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Figure S1: CENP-C recruitment of KMN network proteins occurs at the N-terminus and
CENP-T recruits Ndc80 and KNL1/Mis12 via two separate domains. Related to Figure 1. A)
Representative immunofluorescence images showing the GFP-CENP-C-Lacl foci stained for
each of the corresponding KMN network components in mitotic cells arrested using nocodazole.
Images of Ndc80 localization for CENP-C aa 1-100 and 101-234 were replicated from Figure



1A. All images were scaled independently to show the full range of the data. Images marked
with * were scaled in gamma. Numbers in lower right corner indicate number of mitotic cells out
of 50 that showed co-localization between the GFP focus and the indicated test protein. B)
Representative immunofluorescence images showing localization of the GFP-CENP-T-Lacl foci
as well each of the corresponding KMN network components in mitotic cells arrested using
nocodazole. All images were scaled independently to show the full range of the data. Images
marked with * were scaled in gamma. Numbers in lower right corner indicate number of mitotic
cells out of 50 that showed co-localization between the GFP focus and indicated test protein. C)
Alignment of CENP-T from the indicated species was performed using Clustal Omega [S1].
Scale bars, 5 ym.
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Figure S2: Binding of KMN network components to CENP-C and CENP-T in vitro. Related
to Figure 1. A) Top: Size exclusion chromatography elution profile of CENP-C'**, Ndc80®",
Mis12C5P, KNL1*'***'"® purified from bacteria. Bottom: SDS-PAGE of equivalent fractions for
the indicated proteins, in combination and separately. B) Top: Size exclusion chromatography
elution profile of recombinant purified CENP-T*"(1-250), Ndc80°™, Mis12C, KNL1*'%>'¢
(black) and Ndc80®™*, Mis12C, KNL1*'%*'% (gray) purified from bacteria. Bottom: SDS-PAGE
of equivalent fractions for the indicated proteins, in combination and separately.
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Figure S3: Analysis of KNLI1 localization to CENP-T phospho-mutant foci. Related to
Figure 3. A) Representative immunofluorescence images showing GFP-CENP-T-Lacl foci co-
stained for KNL1 in nocodazole-treated cells. All images were scaled independently to show the
full range of the data. Numbers in lower right corner indicate the number of mitotic cells that
showed co-localization between the GFP focus and KNL1. The images for the wild type CENP-
T 1-250 construct are duplicated from Figure S1. Scale bar, 5 ym. B) Graph showing the average
ratio KNL1/GFP fluorescence (+/- SEM) for the indicated GFP-CENP-T-Lacl foci (N = 10
cells/condition). Student’s t-test - **: p<0.01; ***: p<0.001.
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Figure S4: Dsnl Aurora B mutants require CENP-C for their interphase localization.
Related to Figure 4. Representative immunofluorescence images showing the localization of the
GFP-Dsnl Aurora B phosphomimetic (SD; S28D, S78D, S100D, S109D) mutant in G1 cells.
Cells were depleted of endogenous Dsnl, and were additionally co-depleted for CENP-C or
CENP-T as indicated. Cells were probed with antibodies against centromeres (ACA) and
microtubules (DM1alpha). Microtubule staining is scaled in gamma to visualize the range of
data. Numbers indicate the fluorescence intensity of the GFP-Dsnl mutant relative to cells
depleted for endogenous Dsnl alone. 20 G1 cells pairs were quantified for each condition.
Student’s t-test - NS: not significant, ***: p<0.001. Scale bar, 10 zM.
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Supplemental Experimental Procedures

Cell Culture

U20S lacO [S2] and HeLa cell lines were cultured in DMEM supplemented with 10% FBS,
penicillin/streptomycin, and 2 mM L-glutamine. U20S cells were maintained in 10 mM IPTG
and 0.25 mg/mL Hygromycin B (Invitrogen). IPTG was washed out 24 (Fig. 1, 3B, 3C, 4A, 4B,
S1A, S1B, S3), 48 (2A, 2B), or 72 (3D, 3E) hr prior to fixation to allow recruitment of the Lacl
fusions to the lacO array. Where indicated, U20S cells were incubated in 330 nM nocodazole
for 14 hr to enrich for mitotic cells. For Aurora B kinase inhibition assays, cells were incubated

in 2 uM ZM447439 (Tocris Bioscience) for 2 — 2.5 hr prior to fixation.

Cell Line Generation and Transfection

Clonal cell lines stably expressing GFP**" fusions were generated in U20S lacO and HeLa cells
as previously described [S3]. RNAi resistant CENP-T and CENP-C used for fusion cloning were
described previously [S4]. Phosphomutants were generated using site-directed mutagenesis. All
indicated truncations were generated by cloning into a GFP"“**-X-Lacl backbone [S4]. Small
interfering RNAs (siRNAs) against Nuf2 (5’-AAGCAUGCCGUGAAACGUAUAUU-3’) [S5],
Dsnl (5’-GGAAACUGAUGGAACUCUA-3’, 5’-GGAGAUGAAUCAAGGCGUU,
GAUCAUCAAUUGGAAUCAA-3’, 5’-GCGGCGAGCAAGUAUGAAA-3’) [S6], KNL1 (5°-
GGAAUCCAAUGCUUUGAGA-3’) [S7], CENP-T (5’-CGGAGAGCCCUGCUUGAAA-3’)
[S4], CENP-C (5’- GAACAGAAUCCAUCACAAA-3’) [S4], and a nontargeting control were

obtained from Dharmacon. siRNAs were transfected using Lipofectamine RNAi MAX and



serum-free OptiMEM (Invitrogen). DMEM plus 10% FBS was added after 6 hr and cells were

fixed 48 hr after transfection.

Immunofluorescence and Microscopy
U20S cells were pre-extracted for 3 minutes in PBS plus 0.1% Triton X-100 before fixation in
4% formaldehyde in PBS. HeLa cell lines in which mitotic populations were analyzed were pre-
extracted for 5 minutes in PBS plus 0.5% Triton X-100 before fixation in 4% formaldehyde in
PBS. In cases where G1 populations were being observed, pre-extraction was performed in
PHEM (60 mM PIPES, 25 mM HEPES, 10 mM EGTA, 2 mM MgCl,, pH 6.9) plus 0.5% Triton
X-100, and subsequently fixed in 4% formaldehyde in PHEM. Ndc80 was detected using either
mouse anti-Hecl (9G3, Abcam; for Fig. 2A, 2B) or a polyclonal rabbit anti-Ndc80®*™* against
the entire Ndc80 complex ([S8]; for Fig. 1A, 1C, 3B, 3C, 4A, 4B, S1A, S1B). KNL1 was
detected using polyclonal rabbit anti-KNL1'"*'°* ([S7]; for Fig. 1C, 2A, 2B, 4A, 4B, S1A, S1B,
S3) or a mouse anti-Blinkin ([S9]; for Fig. 2A and 2B). Affinity-purified rabbit polyclonal
antibodies were generated against the complete Mis12 complex as described previously [S10].
CENP-A was detected using mouse anti-CENP-A (3-19) (Abcam). Human centromeres were
detected using anti-centromere antibodies (ACA) (Antibodies, Inc.). Microtubules were detected
with mouse DMIlalpha (Sigma). Cy2-, Cy3- and Cy5-conjugated secondary antibodies were
obtained from Jackson Laboratories. DNA was visualized using 10 yg/mL Hoechst.
Immunofluorescence images were acquired on a Nikon Eclipse Ti-E microscope
equipped with an Andor Clara charge-coupled device (CCD) camera using the NIS-Elements AR
software (v4.2). Z sections were acquired at 0.2 ym steps over 4 ym (U20S cell lines) or 2 ym

(for HeLa cell lines and U20S cell lines in Fig. 3C and S3B) using a 60x/ 1.4 numerical aperture



(NA) Nikon Plan Apochromat A objective plus 1.5x optovar. Images were deconvolved using the
3D Landweber deconvolution package accompanying NIS Elements when appropriate.
Fluorescent images of focus segregation were acquired on a DeltaVision Core deconvolution
microscope (Applied Precision) equipped with a CoolSnap HQ2 CCD camera with
approximately 10 Z-sections acquired at 0.2 um steps using a 60x/ 142 NA Olympus U-
PlanApo objective and deconvolved using DeltaVision software. Images are scaled equivalently
when shown for comparison, unless otherwise stated. Quantification of fluorescence intensity
was conducted on unprocessed images using Metamorph (Molecular Devices). Due to the
irregularity in GFP focus size and brightness, normalization was performed by measuring the
intensity of the entire focus area for each channel over background. A ratio of test protein/GFP

intensity was then calculated and averaged.

Protein Expression and Purification

Proteins were purified using the previously described bacterial expression constructs for GST-
Ndc80°™* [S11], His-tagged full-length Mis12 complex [S6], which was co-expressed with
KNL1*'°*'® cloned as described previously [S12] and GST-CENP-C'** [S4]. CENP-T'** was
His-tagged by PCR and then cloned into pET3aTr. Phospho-mimetic mutations were introduced
into the appropriate expression constructs (CENP-T T11, T27, S47,T85, T195 [Fig. S2B] ; Dsnl
[Fig. S2A] S28, S30, S58, S76, S80, S100, S109, S330) using site-directed mutagenesis. To
purify GST-tagged proteins, bacteria were lysed in PBS, 250 mM NacCl, 0.1% Tween-20 and the
lysate was bound to glutathione agarose (Sigma) for 1 hr at 4 °C. The resin was washed three
times with PBS, 250 mM NaCl, 0.1% Tween-20, and 1 mM DTT. The proteins were then

cleaved off the beads by overnight cleavage with PreScission protease at 4 °C. All His-tagged



proteins were purified by Ni-NTA affinity purification. Bacteria were lysed in 50 mM sodium
phosphate buffer (NaPi), pH 8.0, 300 mM NaCl, 10 mM imidazole, 5 mM beta-mercaptoethanol
(BME) and then incubated with Ni-NTA agarose (Qiagen) for 1 hr at 4 °C. The resin was washed
three times with 50 mM NaPi, pH 8.0, 500 mM NaCl, 40 mM imidazole, 5 mM BME, followed
by elution with 50 mM NaPi, 500 mM NacCl, 250 mM imidazole, 5 mM BME. All proteins were
further purified by gel filtration on a Superdex 200 column into 50 mM Tris, pH 7.6, 150 mM
NaCl, 1 mM DTT. Peak fractions were pooled and concentrated using Vivaspin 20 concentrators

and snap frozen in liquid nitrogen.

Protein Binding Assays

Protein binding was assessed by mixing the appropriate proteins at final concentrations of 3 yM
each in a final volume of 250 u1 and incubating for 15 min on ice, followed by a 15 min spin at 4
°C at > 20,000 x g to remove any aggregates. The cleared supernatant was applied to a Superose
6 10/300 column in 50 mM Tris, pH 7.6, 150 mM NaCl, 1 mM DTT, and the peak fractions were

analyzed on acrylamide gels and visualized using Coomassie R-250.
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