











Microtubule dynamics regulates mitochondrial fission

Figure 1. Mitochondrial number is inversely proportional to microtubule length. (A) Maximum
intensity projections of deconvolved Z-stack images of microtubules (left), mitochondria (centre) and
their composite (right) in wild-type (‘WT’, top, strain KI001, see Table S1), KIpSA/KIp6A (‘MTiong’,
strain G3B, see Table S1) and Klp4A (‘MTg.r’, strain G5B, see Table S1) cells. (B) Box plot of length
of anti-parallel microtubule bundles in WT, MTisn, and MTgon cells (=40, 37 and 63 bundles
respectively). In all box plots that appear in this manuscript, the central line indicates the median and
notches represent the 95% confidence interval of the median. (C) Box plot of number of mitochondria
per cell in WT, MTjong and M Ty cells (=10, 12 and 13 cells respectively). (D) Box plot of the total
volume of mitochondria per cell in WT, MTone and MThor cells normalized to mean total wild-type
mitochondrial volume (#=10, 12 and 13 cells respectively). In B-D, light grey crosses represent outliers,
asterisk represents significance (p<0.05) and ‘n.s.” indicates no significant difference (one-way
ANOVA, Tukey’s Honestly Significant Difference procedure).
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Figure 2. Microtubule length determines fission frequency of mitochondria. (A) Montage of maximum
intensity projected confocal Z-stack images of wild-type (‘“WT’, strain KIO01, see Table SI),
KlpSA/KIp6A (‘MTiong’, strain G3B, see Table S1) and Klp4A (‘MTgnor’, strain G5B, see Table S1)
cells represented in the intensity map indicated to the left of the images. The insets (white box) and
their montages on the right of the images are representative fission and fusion events in WT (‘1” and
‘2’), fusion event in MTqe (‘3”) and fission event in M T cell (‘4”). Time is indicated as ‘mm:ss’
above the montage of the insets. The normalized intensity along the mitochondrion in the inset before
(magenta) and after (green) the fission or fusion event is indicated in plots to the right of the montages.
Scale bars represent 2um. (B) Evolution of mitochondrial number over time indicated as mean (solid
grey line) and standard error of the mean (shaded region) for WT, MTione and MTgpor cells (n=21, 15
and 8 cells respectively. (C) Box plot of the fission frequency of mitochondria per second in WT, M T,
and MTgor cells (n=21, 15 and 8 cells respectively). (D) Box plot of the fusion frequency of
mitochondria per second in WT, MT,o and MTgpor cells (n=21, 15 and 8 cells respectively). (E) Box
plot of the size of mitochondria in WT, MTons and M T cells, calculated as the length of the major
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axis of an ellipse fitted to each mitochondrion (n=1613, 739 and 1326 mitochondria respectively). In
C-E, light grey crosses represent outliers, asterisk represents significance (p<0.05) and ‘n.s.” indicates
no significant difference (one-way ANOVA in C and D, Kruskal-Wallis test in E, Tukey’s Honestly
Significant Difference procedure).
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Figure 3. Microtubule depolymerization induces increased fission in WT and KlpSA/KIp6A cells. (A)
Montage of maximum intensity projected confocal Z-stack images of MBC-treated wild-type (WT™,

strain KI001, see Table S1) and KIp5A/KIp6A (‘MTlongmbc’ strain G3B, see Table S1) cells represented
in the intensity map indicated to the right of the images. White open arrowheads point to representative
fission events. 00:00 indicates time (mm:ss) 2min after addition of MBC. (B) Evolution of
mitochondrial number with time indicated as mean (solid grey line) and standard error of the mean
(shaded region) for wild-type (‘WT?), WT™, and MT g™ cells (2=21, 14 and 7 cells respectively).
(C) Box plot of the fission frequency of mitochondria per second in WT, WT™, and MT g™ cells
(n=21, 14 and 7 cells respectively). (D) Box plot of the fusi frequency of mitochondria per second in
WT, WT™, and MTjo,,™ cells (=21, 14 and 7 cells respectively). (E) Box plot of the size of
mitochondria in WT, WT™, and MT,,e"™ cells, calculated as the length of the major axis of an ellipse
fitted to each mitochondrion (n=1613, 1765 and 886 mitochondria respectively). In C-E, light grey
crosses represent outliers, asterisk represents significance (p<0.05) and ‘n.s.” indicates no significant
difference (one-way ANOVA in C and D, Kruskal-Wallis Test in E, Tukey’s Honestly Significant
Difference procedure). Note that the WT data represented in this figure is the identical to the wild-type
data plotted in Fig. 2 and Fig. S2 and has been re-used for comparison.
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Figure 4. Mitotic cells contain several short mitochondria. (A) Maximum intensity projections of
deconvolved Z-stack images of the microtubules (top), mitochondria (centre) and their composite
(bottom) of a wild-type cell (strain KI001, see Table S1) undergoing division. (B) Scatter plot of the
length of the mitotic spindle vs. the number of mitochondria per cell in dividing cells (n=13 cells). (C)
Montage of maximum intensity projected confocal Z-stack images of the microtubules (top) and
mitochondria (bottom) in a wild-type cell undergoing cell division represented in the intensity map
indicated to the right of the images. White open arrowheads point to representative fission events.
Magenta arrowheads point to a representative mobile, fragmented mitochondrion. Time is indicated
above the images in mm:ss. (D) Bar plot of the mean number of mitochondria per cell before (*00:00°)
and 10mins after (*10:00’) the onset of mitosis. Solid grey lines represent data from individual cells

(n=16 cells).
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Figure 5. Association with microtubules prevents unopposed fission of mitochondria. (A) Maximum
intensity projections of deconvolved Z-stack images of mitochondria in cells transformed with
functional untagged Dnm1 (plasmid pREP41-Dnml, see Table S1) in Dnm1A cells (see Table S1),
wild-type (‘“WT’, strain FY7143, see Table S1) and KIp5A/KIp6A cells (‘MTioyg ", strain FY20823, see
Table S1) represented in the intensity map indicated to the right of the images. High overexpression of
Dnml is indicated with ‘+++’ (‘(-thia)’) and low overexpression with ‘++’ (‘+thia)’). Scale bars
represent 2pm. (B) Box plot of mitochondrial numbers in Dnm1A, WT and MT, cells with high
overexpression (‘+++’) or low expression of Dnml (‘++’) (n= 37, 36, 149, 37, 63, 41 cells
respectively). The mean mitochondrial number in WT cells expressing normal amount of Dnm1 is
depicted by the dashed line. Light grey crosses represent outliers, asterisk represents significance
(p<0.05) and ‘n.s.’ indicates no significant difference (Kruskal-Wallis test, Tukey’s Honestly
Significant Difference Procedure).
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Figure 6. Deletion of Mmbl results in unopposed fission in WT and MTn, cells. (A) Maximum
intensity projections of deconvolved Z-stack images of microtubules (left), mitochondria (centre) and
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their composite (right) in Mmb1A cells (top, strain PT2244, see Table S1) and Klp5A/Klp6A-MmblA
cells (‘MTiong, Mmb1A’, bottom, strain VA076 see Table S1). (B) Box plot of microtubule bundle length
in MmblA (n= 54 microtubules from 13 cells) and KIpSA/KIp6A-MmblA cells (=81 microtubules
from 25 cells respectively). The mean microtubule bundle length in WT cells is depicted by the dashed
line. (C) Box plot of mitochondrial numbers in Mmb1A and KIpSA/KIp6A-Mmb1A cells (=14 and 20
cells respectively). The mean mitochondrial number in WT cells is depicted by the dashed line. (D) Box
plot of mitochondrial volume in MmblA and Klp5A/KIp6A-MmblA cells (=14 and 20 cells
respectively) normalized to mean total mitochondrial volume in WT cells. The mean mitochondrial
volume in WT cells is depicted by the dashed line. (E) Montage of maximum intensity projected
confocal Z-stack images of the mitochondria in a MmbI1A cell (top) and Klp5A/Klp6A-MmblA cell
(‘MTiong, Mmb1A’, bottom). The intensity map is indicated to the right of the images. Time is indicated
above the images in mm:ss. Scale bars represent 2um. In B-D, asterisk represents significance (p<0.05),
‘n.s.” represents no significant difference (one-way ANOVA, Tukey’s Honestly Significant Difference
Procedure). (F) Model of mitochondrial dynamics mediated by microtubule dynamics. Microtubules
polymerize and depolymerize at their plus ends (‘+’). Absence of microtubule bundles in the cytoplasm
during cell division enables the fragmentation of mitochondria. (G) When mitochondria are bound to
microtubules, Dnm1 assembly is inhibited. Upon microtubule depolymerization, this inhibition is
alleviated and Dnm1 can effectively mediate scission of mitochondria.
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