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Material and Methods
Live-cell DIC recordings PtK1 cells (ATCC, Manassas, VA) were filmed on a Nikon (Nikon
Instruments, Melville, NY) inverted microscope equipped with 60x 1.4NA PlanApo objective
lens. Coverslips with cells were mounted in Rose chambers in L15 media supplemented with
10% Fetal Bovine Serum. The temperature was maintained at 37oC by a custom-made
microscope stage heater (S1). Images were recorded at 4-s intervals.
Electron Microscopy Selected mitotic cells in Rose chambers were fixed by perfusion with 2.5%
glutaraldehyde in PBS (pH 7.4). The coverslip was then removed from the chamber, washed in
PBS, and then postfixed in 2% aqueous OsO4 for 60 min at 4oC. After three washes in buffer, the
cells were treated with 0.15% tannic acid (in buffer) for 1 min, washed, and then stained en bloc
with 1% uranyl acetate. After flat-embedding in Epon (S2) cells previously followed in vivo
were relocated by phase-contrast microscopy and serially sectioned (100-nm sections). Ribbons
of sections were mounted in the center of Formvar-coated slot grids. After staining in uranyl
acetate and lead citrate, the sections were viewed and photographed in a Zeiss 910 electron
microscope (Carl Zeiss, Thornwood, NY) at 100 kV accelerating voltage. Negatives were
digitized on a flatbed scanner and contrast-adjusted in PhotoShop CS (Adobe Systems, Inc., San
Jose, CA).
CENP-E siRNA HeLa cells were cultured in growth medium, DMEM (Invitrogen, Carlsbad, CA)
with 10% fetal bovine serum (Sigma, St Louis, MO) and penicillin-streptomycin (100 U/ml and
100 µg/ml respectively, Invitrogen), at 37 ºC in a humidified atmosphere with 5% CO2. Cells
were plated on glass coverslips in 6-well dishes, and medium was changed to Opti-MEM I
(Invitrogen) before transfection, performed using Oligofectamin (Invitrogen) following the
manufacturers instructions. The CENP-E siRNA duplex (AAGGCUACAAUGGUACUAUAU)
(S3) was from Dharmacon Research (Lafayette, CO). Buffer alone was used for mock
transfection (control). 24 hrs after transfection, cells were either used for experiments or lysed
for Western blot analysis.
Control or CENP-E-depleted cells were incubated 2-3 hrs with monastrol (100 µM). The
medium was exchanged to remove monastrol, and cells were incubated with MG132 (Sigma, 10
µM) and the Aurora kinase inhibitor Hesperadin (20 nM) for 1 hr. Then the medium was
exchanged again to remove Hesperadin, and cells were incubated with MG132 for 1 hr. Cells
were fixed either after 1 hr in Hesperadin or 1 hr after removal of Hesperadin. Cells were fixed
with calcium to depolymerize non-kinetochore microtubules by permeablization for 2 min at 37°
in 100 mM PIPES (pH 6.8), 1 mM MgCl2, 0.1 mM CaCl2 and 0.1% Triton X-100, followed by
fixation in the same buffer supplemented with 3.7% formaldehyde. After fixation cells were
blocked in TBS with 0.1% Triton X-100 and 2% BSA, and antibodies for immunofluorescence
were diluted in the same medium. The following antibodies were used for Western blot and
immunofluorescence: polyclonal against CENP-E (HX-1, gift from T. Yen, Fox Chase Cancer
Center, Philadelphia, PA), monoclonal against α-tubulin (DM1A, Sigma), human CREST
antiserum (gift from W. Brinkley, Baylor College of Medicine, Houston, TX).
Images were acquired on a Carl Zeiss Axiovert 200M microscope equipped with a z-motor
and a 100x 1.4 NA objective, with a Yokogawa spinning disk confocal QLC100 unit, an Orca
ER cooled CCD camera (Hamamatsu, Hamamatsu City, Japan), and MetaMorph (Universal

Imaging, Downingtown, PA) software. Confocal image stacks were acquired with 0.2 µm
spacing. Maximal intensity projections are shown, and optical sections show individual
kinetochores more clearly (Fig. 4 A,B insets).
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Figure S1. Mono-oriented chromosomes undergo several attempts to congress before they
become stably positioned on the metaphase plate. (A-H) selected video frames from a DIC timelapse recording of a PtK1 cell (see also on-line Movie 1). Note that one of the mono-oriented
chromosomes (arrows) undergoes several movements to the spindle equator (cf. A-E) before it
finally congresses to the metaphase plate (F-H). Asterisks denote position of the pole. (J)
Distance vs. time plot of the chromosome presented in (A-H). Note that even during final
congression the chromosome briefly reverses its movement toward spindle equator (~1200 s)
when it is ~7 µm away from the pole. Previous attempts to congress were also aborted at this
distance from the pole (~150; 220; and 450 s). However, after a short movement back to the pole
the chromosome resumes its motion to the metaphase plate and finally congresses.
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Figure S2. Selected 100-nm EM sections from a full series through the centromere of a
congressing chromosome in a PtK1 cell after Aurora reactivation. Note that the trailing
kinetochore (white arrow in Sect.21) is connected to the proximal spindle pole via a prominent
bundle of microtubules (highlighted red). The leading kinetochore (arrow in Sect.25) lacks
attached microtubules. However, a mature kinetochore fiber (highlighted yellow) from a
different already bi-oriented chromosome (arrowhead in Sect.25) laterally bypasses this
kinetochore. This microtubule/kinetochore configuration is very similar to that observed in
untreated cells (see Fig.1).
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Figure S3. Selected 100-nm EM sections from a full series through the centromere of a syntelic
chromosome in a PtK1 cell after Aurora re-activation. Note that both sister kinetochores (arrows)
are positioned side-by-side and that both are connected to the spindle pole via prominent
kinetochore fibers. Microtubules of the kinetochore fibers terminate within tri-laminar plates of
the kinetochores.

Figure S4. Selected 100-nm EM sections from a full series through the centromere of a monooriented chromosome in a PtK1 cell after Aurora reactivation. Note that one kinetochore is
connected to the pole via a K-fiber (arrows in Sect. 37 and 38) while the second kinetochore is
unattached although several microtubules emanating from the centrosome bypass it laterally.
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Figure S5. Analysis of CENP-E depletion by RNAi. 24 hrs after transfection with mock or
CENP-E siRNA, cells were either lysed for immunoblot analysis (A) or treated with monastrol
for 3 hrs, then fixed and processed for immunostaining (B-E). CREST antibody reproducibly
recognized kinetochores in mock-transfected (B) and CENP-E-depleted cells (C). In contrast,
CENP-E was detectable on kinetochores of mock-transfected cells (D) but not in CENP-Edepleted (E) cells. Images are maximal intensity projections of confocal Z-stacks, covering a 2µm thickness through the center of the spindle. Images of randomly selected cells were acquired,
and the CENP-E and CREST immunofluorescence intensities were quantitated over the entire Zstack for each cell. The CENP-E / CREST ratio in CENP-E depleted cells was less than 10% of
the ratio in mock-transfected cells, in each of three independent experiments (5 control and 5
CENP-E-depleted cells quantitated in each experiment).
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