Supplemental Material 
Figure S1. CENP-E depletion in human cells. 
(A) Immunoblotting of mitotic lysates of T98G cells 48 h after transfection with either a Mock siRNA or a siRNA targeting the 3’UTR of CENP-E as indicated.  
(B) Quantification (mean ± SD of two independent experiments) of CENP-E knockdown efficiency.  An unpaired t test was used to compare the means (* p < 0.05 and n.s., not significant). 
(C) Immunofluorescence images were acquired using antibodies against CENP-E and ACA in nocodazole-treated cells (unattached kinetochores) and MG132-treated cells (unaligned and aligned kinetochores).  Scale bar, 5 μm. 
(D and E) Quantification (mean ± SD of three independent experiments) of CENP-E levels in nocodazole-treated cells with (D) unattached kinetochores and (E) in MG132-treated pseudo-metaphase cells with aligned and unaligned kinetochores.  In (D), unattached: Mock siRNA: n = 215 and CENP-E siRNA: n = 226.  An unpaired t test was used to compare the means (****p < 0.0001).  In (E), aligned kinetochores, Mock siRNA: n = 249 and CENP-E siRNA: n = 233; unaligned kinetochores: Mock siRNA: n = 119, CENP-E siRNA: n = 199.  One-way ANOVA followed by a Tukey’s multiple comparisons test was used to compare the means (****p < 0.0001). 

Figure S2. CENP-E tail domain is sufficient for CENP-E kinetochore localization. 
(A) Kinetochore localization of CENP-E-GFP constructs (stained with GFP and ACA antibodies) in cells expressing CENP-E siRNA and siRNA resistant CENP-E constructs as indicated.  Cells were treated with nocodazole to generate unattached kinetochores or MG132 to produce pseudo-metaphase cells with aligned and unaligned kinetochores.  Scale bar, 5 μm. 
(B) Quantification (mean ± SD of three independent experiments) of normalized integrated intensity of CENP-E-GFP signals against ACA signals at kinetochores in cells treated with nocodazole or MG132 (unattached kinetochores, FL: n = 219, Tail: n = 203, Mini: n = 226, and Chimera: n = 230; aligned kinetochores, FL: n = 193, Tail: n = 207, Mini: n = 197, and Chimera: n = 171; and unaligned kinetochores, FL: n = 100, Tail: n = 134, Mini: n = 118, and Chimera: n = 91).  One-way ANOVA followed by a Tukey’s multiple comparisons test was used to compare the means (* p < 0.05, ** p < 0.01, *** p < 0.001, and ****p < 0.0001).  

Figure S3. Validation of the 3-dimensional SHREC method used in this study. 
(A) Graphs showing representative isosurface plots of Hec1 (red) and YFP-CENP-A (green) in 3D space.  Axes are shown in pixels (pixel = 67.1875 nm).  
(B) Delta measurements of Hec1 relative to YFP-CENP-A after tilt correction. 
(C) 100-nm multicoated beads fluorescence images used for chromatic shift correction.  Below the images is the “raw” distance of Hec1 relative to YFP-CENP-A.  

Figure S4. Mad1 kinetochore localization is sensitive to microtubule attachment independent of CENP-E function. 
(A) Kinetochore localization of Mad1 (stained with Mad1 and ACA antibodies) in cells expressing CENP-E siRNA and siRNA resistant CENP-E constructs as indicated.  Cells were treated with nocodazole to generate unattached kinetochores or MG132 to produce pseudo-metaphase cells with aligned and unaligned kinetochores.  Scale bar, 5 μm. 
(B and C) Quantification (mean ± SD of three independent experiments) of normalized integrated intensity of Mad1 signals against ACA signals at kinetochores (B) in nocodazole-treated cells with unattached kinetochores and (C) in MG132-treated pseudo-metaphase cells with aligned and unaligned kinetochores.  In (B), Mock siRNA: n = 197, CENP-E siRNA: n = 219, FL: n = 214, Tail: n = 215, Mini: n = 238, Chimera: n = 182, and GSK: 239.  An unpaired t test or a one-way ANOVA followed by a Tukey’s multiple comparisons test was used to compare the means (n.s., not significant).  In (C), Mock siRNA, Nocodazole: n = 214, MG132 aligned: n = 200, and MG132 unaligned: n = 197; and CENP-E siRNA, aligned: n = 200 and unaligned: n = 219; FL, aligned: n = 200 and unaligned: n = 214; Mini, aligned: n = 140 and unaligned: n = 238; Chimera aligned: n = 200 and unaligned: n = 182; and GSK treatment, aligned: n = 200 and unaligned: n = 239.  An unpaired t test was used to compare the means (* p < 0.05 and **** p < 0.0001).  

Figure S5. Both the length and the flexibility of CENP-E coiled-coil affect the intra-CENP-E distance between the motor domain and the kinetochore-associated tail domain in the absence of microtubules.
(A) Short-term nocodazole treatment (15 min) does not cause expansion of CENP-E, an outer kinetochore protein.  Immunofluorescence images of CENP-E and microtubules (by an antibody against tubulin) in T98G cells treated nocodazole for 0 min, 15 min and 1 hr.  Scale bar, 5 μm. 
(B) Immunofluorescence images of CENP-A, EmGFP (CENP-E tail domain) and mCherry (CENP-E motor domain) in T98G cells expressing FL-, Mini- and Chimera-CENP-E constructs treated with nocodazole for 15 min.  Scale bar, 5 μm.  
(C) Immunofluorescence images of T98G cells expressing the CENP-E constructs (FL, Mini and Chimera) in pseudo-metaphase cells stained with antibodies against mCherry, EmGFP and CENP-A (kinetochore marker). Scale bar, 5 μm. 
(D) Graphs show representative isosurface plots of all three channels (blue: CENP-A; red: mCherry, CENP-E motor domain; and green: EmGFP, CENP-E tail domain) at unaligned and aligned kinetochores.  The Isosurface plots were used to visually show the spatial distribution of fluorophores in 3D; while the centroid position of each fluorophore was determined separately in MATLAB by modelling the actual 3D intensity distribution to Gaussian.  Axes are shown in pixel (pixel = 67.1875 nm). 

Figure S6. The distribution of the distance between CENP-E’s N-terminal domain and C-terminal domain with different kinetochore-microtubule binding states. 
Histograms (plotted from at least three independent experiments) shows (A) FL-CENP-E (n = 30), (B) Mini-CENP-E (n = 30), (C) Chimera CENP-E (n = 32), and (D) FL-CENP-E treated with GSK (n = 30) at unattached kinetochores; (E) FL-CENP-E (n = 72), (F) Mini-CENP-E (n = 66), (G) Chimera CENP-E (n = 66), and (H) FL-CENP-E treated with GSK (n = 78) at unaligned kinetochores; and (I) FL-CENP-E (n = 66), (J) Mini-CENP-E (n = 60), (K) Chimera CENP-E (n = 66), and (L) FL-CENP-E treated with GSK (n = 72) at aligned kinetochores.  Plotted lines represent the robust non-linear regression assuming a Gaussian distribution.  The corresponding p-values from a Hartigans’ dip test analysis for multi-modality are shown and p-values below 0.05 indicate the distribution is at least bimodal.

Figure S7. The angular distribution of CENP-E with different kinetochore-microtubule binding states. 
Histograms (plotted from at least three independent experiments) shows (A) FL-CENP-E (n = 30), (B) Mini-CENP-E (n = 30), (C) Chimera CENP-E (n = 32), and (D) FL-CENP-E treated with GSK (n = 30) at unattached kinetochores; (E) FL-CENP-E (n = 72), (F) Mini-CENP-E (n = 66), (G) Chimera CENP-E (n = 66), and (H) FL-CENP-E treated with GSK (n = 78) at unaligned kinetochores; and (I) FL-CENP-E (n = 66), (J) Mini-CENP-E (n = 60), (K) Chimera CENP-E (n = 66), and (L) FL-CENP-E treated with GSK (n = 72) at aligned kinetochores.  Plotted lines represent the robust non-linear regression fitting of assuming a Gaussian or the sum of two Gaussian distribution.  The corresponding p-values from a Hartigans’ dip test analysis for multi-modality are shown and p-values below 0.05 indicate the distribution is at least bimodal.

Figure S8. Monotelic sister kinetochores without tension have asymmetric levels of Aurora B-mediated phosphorylation of Hec1. 
(A) FRET images of T98G cells expressing the kinetochore-targeted Aurora B phosphorylation biosensor treated with nocodazole, MG132, monastrol and ZM447439 (an inhibitor of Aurora B kinase) as indicated.  Scale bar, 5 μm.  Insets represent a pair of monotelic-attached sister kinetochores. 
(B) Quantification (mean ± SD of three independent experiments) of YFP/TFP emission ratios of sister-kinetochore pairs of fully attached kinetochores (MG132-treated, n = 119), unattached kinetochores (nocodazole-treated, n = 60) and monotelic attachments in of monastrol-treated cells with (n = 91) or without (n = 60) ZM447434 treatment.  An unpaired t test was used to compare the means (***p < 0.001 and n.s., not significant). 
(C) Immunofluorescence images of Mad1 and CENP-E signals as asymmetric and localized only to the distal-proximal kinetochore in a pair of monotelic attached sister kinetochores.  Scale bar, 5 μm.  Insets represent a pair of monotelic-attached kinetochores. 
(D – F) Quantification (mean ± SD of three independent experiments) of the relative fluorescence intensity of (D) Mad1, (E) CENP-E, and (F) GFP  signals against ACA signals at monotelic kinetochores (n > 200 aligned kinetochores per group).  An unpaired t test was used to compare the means (****p < 0.0001). 

Figure S9. CENP-E does not affect Aurora B kinase targeting to the kinetochore. 
(A)  Immunofluorescence images of Aurora B, CENP-E and ACA in monastrol treated T98G cells expressing FL-, Mini-, Tail- and Chimera-CENP-E as indicated.  Scale bar, 5 μm.  
(B) Quantification (mean ± SD of two independent experiments) of normalized integrated intensity of Aurora B signals against ACA signals (Mock siRNA: n = 210; CENP-E siRNA: n = 208; FL: n = 208; Tail: n = 210; Mini: n = 201; and Chimera: n = 201).  An unpaired t test or a One-way ANOVA followed by a Tukey’s multiple comparisons test was used to compare the means (n.s., not significant).



Supplemental Movies 
Movie S1. A 3-dimensial representation of Figure 3A depicting CENP-E relative to a pair of sister kinetochores labelled with CENP-A. 
Movie S2. HeLa stably expressing YFP-H2B treated with MG132. 
Movie S3. HeLa stably expressing YFP-H2B treated with MG132 and GSK923295. 
Movie S4. HeLa stably expressing YFP-H2B treated with MG132 and ZM447434. 
[bookmark: _GoBack]Movie S5. HeLa stably expressing YFP-H2B treated with MG132 GSK923295 and ZM447434.
