(D)

(A, B) From left to right: CSE; MTO or LTR; merged image; fluorescence intensity distribution in the area marked by
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Fig.3 Mitochondrial cristae of live COS-7 cells labeled with CSE under STED microscopy(A), magnified
image of the labeled region in (A)(B), fluorescence intensity analysis of the regions marked by arrows,
and the full width at half maximum(FWHM) calculated via Gaussian fitting(C), fluorescence intensity

distribution of confocal laser scanning microscope(CLSM) and STED images in the lined region(D)
3R STED MR A RAEW] T CSEAREH I , AE R —Fh LS ALK RS, 7T LA T hric 4 i
US54 .
2.4 CSE RTS8 PG
YT CSE A R R AE A rERaE M, I CSE X COS-7 ALY SRR N IBEEA T 1 D or 5
AIBER, LART LA 4 b 9 OB A N sl 22t . TR 4CA) R 1 (AR SCSCHRHE B B B T

Chem. J. Chinese Universities, 2026, 47(1), 20250302 20250302(210/212)



Jd 5% s Kws g R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

AR ET CSE Xl COS-7 4 £ R sl 1 2 iyl AL S SR . i OR ER AT L, A B A s 236 B i e
e, SORER AR T MR Rl (B TSR ) 50 R (SR AT SR ) B0 . ORI 55 A Rl i
KRS, MRS 5 2R TR ZR A RE AOE  ARL O LT, TR ok (A T s X — gh A R kG
HEVRIFAS , SN I PSC AR A RE A QI AT R 2[RI, FELT R Sk 7 DXI, a3 I UL 38 2R b (AR U ) W
ZHEIMIG . 2oL iRiE A AL BERR L (OXPHOS ) FYAZ.O I RE X I8, HIB S B e BE it & U3
U 1) T 5 5 T 9 R A DR R S RS 2 R HE AT L DT D O A A Bh S AR A i AR S 7 Bk, FEBU B
WU 7P, ZEERET CSEFRICHY COS-7 4 rhids il W B SR AR TAE A i FE L 4 (B) i 2, DAL
SRR ] SRR AL S LR IR Bl 5 i R VI SCHE , A B RE A, SRR 2 5 LR M 45
e,

(A) Frame #1

Frame #2 b Frame #3 & Frame #4 V3 "W Frame #5

i ROT 1724

YROI L")

3 Frame #2 S8 Frame #3 v Frame #4 50 B Frame #5

4 ’ 4

Frame #1

Frame #2_ ;" Frame#3 s Frame #des % Frame #5%

<
[
20

=
=

m

Fig.4 STED nano-microscopy time-lapse recording of live COS-7 cells labeled with CSE(A) and STED
nano-microscopy time-lapse recording of live COS-7 cells labeled with CSE(B)
(A) showing mitochondrial fusion (yellow arrows) , fission (green arrows) and mitochondrial cristae remodeling (red
arrows ) ; (B) highlighting mitochondrial microtubules (blue arrows) , the scale bar in the original images is 2 pm, and
that in the magnified images is 1 pm. All STED image data have been deconvolved, and photobleaching has been
corrected for STED time-lapse imaging. A =640 nm, A =650—700 nm.
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