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Supplementary Fig. 1 A) Representative confocal images of Cos-7 and Skal-GFP Hela cells
showing the ROI selection for the colocalization analysis of EB1 and Skal on the microtubules
on both sides of the metaphase plate. Scale bar =10 um. Table shows the correlation coefficients
of EB1 and Skal colocalization in Cos-7 and Skal-GFP Hela cells. B) Representative confocal
images of mitotic Cos-7 cells transfected with control luciferase sSiRNA (48 hrs) or EB1 siRNA
or EB1 siRNA + siRNA resistant EB1-GFP construct (siRes EB1-GFP). Microtubules (white),
EB1 (red) and Skal (pink) were stained with antibodies. Chromosomes were stained with DAPI
(shown in white). Scale bar =10 um. Images in the extreme right side show enlarged view of
localization of Skal (green) and EBL1 (red) in control cells. In bottom panel, expression of
exogenous siRes EB1-GFP is shown (green). C) Western blot of Cos-7 cell lysates showing
endogenous EB1, Skal and siRes EB1-GFP at different conditions. Actin was probed as a
control. D) Plot shows quantification of Skal intensity on spindle microtubules in Cos-7 cells at
specified conditions, representation of regions selected for quantification is shown in
Supplementary Fig. 1H, method of analysis is provided in ‘Methods’ (no of cells, n = 25), ***
=p<10™°, ** = p< 10°. Data are mean +/- s.e.m. E) Quantification of mitotic metaphase cells
with misaligned chromosomes at specified conditions (no of cells counted, n = ~ 120). Data are
mean +/- s.eem. F) Confocal images showing Ska3 localization in Skal-GFP HelLa cells
transfected with luciferase siRNA, or EB1 siRNA or EB1 siRNA + siResEB1-mRFP, scale bar
=10 pm. G) Confocal images of luciferase esiRNA- and EB1 esiRNA-treated Cos-7 cells stained
for microtubules (white), EB1 (red) and Skal (pink), scale bar =10 pm. Western blot shows the
levels of EB1 expression in control luciferase siRNA, EB1 siRNA and EB1 esiRNA-treated Cos
-7 cells after 48 h of transfection. H) Representative image showing the ROI used for intensity

analysis of Skal-GFP on the microtubules on both sides of the metaphase plate in Skal-GFP



HeLa cells. Similar ROIs were selected in Cos-7 cells under different treatment conditions as

specified.
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Supplementary Fig. 2 A) Confocal images of Skal-depleted and Skal, EB1 co-depleted Cos-7
cells stained for microtubules (white), EB1 (red) and Skal (pink), scale bar =10 pm. Western
blot image shows levels of depletion of EB1 and Skal after 48 h of siRNA transfection. B) Plot
shows the percentage of metaphase cells with misaligned chromosomes in control vs. other
conditions as indicated (no. of cells = ~ 120). Data are mean +/- s.e.m. C) Representative
confocal images of a metaphase Cos-7 cell showing the localization of Hecl (white), EB1 (red)
and Skal (green). Scale bar: 10um. Enlarged views of Skal, Hecl and EB1 colocalization are
shown in insets. Colocalization parameters are provided in Fig. S2D and the methods of analysis
are provided in ‘Methods’. D) Representative control Cos-7 cell images showing the regions of
interest (ROI) selected for measurement of colocalization of Hecl, Skal and Hecl, EB1. The
table shows the colocalization parameters of the proteins in Cos-7 and Skal-GFP HelLa cells. E)
Luciferase siRNA- or EB1-siRNA-transfected Cos-7 cells were immunostained for Skal (pink)
and Hecl (white). EB1 is shown in red. Bottom panel shows images of cells co-transfected with
EB1-siRNA and siRes EB1-GFP (green). Scale bar =10 um. For better view of Skal localization
at Hecl sites, enlarged images and boxes are shown on the right. F) Plot shows the quantification
of mean Skal intensities at Hecl sites at different treatment conditions as indicated, in Cos-7
cells. (n= ~ 25). ** =p<10~°, data are mean +/- s.e.m. G) Representative image showing the ROI
used for intensity analysis of Skal-GFP at the individual Hecl sites in the control and different
treatment conditions in Skal-GFP HelLa cells. Similar ROIs were selected in Cos-7 cells under

different treatment conditions as specified.
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Supplementary Fig. 3. A) Lysate of thymidine-released synchronized mitotic Cos-7 cells with or
without post-treatment of nocodazole (3.3 uM) and MG-132 (5 uM) was incubated with GST-
tagged EB1 and subjected to GST-pull down using glutathione-Sepharose beads. Skal and Hecl
associated with EB1-GST were detected by Western blot. Control experiment was performed
with the thymidine-released mitotic cell lysate by using purified GST (last lane). Amount of
Skal and Hecl pulled-down with EB1-GST were reduced by ~30 and 70%, respectively in the
nocodazole- treated condition compared with the absence of nocodazole (two experiments). B)
Mixtures of purified recombinant EB1 (5 puM) and Skal (10, 5, 2.5, 1 and 0.5 pM) were
subjected to immunoprecipitation (IP) using EB1 antibody. EB1-IP in the reaction mixture

containing only Skal (1 uM) (lane 7) is shown as a negative control.
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Supplementary Fig. 4 A) 3D AFM topography image of (A) control (bare) microtubule and
microtubule treated with (B) EBL1, showing globular structures on the microtubule lattice; (C)
EB1-Skal and (D) EB1-Ska complex, both C and D showing binding structures extending along
the girth of the microtubule lattice. (E) A cartoon depicting the formation of the extended
structures on the microtubules seen in (C) and (D) and the parameters, thickness (t), width (w)

and periodicity (p) used for quantifying the structures. (F-H) Line scans taken along the lengths



of microtubules shown in (A — D); (F) bare microtubule (blue line) and EB1-treated (black line),
(G) EB1-Skal treated (red line) and (H) EB1-Ska treated (green line). 1) Images of TEM
showing the diameter (d) and width (w) of bare microtubule or the Dam1/DASH rings on the
microtubule; or the breadth (b) and the width (w) of the microtubule binding structures formed
by either EB1-Skal or EB1-Ska. J) Gel image showing purified recombinant Dam1/DASH

complex proteins run on SDS-PAGE followed by Coomassie staining.
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Supplementary Fig. 5 A) Cartoon of the simulation of the simulation system showing the
chromosomal territory and the position of centrosomes in the beginning of simulation. ac, and b
are the two axes of the cross-section of the chromosomal volume. B and C represent the
simulation snapshot of chromosomal configuration and distribution, respectively around the
metaphase plate in Luc siRNA-treated control Skal-GFP HelLa cells. Similar to Cos-7 cells, this
snapshot of in silico phenotypes show perfectly aligned chromosomes around the metaphase

plate. D and E correspond to the snapshot of chromosomal configuration and distribution,



respectively in EB1-depleted Skal-GFP HelLa cells. The distribution of chromosomes show

dispersed chromosomes around the metaphase plate.
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Supplementary Fig. 6 A) Sequence alignment of EB1-binding human +TIP proteins with Skal
showing SHLP motif similar to SxIP motif present in +TIPs (B) Conservation of Skal SHLP

motif across various species is shown. Alignments were performed by CLUSTAL W.



Supplementary Figure 7
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Supplementary Fig. 7. Un-cropped scans of the Western blots corresponding to the data shown in
(A) Fig. 2D and (B) Fig. 2F. In i) of A: Co-IP of EB1, the blot probed for Hecl and EB1 with
respective mouse monoclonal antibodies of Hecl and EB1 and in ii) the same probed for Skal
with respective rabbit polyclonal antibody of Skal. In i) of B, GST pull down samples were run
and the blot was probed for Skal and Hecl with the respective rabbit polyclonal and mouse

monoclonal antibody, and in ii) the blot was probed for GST and GST-EB1 by GST-specific

antibody.



Supplementary Table 1. Various parameters used to develop the model

Abbreviations Meaning Values for used in the model Reference
Nk Number of chromosomes ~46 (HelLa) Our
~60 (Cos-7) experiment
Acell ,Dcell, Ceell Dimension of the Cell 10, 10, 10 um (HeLa) Our
12, 10, 10 um (Cos-7) experiment
A Strength of the polar ejection close | 25 22
to the pole
L Average length of the microtubule | 3 (Luc siRNA) =
2 (EB1 siRNA)
Keor Spring constant of the cortex 5.0 pN/um s
region
et Radius of single KT 0.5 um a4
Vg, Vs growth, shrink velocity of MT 0.25 um sec™, 0.4 um sec™ 47
f.f catastrophe, rescue frequency of 0.34 min™, 0.02 min™* (Luc 8
MT siRNA)
0.15 min™, 0.02 min™ (EB1
SiRNA)
f Stall force of MT 1.7 pN %
f3, Force produced by single dynein | 1.0 pN 49,50
Adyn Density of dynein per unit length | 6.0 zum >
per MT
dipMT Density of ipMT motors per unit | 5.0 um »
length
o Force produced by KT motors per | 1.0 pN This study
unit length
£ coefficient of viscosity of 5.0 pN s/um® »
cytoplasm
K cohesion Spring constant of the cohesion 10pN/um 47
springs
Kc Spring constant of the Ndc80 10.0 pN/um(Luc siRNA) .51
springs 5.0 pN/um (EB1siRNA)
Kiorils Spring constant of the KT fibrils 2.50 pN/um 5,51




Supplementary Methods

Here we describe the model variables and governing equations (Fig. 6 A) to understand the
mechanistic roles of EB1-Skal/Ska complex on the stability of microtubule-kinetochore
attachment. We construct a simple three dimensional mechanistic model to observe the effect on
the spindle formation and chromosome configuration. Our model contains two centrosomes and
N number of chromosomes. In the beginning of the simulation, chromosomes are distributed
randomly within a spheroidal volume centered at (0, 0, 0) with semi-major axes acn, ben and Cep
along the x, y and z-axes, respectively, as shown in Fig. S5 A. This ensures the chromosomal
localization within a spheroidal nuclear volume prior to the nuclear envelope breakdown (NEB).
We further assume that, initially the centrosomes are localized on the surface of the nuclear
envelope in a diametrically opposite position. Upon NEB, centrosomal MTs enter the nuclear
sphere and form the spindle. A section of centrosomal microtubules interact with the
chromosome arms and generate polar ejection force away from the poles'™, while another

section ‘search and capture’ the kinetochores (KT) ®°

attaching the chromosomes with the
spindle. Kinetochore-microtubules (kMTs) generate pole-ward tension on the KT'%*, whereas
astral MTs pull the centrosome toward the cell periphery™™*". Inter-polar MTs (ipMT) form anti-
parallel overlap at the equatorial region of the spindle and slide against each other'®*%°. Majority
of these interactions generate forces that are exerted by molecular motors. The formation of a

stable bipolar spindle is a concerted effort of all the interactions outlined above. In our in silico

framework, these forces have been incorporated in the following manner:

Polar ejection force: Polar ejection force is a function of the distance between the pole and KT.
We assume that MTs nucleated at the poles exhibit an exponentially decaying length distribution.

Using this exponential form, one can write the number of MTs at a distance x from the pole as



21, 22

N (X) oc exp(—x/ L) and calculate the polar ejection force experienced by a single

chromosome as:
I:e}ection = Aexp(—(x/ L) @

where, A is the maximal polar ejection force and L is the average MT length. Values of A and L

were chosen from experimental data (See Table 1).

Pole-KT attraction: The dynamics of the KMT plus end plays a crucial role in positioning the
KT227 kMTs interact with the inner KT through spring-like KT fibrils 2. As the polymerizing
KMT tip penetrates the KT, it applies a pushing force on the KT following Fpoly = lpenKsibrils,
where lpen is the length of penetration of the KMT tip within the KT and Kisipiis is the effective
spring constant of the KT fibrils. A depolymerizing KMT pulls the KT with a force Fepoly=Kclout
upon exiting the KT. Here, o is the separation between the KMT tip and the KT and K¢ is the
stiffness constant of the KMT-KT connecting springs mimicking the interaction between Ndc80
and EB1-Skal complex 2 ®. To maintain a stable attachment between KT and kMT, the
depolymerizing KMT is rescued with the frequency: f,=1-exp (-Faepoly /fs), where, fs is the stall
force of MT. We hypothesized that, upon Skal or EB1 depletion, the interaction between the
KMT and Ndc80 becomes weaker, which eventually leads to smaller rescue of KMT. Several
molecular motors like CENPE, dynein have been known to be localized at the KT generating
poleward force'® 2313 \We model the molecular motor-driven forces at the KT as Fmotor=atlin,
where o represents the force generated by the molecular motors per unit length and l;, is the
length of the KMT within the KT. It is widely believed that each KT interacts with a large
number of kMTs (~10-30) in mammalian cells. Therefore, we calculate the total force acting

between the centrosome and a single KT as:



Fkvt = Z(Fpoly + I:depoly'|'|:m0t0r) (2)

where, the sum is over the number of KMTs interacting with a single KT. The KMTs are modeled
as straight filaments and dynamically evolving with growth and shrinkage rates vy and vs,
respectively. Stochastic turnover and recovery of MTs are achieved by regulating catastrophe

and rescue frequencies, f, and f,, respectively* .

Cohesion between sister-chromatids: The sister KTs remain attached to each other by cohesion

springs. These cohesion springs, when stretched, generate tension between the sister-KTs:

Fcohesion = KeohesionXkT 3)

where, Keonesion 1S the spring constant of the cohesion springs and xxr is the separation between

the sister-KTs.

Pulling from cortex by astral microtubules: Astral microtubules (cMTs) interact with the cell
cortex primarily via dynein motors *3’. We assume that the cortex region acts as a static wall
that resists the growth of a cMT. The growth velocity of a cMT within the cortical region

3839 where vy is the growth velocity of a free MT, K is

decreases as vy = Vy'exp(—Keorlayn/fs)
the stiffness of the cortex, lqgyn is the length of penetration of the cMT tip within the cortex region
and fs is the stall force per MT. As the tip of a cMT grows within the cortical region, dynein

binds to it and pulls the centrosome toward the cortex®="“°. The pulling force exerted by dynein

is calculated using the following expression:
1:dyns = Idynidynfdyn (4)

Here, Aayn is the dynein density per unit length and fgy,’ is the magnitude of the force exerted by a

single dynein motor. Summing fqy, over all the cMTs, we get the resultant pulling force Fgyn On



the centrosome. The cMTs also exert a net pushing force Fpush, When their tips hit the cell
periphery. The pushing force is primarily due to the polymerization of the cMT tip in contact

with the cell cortex. The total force due the cortex- cMT interaction is given by

Fcortex:den + I:push-

Sliding force between inter-polar MTs: Due to the actions of kinesin 5 motors along the ipMT

overlap *'*?, sliding MTs push the centrosomes away from each other. The pushing force Fipwr
reads as:
I:ipMT = IoverlapﬂipMTfipMT (5)

where, loverap 1S the total overlap length among all the ipMTs nucleated from the opposite
centrosomes, Zipmr IS the linear density of kinesin motors along the ipMTs and fipmr is the force

produced by a single kinesin motor.

Collecting all these forces, mentioned above (Equations 1- 5), the equation of motion of the i

KT/chromosome and the centrosome can now be written as:

i i i i
dXKT _ I:kMT + I:cohesion + I:ejection

_ i (6)
dt Sk
Ngr . .
dX Zl (FkIMT + Fe;ection) + I:ipMT + Fcortex
cen _ _i= 7
dt %gcen ( )

Here, x’s represent the instantaneous coordinates of KT and centrosome. The system of
equations (Eq. 7 and 8) are derived in accordance with well-known Stokes law v = F/&; v, F and
¢ being the velocity, force and viscous drag of a moving object. The viscous drag obeys the

formula ¢ = 6znr, where # is the coefficient of viscosity of the medium and r is the effective



radius of the object. Here &t and &, correspond to the effective drag on a KT and on a
centrosome, respectively. At each time step, all the forces are calculated using Eq. 1 — 5 and then
Eqgs. 6 and 7 are solved numerically to update the positions of KTs and centrosomes. We explore
a range of values for the model parameters (Table 1) to evaluate the quality and predictability of

the model.
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