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Abstract 42 
 43 
Correct spatiotemporal distribution of organelles and vesicles is crucial for healthy cell functioning and 44 
is regulated by intracellular transport mechanisms. Controlled transport of bulky mitochondria is 45 
especially important in polarized cells such as neurons that rely on these organelles to locally produce 46 
energy and buffer calcium. Mitochondrial transport requires and depends on microtubules that fill 47 
much of the available axonal space. How mitochondrial transport is affected by their position within the 48 
microtubule bundles is not known. Here, we found that anterograde transport, driven by kinesin 49 
motors, is susceptible to the molecular conformation of tubulin in neurons both in vitro and in vivo. 50 
Anterograde velocities negatively correlate with the density of elongated tubulin dimers like GTP-51 
tubulin. The impact of the tubulin conformation depends primarily on where a mitochondrion is 52 
positioned, either within or at the rim of microtubule bundle. Increasing elongated tubulin levels lowers 53 
the number of motile anterograde mitochondria within the microtubule bundle and increases 54 
anterograde transport speed at the microtubule bundle rim. We demonstrate that the increased kinesin 55 
velocity and density on microtubules consisting of elongated dimers add to the increased 56 
mitochondrial dynamics. Our work indicates that the molecular conformation of tubulin contributes to 57 
the regulation of mitochondrial motility and as such to the local distribution of mitochondria along 58 
axons.   59 
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Significance statement 60 

Transport patterns of mitochondria are diverse with changes in velocity, directions and 61 
pauses. Previous studies have mainly aimed at unraveling how motor proteins and their calcium 62 
dependency direct transport but fall short to elucidate all transport patterns. Here, we report that 63 
tubulin conformation, highly dependent on GTP hydrolysis, regulates mitochondrial transport. On the 64 
one hand GDP- or GTP- bound tubulin alters the straightness of the microtubule bundles, influencing 65 
transport especially when cargo is positioned within the microtubule bundle. On the other hand, the 66 
GTP-bound conformation facilitates kinesin-driven transport at the rim of the microtubule bundle. 67 
Microtubules are therefore not merely a passive player for mitochondrial transport as tubulin can 68 
directly regulate mitochondrial transport.  69 
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Main Text  70 
Introduction 71 

Mitochondria are found in almost all eukaryotic cell types and are of key importance to 72 
maintain intracellular processes such as adenosine triphosphate (ATP) production, calcium 73 
homeostasis, stress responses and cell fate (1-3). As mitochondria are formed in the cell soma, active 74 
transport towards sites with a high energy demand is required for healthy cellular function. The long, 75 
narrow and highly branched axonal and dendritic projections of nerve cells present an extra challenge 76 
for transport of these organelles to their target sites and require precise spatiotemporal regulation of 77 
the transport machinery (4-7). Inefficient organization of the molecular machinery can lead to 78 
mitochondrial transport deficits, which are implicated in neurodegenerative diseases such as 79 
Amyotrophic lateral sclerosis (ALS), Alzheimer’s and Huntington’s disease (8-10).  80 

The molecular railroads used for long-distance intracellular transport are microtubules, long 81 
tubulin polymers that provide binding sites for kinesin and dynein motor proteins (11). Upon 82 
polymerization, tubulin dimers bind in an exchangeable manner to guanosine triphosphate (GTP) at 83 
the ß-tubulin subunit, favoring a stable, elongated dimer conformation. Once incorporated in the 84 
tubular lattice, GTP hydrolysis leads to a conformational change towards a less stable and compacted 85 
guanosine diphosphate (GDP)-bound tubulin dimer. Because GTP hydrolysis lags behind microtubule 86 
growth, it was thought that these stable GTP-tubulin dimers were only present at the microtubule 87 
growing tip to prevent depolymerization (12-14). However, recent studies indicate that GTP-bound 88 
tubulin dimers are also present further along the microtubule lattice (15-17). These so-called GTP-89 
tubulin islands could serve as rescue sites to prevent depolymerization of the microtubule or provide a 90 
location for self-repair (16, 18-21).  91 

While it is likely that a high GTP- to GDP-tubulin ratio is mainly required to strengthen the 92 
complex architecture in neuronal projections, it also influences binding of kinesin motor proteins. As 93 
these motors have been shown to regulate sorting of cargo to the somatodendritic and axonal 94 
domains, the presence of GTP-bound tubulin dimers could, apart from influencing general intracellular 95 
transport, also be involved in regulating polarized transport (17, 22, 23). How kinesin binding affinity is 96 
regulated by the conformation of tubulin depends on the kinesin subtype. KIF1S binds more weakly to 97 
GTP-bound than to GDP-bound tubulin dimers while KIF5 has increased binding affinity to GTP-bound 98 
tubulin dimers (17, 24, 25). Moreover, the processive motion of kinesin motors depends on the 99 
conformational state of the tubulin dimer, whereby the GTP-bound conformation enables kinesin to 100 
move faster on in vitro polymerized microtubules (26). T. Shima et al. have shown that KIF5C not only 101 
preferentially binds GTP-bound tubulin dimers but that it can even pull the conformational state of 102 
tubulin from a GDP- to a GTP-like state (25). However, these findings conflict with effects of drugs that 103 
interfere with conformational changes in tubulin dimers such as taxol, a commonly used 104 
chemotherapeutic drug. Taxol blocks spindle formation and thus cell division by locking new GTP-105 
bound tubulin dimers in their elongated conformation, resisting lattice compaction induced by GTP 106 
hydrolysis (27-30). As taxol raises the amount of stable and elongated tubulin dimers, increased 107 
kinesin binding and thus more efficient anterograde transport is expected. However, a conundrum 108 
arises as one of taxol’s common side effects is rather an interruption of axonal transport, possibly 109 
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leading to chemotherapy induced peripheral neuropathy (CIPN) (31-33). Thus, how the conformational 110 
state of tubulin regulates organelle transport is poorly understood. 111 

In this study, we elucidate how changes in the tubulin dimer conformation locally regulate 112 
mitochondrial transport. We show that the presence of elongated tubulin dimers halts anterograde 113 
transport specifically of the mitochondria located inside the microtubule bundle, without hindering 114 
mitochondrial transport that occurs along the rim of the microtubule bundle. On the contrary, we show 115 
that this remaining motile fraction is transported faster possibly due to increased processive motion of 116 
KIF5B, a kinesin motor for mitochondria that preferentially binds tubulin in its elongated conformation. 117 
Finally, using Drosophila melanogaster as a model, we show that increasing the elongated tubulin 118 
dimer conformation in vivo also leads to a reduction in mitochondrial transport in the anterograde 119 
direction while transport velocities of the remaining motile fraction are increased. 120 

121 
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Results 122 

The conformation of tubulin influences mitochondrial transport patterns 123 

Mitochondrial transport is tightly regulated by several players such as motor proteins, intracellular 124 
calcium levels and tubulin posttranslational modifications. We set out to determine whether the 125 
conformation of the microtubule tracks has a role in regulating axonal transport of mitochondria. To 126 
this end, we first characterized the distribution of GTP- and GDP-bound tubulin dimer ratios in axonal 127 
and dendritic projections of hippocampal neurons (Fig. 1A). A general α-tubulin antibody was used to 128 
label all microtubules in combination with an antibody that recognizes specific tubulin dimers in a GTP-129 
bound conformation (15). Dendritic and axonal processes were identified by immunohistochemistry 130 
(Fig. 1A). Even though dendritic processes contain more microtubules, we clearly show that the 131 
relative GTP-bound tubulin content is higher in axons (Fig. 1B), confirming the immunoelectron 132 
microscopy data published by Nakata et al. (17). Next, we combined live mitochondrial transport 133 
recordings with a post-hoc immunohistochemical staining to correlate mitochondrial transport 134 
parameters (Fig. 1C,D), with GTP-tubulin density in all neuronal processes. Interestingly, despite the 135 
complexity of mitochondrial transport regulation and the multiple intracellular processes involved, we 136 
were able to detect a mild but highly significant negative correlation between GTP-tubulin density and 137 
anterograde, but not retrograde, transport velocity (Fig. 1E). The correlation of GTP-tubulin content 138 
with anterograde transport prompts the hypothesis that the conformation of tubulin might indeed affect 139 
mitochondrial transport efficacy. To investigate whether molecular changes in the tubulin dimer could 140 
alter mitochondrial transport, taxol was used to increase the amount of elongated tubulin dimers (Fig. 141 
1F). We opted for a low dose of taxol (10 nM), sufficient to raise the amount of elongated tubulin 142 
dimers, while ensuring that there is no increase in overall microtubule mass (supplementary figure 1A) 143 
as we and others have shown previously (34, 35). We chose to restrict our analysis to axons only, as 144 
to correctly assess antero- versus retrograde transport, controlled by kinesin and dynein motors 145 
respectively. Treatment with taxol revealed a specific effect on anterograde kinesin-based transport as 146 
the number of anterograde but not retrograde motile mitochondria was significantly reduced (Fig. 1G). 147 
Furthermore, while the amount of tubulin dimers in a GTP-bound conformation negatively correlates 148 
with average anterograde transport velocity in control cells (Fig. 1E), increasing the amount of 149 
elongated tubulin dimers beyond physiological levels with taxol leads to an increase in anterograde 150 
velocity of the few mitochondria that are still motile (Fig. 1H). To address the possibility that taxol had 151 
direct effects on mitochondrion shape and functionality, which might affect mitochondrial transport in a 152 
microtubule independent way, we analyzed mitochondrial shape in relation to transport parameters. 153 
While mitochondria (stationary and moving ones) in taxol-treated axons were overall smaller in size 154 
(Supplementary figure 2A), we found no large changes in morphology of anterograde motile 155 
mitochondria nor a correlation between distinct shape parameters and their respective velocity 156 
(Supplementary figure 2B). To further assess mitochondrial functionality, we performed an electron 157 
flow assay on isolated mitochondria of mouse brain tissue incubated with taxol or DMSO and 158 
observed no significant changes in respiratory complex activity both groups (Supplementary figure 159 
2C). We therefore conclude that the observed transport changes are not related to direct taxol-induced 160 
mitochondrial dysfunction. Similar to taxol, an epothilone B (4h, 10 nM) treatment significantly reduced 161 
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the number of anterograde but not retrograde motile mitochondria while increasing the velocity of the 162 
remaining motile fraction of anterograde but not retrograde mitochondria (Supplementary figure 3). 163 
Taken together, these experiments show that the conformation of tubulin, related to the molecular 164 
changes upon GTP or GDP binding, could be a regulator of mitochondrial transport patterns.  165 
 166 
Mitochondria are transported along and within the microtubule bundle 167 

In vitro work (36) has shown that the elongated conformation of tubulin renders microtubules more 168 
straight and less flexible when polymerized in cell free situations. Building on this information, straight 169 
microtubules in an otherwise wandering axon, might impede axonal mitochondria to move, especially 170 
when being transported within the microtubule bundle, rather than at the rim where the plasma 171 
membrane seems more likely to bulge upon passing of large organelles (Supplementary figure 4). 172 
Therefore, the straightness of microtubules would only hinder transport if mitochondria are also 173 
transported within the microtubule bundle rather than at the rim. This hypothesis, if true, would explain 174 
the negative correlation between the physiological GTP-GDP tubulin ratio and anterograde velocities 175 
(Fig. 1E). With GTP-GDP tubulin ratio’s beyond physiological levels, the excessive increase in 176 
microtubule straightness could not only slow down transport but even halt mitochondrial transport, 177 
such as seen in several taxol-treated axons (Fig. 1F,G). 178 
The exact nano-positioning of mitochondria during axonal transport is however not known. Live 2D 179 
STED microscopy time-lapse recordings of mitochondria and microtubules (Supplementary Figure 5, 180 
Supplementary Movie 1) reveal a subset of motile mitochondria indeed being transported at the rim of 181 
the microtubule bundle (Fig. 2A), while others appear to be within the bundle. Even though 2D STED 182 
has sufficient resolution to resolve the position of a mitochondrion in XY it does lack Z-resolution 183 
(along the imaging axis). To accurately assess their position in Z, we used 3D STED (see methods) in 184 
fixed preparations as the time to acquire these image stacks as well as the optical STED powers 185 
needed are not compatible with live imaging. To ensure that we were analyzing mitochondria, while 186 
they were transported, we acutely added paraformaldehyde at the time transport of mitochondria was 187 
detected in a specific axonal segment. This allowed identifying motile and stationary mitochondria 188 
during post-hoc immunohistochemistry (Fig. 2B, Supplementary Figure 5). We proceeded with 3D-189 
STED microscopy on these fixed samples which enabled full 3D characterization of the mitochondrial 190 
localization relative to the microtubule network (Fig. 2C-F). The percentage of the optical surface 191 
overlap of microtubules per mitochondrion, hereinafter referred to as a surfaceMITO-MT overlap, was 192 
calculated as a measure for mitochondrial confinement within the microtubule bundle. The median 193 
surfaceMITO-MT overlap of the motile mitochondria was 52.4%, indicating that a significant proportion of 194 
mitochondria are surrounded by microtubules as they are transported (Fig. 2F-H). As mitochondria are 195 
not only transported at the rim but also within the microtubule bundle, changing the straightness of 196 
microtubules by altering the tubulin conformation has indeed an impact on mitochondrial transport. 197 
 198 
 199 
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Increasing microtubule straightness hinders mitochondrial transport within the microtubule 200 
bundle  201 
We hypothesized that the loss of motile mitochondria is mainly due to steric hindrance owing to the 202 
elongated dimer conformation as induced by taxol. Therefore, only mitochondria transported between 203 
the microtubules would become immotile while mitochondria at the rim are still transported after taxol 204 
treatment. To test this, we compared axonal transport in hippocampal cultures incubated either with 205 
taxol or DMSO (Fig. 3A, B). Cells were fixed on stage concurrent with detection of mitochondrial 206 
motility in the anterograde direction as shown previously (Supplementary Figure 5). Using 3D STED 207 
microscopy on the fixed samples, no significant difference was detected in surfaceMITO-MT overlap when 208 
all mitochondria (both motile and stationary) were compared between control and taxol-treated 209 
samples (Fig. 3C). However, when only the motile fraction was considered, the surfaceMITO-MT overlap 210 
was significantly lower in taxol-treated cells (Fig. 3D), indicating that these mitochondria were 211 
positioned at the rim. To test whether mitochondria at the rim, would be faster by default, we 212 
correlated the surfaceMITO-MT overlap with anterograde velocity in control cells to exclude that the 213 
observed increased transport velocity in the taxol condition does not arise from an outer-rim transport 214 
selection bias (Supplementary figure 6). Moreover, taxol did not have any direct effect microtubule 215 
bundle thickness nor its correlation with anterograde velocities (Supplementary figure 6). The 216 
reduction in the amount of transport after taxol thus mainly arises from halting those mitochondria 217 
transported within the microtubule bundle but not of those at the rim, as illustrated in Figure 3E.  218 
 219 
Kif5B velocity and density are increased along elongated tubulin dimers 220 
While the nano-position of the mitochondrion during transport can explain the reduction in anterograde 221 
motile mitochondria upon taxol treatment, it does not explain why the remaining motile fraction is 222 
transported at increased velocities (Fig. 1H). As with taxol treatment, mitochondria are mainly motile at 223 
the outer rim rather than within the microtubule bundle, it could be possible that motile mitochondria at 224 
the rim in general are transported at increased velocities compared to these within the bundle. We 225 
however found no correlation between mitochondrial velocity and colocalization percentage in control 226 
cells (Supplementary figure 6A, gray), indicating that the location of the mitochondrion does not 227 
determine its velocity under physiological GTP/GDP-tubulin levels. Previously published data utilizing 228 
in vitro polymerized microtubules has shown that the conformation of tubulin also affects kinetics and 229 
binding of motor proteins such as kinesin (17, 26), however it remains unknown whether this is also 230 
valid in living cells such as neurons. We first investigated KIF5B kinetics on distinct molecular tubulin 231 
conformations. Neurons expressing Kif5b-GFP were imaged using total internal reflection (TIRF) 232 
microscopy (Fig. 4B and Supplementary Figure 7). We found that kinesin motors move significantly 233 
faster in taxol-treated cells (Fig. 4B). Apart from altered kinetics of kinesin motors, KIF5 motors have 234 
previously been shown to preferentially bind GTP-tubulin rich microtubules (17). To test whether also 235 
binding of kinesin is altered, we used multicolor STED microscopy to ensure sufficient resolution to 236 
detect and assess KIF5b motor proteins on the mitochondrion’s surface (Fig. 4C, 4D, Supplementary 237 
Figure 8). We first restricted the quantification of KIF5B motors to those that optically overlapped with 238 
the mitochondrial surface. Even though this does not prove binding, it is highly likely that those 239 
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KIF5B’s bound to mitochondria at the time of fixation were included. The relative number of kinesin 240 
motors per surface area (Fig. 4E) was not different between control and taxol-treated cells. To further 241 
refine the analysis, we restricted the KIF5B inclusion to those that optically overlapped, not only with 242 
the mitochondria, but specifically with the MITO-MT surface. Although this spatial confinement does 243 
not prove that all KIF5B are bound, it does ensure the inclusion of all active motors bound both to MT 244 
and cargo during transport. Interestingly, significantly more motors were present within this selection in 245 
the taxol-treated condition (Fig. 4F), suggesting that the density of kinesin motors along microtubules 246 
and in proximity to mitochondria is higher. Finally, we aimed at elucidating whether this increased 247 
kinesin density, and thus likelihood of functional kinesin binding, also affects anterograde velocity. We 248 
used an optogenetic technique to optically control kinesin binding onto mitochondria (Fig. 4G) (37). As 249 
seen in the kymographs presented in Fig. 4H, illumination (yellow dashed line), forces anterograde 250 
transport in axonal processes. Upon illumination and forced binding to kinesin the number of 251 
transported mitochondria rose ~2.5 fold in both control and taxol conditions. However, the relative 252 
effect of taxol on the number of transported mitochondria remained also in the light induced condition 253 
(Fig 4J). Interestingly, the difference in anterograde velocity between control and taxol, disappears 254 
when kinesins are optically forced to bind cargo, since optogenetic activation increases the velocity in 255 
the control condition (Fig 4 J) to that in taxol, without affecting the latter (Fig 4 J taxol). 256 
Taken together, these data are in line with a model in which there is sterical hindrance induced by the 257 
taxol treatment: forced binding of kinesin motors to mitochondria increases the number of motile 258 
mitochondria, but cannot cancel out the effect of hindrance (Fig 4J). While on the other hand, 259 
anterograde transport velocities are no longer significantly different between control and taxol cells 260 
after forced binding since only velocities in control cells are increased. Forced binding of motor 261 
proteins in control cells therefore mimics the effect of taxol incubation with respect to anterograde 262 
velocities. The higher velocity of kinesin motors along elongated tubulin dimers and their abundant 263 
presence at the microtubule-mitochondrial interface provide a means to explain the observed 264 
increased anterograde velocities.  265 
 266 
Taxol halts the majority of mitochondrial transport in the anterograde direction while 267 
increasing anterograde transport velocities in vivo 268 
Finally, we tested whether the conformation of tubulin dimers also regulates mitochondrial transport in 269 
vivo. Drosophila melanogaster with neuronal TdTomato-tagged mitochondria were put on starvation 270 
for 3 hours followed by feeding on regular food supplemented with DMSO or 100 nM taxol within 8 271 
hours from eclosion (Figure 5A). Taxol can reach the nervous system of these flies through both oral 272 
drug administration as well as peripheral contact with taxol as flies were able to move freely in their 273 
container with food. After 24 and 48 hours of continuous taxol administration, flies were mounted in 274 
glass chambers and mitochondrial transport was recorded in the neuronal projections adjacent to vein 275 
L2 in the wing (Figure 5B-D). The taxol concentration was chosen based on a pilot experiment 276 
(Supplementary Figure 9) that assessed taxol intake and relevant changes in mitochondrial transport 277 
parameters using increasing taxol concentrations. We found a significant decrease in anterograde 278 
mitochondrial motility after 24 and 48 hours of continuous taxol administration, while retrograde 279 
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transport was only significantly reduced after 48 hours (Figure 5E). Anterograde transport velocities 280 
were significantly increased after 24 and 48 hours taxol while retrograde transport velocities remained 281 
unchanged (Figure 5F). Thus, changing the tubulin dimer conformation regulates anterograde 282 
mitochondrial transport in vivo in a similar manner.  283 
 284 
 285 
Discussion 286 

The central nervous system has a high-energy need and proper spatial and temporal 287 
distribution of mitochondria to produce local energy, are crucial (8, 38, 39). Failure to transport 288 
mitochondria has been linked to several neurodegenerative diseases including Parkinson’s disease, 289 
Alzheimer’s disease and Amyotrophic Lateral Sclerosis (8, 40, 41), which boosted studies on 290 
mitochondrial transport mechanisms. Apart from the identification of distinct motor protein families, 291 
also unraveling regulatory proteins such as the Miro-Milton complex and its calcium dependency has 292 
been key for understanding transport in neurons (42-45). Moreover, changes at the level of the tubulin 293 
dimer can also influence intracellular transport as the nucleotide (GTP/GDP) bound to the tubulin 294 
dimer determines its conformation (28, 36) and consequently affects motor protein activity (17, 25, 26, 295 
46). Drugs interfering with tubulin conformations such as taxol, a drug that favors GTP-tubulin and 296 
locks it in its elongated conformational state (15, 27-29, 36, 47), have also been shown to disrupt 297 
transport dynamics (31-33). However, exactly how transport is affected upon changes in the 298 
conformational state of the tubulin dimer is not fully understood. Here, we describe how the tubulin 299 
dimer conformation regulates mitochondrial transport dynamics and how that is affected by 300 
mitochondrial positioning along the microtubules.  301 

We first set out to understand whether the presence of GTP and GDP tubulin dimers along the 302 
microtubule lattice could regulate organelle transport.  In agreement with previous research, we show 303 
that axonal projections have a higher GTP-tubulin density as compared to dendrites (17). Furthermore, 304 
a negative correlation between GTP-tubulin density and anterograde transport velocities indicates a 305 
possible relationship between tubulin conformations and transport dynamics. Upon binding of drugs 306 
that increase the amount of elongated tubulin dimers (taxol and epothilone B), the number of 307 
anterograde motile mitochondria was significantly reduced while no change in the number of 308 
retrograde motile mitochondria was detected. This could be linked to the fact that kinesin motors 309 
bound to cargo have more difficulty traversing obstacles owing to their limited step-size and short 310 
neck-linker as compared to dynein motors (48-51). Increasing the amount of stable, elongated tubulin 311 
dimers also led to increased anterograde- but without affecting retrograde velocities. This is in line with 312 
the direction-dependent decrease in motile mitochondria and indicates that processivity of specifically 313 
kinesin motors depends on the conformational changes in tubulin dimers. 314 

The negative correlation between anterograde transport velocities and elongated tubulin 315 
density in control cells and the reduction of motile anterograde mitochondria in taxol-treated cells could 316 
be explained by steric hindrance. Indeed, it has previously been shown using in vitro polymerized 317 
microtubules that taxol increases the straightness of microtubules (36). We first showed that 318 
mitochondria are also being transported between these (straight) microtubules and not solely at the 319 
rim. Upon incubation with taxol however, the pool of motile mitochondria within the microtubule bundle 320 
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but not at the rim become stationary. The straightness of the microtubule network, influenced by 321 
tubulin conformations, can thus indeed regulate mitochondrial transport. The overall organization of 322 
the microtubule network has furthermore proven to be important to regulate lysosomal transport. Balint 323 
et al. (52) have shown that lysosomes pause at microtubule intersections, especially when the inter-324 
microtubule space is below 100 nm. This further indicates that microtubule flexibility is required to 325 
facilitate transport of cargo between bundles. The significant decrease in mitochondrial size, 326 
particularly in the stationary state (as no difference in motile state, Suppl. Fig 2), coupled with fewer 327 
numbers of moving mitochondria after taxol treatment may also suggest that mitochondria, depending 328 
on their size, may be impeded in gaining access and/or docking to the inner portions of the tubulin 329 
fiber tracts. This could also serve to "filter" or "sieve" cargo and affect the amount and nature of cargo 330 
being transported. 331 

To elucidate why mitochondria at the rim of taxol-treated neurons move at increased 332 
velocities, we focused on kinesin motors and their interaction with distinct molecular tubulin 333 
conformations. We first show that kinesin motors move faster on taxol-treated microtubules, which 334 
aligns with results reported using in vitro polymerized microtubules (26). While most studies using in 335 
vitro polymerized microtubules agree with our findings in neuronal cultures, some studies concerning 336 
kinesin-1 binding affinity and velocity report no significant difference between microtubules consisting 337 
of the elongated – or compacted tubulin conformation (53, 54). It should be noted that the latter 338 
studies compared similar conformational states of the tubulin dimer, i.e. microtubules polymerized with 339 
GMPCPP, a very slowly hydrolysable GTP analog, and taxol-stabilized microtubules. While these 340 
studies indicate the importance of stabilization methods for in vitro polymerized microtubule assays, 341 
they also provide further evidence of the conformational similarities between taxol-bound tubulin 342 
dimers and native GTP-bound tubulin as no kinesin-dependent differences between both microtubule 343 
populations were reported.  344 

Apart from kinetic properties of kinesin motors, we also explored the possibility that 345 
conformational changes in tubulin could influence kinesin density along the microtubule lattice. We 346 
found a significant increase in the amount of kinesin motors located on the surface overlap of 347 
specifically motile mitochondria and taxol-treated microtubules, in line with a previous study by Nakata 348 
et al. (17). The abundancy of kinesin motors increases the probability that they are functionally bound 349 
to the mitochondria, however, we cannot be certain that the density of kinesin motors at this interface 350 
also leads to increased mitochondrial velocities. To this end, we employed optogenetic tools to force 351 
binding of kinesin motors to mitochondria. We found that upon activation of the optogenetic construct, 352 
the number of motile mitochondria remained significantly reduced in the taxol-treated condition. This 353 
indicates and strengthens our conclusion that a large fraction of the stationary pool of mitochondria 354 
after taxol treatment are sterically hindered to be transported within the straight microtubule bundle as 355 
merely increasing kinesin binding cannot overcome this hindrance. On the other hand, forced binding 356 
of kinesin motors to mitochondria led to similar anterograde velocities between control and taxol 357 
treated cells, owing to increased velocities in control cells upon optogenetic activation. These results 358 
indicate that increasing kinesin binding results in similar, possibly maximal, anterograde transport 359 
velocities as seen in the small fraction that was still motile and fast in taxol conditions. We therefore 360 
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conclude that the cause of faster anterograde transport velocities in taxol could be two-fold, on the one 361 
hand the processive motion of kinesin motors is more efficient, resulting in increased motor protein 362 
velocities, while on the other hand an increased density of kinesin motors at the microtubule-363 
mitochondrial interface could facilitate binding which results in faster velocities.   364 

Finally, we confirmed that tubulin conformations are also relevant in regulating mitochondrial 365 
transport in vivo. To change the molecular conformation of tubulin dimers, we fed adult Drosophila 366 
melanogaster taxol. Previous studies using oral administration of taxol in fruit flies are limited to larvae 367 
and use high concentrations that lead to neuronal degeneration (55, 56). As we were mainly interested 368 
in early effects of taxol, preceding axonal degeneration, we first performed a pilot study using various 369 
low taxol concentrations. From the bell-shaped dose-velocity curve, we opted for 100 nM taxol for oral 370 
administration to ensure enough taxol is taken up while reducing possible adverse secondary effects 371 
linked to axonal degeneration. We found that taxol reduced anterograde motility both after 24 and 48 372 
hours, while retrograde transport was decreased only after 48 hours, possibly a consequence of fewer 373 
mitochondria being present due to early onset reduced anterograde transport. We also note that 374 
mitochondrial transport in control flies decreased during maturation as shown previously (57). 375 
Furthermore, anterograde transport velocities are significantly increased after taxol administration for 376 
both timepoints while retrograde transport velocities remain unchanged.  377 

In summary, we show that the molecular conformation of the tubulin dimer influences 378 
mitochondrial transport in two distinct ways depending on mitochondrial localization. On one hand, the 379 
increased straightness of microtubules enriched in elongated tubulin hinders specifically those 380 
mitochondria travelling within the microtubule bundle, possibly explaining why studies investigating 381 
CIPN linked to taxol treatment observe a decrease in motile organelles and vesicles (31-33, 58) . On 382 
the other hand, mitochondria mobile at the rim of the microtubule bundle are transported at increased 383 
velocities as the molecular conformation of tubulin affects kinesin binding and processive velocity in 384 
neuronal projections. As an increased density of elongated dimers leads to straighter microtubules, it 385 
is conceivable that processive motion of kinesin motors is mechanically more efficient, resulting in 386 
increased transport speed. While taxol is known to alter the conformation of the tubulin dimer, we 387 
cannot exclude the possibility that this conformation change further leads to additional cascade of 388 
posttranslational modifications of tubulin or binding of MAPs, which in turn could also affect 389 
intracellular transport. We therefore conclude that the conformation of tubulin dimers within the 390 
microtubule lattice is an important regulator of intracellular transport, either direct or indirect, and that 391 
the specific location of motile mitochondria is crucial for the regulatory effect in neurons both in vitro 392 
and in vivo. These findings are relevant not only to understand intracellular transport mechanisms but 393 
are also crucial for cancer research and more specifically how chemotherapeutic agents can interfere 394 
with neuronal processes such as intracellular transport.   395 
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Materials and methods 396 

Primary neuronal cultures 397 

All procedures were approved by the Animal Ethics Committee of the University of Leuven (Belgium) 398 
and Université Laval (Canada). All cell cultures apart from these used for live STED imaging were 399 
derived from mouse hippocampal tissue. Postnatal day 0-5 C57Bl/6J mouse pups were quickly 400 
decapitated before dissection. Hippocampi were dissected in sylgard dishes containing cold sterile 401 
Hank’s Buffered Salt Solution (HBSS in mM: 5.33 KCl, 0.44 KH2PO4, 137.93 NaCl, 402 
0.34Na2HPO4.7H2O, 5.56 D-glucose and 10 HEPES). The tissue was minced and incubated in 0.25% 403 
trypsin-EDTA (Gibco) supplemented with 80 U/ml DNAse (Roche) for 10 min at 37°C. After three 404 
consecutive wash steps with HBSS supplemented with 10% fetal bovine serum (FBS, Sigma Aldrich), 405 
the tissue was mechanically dissociated by trituration with syringes with decreasing diameter. Cells 406 
were plated at 5 x 105 cells per coverslip (18 mm diameter, coated with poly-D-Lysine) and grown in a 407 
37°C, 5% CO2 incubator in Neurobasal-A media (Thermo Fisher Scientific) supplemented with 0.5% 408 
penicillin / streptomycin (Lonza), 0.5% B27 (Gibco), 100 ng/ml nerve growth factor (Alomone Labs) 409 
and 2mM Glutamax (Thermo Fisher Scientific). Media was replaced 1:1 every three days and cells 410 
were used at 7 DIV unless stated otherwise. For live STED recordings, rat hippocampal neurons were 411 
prepared as described previously (59).  412 
 413 
Transfection 414 

After 6 DIV, expression of TOM20-mCherry-LOVpep and Kif5b-GFP-ePDZb1 (gift from L.C. Kapitein 415 
(37)) was induced in neuronal cultures to guide anterograde transport in axons upon light-induced 416 
heterodimerization. Per well, 0.5 µg plasmid was mixed with 0.02% Lipofectamine 2000 reagent 417 
(Invitrogen) in Neurobasal-A media and incubated at room temperature for 30 min. The mixture was 418 
added dropwise to the wells and media were replaced after 4 hours. Expression was verified the 419 
following day. 420 
 421 
Pharmacological treatment 422 

Taxol- and epothilone B-treated cultures were incubated with 10 nM taxol or 10 nM epothilone B 423 
dissolved in DMSO (4 h) in plating medium. Control cultures were treated with an equal amount of 424 
DMSO (0.1 %). During imaging, plating medium with DMSO, taxol or epothilone B was replaced by 425 
HEPES buffer (in mM: 148 NaCl, 5 KCl, 1 MgCl2, 10 Glucose, 10 HEPES, 2 CaCl2).   426 
 427 
Mitochondrial transport imaging & analysis  428 

B27 media was replaced by HEPES buffer (in mM: 148 NaCl, 5 KCl, 1 MgCl2, 10 Glucose, 10 HEPES, 429 
2 CaCl2) for live cell imaging at 37°C. A Zeiss LSM 780 confocal laser scanning microscope (Zeiss) 430 
fitted with an Argon laser (488 nm) and solid state lasers (561, 633 nm) was used for mitochondrial 431 
imaging (Mitotracker red, 75 nM, 10 min incubation, Thermo Fisher Scientific) in combination with an 432 
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LD LCI Plan-Apochromat 25x/0.8 Imm Corr DIC M27 water-immersion objective. In-house Igor pro 433 
(Wavemetrics, OR, USA) code was used to generate kymographs and analyze mitochondrial transport 434 
time lapse recordings as described previously (35). Mitochondrial tracks were marked in the 435 
kymographs, and general transport parameters per mitochondrion, such as overall velocity, 436 
instantaneous velocity, transport periods, pauses, direction changes… were extracted from these 437 
kymographs (Suppl. table 1). For velocity measurements that were made in relation to the surface 438 
overlap percentage, only the final motile segment, without direction changes and pauses, was 439 
included, and thus this velocity represents the instantaneous transport velocity at the time 440 
paraformaldehyde was added to acutely stop neuronal function. Mitochondrial transport was analyzed 441 
at similar distances from the cell soma (Table 2) in axons that were identified process length and 442 
diameter. 443 
 444 
Electron flow assay isolated mitochondria 445 

Mitochondria were isolated from hippocampal brain tissue using the microTOM22 beads technology 446 
(Miltenyi Biotec). The mouse mitochondrial extraction and isolation kit were used for tissue 447 
homogenization, digestion and mitochondrial isolation. The isolated mitochondria were then incubated 448 
with either taxol in DMSO (10 nM, 1 h) or an equal amount of DMSO as control. These mitochondria 449 
were used for the electron flow assay according to the company’s protocol (Agilent Seahorse). In 450 
short, mitochondria were resuspended in 9:1 MAS-MSHE buffer and 2 µg mitochondrial protein was 451 
plated. The following toxins and substrates were dissolved in MAS buffer before injection: 20 µM 452 
rotenone, 100 mM succinate, 40 µM antimycin A and 100 mM ascorbate with 1mM TMPD. Injection 453 
volumes were adjusted to ensure a 10 times dilution as a final concentration. 454 
 455 
Immunofluorescence labeling 456 

Cells were fixed with 4% paraformaldehyde (PFA, 30 min, RT) and washed in phosphate buffered 457 
saline (PBS). After fixation, cells were incubated in blocking medium containing PBS, 4% serum from 458 
secondary hosts (Chemicon International) and 0.1% Triton X-100 (Sigma) (2 h, RT), followed by 459 
overnight incubation at 4°C with several primary antibody combinations. Primary antibodies used 460 
were: goat TAU (1:1000, cat. number SC1995, Santa Cruz Biotechnology), chicken MAP2 (1:5000, 461 
cat. number ab5392, Abcam), rabbit α-tubulin (1:1000, cat. number ab18251, Abcam), rat α-tubulin 462 
(1:50, cat. number MA180189, Invitrogen), chicken beta III tubulin (1:50, cat. number ab41489, 463 
Abcam), goat kif5b (1:500, cat. Number MBS420641, MyBioSource) and rabbit TOM20 (1:1000, cat. 464 
number ab186735, Abcam). After washing with PBS, the secondary antibodies were applied (1h, RT). 465 
For STED microscopy the following secondary antibodies were used: rabbit-Alexa594 (Invitrogen, 561 466 
excitation) chicken-STAR635P (Abberior, 640 nm excitation), rat-Alexa488 (Invitrogen, 488 excitation), 467 
goat-STARRED (Abberior, 640 nm excitation). All antibodies were diluted in blocking medium. Three 468 
10 min wash steps with PBS were performed and excess PBS was removed. All preparations were 469 
mounted in Citifluor (Citifluor Ltd.) or Mowiol (Merck) before imaging. For GTP-tubulin staining, we 470 
followed the protocol of Dimitrov et al. (15). Briefly, cells were treated with 0.05% Triton in GPEM 471 
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buffer (3 min, 37°C) before incubation with MB11 (1:250, cat. number AG-27B-0009-C100 Adipogen) 472 
diluted in GPEM buffer supplemented with 2% BSA (15 min, 37°C). After a quick wash in GPEM 473 
buffer, donkey anti human Alexa 594 (1:1000, cat. number 709-585-149, Jackson ImmunoResearch) 474 
was applied (15 min, 37°C) followed by methanol fixation. A Zeiss LSM 780 confocal laser scanning 475 
microscope (Zeiss) was used to record fluorescence images.  476 

Stimulated emission depletion (STED) microscopy & colocalisation analysis 477 

An Abberior Expert-Line STED (Abberior Instruments) microscope consisting of an inverted Olympus 478 
IX83 microscope body fitted with four pulsed (40 MHz) excitation laser modules (405, 485, 561 and 479 
640 nm), two depletion beams at 595 and 775 nm, a motorized stage with P-736 PINano (Physik 480 
Instrumente) and the IX3-ZDC-12 z-drift compensation unit (Olympus) was used for multicolor STED 481 
imaging. To relocate cells a 20x Olympus Plan N 0.4 NA air objective was used while a 100x Olympus 482 
UPlanSApo 1.4 NA oil-immersion objective was used for STED recordings. Emission was detected 483 
using a spectral detection module and four avalanche photodiode detectors. For live-cell STED 484 
imaging, tubulin was stained with the far-red emitting dye Silicon rhodamine (SiR) using the SiR-485 
tubulin Kit (0.5 μM, 10 min incubation, CY-SC002, Spirochrome) and imaged using 640 nm excitation 486 
and 775 nm depletion. Mitochondria were stained with Mitotracker green (75 nM, 10 min incubation, 487 
Thermo Fisher Scientific) and imaged in confocal mode using 488 nm excitation. Two-color STED 488 
imaging on fixed samples was performed using 775 nm depletion, three-color STED imaging using 489 
775 nm and 595 nm depletion sequentially. In the 2D live-cell imaging configuration, in which a 2D 490 
STED XY doughnut was applied, we sampled using 25 x 25 nm pixels. For STED recordings in fixed 491 
samples, as used to determine whether mitochondria were within or at the rim of the microtubule 492 
bundle, a 3D STED volume (XY doughnut + Z) was applied and 40 x 40 x 50 nm voxels were used to 493 
sample the 3D image stacks. STED recordings were deconvolved using a theoretical point spread 494 
function based on the optical properties of the imaging system and stabilized using Huygens (SVI). To 495 
calculate interface percentages between mitochondria and microtubules, Imaris (Bitplane) surface 496 
rendering and the surface-to-surface colocalisation Xtension (Bitplane, Matthew Gastinger) were used. 497 
To quantify the amount of kinesin dots in proximity of the mitochondrial surface area or interface area 498 
between mitochondria and tubulin, kinesin dots were first localized using the ‘spot detection tool’. 499 
Consecutively, the spot to surface Xtension was used to quantify the amount of kinesin motors on 500 
aforementioned surface areas. 501 
 502 
Total internal reflection (TIRF) microscopy & kinesin velocity analysis 503 

GFP-tagged kinesin motors were recorded using a Zeiss Elyra PS1 (Zeiss) microscope with 504 
temperature control for activity recordings at 37°C. A 488 CW laser was used for excitation in 505 
combination with a Plan Apochromat 100x 1.46 NA Oil objective and CCD camera (Andor iXon DU-506 
897 512x512). Kymographs were produced using the KymographBuilder plugin (Hadrien Mary, 507 
ImageJ) and stationary motors were removed by filtering in the frequency domain as shown in 508 
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Supplementary Figure 4. Velocities were calculated using the Directionality plugin (ImageJ) written by 509 
Jean-Yves Tinevez (60).  510 
 511 

Drosophila stocks and pharmacological treatment 512 

All flies were kept on standard corn meal and sugar cane syrup at 25°C. Fly stocks used: w[1118]; 513 
P{y[+t7.7] w[+mC]=GMR57C10-GAL4}attP2 obtained from BDSC and y[*] w[*]; P{w[+mC]=UAS-514 
tdTomato.mito}2 obtained from Kyoto stock center. For pharmacological treatment, flies of the 515 
appropriate genotype were collected within 8 hours from eclosion and kept on petri dishes with 20% 516 
sucrose and 1% agarose for 3 hours at 25°C. Starved flies were then moved to tubes with standard 517 
corn meal and sugar cane syrup supplemented with taxol (10 nM, 100 nM, 1 µM or 10 µM, Paclitaxel 518 
Cytoskeleton Inc.) or DMSO (0.01%, Cytoskeleton Inc.). Recordings of mitochondrial transport were 519 
performed after 24-28 or 48-52 hours of continuous drug exposure. 520 

Spinning disk in vivo mitochondrial transport recording & analysis 521 
Flies were mounted in oil (refractive index 1.334, Zeiss Immersol) between glass coverslips spaced 522 
with double-sided tape as shown in Figure 6C and described previously (61). Mitochondrial transport 523 
recordings were performed on an inverted spinning disk microscope (Nikon Ti- Andor Revolution – 524 
Yogokawa CSU-X1 Spinning Disk) fitted with a Nikon 60x objective (Plan Apo, NA 1.27, W) and 525 
incubation chamber (Okolab, 25°C). TdTomato was excited with 561 nm laser light and a dual-band 526 
bandpass filter was used for emission (FF01-512/630-25, Laser 2000). The 10-minute long transport 527 
recordings consisted of 10 µm thick stacks, to account for wing movement, taken every 2 seconds. 528 
Mitochondrial time lapse recordings were registered using the StackReg plugin (ImageJ) and in-house 529 
Igor pro code was used to generate kymographs and analyze mitochondrial transport time lapse 530 
recordings as described previously (35, 62, 63). 531 
 532 
Statistics 533 

Graphpad Prism was used for statistical analysis: p < 0.05 (*), p < 0.01 (**), p < 0.001 (***) and bar 534 
graphs represent mean values with standard error of the mean. Shapiro-Wilk normality tests were 535 
used to assess the normal distribution of the data. To compare two groups, in case of a normal 536 
distribution, unpaired t-tests were conducted as a two-sided test, otherwise the Mann Whitney test was 537 
performed. To compare multiple groups, a two-way ANOVA was performed with multiple testing 538 
correction. 539 
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Figures 693 
 694 
Figure 1. Mitochondrial transport patterns correlate and are influenced by the molecular 695 
conformation of tubulin dimers. 696 
(A). Immunohistochemical staining of α-tubulin (yellow), GTP-bound tubulin dimers (magenta) and 697 
MAP2 (cyan) in hippocampal cultures at 7 DIV. (B) Quantification of the staining intensity of α-tubulin 698 
(20.7±9.2 vs. 32.8±18, n=27 cells from 3 independent experiments; * p<0.05 Mann Whitney test), 699 
GTP-bound tubulin (34.3±12.8 vs. 35.3±18, n=27 cells from 3 independent experiments; Unpaired 700 
two-tailed t-test) and their ratio (1.8±0.5 vs. 1.2±0.4, n=27 cells from 3 independent experiments; *** 701 
p<0.001 Unpaired two-tailed t-test) in either axonal or dendritic processes. (C) Hippocampal neuron 702 
loaded with mitotracker red to visualize mitochondria and (D) kymographs of axonal and dendritic 703 
projections. (E) A negative correlation was found between anterograde transport velocities and the 704 
amount of tubulin dimers in a GTP-bound conformation (n=42 neuronal processes from 3 independent 705 
experiments: ** p<0.01 Spearman correlation (-0.41), scatterplot ± 95% confidence interval) but not 706 
between retrograde velocities and GTP-tubulin density. (F) Hippocampal neurons transfected with 707 
TOM20-mCherry, incubated with DMSO (Control) or taxol (4h, 10 nM), red arrows indicate axonal 708 
processes used for analysis. (G) Quantification of the number of motile mitochondria per 100 709 
micrometer axon shows a significant reduction in anterograde mitochondria in taxol-treated cells 710 
compared to control axons (1.7±1.3 vs. 0.7±0.8, n=27 neurons from 3 independent experiments; ** 711 
p<0.01 Mann Whitney test) but not a loss of retrograde moving mitochondria (1.5±1.2 vs. 1.2±0.7, 712 
n=27 neurons from 3 independent experiments; Unpaired Welch two-tailed t-test). (H) Although fewer 713 
motile mitochondria were present, a significant increase in anterograde (0.26±0.1 vs. 0.38±0.2) but not 714 
retrograde (0.32±0.15 vs. 0.30±0.1), velocities in taxol-treated cells was observed (n=22 neurons from 715 
3 independent experiments; ** p<0.01 Mann Whitney test). Indicated values are mean ± standard 716 
deviation, bar plots represent mean with standard error of the mean. 717 
 718 
Figure 2. Mitochondria are transported along and within the microtubule bundle 719 

(A) Live two-color 2D STED time lapse recordings of hippocampal neurons loaded with mitotracker 720 
green (mitochondria, yellow) and SiR Tubulin (microtubules, cyan). A line profile perpendicular to the 721 
direction of transport (arrowheads) of a motile mitochondrion (arrows) is shown with the corresponding 722 
intensity profile for the tubulin (cyan plot and overlaid Gaussians) and mitochondrion (yellow and 723 
overlaid Gaussian) signal. The mitochondrion left in the image is clearly positioned at the rim, while the 724 
mitochondrion indicated by the arrows could be within the microtubule bundle. (B) Graphical overview 725 
of the different steps required to assess the nano-position of mitochondria during mitochondrial 726 
transport. Mitotracker-labelled hippocampal neurons were used for live imaging and axonal processes 727 
were selected based on process length and diameter. Upon detection of motile mitochondria 728 
paraformaldehyde (PFA) was added during the live recording followed by IHC processing and finally 729 
relocalisation of the motile mitochondria for high resolution 3D STED recordings. (C) Mitotracker red 730 
was loaded onto hippocampal neurons before mitochondrial transport recordings. Paraformaldehyde 731 
was added during recordings to halt mitochondrial transport and all other intracellular processes. 732 
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Kymograph indicating an anterogradely moving mitochondrion as seen moving in panels (arrows). (D) 733 
After immunohistochemical staining (TOM20 and ß-tubulin), (E) z-stacks were recorded using 3D 734 
STED, deconvolved in SVI and rendered in Imaris. (F) Cross-section of the mitochondrion and 735 
microtubules. (G) Surface rendering of mitochondria and tubulin was performed followed by (H) 736 
calculation of the surfaceMITO-MT overlap (51.5±15.4%, n=44 mitochondria from 3 independent 737 
experiments, mean with standard error of the mean).  738 
 739 
Figure 3. Excess of elongated tubulin dimers hinders mitochondrial transport within the 740 
microtubule bundle  741 
(A) Hippocampal neurons were loaded with mitotracker after incubation with DMSO as control or (B) 742 
taxol (10nM, 4h) and axons were selected based on process length and diameter. During transport 743 
recordings, paraformaldehyde was added to the imaging buffer at the moment an anterograde motile 744 
mitochondrion was observed (arrows). After fixation and immunohistochemical staining using 745 
antibodies for β-tubulin and TOM20, z-stacks were recorded using STED microscopy, deconvolved 746 
and surface rendered to calculate the surfaceMITO-MT overlap percentage. (C) The surfaceMITO-MT overlap 747 
did not differ between control (52.6±23.7%) and taxol-treated neurons (53.5±28.4%) in case all 748 
mitochondria (moving and stationary) were considered (n=264 mitochondria from 3 independent 749 
experiments; Mann Whitney test), but (D) was significantly lower in taxol versus control (38.6±14.7% 750 
vs 51.5.6±15.4%) when only motile mitochondria were considered in the comparison (n=39 751 
mitochondria from 3 independent experiments; *** p<0.001 Mann Whitney test). Indicated values are 752 
mean ± standard deviation, bar plots represent mean with standard error of the mean. (E) Graphical 753 
overview of motile mitochondria at the rim and within the microtubule bundle in control axons while 754 
only mitochondria at the rim are transported in axonal processes after taxol incubation. 755 
 756 
Figure 4. Elongated tubulin dimers increase Kif5B velocity and localize at the microtubule-757 
mitochondrial interface  758 
(A) TIRF microscopy of hippocampal neurons transfected with Kif5b-eGFP constructs, arrows indicate 759 
motile kinesin motors. (B) Frequency distribution of KIF5B velocities in DMSO (control) or taxol-treated 760 
samples (10 nM, 4h) shows increased velocities in taxol-treated cells (n=27 neuronal fibers from 3 761 
independent experiments; ** p<0.01 Gaussian Least squares fit). (C) Hippocampal neurons loaded 762 
with mitotracker after incubation with DMSO as control or taxol (10nM, 4h). During transport 763 
recordings, paraformaldehyde was added at the moment an anterograde motile mitochondrion was 764 
observed (arrows). (D) 2D STED microscopy was used to record Z-stacks on the fixed samples using 765 
antibodies for α-tubulin, TOM20 and KIF5B, image stacks were deconvolved in Huygens (SVI), 766 
rendered and analysed in Imaris. (E) Quantification reveals that the number KIF5B spots present on 767 
the surface of motile mitochondria (entire surface considered) does not differ between control 768 
(1.3±0.6) and taxol-treated axons (1.3±0.6, n=40 mitochondria from 3 independent experiments; Mann 769 
Whitney test). (F) Quantification of the KIF5B spots residing specifically in the surfaceMITO-MT overlap, 770 
shows an increase due to taxol-treatment (2.4±1.3 vs. 1.8±0.9 in control, n=40 mitochondria from 3 771 
independent experiments; * p<0.05 Unpaired Welch two-tailed t-test). (G) Hippocampal neurons were 772 
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transfected with two constructs: TOM20-mCherry-LOV and Kif5b-GFP-ePDZb1. Upon illumination with 773 
blue light, the Light-Oxygen-Voltage (LOV)-domain and ePDZ1 domain heterodimerize, forcing a link 774 
between kinesin motors (KIF5B) and mitochondria (TOM20). Axonal processes were selected based 775 
on process length and diameter. (H) Examples of kymographs before and after illumination, indicated 776 
by the red dotted line in the kymograph. (I) Quantification of the percentage of motile anterograde 777 
mitochondria between the dark and illuminated condition in control and taxol cells, and the control and 778 
taxol condition in illuminated (LIGHT) state. (J) Quantification of the anterograde transport velocity 779 
between the dark and illuminated condition in control and taxol cells, and between the control and 780 
taxol condition in illuminated (LIGHT) state. Indicated values are mean ± standard deviation, bar plots 781 
represent mean with standard error of the mean. 782 
 783 
Figure 5. Taxol halts the majority of mitochondrial transport in the anterograde direction while 784 
increasing anterograde transport velocities in vivo  785 
(A)  UAS-mito::tdTomato/+; Nsyb-Gal4/+  virgins were selected for pharmacological treatment within 8 786 
hours from eclosion. After a 3-hour starvation period, flies were transferred to food vials containing 787 
regular food supplemented with DMSO as control or taxol (100 nM) for 24 or 48 hours before imaging. 788 
(B) Axonal projections and neuronal cell bodies were visible along the L1 and L2 veins in the wing, the 789 
branching region in L2 was used for transport recordings to reduce the number of axons and facilitate 790 
analysis. (C) Flies were mounted between two coverslips using double-sided tape and mitochondrial 791 
transport recorded using an inverted spinning disk microscope. (D) Sum projection of a mitochondrial 792 
time lapse recording and corresponding kymograph. (E) Quantification of the number of motile 793 
anterograde mitochondria per 100 micrometer shows a significant reduction in motile mitochondria in 794 
taxol (TXL)-treated flies compared to control neurons after 24h (16.6±5.7 vs. 11.1±4, n=19 flies from 3 795 
independent experiments; ** p<0.01 Unpaired two-tailed t-test) and 48h (9.4±3.3 vs. 6.7±3.7, n=19 796 
flies from 3 independent experiments; * p<0.05 Unpaired two-tailed t-test). The number of retrograde 797 
motile mitochondria remained unchanged after 24 h (9.1±4.4 vs. 8±3.2, n=19 flies from 3 independent 798 
experiments; * p<0.05 Unpaired two-tailed t-test) but significantly decreased after 48 hours taxol 799 
(6±2.3 vs. 4.2±2.8, n=19 flies from 3 independent experiments; * p<0.05 Unpaired two-tailed t-test). (F) 800 
Anterograde transport velocities were significantly increased after 24 h (0.19±0.03 vs. 0.22±0.03) and 801 
48 h (0.17±0.06 vs. 0.20±0.05) taxol treatment while retrograde velocities remained unchanged 802 
compared to controls (24h: 0.25±0.06 vs. 0.27±0.06; 48h: 0.22±0.05 vs. 0.20±0.08, n=19 flies from 3 803 
independent experiments; * p<0.05 Unpaired two-tailed t-test, for each condition). Indicated values are 804 
mean ± standard deviation, bar plots represent mean with standard error of the mean. 805 
 806 












