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Abstract: Space environment may cause damage to astronauts, therefore, it is critical to monitor the
physiological indicators with the purpose to study the damage mechanisms and means of protection. As
a special space environments, microgravity can lead to mitochondrial dysfunction. Since mitochondrial
membrane potential is an important indicator of normal mitochondria, as a result, it is meaningful to
monitor mitochondrial membrane potential under simulated microgravity (SMG) quickly and easily. In
this work, a mitochondria-targeting aggregation-induced emission (AIE) probe (TPE-Ph-In) is
developed to monitor mitochondrial membrane potential under SMG. In order to overcome the
problem of insecure cell apposition under a prolonged time of SMG, an AIE probe-hydrogel 3D
imaging system is constructed by seeding the cells into Matrigel and imaging the cells with TPE-Ph-In.
This work provides a new approach to investigate the cells under microgravity environment.
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Fig.1 'H NMR spectrum (DMSO-ds, 400 MHz, 298K) of TPI
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2 TPIRIRAIIRMER (A) TPI (10 M)7E DMSO FREIMRILKIE (B) TPI (10 M)ZER K E /Y
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Fig. 2 Optical properties of TPL. (A) UV-vis absorption spectrum of ASCPB (10-*M) in DMSO. (B) PL
spectra of TPI (10 M) in DMSO/water mixtures with different water fractions (fw). (Aex = 465 nm). (C)
Change of relative PL intensity (Z/Iv) at 680 nm of TPI in DMSQO/water mixtures with different water
fractions (fw's). I is the PL intensity of TPI with different water fractions and I, is the PL intensity of TPI in
pure DMSO solution.
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U87-MG AN CCCP [ H BERMBEAMG KWK M [TPI] =2 pM; [MTG] = 100 nM; [TMRM] =
100 nM; £ EIEIE: Aex = 485.7 nm, Jem = 620 — 720 nm; ZFRIFIE: Lex = 485.7 nm, Aem = 500 — 550 nm; Scale

bar =20 pm

Fig.3 Evaluation of biocompatibility, photostability and mitochondria targeting ability of TPI. (A)
Cytotoxicity assays of TPI at different concentrations for U87-MG. (B) Singal loss of fluorescence emission
as a function of scan number for TPI and TMRM. (C) Confocal laser fluorescence images of U§7-MG cells

co-stained with TPI and MTG for 30 min from the red channel for TPI and the green channel for MTG. (D)
Confocal laser fluorescence images of U87-MG cells stained with TPI after adding CCCP. Conditions: [TPI]
=2 puM; [MTG] =100 nM; [TMRM] =100 nM; The red channel: Jcx = 485.7 nm, Jem = 620 — 720 nm; The
green channel: Aex = 485.7 nm, Aem = 500 — 550 nm; Scale bar =20 pm.
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4 TP1 5 U87-MG HMHRRIHITE THMMAAA SHAHREEMRMEGE KIEZMH: [TPI] =2 pM;
Aex = 485.7 nm; Aem = 620 — 720 nm; Scale bar =100 pm
Fig.4 Confocal laser fluorescence images and Bright-field (BF) of U87-MG cells co-incubation of TPIL.
Conditions: [TPI] =2 pM; Jex = 485.7 nm; Aem = 620 — 720 nm; Scale bar = 100 pm.
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Fig.5 Long-term monitoring MMP of U87-MG cells by TPI under simulated microgravity. (A) Schematic
of monitoring MMP of U87-MG cells by TPI and the photograph of the dual-axis random clinostat. (B)
Normalized fluorescence intensity of TPI-stained U87-MG cells with and without (Control) stimulation of

simulated microgravity for 12, 16, 24, 36 and 48 h. The mean fluorescence emission intensity was processed



by Image J Fiji and expressed as the mean = SEM from independent experiments, n > 3. (C) Confocal laser
fluorescence images of TPI-stained U87-MG cells without (Control) and with stimulation of simulated
microgravity for 12, 16, 24, 36 and 48 h. Conditions: [TPI] =2 pM; Jex = 485.7 nm, Aem = 620 — 720 nm; Scale
bar =50 pm.
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Fig. 6 Confocal laser fluorescence images and Bright-field (BF) of U87-MG cells stained by TPI for 24, 48
and 72 h under simulated microgravity. Conditions: [TPI] =2 pM; Aex = 485.7 nm, Aem = 620 — 720 nm; Scale
bar =50 pm.
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Fig.7 72 h monitoring MMP of U87-MG cells by AIE-Matrigel 3D system under simulated microgravity.

(A) Schematic of AIE-Matrigel system construction. (B) 3D Confocal laser fluorescence image of U§7-MG
cells stained by TPI. (C) Confocal laser fluorescence images of AIE-Matrigel system stained with U§7-MG
cells without (Control) and with stimulation of simulated microgravity for 72 h. (D) Normalized
fluorescence intensity of AIE-Matrigel system stained with U87-MG cells with and without (Control)
stimulation of simulated microgravity for 72 h. The mean fluorescence emission intensity was processed by
Image J Fiji and expressed as the mean + SEM from independent experiments, n > 3. Conditions: [TPI] =2

UM; Aex = 485.7 nm, Jem = 620 — 720 nm, Scale bar = 100 pm.
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