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Summary 12 

Mitochondrial fission is essential for cellular homeostasis, yet signals that license specific sites for 13 

division and link fission to subsequent fate remain largely elusive. Here, we identify homeostatic 14 

inner mitochondrial membrane lipid peroxidation (IMM LPO) as an upstream signal coordinating 15 

these two fundamental processes. We show, during homeostatic conditions, a focal IMM LPO 16 

increase is necessary for division, marking mitochondria-ER contacts (MERCS) for fission. IMM 17 

LPO and MERCS formation can precede one another, engaging in a positive feedback loop: focal 18 

IMM LPO promotes ER recruitment and subsequent mitochondrial Ca²⁺ influx, which in turn 19 

accelerates IMM LPO, creating a robust commitment for division. Critically, the magnitude of the 20 

IMM LPO signal at the prospective fission site dictates daughter mitochondrial fate. Modest LPO 21 

generates healthy daughter mitochondria, while severe LPO targets depolarized daughters for 22 

mitophagy. This IMM LPO-mediated fission is a general mechanism, exhibiting hyperactivation 23 

in prostate cancer. Our study defines a fundamental initiation event for mitochondrial fission, 24 

establishing homeostatic IMM LPO as a signal that integrates fission site selection with 25 

mitochondrial fate.  26 
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Main 31 

Mitochondrial fission is a fundamental process essential for mitochondrial homeostasis, quality 32 

control, and cellular adaptation 1, 2. While the downstream scission machinery, involving the 33 

formation of mitochondria-endoplasmic reticulum contact sites (MERCS) 3, 4 and subsequent 34 

recruitment of the fission effector DRP1 5, 6, is well-characterized, the upstream signals that 35 

determine where fission occurs remain largely elusive. This knowledge gap is underscored by the 36 

notable observation that, although fission occurs predominantly at MERCS, only a minute fraction 37 

(~ 1-4%) of these sites proceed to active scission 7. This discrepancy raises a critical question: what 38 

early molecular signal is required for licensing a specific mitochondrial site for division? Although 39 

mtDNA replication has been implicated as a potential signal 7, it likely represents a concurrent 40 

event rather than a determinant 8. Therefore, identifying the earlier, instructive signal that defines 41 

a nascent fission site remains a central question in the field 8. 42 

Mitochondrial fission is essential for both mitochondrial biogenesis and mitophagy 9-11; however, 43 

it remains a critical puzzle how the act of fission can be coupled to these distinct and opposing 44 

fates of the resulting daughter mitochondria. It is documented that fission location correlates with 45 

daughter mitochondrial fate; division at the mitochondrial periphery tends to segregate damaged 46 

material for mitophagy, whereas midzone fission supports proliferation 12. However, this 47 

observation of spatial bias does not provide the molecular logic linking fission to daughter 48 

mitochondrial fate. Consequently, the mechanisms by which fission governs these divergent 49 

outcomes of daughter mitochondria remain poorly understood.  50 

Here, we resolve these long-standing questions by identifying homeostatic inner mitochondrial 51 

membrane (IMM) lipid peroxidation (LPO) as a molecular signal not only determining the fission 52 

site but also quantitatively encoding information that pre-determines the fate of the daughter 53 

mitochondria. We demonstrate that a focal increase in IMM LPO serves as the primary spatial 54 

landmark licensing the fission site. Furthermore, we uncover a self-amplifying feedback loop 55 

wherein IMM LPO promotes MERCS formation and Ca²⁺ influx, which in turn accelerates IMM 56 

LPO, thereby creating a robust trigger for fission. Crucially, we reveal that the magnitude of this 57 

IMM LPO signal at the fission sites predicts mitochondrial fate. This IMM LPO-mediated fission 58 

is a general mechanism, which is pathologically hyperactivated in malignant prostate cancer to 59 

drive mitochondrial fragmentation, representing a potential selective vulnerability. Our study 60 

Langtaosha (LTS) Preprint doi: https://doi.org/10.65215/LTSpreprints.2026.10.28.000375. This version posted October 28, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All Rights Reserved. No reuse allowed without permission.



3 

 

establishes IMM LPO as the initiating event determining the mitochondrial fission site and 61 

identifies it as a critical regulator that integrates site selection with mitochondrial fate 62 

determination.  63 

Results 64 

The unexpected requirement of homeostatic IMM LPO for mitochondrial fission 65 

    While investigating the impact of IMM LPO on mitochondrial function using a doxycycline 66 

(Dox)-inducible system to express mitochondrial-targeted glutathione peroxidase 4 (mitoGPX4) 67 
13, a specific scavenger of lipid peroxides 14 (Fig. 1a, Extended Data Fig. 1a), we unexpectedly 68 

discovered a surprising role for homeostatic IMM LPO in facilitating mitochondrial fission (Fig. 69 

1b). Specifically, mitoGPX4 induction in U-2 OS cells significantly reduced basal IMM LPO, as 70 

evidenced by decreased fluorescence of the LPO-specific dye MitoPeDPP 15 (Extended Data Fig. 71 

1b). The probe's specificity for the inner membrane was confirmed by its colocalization with the 72 

IMM marker PK Mito Deep Red and its distinct separation from the outer mitochondrial 73 

membrane (OMM) marker TOMM20 (Extended Data Fig. 1c). Critically, mitoGPX4 expression 74 

resulted in an approximately 50% reduction in the mitochondrial fission rate (Fig. 1b). These 75 

findings indicate that homeostatic IMM LPO is required for mitochondrial fission. 76 

Consistent with inhibited fission, scavenging IMM LPO resulted in pronounced mitochondrial 77 

elongation. The mean mitochondrial branch length increased from a baseline of 2.32 µm in control 78 

cells to 3.01 µm in mitoGPX4-expressing cells (Fig.1c, d), a hyperfused phenotype comparable to 79 

the 3.33 µm length observed upon expression of the dominant-negative DRP1(K38A) mutant, 80 

which inhibits fission 5 (Extended Data Fig.1d, e). This effect, comparable to that of DRP1, 81 

supports that IMM LPO is a major requirement for mitochondrial fission. Furthermore, the anti-82 

fission effect of mitoGPX4 was strictly dependent on its catalysis of LPO, as expression of the 83 

inactive mutants mitoGPX4(U73C) and mitoGPX4(N164A) failed to induce mitochondrial 84 

elongation 16 (Fig. 1c, d). Further supporting the requirement of IMM LPO for mitochondrial 85 

fission, mitoGPX4 over-expression reduced DRP1 activity for fission, evidenced by decreased 86 

phosphorylation at the pro-fission site DRP1-S616 17 and increased phosphorylation at the anti-87 

fission site DRP1-S637 18 (Fig. 1e, f). Additionally, mitoGPX4 overexpression did not alter 88 

mitochondrial content, indicating that its effect on decreasing fission is not due to a reduction in 89 

Langtaosha (LTS) Preprint doi: https://doi.org/10.65215/LTSpreprints.2026.10.28.000375. This version posted October 28, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All Rights Reserved. No reuse allowed without permission.



4 

 

total mitochondrial abundance (Extended Data Fig. 1f). Collectively, these data establish that IMM 90 

LPO is required for mitochondrial fission under homeostatic conditions. 91 

IMM LPO levels are focally elevated at future mitochondrial fission sites and are sufficient 92 

to induce mitochondrial fission. 93 

We next sought to determine if IMM LPO spatially marks future division sites. Live-cell 94 

imaging revealed focal surges in IMM LPO, labelled with MitoPeDPP, at the prospective 95 

mitochondrial division sites (Fig. 1g, Supplementary Video 1). Quantification of 109 fission events 96 

across 27 cells stained with MitoPeDPP showed that 76.15% were marked by a preceding, 97 

localized increase in IMM LPO (Fig. 1h). Furthermore, using another independent IMM LPO 98 

probe MitoPerOx (Extended Data Fig. 1g), that shifts its fluorescence emission from red (reduced 99 

state) to green (peroxidized state) upon lipid peroxidation 19, we validated this surge of IMM LPO 100 

at future fission sites (Extended Data Fig. 1h, i, Supplementary Video 2). Quantification of fission 101 

events in cells stained with MitoPerOx showed that 71.875% were marked by a preceding, 102 

localized increase in IMM LPO as well (Extended Data Fig. 1i). These data establish that a focal 103 

increase in IMM LPO occurs at the prospective fission sites. 104 

Furthermore, we investigated whether a localized increase in IMM LPO is sufficient to induce 105 

mitochondrial fission. As previously described, we employed a focal photo-stimulation to induce 106 

localized peroxidation of the IMM 20, evidenced by a red-to-green shift in MitoPerOx staining 19 107 

(Fig. 1i). We found that the targeted stimulation site with focal increase in IMM LPO showed 108 

obvious mitochondrial constriction and subsequent fission (Fig. 1j, Supplementary Video 3). 109 

Quantitative analysis revealed that among all stimulation sites exhibiting IMM LPO induction, 110 

71.05% progressed to constriction, with 77.78% of these undergoing complete fission within the 111 

observation period (Fig. 1k). These findings provide direct evidence that a localized increase in 112 

IMM LPO is able to initiate mitochondrial fission. Collectively, these data indicate that 113 

homeostatic IMM LPO marks mitochondrial fission sites and is both necessary and sufficient for 114 

mitochondrial division. 115 

Elevated IMM LPO enhances the propensity of MERCS for fission 116 

    MERCS is the known early signal marking fission site 3, thus we investigated whether IMM 117 

LPO marks the fission-competent MERCS subset. Firstly, we found that ER-associated 118 

mitochondrial constriction sites displayed focal IMM LPO enrichment (Fig. 2a, b). Strikingly, 119 
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quantification of 1001 MERCS showed that 83.33% of fission-competent MERCS displayed local 120 

IMM LPO elevation (Fig. 2c), supporting that fission primarily occurs at MERCS with increased 121 

IMM LPO. Furthermore, we evaluated the percentage of MERCS exhibiting a focal increase in 122 

IMM LPO that underwent fission. We found that among all MERCS, approximately 16.79% 123 

underwent constriction, with only 4.80% proceeding to complete division (Fig.2d). In contrast, 124 

among MERCS exhibiting local IMM LPO elevation, these proportions increased to 32.36% for 125 

constriction and 10.61% for fission (Fig.2d). Therefore, the majority of fission events occur at 126 

MERCS exhibiting a focal increase in IMM LPO, but not all such MERCS undergo fission. One 127 

possible explanation for this observation is that the combination of MERCS and homeostatic IMM 128 

LPO initiates the fission cascade, with only those sites exceeding a specific threshold establishing 129 

a robust fission locus, given that strong IMM LPO from light stimulation is sufficient to induce 130 

fission (Fig. 1i-k). Altogether, mitochondrial fission predominantly occurs at the MERCS with 131 

increased IMM LPO, and local IMM LPO enrichment is required for the competence of MERCS 132 

to facilitate mitochondrial constriction and division. 133 

IMM LPO could occur before mitochondria-ER contact during mitochondrial fission 134 

We then sought to elucidate the temporal and functional interplay between IMM LPO elevation 135 

and ER recruitment during mitochondrial fission. Live-cell imaging revealed that IMM LPO and 136 

ER recruitment can occur reciprocally, with either preceding the other. Specifically, among 15 137 

fission events exhibiting discernible temporal ordering between IMM LPO and MERCS, six 138 

exhibited local IMM LPO elevation prior to ER recruitment, whereas nine displayed ER 139 

recruitment preceding local IMM LPO elevation (Fig. 2e). Detailed time-lapse imaging analyses 140 

showed that focal IMM LPO elevation can precede ER recruitment to mitochondria, followed by 141 

OMM constriction and subsequent mitochondrial division (Fig. 2f). Conversely, ER recruitment 142 

could also precede local IMM LPO elevation before subsequent OMM constriction and 143 

mitochondrial division (Extended Data Fig. 2a). This either-preceding-the-other phenomenon 144 

suggests that IMM LPO and ER recruitment may reciprocally promote each other. 145 

We next used a dimerization-dependent fluorescent protein (ddFP) reporter system that quantify 146 

the contacts between ER and mitochondria via reversible fluorescence reconstitution 21 (Fig. 2g, 147 

Extended Data Fig. 2b), to investigate whether elevated IMM LPO drives ER recruitment. 148 

Consistent with above mentioned results, the majority (76.09%) of fission-competent ddFP-149 
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labeled MERCS exhibited elevated IMM LPO at fission sites prior to division (Extended Data Fig. 150 

2c). Using this system to determine the potential role of IMM LPO in facilitating ER and 151 

mitochondrial contact, we knocked down DHODH (Extended Data Fig. 2d, e), an enzyme known 152 

for maintaining mitochondrial reductive capacity and suppressing IMM LPO 22. Indeed, DHODH 153 

knockdown significantly increased the average MERCS frequency marked by ddFP system from 154 

~68 to ~85 per cell (Fig 2h, i). Critically, overexpressing mitoGPX4 reversed this shDHODH-155 

induced increase in MERCS, reducing the number of ddFP-marked MERCS from ~85 to ~60 per 156 

cell (Fig 2h, i). These data indicate that elevated IMM LPO is able to promote MERCS formation.  157 

IMM LPO elevation and MERCS-mediated mitochondrial Ca²⁺ influx form a positive 158 

feedback loop promoting mitochondrial fission 159 

Given that ER-mitochondria contact can occur both before and after IMM LPO increase, we 160 

next investigated whether MERCS may function reciprocally to promote IMM LPO. As MERCS 161 

facilitate fission primarily via mediating mitochondrial Ca²⁺ influx 4, we tested this potential 162 

reciprocal relationship by testing whether IMM LPO and MERCS-mediated mitochondrial Ca²⁺ 163 

influx could promote each other. Indeed, we first observed that under homeostatic conditions, focal 164 

IMM LPO surges strongly colocalize with peaks in mitochondrial matrix Ca²⁺ detected by the 165 

sensor mito-R-GECO1 at the region with constriction of mitochondrial inner compartments 166 

(CoMIC) 23, a crucial step during mitochondrial fission (Fig. 3a, b). Furthermore, our data 167 

indicated a role of IMM LPO in promoting mitochondrial Ca²⁺, as evidenced by scavenging basal 168 

IMM LPO with mitoGPX4 overexpression reduced homeostatic mitochondrial Ca²⁺ levels by 169 

approximately 30% (Fig. 3c, d), thereby in consistent with the aforementioned role of IMM LPO 170 

in sustaining MERCS. Next, we tested whether increased mitochondrial Ca²⁺ reciprocally 171 

amplifies IMM LPO and fission. Crucially, increasing mitochondrial matrix Ca²⁺ using the Ca²⁺ 172 

ionophore A23187 increased mitochondrial Ca²⁺ 24 (Fig. 3e, f), robustly elevated IMM LPO (Fig. 173 

3e, g) and reduced mitochondrial branch length (Fig. 3e, h). Notably, mitoGPX4 overexpression 174 

attenuated the A23187-induced increases in mitochondrial Ca²⁺ and IMM LPO and significantly 175 

reversed mitochondrial shortening (Fig. 3e-h), further confirming that IMM LPO and 176 

mitochondrial Ca²⁺ influx act within a positive feedback loop to facilitate mitochondrial division. 177 

To verify whether the homeostatic surges of IMM LPO are sustained by MERCS-mediated 178 

mitochondrial Ca²⁺ influx, we tested the critical involvement of ER-localized Ca²⁺ channel IP3R 179 
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25 and mitochondrial calcium uniporter (MCU) 26. We inhibited Ca²⁺ transfer from the ER to 180 

mitochondria by either pharmacologically blocking IP3R with 2-APB 27 (Fig. 3i, j) or employing 181 

shRNA-mediated knockdown of MCU 28 (Fig. 3l, m; Extended Data Fig. 3a, b). Both interventions 182 

significantly decreased basal IMM LPO levels (Fig. 3 i, k, l, n), demonstrating that MERCS-183 

mediated Ca²⁺ influx is required to sustain homeostatic IMM LPO. Further supporting this 184 

observation, in fission events where MERCS formation (Extended Data Fig. 2a, 0 s) precedes the 185 

elevation of IMM LPO, a progressive increase in IMM LPO is evident following MERCS 186 

assembly (Extended Data Fig. 2a, 5-20 s). Collectively, these results define a self-amplifying 187 

positive feedback loop critical for fission site selection, wherein focal IMM LPO and MERCS-188 

mediated Ca²⁺ influx mutually reinforce one another, thereby committing specific mitochondrial 189 

sites to fission (Fig. 3o). 190 

The magnitude of IMM LPO at the fission site predicts the fate of daughter mitochondrion 191 

 We next addressed another central question in mitochondrial biology: how the act of fission is 192 

coupled to daughter mitochondrial fate. Given the correlation of fission location with the fate of 193 

daughter mitochondria 12, we tested whether the magnitude of IMM LPO encodes information 194 

about the fission mode (midzone vs. peripheral) and subsequent mitochondrial state. We performed 195 

live-cell imaging of mitochondrial fission dynamics in U-2 OS cells to analyze the distribution of 196 

IMM LPO intensity at prospective fission sites. Changes in fission-site IMM LPO intensity were 197 

quantified as the ratio Fa/Fref, defined as the MitoPeDPP fluorescence at the prospective fission 198 

site (Fa) relative to the reference fluorescence of the corresponding mother mitochondrion (Fref) 199 

(Fig. 4a). A clear distinction in the ratio Fa/Fref emerged between fission types (Fig. 4a). Strikingly, 200 

the fold change of IMM LPO intensity at midzone division sites was uniformly less than twofold, 201 

with an average of approximately 1.48. In contrast, IMM LPO intensity at peripheral division sites 202 

exhibited a significantly higher mean increase of approximately 2.26-fold change. Based on this 203 

distribution, we established an empirical threshold of Fa/Fref = 2 to distinguish 'modest' (< 2) from 204 

'severe' (≥ 2) IMM LPO. Using this classification, we found that midzone division is characterized 205 

by modest IMM LPO, whereas severe LPO was a feature exclusive to peripheral divisions (Fig. 206 

4a). 207 

We then evaluated how this IMM LPO signal is partitioned and inherited. IMM LPO intensity 208 

changes in daughter mitochondria during U-2 OS mitochondrial fission were quantified by the 209 
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ratio Fb/Fref, defined as MitoPeDPP values at the division end of the daughter mitochondria (Fb) 210 

relative to the background MitoPeDPP signal across the mother mitochondrion (Fref). Following 211 

midzone division, IMM LPO was partitioned symmetrically, with both daughters inheriting modest 212 

LPO levels (< 2-fold) (Fig. 4b, c). In contrast, peripheral division often resulted in asymmetric 213 

partitioning, where the smaller daughter inherited significantly higher LPO than its larger 214 

counterpart (≥ 2-fold) (Fig. 4d, e). Crucially, this asymmetric inheritance of IMM LPO was 215 

dependent on the initial LPO magnitude at the fission site (Fig. 4d). Only peripheral divisions 216 

originating from a site of severe IMM LPO (≥ 2-fold) produced a high-LPO daughter (Fig. 4d; 217 

upper); if the initial peripheral fission event was modest (< 2-fold), both resulting daughters also 218 

maintained modest LPO (Fig. 4d; lower). 219 

This key observation, that not all peripheral divisions yield a high-LPO daughter, prompted us 220 

to test whether the inherited IMM LPO level itself, rather than fission location alone, is the primary 221 

determinant of mitochondrial fate, particularly given that many shorter daughter mitochondria 222 

resulting from peripheral division escape mitophagy 9, 10, 12. Indeed, applying this twofold increase 223 

in IMM LPO as a classifier across all daughter mitochondria precisely reflected their physiological 224 

state and fate. Time-lapse imaging indicated that daughter mitochondria retaining elevated 225 

MitoPeDPP signals displayed reduced TMRE signals (Extended Data Fig. 4). Further quantitative 226 

analyses validated that this IMM LPO-based classification directly predicts the subsequent state 227 

and fate of daughter mitochondria (Fig. 4f, g). Live-cell imaging tracking of 284 mitochondria 228 

revealed that 94.78% of severe-LPO (≥ 2-fold) daughters were depolarized (TMRE-low) (Fig. 4f-229 

h), whereas 86.98% of modest-LPO (< 2-fold) daughters maintained their membrane potential 230 

(TMRE-high) (Fig. 4h). This divergence in IMM LPO state strongly correlates with distinct 231 

destinies of these daughter mitochondria: examination of 520 mitochondria showed that 80.87% 232 

of severe-LPO mitochondria were targeted for mitophagy as indicated by the association with 233 

LC3B-positive autophagosomes (Fig. 4i), while 97.04% of their low-LPO counterparts escaped 234 

this fate (Fig. 4i). Collectively, these data identify the magnitude of IMM LPO as the quantitative 235 

signal that directly couples the initiation of fission to subsequent quality control decisions, thereby 236 

determining the fate of daughter mitochondria. 237 

IMM LPO-mediated fission is pathologically hyperactivated in prostate cancer 238 
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We subsequently investigated whether IMM LPO-mediated fission occurs in disease contexts, 239 

focusing on prostate cancer, a malignancy characterized by profound metabolic reprogramming, 240 

particularly altered mitochondrial function 29-31. First, we examined mitochondrial shape in human 241 

prostate cancer specimens from three patients by transmission electron microscopy (TEM) 242 

analyses. To quantify mitochondrial morphological changes, we performed major-minor axis 243 

morphometry on TEM images of paired tumor and adjacent non-tumor prostate epithelial tissues. 244 

In tumor epithelium, mitochondria predominantly exhibited low-aspect-ratio profiles (median ratio: 245 

1.165; interquartile range [IQR]: 1.116-1.230), with 90.8% displaying an aspect ratio below 1.5, 246 

indicating significant mitochondrial shortening (Fig. 5a, b). In stark contrast, mitochondria in 247 

adjacent non-tumor epithelium were much more elongated (median ratio: 1.819; IQR: 1.356-248 

2.664); 63.6% had an aspect ratio ≥ 1.5, especially that 21.9% exhibited a ratio ≥ 3.0 (Fig. 5c, d). 249 

These results suggest that mitochondrial fission in human prostate cancer may be more active than 250 

in the normal control cells. 251 

We further recapitulated this mitochondrial shortening phenotype in cell lines, observing that 252 

malignant prostate cancer 22Rv1 cells displayed substantially shorter mitochondrial branches 253 

(0.646 µm) compared to normal prostate epithelial RWPE-1 cells (1.350 µm) (Fig. 5e, f). 254 

Furthermore, we demonstrated that mitochondrial shortening in cancer cells results from hyper-255 

fission mediated by increased IMM LPO. Flow cytometric analysis of MitoPeDPP fluorescence 256 

revealed that 22Rv1 cells exhibited higher basal IMM LPO levels than RWPE-1 control cells (Fig. 257 

5g). Importantly, reducing IMM LPO in 22Rv1 cells via mitoGPX4 overexpression restored 258 

mitochondrial network integrity, increasing mean mitochondrial branch length from 0.498 µm to 259 

1.279 µm (Fig. 5h, i). Supporting that mitochondrial shortening in 22Rv1 cells stems from 260 

excessive fission, treatment with the DRP1 inhibitor Mdivi-1 also induced mitochondrial 261 

elongation, yielding an increase in branch length comparable to that observed in mitoGPX4-262 

overexpressing 22Rv1 cells (Extended Data Fig. 5a, b). Notably, both mitoGPX4 overexpression 263 

and DRP1 inhibition exerted minimal effects on mitochondrial length in control RWPE-1 cells 264 

(Fig. 5h, i, Extended Data Fig. 5a, b), suggesting that mitochondrial fission is inactive in these 265 

normal control cells, consistent with their low IMM LPO levels (Fig. 5g). These results indicate 266 

that prostate cancer cells exhibit active LPO-mediated mitochondrial fission, which can be 267 

suppressed by either decreasing IMM LPO or inhibiting DRP1. Therefore, IMM LPO-mediated 268 

Langtaosha (LTS) Preprint doi: https://doi.org/10.65215/LTSpreprints.2026.10.28.000375. This version posted October 28, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All Rights Reserved. No reuse allowed without permission.



10 

 

fission represents a general mechanism governing mitochondrial dynamics across diverse cell 269 

types in both homeostatic and disease contexts. 270 

Discussion 271 

This study identifies homeostatic focal surges in IMM LPO as an upstream signal that initiates 272 

mitochondrial fission, resolving long-standing questions about site selection and their coordination 273 

with fate determination (Fig. 5j). Crucially, our work re-contextualizes the role of LPO in cell 274 

biology. While best known as the catastrophic executioner of ferroptosis, driven by overwhelming 275 

oxidative damage 32, we demonstrate a fundamentally different role: IMM LPO as a localized, and 276 

regulated physiological signal. We show that cells utilize spatially confined IMM LPO as a precise 277 

signaling moiety to direct mitochondrial dynamics. This discovery reframes IMM LPO from an 278 

unregulated destructive force to a core component of mitochondrial homeostasis. 279 

The suitability of IMM LPO for initiating fission and encoding fate stems from its unique 280 

properties as a signal integrator. The IMM's enrichment in polyunsaturated fatty acids (PUFAs) 281 

renders it a highly poised platform for lipid peroxidation 33, 34. Nearly all fluctuations in 282 

mitochondrial state, from metabolic flux to Ca²⁺ transients 35, converge on altering electron flow 283 

through the ETC 36, which can trigger local ROS production and subsequent IMM LPO induction 284 
37. Consequently, the local level of IMM LPO serves as a real-time, integrated readout of 285 

mitochondrial health, positioning it perfectly to translate this internal state into the physical act of 286 

fission and a corresponding quality control decision. 287 

Our findings identify a homeostatic focal surge in IMM LPO as a molecular requirement for 288 

mitochondrial fission site selection. This event could precede ER recruitment, a previously-known 289 

early fission steps 7, establishing IMM LPO as one of the earliest instructive signals in the fission 290 

cascade. A key mechanistic insight is the discovery of a positive feedback loop between IMM LPO 291 

and MERCS-mediated Ca²⁺ influx. We show that focal IMM LPO can precede and promote ER 292 

recruitment, while the resulting Ca²⁺ influx reciprocally amplifies IMM LPO. This self-amplifying 293 

loop functions as a commitment switch, ensuring that fission proceeds only at sites where the 294 

fission signal surpasses a critical threshold. This mechanism also establishes an integrative hub, 295 

allowing the fission machinery to respond dynamically to diverse cellular states that influence 296 

either IMM LPO or MERCS. Beyond fission site selection, our data reveal that the magnitude of 297 

the IMM LPO signal encodes daughter mitochondrion fate, explaining how fission is coupled to 298 
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mitochondrial quality control. This elucidates the documented yet poorly understood fission site 299 

bias of mitochondrial quality control, providing a rationale for how the biochemical state of a 300 

fission site, not merely its location, governs the fate of daughter mitochondria.  301 

The IMM LPO-mediated pathway is a general mechanism for fission, underscored by its 302 

activation during homeostatic conditions and pathological hyperactivation in prostate cancer. 303 

Moreover, our findings open several exciting avenues for future research. A critical next step is to 304 

define the IMM LPO signature by identifying the specific peroxidized lipid species that act as the 305 

signal for fission. Second, the mechanism of trans-membrane communication, by which the IMM 306 

LPO signal affects the MERCS that involves the OMM and ER machinery, remains a key puzzle, 307 

possibly involving changes in membrane curvature 38. Finally, while mitoGPX4 is a key negative 308 

regulator, elucidating the full network of antioxidant systems that spatially and temporally confine 309 

the IMM LPO signal to prevent runaway fission will be crucial for a complete understanding. In 310 

conclusion, we identify IMM LPO as a primary, quantitative signal that governs where and with 311 

what consequence mitochondrial fission occurs, thereby integrating organelle dynamics with 312 

quality control in both health and disease. 313 
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Figure legends 348 

 349 

Fig. 1 | Homeostatic IMM LPO is necessary and sufficient to initiate mitochondrial fission. 350 

(a) Schematic illustrating the action of mitochondrial-targeted glutathione peroxidase 4 351 

(mitoGPX4). MitoGPX4 reduces phospholipid hydroperoxides (PLOOH) to their corresponding 352 

alcohols (PLOH), thereby suppressing inner mitochondrial membrane (IMM) lipid peroxidation 353 

(LPO). 354 
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(b) Quantification of mitochondrial fission rates in Tet-on mitoGPX4 U-2 OS cells treated with or 355 

without doxycycline (Dox; 1 μM) for 48 h. Mitochondrial fission events were quantified from live-356 

cell time-lapse imaging data and normalized to imaging duration and mitochondrial area, yielding 357 

units of events min⁻¹ μm⁻². Dox-induced mitoGPX4 expression significantly reduced the 358 

mitochondrial fission rate. Each point represents the mitochondrial fission rate from one individual 359 

cell. 360 

(c and d) Representative SIM images (c) and quantification of mean mitochondrial length (d) in 361 

U-2 OS cells expressing mito-mScarlet, wild-type mitoGPX4-mScarlet or the catalytically inactive 362 

mitoGPX4 mutants U73C and N164A. Only wild-type mitoGPX4 induced mitochondrial 363 

elongation. The blue-boxed regions are shown at higher magnification below. Each dot in (d) 364 

represents the mean mitochondrial length from one individual cell. 365 

(e and f) Immunoblot analysis (e) and corresponding quantification (f) of DRP1 phosphorylation 366 

in Tet-on mitoGPX4 U-2 OS cells treated with or without Dox for 48 h. MitoGPX4 induction 367 

decreased pro-fission phosphorylation at DRP1-Ser616 and increased anti-fission phosphorylation 368 

at DRP1-Ser637, indicating reduced DRP1 activity. Phospho-DRP1 levels were normalized to total 369 

DRP1, and β-actin served as a loading control. Each dot in (f) represents the phospho-DRP1-to-370 

total DRP1 ratio from one independent biological experiment. 371 

(g and h) Focal IMM LPO enrichment precedes mitochondrial fission. (g) Representative live-cell 372 

time-lapse SIM images of a U-2 OS cell expressing mito-BFP as a mitochondrial matrix marker 373 

and labeled with MitoPeDPP as an IMM LPO probe. Focal MitoPeDPP enrichment was detected 374 

at the prospective mitochondrial fission site before constriction and division. Arrows indicate a 375 

focal increase in IMM LPO (6 s) at the prospective fission site, followed by constriction (9 s) and 376 

division (12 s). The complete process is shown in Supplementary Video 1. White arrows indicate 377 

the prospective fission site, and yellow arrows indicate the daughter mitochondria after division. 378 

Pseudocolors are applied for optimal visualization. (h) Quantification shows that 76.15% of 379 

mitochondrial fission events were preceded by focal IMM LPO elevation. 380 

(i) Schematic of the experimental setup used to induce a focal increase in IMM LPO through light 381 

stimulation. A defined mitochondrial region in HeLa cells labeled with the ratiometric IMM LPO 382 

probe MitoPerOx was subjected to focal 405-nm laser stimulation to induce local IMM LPO 383 

elevation, followed by live-cell imaging of mitochondrial dynamics. Peroxidized MitoPerOx was 384 
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detected using 488-nm excitation, whereas reduced MitoPerOx was detected using 561-nm 385 

excitation. 386 

(j and k) Focal induction of IMM LPO by light stimulation is sufficient to trigger mitochondrial 387 

constriction and fission. (j) Representative time-lapse Olympus FV3000 confocal images of a 388 

HeLa cell labeled with MitoPerOx (green, peroxidized; red, reduced) and PK Mito Deep Red 389 

(IMM marker). Pseudocolors are applied for optimal visualization. The yellow circle marks the 390 

region of light stimulation; white arrows indicate IMM LPO induction, subsequent constriction, 391 

and fission. The complete process is shown in Supplementary Video 3. (k) Quantification of 392 

outcomes from 38 stimulated sites exhibiting LPO induction shows that 55.26% of stimulated 393 

mitochondrial sites underwent constriction followed by fission, 15.79% underwent constriction 394 

without subsequent fission during the observation period, and 28.95% showed neither constriction 395 

nor fission. 396 

Data information: Data in (b), (d) and (f) are presented as mean ± S.E.M. from at least three 397 

independent biological experiments. Statistical significance in (b) was assessed using two-tailed 398 

unpaired Student’s t-tests. Statistical significance in (d) was assessed using one-way ANOVA 399 

followed by Tukey’s multiple-comparisons test. Statistical significance in (f) was assessed using 400 

paired two-tailed Student’s t-tests. The schematics in (a) and (i) were created with BioRender.com.  401 

 402 
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 403 
Fig. 2 | Fission-competent mitochondria and ER contact sites (MERCS) are predominantly 404 

marked by elevated IMM LPO, which promotes ER–mitochondrial contact to drive fission. 405 

(a and b) Focal surges of IMM LPO at ER-mediated mitochondrial constriction sites. (a) 406 

Representative SIM image of a U-2 OS cell expressing Calnexin-mScarlet (ER) and mito-BFP 407 

(mitochondrial matrix), and labeled with MitoPeDPP (IMM LPO probe). The white arrow 408 

indicates a constriction site where focal IMM LPO coincides with ER contact. Pseudocolours are 409 
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applied for optimal visualization. (b) Line-scan analysis across the constriction site reveals 410 

increased IMM LPO at the MERCS. The black arrow indicates a mitochondrial constriction site 411 

where focal IMM LPO coincides with ER contact. 412 

(c) Percentage of fission-competent MERCS exhibiting focal IMM LPO elevation. Quantification 413 

shows that 83.33% of fission-competent MERCS exhibited focal IMM LPO elevation, with the 414 

other 16.67% showing no detectable focal IMM LPO elevation. 415 

(d) IMM LPO surges enhance constriction and fission propensity at MERCS. Stacked bars show 416 

the proportions of sites undergoing constriction followed by mitochondrial fission or constriction 417 

without subsequent fission during the observation period. Among total MERCS, 4.80% proceeded 418 

to complete division and 11.99% underwent constriction without division. Among MERCS 419 

exhibiting focal IMM LPO elevation, 10.61% proceeded to complete division and 21.75% 420 

underwent constriction without division. 421 

(e) Quantification of the temporal ordering of focal IMM LPO elevation and ER recruitment at 422 

mitochondrial fission sites shows that either signal can precede the other, suggesting a reciprocal 423 

relationship between IMM LPO elevation and MERCS formation. A total of 15 events exhibiting 424 

a discernible temporal order between MERCS and IMM LPO were evaluated. 425 

(f) Time-lapse spinning-disk confocal imaging (Nikon) of a U-2 OS cell expressing TOMM20-426 

Halo (OMM) and Calnexin-mScarlet (ER), and labeled with MitoPeDPP (IMM LPO probe). At 0 427 

s, elevated IMM LPO was observed at the prospective fission site (yellow arrow). Then, the ER is 428 

recruited to the IMM LPO-enriched site from 5-30 s. OMM constriction then occurs at this newly 429 

formed MERCS from 70-135 s, followed by mitochondrial division at 140 s. Yellow arrows track 430 

the prospective fission site; White arrows indicate the daughter mitochondria post-fission. Images 431 

were acquired every 5 s. 432 

(g) Schematic of the dimerization-dependent fluorescent protein (ddFP)-based reporter system for 433 

quantifying MERCS. Reconstitution of the ER-targeted RA-Sec61β fragment and the OMM-434 

targeted GB-MFF fragment at MERCS generates a fluorescent signal. 435 

(h and i) Elevated IMM LPO promotes MERCS formation. Representative three-dimensional 436 

images (h) and quantification (i) of MERCS number in U-2 OS cells expressing the ddFP reporter 437 

with indicated treatments. Increasing IMM LPO through shRNA-mediated DHODH knockdown 438 
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increased MERCS number, an effect reversed by scavenging IMM LPO through Dox-induced 439 

mitoGPX4 expression. MERCS were visualized using the ddFP reporter system, and cytosolic 440 

GFP indicates cell morphology. Each dot in (i) represents the number of ddFP-positive MERCS in 441 

one individual cell. 442 

Data information: Data in (i) are presented as mean ± S.E.M. from at least three independent 443 

biological experiments. Statistical significance in (i) was assessed using two-way ANOVA 444 

followed by Tukey’s multiple-comparisons test. The schematic in (g) was created with 445 

BioRender.com. 446 

 447 
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 448 
Fig. 3 | IMM LPO and ER-to-mitochondria Ca²⁺ transfer form a positive feedback loop. 449 

(a and b) Local IMM LPO enrichment spatially coincides with mitochondrial matrix Ca²⁺ 450 

accumulation. (a) Representative SIM images of a U-2 OS cell expressing mito-R-GECO1 (Ca²⁺ 451 
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sensor) and mito-BFP (mitochondrial matrix), and labeled with MitoPeDPP (IMM LPO probe). 452 

Arrows indicate sites of co-enrichment, likely at the constriction of mitochondrial inner 453 

compartment (CoMIC) region. Pseudocolors are applied for optimal visualization. (b) Line-scan 454 

analysis showing spatial alignment of mito-R-GECO1 and MitoPeDPP fluorescence peaks. 455 

(c and d) Scavenging IMM LPO through mitoGPX4 overexpression reduces basal mitochondrial 456 

Ca²⁺. Representative images (c) and quantification (d) show that Dox-induced mitoGPX4 457 

expression reduces mito-R-GECO1 fluorescence in U-2 OS cells. Each dot in (d) represents the 458 

mean mito-R-GECO1 fluorescence intensity from one individual cell. 459 

(e-h) Elevated Ca²⁺ induces IMM LPO and mitochondrial shortening, effects that are attenuated 460 

by mitoGPX4 overexpression. Representative images are shown in (e). Treatment of U-2 OS cells 461 

with the Ca²⁺ ionophore A23187 increased mitochondrial Ca²⁺ (e, f), elevated IMM LPO (e, g) and 462 

induced mitochondrial shortening (h). These effects were attenuated by scavenging IMM LPO 463 

through Dox-induced mitoGPX4 expression. Each dot in (f), (g) and (h) represents the mean mito-464 

R-GECO1 fluorescence intensity, the mean MitoPeDPP fluorescence intensity and the mean 465 

mitochondrial length from one individual cell, respectively. 466 

(i-k) Inhibition of IP3R-mediated ER Ca²⁺ release with 2-APB reduces both mitochondrial Ca²⁺ (j) 467 

and basal IMM LPO (k). Representative images are shown in (i). Each dot in (j) and (k) represents 468 

the mean mito-R-GECO1 intensity and mean MitoPeDPP intensity of an individual cell, 469 

respectively. 470 

(l-n) Genetic suppression of mitochondrial Ca²⁺ uptake via MCU shRNA knockdown reduces both 471 

mitochondrial Ca²⁺ (m) and IMM LPO (n). Representative images are in (l). Each dot in (m) and 472 

(n) represents the mean mito-R-GECO1 intensity and mean MitoPeDPP intensity of an individual 473 

cell, respectively. 474 

(o) Model of the positive feedback loop between IMM LPO and MERCS-mediated Ca²⁺ signaling. 475 

Local IMM LPO promotes MERCS-mediated Ca²⁺ influx via IP3R and MCU; this Ca²⁺ influx 476 

reciprocally amplifies IMM LPO, creating a commitment switch for fission. 477 

Data information: Data in (d), (f-h), (j), (k), (m) and (n) are presented as mean ± S.E.M. from at 478 

least three independent biological experiments. Statistical significance in (d), (j), (k), (m) and (n) 479 

was assessed using two-tailed unpaired Student’s t-tests. Statistical significance in (f-h) was 480 
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assessed using one-way ANOVA followed by Tukey’s multiple-comparisons test. The schematic 481 

in (o)was created with BioRender.com. 482 
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 483 
Fig. 4 | Focal IMM LPO magnitude predicts daughter mitochondrial fate. 484 
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(a) The distribution of IMM LPO intensity at fission sites of midzone fission and peripheral fission. 485 

Fa and Fref denote the MitoPeDPP values at the prospective fission site and the background 486 

MitoPeDPP signal across the mother mitochondrion, respectively. The red dotted line indicates the 487 

twofold IMM LPO elevation threshold (Fa/Fref = 2). Each dot represents the Fa/Fref ratio from one 488 

individual fission event. 489 

(b and c) Paired quantification of IMM LPO inherited by the two daughter mitochondria generated 490 

by midzone fission and the corresponding representative spinning-disk confocal time-lapse images 491 

of midzone fission in a U-2 OS cell labeled with TOMM20-Halo (OMM), and MitoPeDPP (IMM 492 

LPO probe) indicating that following midzone division, the resulting daughter mitochondria (white 493 

arrows) exhibit low, basal levels of LPO. (b) Both daughter mitochondria inherit comparable, 494 

modest IMM LPO levels. Fb and Fref denote MitoPeDPP values at the division end of the daughter 495 

mitochondria and the background MitoPeDPP signal across the mother mitochondrion, 496 

respectively. Each dot represents the Fb/Fref ratio for an individual midzone fission event and lines 497 

connect the two daughter mitochondria generated from the same fission event. The red dotted line 498 

indicates Fb/Fref  = 2. (c) at 0 s, a modest, focal elevation of IMM LPO is detected at a prospective 499 

midzone fission site. This signal precedes visible morphological changes and is followed by OMM 500 

constriction at 70 s, with final division occurring at 215 s. Images were acquired every 5 s. 501 

(d and e) Paired quantification of IMM LPO inherited by the longer and shorter daughter 502 

mitochondria generated by peripheral fission and the corresponding representative spinning-disk 503 

confocal time-lapse images of peripheral fission in a U-2 OS cell labeled with TOMM20-Halo 504 

(OMM), and MitoPeDPP (IMM LPO probe), indicating that post-division, the severely elevated 505 

LPO signal is asymmetrically partitioned and retained by the smaller daughter mitochondrion 506 

(white arrows). (d) During peripheral division, when the initial Fa/Fref ratio was ≥ 2, the shorter 507 

daughter mitochondrion inherited substantially higher IMM LPO than its paired longer daughter; 508 

by contrast, when the initial Fa/Fref ratio was < 2, both daughter mitochondria retained modest 509 

IMM LPO levels. Each dot represents the Fb/Fref ratio of one daughter mitochondrion, and lines 510 

connect the longer and shorter daughter mitochondria generated from the same fission event. The 511 

red dotted line indicates Fb/Fref  = 2. (e) From 0-20 s, a severe focal IMM LPO signal progressively 512 

intensifies at a prospective peripheral fission site. Mitochondrial division occurs at 60 s. Images 513 

were acquired every 5 s.  514 
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(f-i) Correlation between daughter mitochondrial IMM LPO levels, mitochondrial state, and fate. 515 

(f) Representative image of fragmented mitochondria in a U-2 OS cell expressing mito-BFP 516 

(mitochondrial matrix) and SNAP-LC3B (autophagosome), and labeled with TMRE 517 

(mitochondrial membrane-potential probe) and MitoPeDPP (IMM LPO probe). The low-LPO 518 

mitochondrial fragment indicated by the green arrow retains TMRE fluorescence and lacks LC3B 519 

association, whereas the high-LPO fragment indicated by the cyan arrow exhibits reduced TMRE 520 

fluorescence and positive LC3B association. (g) Line-scan analysis along the indicated region in 521 

(f) showing the relativefluorescence intensity profiles of mito-BFP, TMRE, MitoPeDPP and 522 

SNAP-LC3B. (h) Quantitative association between inherited IMM LPO and mitochondrial 523 

membrane potential. Daughter mitochondria were classified as severe-LPO (Fb/Fref  ≥ 2) or 524 

modest-LPO (Fb/Fref  <  2). Among severe-LPO ones, 94.78% were TMRE-low, whereas 86.98% 525 

of modest-LPO ones were TMRE-high. (i) Quantitative association between inherited IMM LPO 526 

and LC3B recruitment. Among severe-LPO daughter mitochondria, 80.87% were LC3B-positive, 527 

whereas 97.04% of modest-LPO ones were LC3B-negative. 528 

Data information: Data in (a), (b) and (d) are presented as mean ± S.E.M. from at least three 529 

independent biological experiments. Statistical significance in (b) and (d) was assessed using a 530 

paired two-tailed Student’s t-test and two-way ANOVA followed by Tukey’s multiple-comparisons 531 

test, respectively.  532 
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 533 
Fig. 5 | IMM LPO-mediated fission is pathologically hyperactivated in prostate cancer. 534 
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(a-d) Mitochondria are shortened in human prostate cancer tissue. Representative transmission 535 

electron microscopy (TEM) images of mitochondria in tumor tissue (a) and paired adjacent non-536 

tumor tissue (c) from prostate cancer patients. Tumor and paired adjacent non-tumor tissues were 537 

histopathologically confirmed using H&E-stained sections. Epithelial regions selected for 538 

mitochondrial morphometry were further verified using large-scale electron microscopy imaging 539 

and reconstruction based on tissue architecture and cellular morphology. Scatter plots in (b) and 540 

(d) show individual mitochondria according to their major- and minor-axis lengths and classify 541 

mitochondrial morphology on the basis of aspect ratio, calculated as the major-axis length divided 542 

by the minor-axis length: round, ratio ≤ 1.5; intermediate, 1.5 < ratio < 3.0; and elongated, 543 

ratio ≥ 3.0. Tumor tissue contained predominantly round mitochondria (90.79%), whereas adjacent 544 

non-tumor tissue showed a broader distribution of round (36.40%), intermediate (41.67%) and 545 

elongated (21.93%) mitochondria. Each dot in (b) and (d) represents the aspect ratio of one 546 

individual mitochondrion. 547 

(e and f) Prostate cancer cells exhibit mitochondrial shortening. Representative SIM images (e) 548 

and quantification (f) show that malignant 22Rv1 cells have shorter mitochondrial branches (0.646 549 

µm) compared to normal RWPE-1 epithelial cells (1.350 µm). Mitochondria were labeled with PK 550 

Mito Deep Red. The blue-boxed regions are shown at higher magnification below. Each dot in (f) 551 

represents the mean mitochondrial branch length from one individual cell. 552 

(g) Prostate cancer cells exhibit elevated basal IMM LPO. Flow cytometry analysis shows higher 553 

MitoPeDPP fluorescence in 22Rv1 cells compared to RWPE-1 cells. This elevated IMM LPO is 554 

suppressed by mitoGPX4 expression. Each dot represents the relative mean MitoPeDPP 555 

fluorescence intensity from one independent biological experiment; 10,000 cells were analyzed 556 

per sample. 557 

(h and i) Scavenging IMM LPO reverse mitochondrial shortening in prostate cancer cells. 558 

Representative SIM images (h) and quantification (i) show that mitoGPX4 expression significantly 559 

increases mitochondrial branch length in 22Rv1 cells (from 0.498 µm to 1.279 µm) but has 560 

minimal effect in control RWPE-1 cells. Cells expressed mito-mScarlet or mitoGPX4-mScarlet, 561 

and mitochondria were labeled with PK Mito Deep Red. The blue-boxed regions are shown at 562 

higher magnification below. Each dot in (i) represents the mean mitochondrial branch length from 563 

one individual cell. 564 
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(j) Model summarizing IMM LPO-mediated fission and mitochondrial fate determination. 565 

Homeostatic focal surges of IMM LPO act as an upstream signal for mitochondrial fission by 566 

promoting ER recruitment and ER-to-mitochondria Ca²⁺ transfer. The magnitude of this IMM LPO 567 

signal dictates daughter mitochondrial fate. This program is pathologically enhanced in prostate 568 

cancer, leading to excessive fragmentation. 569 

Data information: Data in (f), (g) and (i) are presented as mean ± S.E.M. from three independent 570 

biological experiments. Statistical significance in (f) was assessed using a two-tailed unpaired 571 

Student’s t-test. Statistical significance in (g) and (i) was assessed using two-way ANOVA 572 

followed by Tukey’s multiple-comparisons test. The schematic in (j) was created with 573 

BioRender.com. 574 

 575 

  576 
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 577 

Extended Data Fig. 1 | Suppression of IMM LPO induces mitochondrial elongation that 578 

requires GPX4 catalytic activity and phenocopies DRP1 inhibition. 579 

(a) Immunoblot analysis validating the Dox-inducible Tet-on system for mitoGPX4 expression in 580 

U-2 OS cells. Cells were treated with Dox (1 µM) for 48 h. β-actin served as a loading control. 581 

(b) Flow cytometry analysis confirming that Dox-induced mitoGPX4 expression reduces basal 582 

IMM LPO in Tet-on mitoGPX4 U-2 OS cells labeled with MitoPeDPP. Each dot represents the 583 

relative mean MitoPeDPP fluorescence intensity from one independent biological experiment; 584 

10,000 cells were analyzed per sample. 585 

(c) Validation of the IMM localization of MitoPeDPP. Representative SIM images of a U-2 OS 586 

cell expressing TOMM20-Halo (mitochondrial outer membrane, OMM) and labeled with PK Mito 587 

Deep Red (IMM marker) and MitoPeDPP (IMM LPO probe).  588 

(d and e) Expression of dominant-negative DRP1(K38A) phenocopies mitoGPX4-induced 589 

mitochondrial elongation. Representative SIM images (d) and quantification of mean 590 
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mitochondrial branch length (e) in U-2 OS cells expressing either an empty vector or DRP1(K38A). 591 

Mitochondria were visualized using mito-BFP. Each dot in (e) represents the mean mitochondrial 592 

length from one individual cell. 593 

(f) Quantification of total mitochondrial area per cell in Tet-on mitoGPX4 U-2 OS cells treated 594 

with or without Dox. The absence of a significant difference indicates that mitoGPX4 expression 595 

does not alter total mitochondrial abundance. Each dot represents the total mitochondrial area from 596 

one individual cell. 597 

(g) Validation of the mitochondrial localization of the ratiometric LPO probe MitoPerOx. 598 

Representative SIM images show MitoPerOx signals within mitochondria marked by TOMM20-599 

Halo (OMM) and mito-BFP (mitochondrial matrix). Reduced MitoPerOx is shown in red and 600 

peroxidized MitoPerOx in green. 601 

(h and i) MitoPerOx imaging confirms focal IMM LPO elevation preceding mitochondrial fission. 602 

(h) Representative time-lapse images showing focal accumulation of peroxidized MitoPerOx at a 603 

prospective mitochondrial fission site, followed by OMM constriction and division. White arrows 604 

indicate the prospective fission site. The complete process is shown in Supplementary Video 2. (i) 605 

Quantification of 32 fission events reveals that 23 fission events (71.88%) were preceded by local 606 

LPO enrichment. 607 

Data information: Data in (b), (e) and (f) are presented as mean ± S.E.M. from at least three 608 

independent biological experiments. Statistical significance in (b) was assessed using two-tailed 609 

paired Student’s t-tests. Statistical significance in (e) and (f) was assessed using two-tailed 610 

unpaired Student’s t-tests. 611 

  612 
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 613 

Extended Data Fig. 2 | MERCS formation and IMM LPO can precede one another, and the 614 

ddFP reporter confirms that IMM LPO occurs at MERCS. 615 

(a) Time-lapse spinning-disk confocal imaging of a U-2 OS cell expressing TOMM20-Halo 616 

(OMM) and Calnexin-mScarlet (ER), and labeled with MitoPeDPP (IMM LPO probe). At 0 s, 617 

there is an MERCS at the prospective fission site (yellow arrow). From 5-20 s, a focal IMM LPO 618 
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signal progressively accumulates at this pre-existing MERCS. This is followed by OMM 619 

constriction at 25 s and mitochondrial division at 30 s. Images were acquired every 5 s.  620 

(b) Validation of the localization of the ddFP-based MERCS reporter. Representative images of 621 

U-2 OS cells expressing the ddFP-MERCS reporter, mito-BFP as a mitochondrial matrix marker 622 

and GFP-Sec61β as an ER marker show that reconstituted ddFP signals localize at contact sites 623 

between mitochondria and the ER. Yellow arrows indicate ddFP-positive MERCS. 624 

(c) Quantification showing that among 46 fission events occurring at ddFP-defined MERCS, 76.09% 625 

showed elevated IMM LPO prior to division. 626 

(d) Schematic illustrating the bidirectional manipulation of IMM LPO. DHODH knockdown 627 

increases IMM LPO by impairing the DHODH-CoQH₂ mitochondrial lipid antioxidant pathway, 628 

whereas mitoGPX4 overexpression scavenges IMM phospholipid hydroperoxides through a 629 

glutathione-dependent mechanism. 630 

(e) Immunoblot confirming efficient knockdown of DHODH protein by shRNA in U-2 OS cells. 631 

β-Actin served as a loading control. 632 

Data information: Data are from at least three independent biological replicates. The schematic 633 

in (d) was created with BioRender.com. 634 

  635 
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 636 
Extended Data Fig. 3 | Validation of MCU knockdown. 637 

(a and b) Immunoblot analysis (a) and quantification (b) confirming reduction of MCU protein 638 

levels in U-2 OS cells expressing shMCU compared to a scramble control (shScramble). β-Actin 639 

served as a loading control. Each dot represents one biological replicate. Data are presented as 640 

mean ± S.E.M from 4 independent biological replicates. Statistical significance was determined 641 

using a paired two-tailed Student's t-test.  642 
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 643 

Extended Data Fig. 4 | Visualization of the asymmetric inheritance of IMM LPO and 644 

membrane potential state following peripheral fission. 645 

Representative time-lapse SIM imaging of a U-2 OS cell expressing mito-BFP (mitochondrial 646 

matrix) and labeled with TMRE (mitochondrial membrane-potential probe) and MitoPeDPP (IMM 647 

LPO probe). From 0-3s, the focal IMM LPO signal intensifies, followed by mitochondrial 648 

constriction at 3 s and division at 6 s. Following division, the shorter daughter mitochondrion 649 

(indicated by yellow arrow and circle) inherits the elevated MitoPeDPP signal and exhibits a 650 

concomitant loss of TMRE fluorescence, indicating depolarization. In contrast, the longer daughter 651 

maintains its TMRE signal. The white arrow indicates the area with increasing MitoPEDPP 652 

fluorescence. Images were acquired every 3 s. These images are representative of more than 10 653 

similar events. 654 

 655 
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 656 

Extended Data Fig. 5 | DRP1 inhibition phenocopies mitochondrial elongation induced by 657 

IMM LPO scavenging in prostate cancer cells. 658 

(a and b) The DRP1 inhibitor Mdivi-1 elongates mitochondria in prostate cancer cells. 659 

Representative SIM images (a) and quantification (b) demonstrate that Mdivi-1 treatment 660 

significantly increases mitochondrial branch length in 22Rv1 prostate cancer cells, whereas it 661 

exerts no significant effect in control RWPE-1 cells. The extent of elongation resulting from DRP1 662 

inhibition is comparable to that observed in cells overexpressing mitoGPX4 (Fig. 5i), indicating 663 

that the fragmented mitochondrial phenotype in 22Rv1 cells is driven by DRP1-dependent 664 

hyperfission. Mitochondria were labeled with PK Mito Deep Red. Each dot represents the mean 665 

mitochondrial length of an individual cell. Data in (b) are presented as mean ± S.E.M. from three 666 

independent biological experiments. Statistical significance was assessed using two-way ANOVA 667 

followed by Tukey’s multiple-comparisons test. 668 
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Supplementary Video 1 | Focal IMM LPO elevation precedes mitochondrial constriction and 670 

division under homeostatic conditions (related to Fig. 1g). 671 

Time-lapse SIM imaging of a U-2 OS cell labeled with mito-BFP (mitochondrial matrix) and the 672 

IMM LPO probe MitoPeDPP. The video shows the sequence of events leading to mitochondrial 673 

fission. A focal increase in MitoPeDPP fluorescence is observed at the prospective fission site 674 

(white arrow) from 3 s. This is followed by mitochondrial constriction from 6 s, culminating in 675 

mitochondrial division at 12 s. Images were acquired every 3 s. 676 

 677 

Supplementary Video 2 | Focal surges in IMM LPO precedes mitochondrial division, 678 

visualized with MitoPerOx (related to Extended Data Fig. 1h). 679 

Time-lapse spinning-disk confocal imaging of a U-2 OS cell expressing TOMM20-Halo (OMM) 680 

and labeled with the IMM LPO sensor MitoPerOx (green = peroxidized). Focal peroxidized 681 

MitoPerOx enrichment is detected at the prospective fission site at 0 s. This is followed by OMM 682 

constriction from 15-25 s and mitochondrial division at 30 s. White arrows indicate the prospective 683 

fission site. Images were acquired every 5 s. 684 

 685 

Supplementary Video 3 | Focal photo-induction of IMM LPO is sufficient to trigger 686 

mitochondrial fission (related to Fig. 1j). 687 

Time-lapse confocal imaging (Olympus FV3000) of a HeLa cell labeled with PK Mito Deep Red 688 

(IMM marker) and the ratiometric LPO sensor MitoPerOx (green = peroxidized). The yellow circle 689 

indicates the region targeted for focal 405-nm laser stimulation. Following baseline acquisition, 690 

stimulation occurs between 5.000 s and 5.671 s. A rapid, localized increase in peroxidized 691 

MitoPerOx fluorescence is detected immediately post-stimulation. This is followed by 692 

mitochondrial constriction from 10.671 s to 60.671 s, and complete fission at 75.671 s. White 693 

arrows track the stimulated site. 694 

  695 
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Supplementary Online Material 696 

Supplementary Fig 1 | Gating strategy for MitoPeDPP-based flow cytometry analysis. 697 

Representative flow cytometric plots illustrate the hierarchical gating and analytical logic used to 698 

measure MitoPeDPP fluorescence. Intact cell populations were first identified using FSC-A versus 699 

SSC-A to exclude debris, followed by single-cell isolation via FSC-A versus FSC-H gating. The 700 

MitoPeDPP signal was then quantified by measuring the mean fluorescence intensity in the FITC 701 

channel (FL1-A). Representative data are shown for U-2 OS Tet-on mitoGPX4 cells, either left 702 

unstained (Blank) or stained with MitoPeDPP, following culture in the absence or presence of Dox 703 

(1 μM) for 48 h. 704 

Supplementary Table 1: List of plasmids used in this study 705 

Supplementary Table 2: List of shRNA plasmids used in this study 706 

Supplementary Table 3: List of stable cell lines used in this study 707 

Supplementary Table 4: List of antibodies used in this study  708 
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Methods 709 

Cell Lines and Culture Conditions 710 

HEK293T (ATCC CRL-3216), HeLa (ATCC CCL-2), U-2 OS (ATCC HTB-96), 22Rv1 (ATCC 711 

CRL-2505), and RWPE-1 (ATCC CRL-11609) cells were obtained from ATCC. HEK293T, HeLa, 712 

and U-2 OS cells were maintained in high-glucose Dulbecco’s Modified Eagle’s Medium (DMEM; 713 

Sigma-Aldrich, D6429) supplemented with 10% fetal bovine serum (FBS; Sigma-Aldrich, F0193) 714 

and 1% penicillin/streptomycin (Yeasen, 60162ES76). 22Rv1 cells were cultured in RPMI-1640 715 

medium (Gibco, C11875500BT) with 10% FBS and 1% penicillin/streptomycin. RWPE-1 cells 716 

were cultured in Keratinocyte-SFM (1X) (Gibco, 17005042) supplemented with bovine pituitary 717 

extract (BPE, 25 mg), recombinant human epidermal growth factor (EGF, 2.5 µg), and 1% 718 

penicillin/streptomycin. All cells were maintained at 37 °C in a humidified atmosphere with 5% 719 

CO₂ and were routinely tested for mycoplasma contamination. 720 

 721 

Chemicals and Treatments 722 

The following reagents were utilized: Lipo8000 (Beyotime, C0533), HBSS (Solarbio, H1145), 723 

PBS (GENOM, GNM20012), A23187 (YEASEN, 50403ES03), DMSO (Sigma-Aldrich, D2650), 724 

2-APB (MCE, HY-W009724), doxycycline (MCE, 564-25-0), and Mdivi-1 (Beyotime, SC8028). 725 

Unless otherwise stated, cells were treated with the following final concentrations and durations: 726 

A23187 (1 µM for 10 min), 2-APB (100 µM for 1 h prior to imaging), doxycycline (1 µM for 48 727 

h), or Mdivi-1 (10 µM for 24 h). 728 

 729 

Human Prostate Tissue Analysis 730 

Paired prostate tumor and adjacent non-tumor tissues were obtained from needle-biopsy 731 

specimens of three patients with early-stage prostate cancer. The study was approved by the 732 

Institutional Review Board of Shanghai Ninth People’s Hospital, and written informed consent 733 

was obtained from all participants. Tumor and adjacent non-tumor tissues were first confirmed by 734 

H&E staining and pathological evaluation and then corresponding samples were processed for 735 

TEM analysis. For TEM processing, tissues were immediately immersed in fixative (2% 736 

paraformaldehyde, 2.5% glutaraldehyde) at 4 °C. Specimens were then rinsed in buffer, post-fixed 737 

in 1% osmium tetroxide, and stained en bloc with 1% aqueous uranyl acetate. Tissues were 738 

dehydrated through a graded ethanol series (30-100%), transitioned through propylene oxide, 739 
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infiltrated with epoxy resin (Epon 812), and polymerized at 60 °C for 24-48 h. Ultrathin sections 740 

(70 nm) were then prepared for imaging. 741 

 742 

Plasmid Construction 743 

    Plasmids pRSV-Rev (Addgene #12253), pMDLg (#12251), pVSVG (#12259), and the mito-R-744 

GECO1 source plasmid (#46021) were obtained from Addgene. Templates for TOMM20-Halo, 745 

GB, RA, and Snap tags, and the Tet-on inducible expression system were generous gifts from Dr. 746 

Dong Li (Tsinghua University), Dr. Xin Zhang (Westlake University), and Dr. Peiguo Yang 747 

(Westlake University), respectively. Other cDNAs were obtained from the Westlake University 748 

Plasmid Library. Expression constructs were generated by PCR-amplifying respective cDNAs and 749 

subcloning into vectors (e.g., pBOBI) using the ClonExpress Ultra One Step Cloning Kit (Vazyme, 750 

C115). Standard restriction cloning with BamHI (NEB, R3104S) and EcoRI (NEB, R3142S) was 751 

also employed. Site-directed mutagenesis was performed using the QuikChange II Kit (Agilent, 752 

200524). All newly generated plasmids were verified by Sanger sequencing. A complete plasmid 753 

list is provided in Supplementary Table 1. 754 

    For shRNA plasmid generation, target sequences were designed using the Thermo Fisher RNAi 755 

Designer tool. Annealed shRNA oligonucleotides were cloned into the BamHI and EcoRI sites of 756 

the pLKO.1-puro vector using T4 DNA ligase (NEB, M0202L). Positive clones were validated by 757 

Sanger sequencing. pLKO.1-shScramble-GFP (Tsingke Biotechnology) was used as a negative 758 

control. All shRNA sequences are listed in Supplementary Table 2. 759 

 760 

Generation of stable transgenic and knockout cell lines 761 

Stable cell lines were generated via lentiviral infection. Lentivirus was produced in HEK293T 762 

cells by co-transfecting a transfer plasmid with packaging plasmids (pMDLg, pRSV-Rev, pVSVG) 763 

using Lipo8000. Viral supernatants were collected at 24-48 h post-transfection, filtered (0.22 µm), 764 

and supplemented with polybrene (10 µg/mL; Sigma-Aldrich, TR-1003). Target cells were 765 

infected by spinfection and subsequently selected with puromycin (2 µg/mL for 5 days) and/or 766 

fluorescence-activated cell sorting (FACS). Details of all stable cell lines are provided in 767 

Supplementary Table 3. 768 

 769 

 770 

Langtaosha (LTS) Preprint doi: https://doi.org/10.65215/LTSpreprints.2026.10.28.000375. This version posted October 28, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All Rights Reserved. No reuse allowed without permission.



39 

 

Western Blot Analysis 771 

Cells were washed with PBS and lysed in RIPA buffer (Beyotime, P0013K) containing protease 772 

inhibitors (Servicebio, G2006). Lysates were sonicated, cleared by centrifugation (12,000 × g for 773 

12 min at 4 °C), and protein concentration was quantified using a BCA assay (Beyotime, P0010). 774 

Equal amounts of protein (20-40 µg) were resolved by SDS-PAGE and transferred to PVDF 775 

membranes (Merck Millipore, ISEQ00010). Membranes were blocked with 5% non-fat skimmed 776 

milk or BSA, incubated with primary antibodies (listed in Supplementary Table 4), and 777 

subsequently with HRP-conjugated Goat Anti-Rabbit (Genscript, A00098) or Goat Anti-Mouse 778 

(Genscript, A00160) secondary antibodies. Protein bands were visualized using a Li-Cor Odyssey 779 

system or a Bio-Rad chemiluminescence apparatus. Each blot was repeated at least three times. 780 

 781 

Flow Cytometry and Cell Sorting 782 

Cells were trypsinized, neutralized, centrifuged, and resuspended in FACS buffer (PBS 783 

containing 2% FBS). Single-cell suspensions were filtered through a 40-µm mesh prior to analysis. 784 

Data were acquired on a CytoFLEX LX flow cytometer (Beckman Coulter), with a minimum of 1 785 

× 10⁴ target events analyzed per sample. Data analysis was performed using FlowJo (v10.8). For 786 

sorting, cells were processed similarly and sorted on an MA900 Multi-Application Cell Sorter 787 

(Sony) into collection tubes containing complete culture medium. The gating strategy used for 788 

MitoPeDPP-based flow cytometric analysis is shown in Supplementary Fig. 1. 789 

 790 

Live-Cell Staining and Labeling 791 

All staining procedures were performed under light-protected conditions. (1) Mitochondrial 792 

State: For inner membrane labeling, cells were incubated with 250 nM PK Mito Deep Red 793 

(Genvivo; excitation/emission [ex/em] 644/670 nm) for 30 min. Membrane potential was assessed 794 

by incubating cells with 500 nM TMRE (Thermo Fisher, T669; ex/em 549/575 nm) for 30 min. (2) 795 

Lipid Peroxidation: To detect lipid peroxidation (LPO) in the inner mitochondrial membrane 796 

(IMM), cells were incubated with either 0.5 µM MitoPeDPP (Dojindo, M466; ex/em 452/470 nm) 797 

for 30 min or 200 nM MitoPerOx (Aladdin, M275561) for 1 h. MitoPeDPP is a 798 

triphenylphosphonium (TPP)-conjugated dye that exhibits intense fluorescence upon oxidation by 799 

lipid peroxides within the IMM. (3) HaloTag and SnapTag Labeling 39: HaloTag fusions were 800 

labeled with 0.2 µM HaloTag™ TMR or 0.5 µM HaloTag™ SiR ligands (kindly provided by Dr. 801 
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Zhixing Chen, Peking University). SNAP-tag fusions were labeled with 0.3 µM SNAP-Cell® 647-802 

SiR (NEB, S9102S). Following labeling, cells were rinsed three times and subjected to a 30-min 803 

washout period. 804 

 805 

Microscopy and Image Acquisition 806 

All live-cell imaging was performed in pre-warmed Leibovitz medium at 37°C with 5% CO₂. 807 

(1) Spinning Disk Confocal: Live-cell imaging was primarily conducted on a Nikon Ti2-E 808 

microscope equipped with a Yokogawa CSU-W1 spinning disk system, a perfect focus system 809 

(PFS) for focus locking, and a high-sensitivity sCMOS camera. Time-lapse imaging was typically 810 

performed at intervals of 3-10 s. (2) Multimodality Structured Illumination Microscopy 811 

(Multi-SIM): Super-resolution imaging was performed on a NanoInsights SIM X system with a 812 

Zeiss Observer 7, Kinetix sCMOS camera, and 405/488/561/640 nm lasers. Multi-color time-lapse 813 

images were captured every 3-5 s. (3) Olympus FV3000 confocal microscope: Targeted live-cell 814 

laser-stimulation and subsequent imaging were conducted on an inverted Olympus FV3000 815 

confocal microscope. Predefined regions of interest (ROIs) were irradiated using specific 405 nm 816 

laser lines, immediately followed by time-lapse scanning. (4) Calcium Analysis: Mitochondrial 817 

Ca²⁺ was measured as the mean fluorescence intensity of mito-R-GECO1 in ImageJ.  818 

 819 

Image and Data Analysis 820 

Mitochondrial fission rate and site: 3D mitochondrial mean branch length was quantified in Fiji 821 

using the MiNA plugin 40. Fission rates were quantified from time-lapse 3D datasets using Imaris 822 

10.1.0 by counting the total number of fission events over a 5-min period, normalized to imaging 823 

time and mitochondrial network area, and expressed as events min⁻¹ μm⁻². Peripheral fission was 824 

defined as yielding a daughter ≤ 20% the length of the parent and all other events were classified 825 

as midzone fission 12. 826 

LPO Quantification: For LPO quantification at fission sites, the mean MitoPeDPP fluorescence 827 

intensity at the site immediately preceding fission (Fa) was normalized to the reference 828 

fluorescence of the corresponding mother mitochondrion (Fref), yielding Fa/Fref. Daughter 829 

mitochondrial IMM LPO intensity was quantified as the mean MitoPeDPP fluorescence in the 830 

resulting daughter mitochondrion (Fb) normalized to the same reference fluorescence (Fref), 831 

yielding Fb/Fref. Events with Fa/Fref ≥ 2 were classified as exhibiting severe local IMM LPO 832 
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enrichment, whereas events with Fa/Fref between 1 and 2 were classified as exhibiting modest IMM 833 

LPO enrichment. 834 

TEM Morphometry of Human Samples: In TEM micrographs of human prostate tissue, 835 

epithelial cells were identified based on ultrastructural criteria. For each mitochondrion in 836 

cancerous or adjacent normal cells, the major and minor axes were measured in Velox software. 837 

Mitochondrial morphology was categorized according to aspect ratio as round (ratio ≤ 1.5), 838 

intermediate (1.5 < ratio < 3.0), or elongated (ratio ≥ 3.0). 839 

 840 

Statistical Analysis 841 

All data derive from at least three biological replicates. Statistical analyses were performed 842 

using GraphPad Prism 10. Data are presented as mean ± S.E.M.. For comparisons between two 843 

groups, unpaired or paired two-tailed Student’s t-tests were used as appropriate. Matched daughter 844 

mitochondria from the same fission event were analyzed using paired t-tests or Wilcoxon matched-845 

pairs signed-rank tests. One-way or two-way ANOVA with appropriate multiplicity correction was 846 

used for multigroup experiments. 3D images were analyzed with Imaris 10.1.0, 2D images with 847 

Fiji, and flow data with FlowJo. 848 

 849 

Data Availability 850 

The data are available within the paper and its Supplementary Information files. Raw data and 851 

further materials are available from the corresponding authors upon request. 852 

 853 

Ethics Statement 854 

Human prostate biopsy specimens were obtained with approval from the Institutional Review 855 
Board of Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine. 856 
All procedures involving human participants were conducted in accordance with the Declaration 857 
of Helsinki, and written informed consent was obtained from all participants. 858 

Langtaosha (LTS) Preprint doi: https://doi.org/10.65215/LTSpreprints.2026.10.28.000375. This version posted October 28, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All Rights Reserved. No reuse allowed without permission.



42 

 

References 859 
1. Youle, R.J. & van der Bliek, A.M. Mitochondrial fission, fusion, and stress. Science 337, 860 

1062–1065 (2012). 861 
2. Liu, L., Li, Y., Chen, G. & Chen, Q. Crosstalk between mitochondrial biogenesis and 862 

mitophagy to maintain mitochondrial homeostasis. J. Biomed. Sci. 30, 86 (2023). 863 
3. Friedman, J.R. et al. ER tubules mark sites of mitochondrial division. Science 334, 358–864 

362 (2011). 865 
4. Steffen, J. & Koehler, C.M. ER–mitochondria contacts: Actin dynamics at the ER control 866 

mitochondrial fission via calcium release. J. Cell Biol. 217, 15–17 (2018). 867 
5. Smirnova, E., Griparic, L., Shurland, D.-L. & van der Bliek, A.M. Dynamin-related protein 868 

Drp1 is required for mitochondrial division in mammalian cells. Mol. Biol. Cell 12, 2245–869 
2256 (2001). 870 

6. Fonseca, T.B., Sánchez-Guerrero, Á., Milosevic, I. & Raimundo, N. Mitochondrial fission 871 
requires DRP1 but not dynamins. Nature 570, E34–E42 (2019). 872 

7. Lewis, S.C., Uchiyama, L.F. & Nunnari, J. ER-mitochondria contacts couple mtDNA 873 
synthesis with mitochondrial division in human cells. Science 353, aaf5549 (2016). 874 

8. Tábara, L.-C., Segawa, M. & Prudent, J. Molecular mechanisms of mitochondrial 875 
dynamics. Nat. Rev. Mol. Cell Biol. 26, 123–146 (2025). 876 

9. Twig, G. et al. Fission and selective fusion govern mitochondrial segregation and 877 
elimination by autophagy. EMBO J. 27, 433–446 (2008). 878 

10. Tábara, L.C. et al. MTFP1 controls mitochondrial fusion to regulate inner membrane 879 
quality control and maintain mtDNA levels. Cell 187, 3619–3637 (2024). 880 

11. Mishra, S.R. et al. PPA2 activates MTFP1-DNM1L fission signaling to govern 881 
mitochondrial proliferation and mitophagy. Autophagy 22, 121–144 (2026). 882 

12. Kleele, T. et al. Distinct fission signatures predict mitochondrial degradation or biogenesis. 883 
Nature 593, 435–439 (2021). 884 

13. Das, A.T., Tenenbaum, L. & Berkhout, B. Tet-on systems for doxycycline-inducible gene 885 
expression. Curr. Gene Ther. 16, 156–167 (2016). 886 

14. Liu, Y., Wan, Y., Jiang, Y., Zhang, L. & Cheng, W. GPX4: The hub of lipid oxidation, 887 
ferroptosis, disease and treatment. Biochim. Biophys. Acta Rev. Cancer 1878, 188890 888 
(2023). 889 

15. Shioji, K., Oyama, Y., Okuma, K. & Nakagawa, H. Synthesis and properties of 890 
fluorescence probe for detection of peroxides in mitochondria. Bioorg. Med. Chem. Lett. 891 
20, 3911–3915 (2010). 892 

16. Tosatto, S.C. et al. The catalytic site of glutathione peroxidases. Antioxid. Redox Signal. 893 
10, 1515–1526 (2008). 894 

17. Taguchi, N., Ishihara, N., Jofuku, A., Oka, T. & Mihara, K. Mitotic phosphorylation of 895 
dynamin-related GTPase Drp1 participates in mitochondrial fission. J. Biol. Chem. 282, 896 
11521–11529 (2007). 897 

Langtaosha (LTS) Preprint doi: https://doi.org/10.65215/LTSpreprints.2026.10.28.000375. This version posted October 28, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All Rights Reserved. No reuse allowed without permission.



43 

 

18. Chang, C.-R. & Blackstone, C. Cyclic AMP-dependent protein kinase phosphorylation of 898 
Drp1 regulates its GTPase activity and mitochondrial morphology. J. Biol. Chem. 282, 899 
21583–21587 (2007). 900 

19. Prime, T.A. et al. A ratiometric fluorescent probe for assessing mitochondrial phospholipid 901 
peroxidation within living cells. Free Radic. Biol. Med. 53, 544–553 (2012). 902 

20. Wang, F. et al. PALP: A rapid imaging technique for stratifying ferroptosis sensitivity in 903 
normal and tumor tissues in situ. Cell Chem. Biol. 29, 157–170 (2022). 904 

21. Abrisch, R.G., Gumbin, S.C., Wisniewski, B.T., Lackner, L.L. & Voeltz, G.K. Fission and 905 
fusion machineries converge at ER contact sites to regulate mitochondrial morphology. J. 906 
Cell Biol. 219, e201911122 (2020). 907 

22. Mishima, E. et al. DHODH inhibitors sensitize to ferroptosis by FSP1 inhibition. Nature 908 
619, E9–E18 (2023). 909 

23. Cho, B. et al. Constriction of the mitochondrial inner compartment is a priming event for 910 
mitochondrial division. Nat. Commun. 8, 15754 (2017). 911 

24. Erdahl, W.L., Chapman, C.J., Taylor, R.W. & Pfeiffer, D.R. Ca2+ transport properties of 912 
ionophores A23187, ionomycin, and 4-BrA23187 in a well defined model system. Biophys. 913 
J. 66, 1678–1693 (1994). 914 

25. Bartok, A. et al. IP3 receptor isoforms differently regulate ER-mitochondrial contacts and 915 
local calcium transfer. Nat. Commun. 10, 3726 (2019). 916 

26. Baughman, J.M. et al. Integrative genomics identifies MCU as an essential component of 917 
the mitochondrial calcium uniporter. Nature 476, 341–345 (2011). 918 

27. Maruyama, T., Kanaji, T., Nakade, S., Kanno, T. & Mikoshiba, K. 2APB, 2-919 
aminoethoxydiphenyl borate, a membrane-penetrable modulator of Ins(1,4,5)P3-induced 920 
Ca2+ release. J. Biochem. 122, 498–505 (1997). 921 

28. Liu, Y. et al. MCU-induced mitochondrial calcium uptake promotes mitochondrial 922 
biogenesis and colorectal cancer growth. Signal Transduct. Target. Ther. 5, 59 (2020). 923 

29. Blomme, A. et al. 2,4-dienoyl-CoA reductase regulates lipid homeostasis in treatment-924 
resistant prostate cancer. Nat. Commun. 11, 2508 (2020). 925 

30. Gao, D. et al. Acetate utilization promotes hormone therapy resistance in prostate cancer 926 
through neuroendocrine differentiation. Drug Resist. Updat. 77, 101158 (2024). 927 

31. Xu, H. et al. Targeting RBP4-STRA6 retinol signaling disrupts adipose-prostate crosstalk: 928 
A novel strategy to suppress basal cell plasticity in androgen deprivation. Metabolism 169, 929 
156288 (2025). 930 

32. Dixon, S.J. et al. Ferroptosis: an iron-dependent form of nonapoptotic cell death. Cell 149, 931 
1060–1072 (2012). 932 

33. Decker, S.T. & Funai, K. Mitochondrial membrane lipids in the regulation of bioenergetic 933 
flux. Cell Metab. 36, 1963–1978 (2024). 934 

34. Yang, W.S. et al. Peroxidation of polyunsaturated fatty acids by lipoxygenases drives 935 
ferroptosis. Proc. Natl. Acad. Sci. USA 113, E4966–E4975 (2016). 936 

Langtaosha (LTS) Preprint doi: https://doi.org/10.65215/LTSpreprints.2026.10.28.000375. This version posted October 28, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All Rights Reserved. No reuse allowed without permission.



44 

 

35. Cartes-Saavedra, B., Ghosh, A. & Hajnóczky, G. The roles of mitochondria in global and 937 
local intracellular calcium signalling. Nat. Rev. Mol. Cell Biol. 26, 456–475 (2025). 938 

36. Nolfi-Donegan, D., Braganza, A. & Shiva, S. Mitochondrial electron transport chain: 939 
Oxidative phosphorylation, oxidant production, and methods of measurement. Redox Biol. 940 
37, 101674 (2020). 941 

37. Angelova, P.R., Esteras, N. & Abramov, A.Y. Mitochondria and lipid peroxidation in the 942 
mechanism of neurodegeneration: Finding ways for prevention. Med. Res. Rev. 41, 770–943 
784 (2021). 944 

38. Golla, V.K., Boyd, K.J. & May, E.R. Curvature sensing lipid dynamics in a mitochondrial 945 
inner membrane model. Commun. Biol. 7, 29 (2024). 946 

39. Benink, H.A. & Urh, M. HaloTag technology for specific and covalent labeling of fusion 947 
proteins. Methods Mol Biol 1266, 119–128 (2015). 948 

40. Valente, A.J., Maddalena, L.A., Robb, E.L., Moradi, F. & Stuart, J.A. A simple ImageJ 949 
macro tool for analyzing mitochondrial network morphology in mammalian cell culture. 950 
Acta Histochem. 119, 315–326 (2017). 951 

 952 

Langtaosha (LTS) Preprint doi: https://doi.org/10.65215/LTSpreprints.2026.10.28.000375. This version posted October 28, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All Rights Reserved. No reuse allowed without permission.


