that the acidic residues are required for the in vitro interaction
with H3. However, because a crystal structure including the
entire CTR of human Topo Ila does not exist, we are limited
to speculating on its likely tertiary structure. Moreover, our
data indicate that the interaction surfaces between chromatin
and the CTR are still more complex than the residues within
the ChT domain that we have shown to be crucial. First, the
CTR lacking the ChT domain retains 60% of the binding ca-
pacity for DNA in vitro, indicating that other CTR residues
contact DNA. Second, we observed that the Topo Ila K3R
mutant has slightly reduced affinity for histone H3 in vitro
(Fig. S4). A structural approach will be needed to determine
all of the contact residues between DNA, histone H3, and the
Topo Il CTR.

The K3R mutant studies revealed that Topo Il does not
need to be in the nucleus during interphase in order for it to
localize to mitotic chromosomes in mitosis (Fig. 2). However,

Figure 8. The ChT domain controls the dyna-
mics of Topo Il on mitotic chromosomes and
is necessary for mitotic chromosome individu-
alization and condensation. (A) Images of a
metaphase plate from a representative FRAP
experiment using Hela-EM2-11 mCherry-
Topo lla cells 48 h after induction with doxy-
cycline. A laser-scanning confocal microscope
was used to bleach a circular region (broken
line) encompassing ~50% of the metaphase
plate, and recovery was monitored over time
(seconds). Pre, prebleach image. Bar, 10 pm.
(B) Mean FRAP of mCherry-Topo Il (n = 11
cells) and mCherry-Topo Il AChT (n = 21) in
Hela-EM2-11 cells, as described in A. After
collection of prebleach data (top left of plot),
images were collected every 0.43 s. Recovery
was quantified in the bleached area over 50 s
and normalized as described previously for
analysis of chromatin proteins (Phair et al.,
2004a). Error bars indicate standard error.
(C) Distribution of phenotypes seen in cells
depleted of endogenous Topo Il and induced
to express mCherry-Topo lla, mCherry-Topo Il
AChT, or mCherry-Topo 1aY8%4F. Induction
of mCherry-Topo lla rescues chromosome
condensation, individualization, and resolu-
tion defects, whereas Topo lla AChT and
Topo 1l fail to rescue. Cells were assayed
affer a double thymidine synchrony and re-
lease protocol in conjunction with shRNA-
mediated depletion of the endogenous Topo I
(see Materials and methods). WT — Dox,
n=129; WT + Dox, n = 141; AChT — Dox,
n = 100; AChT + Dox, n = 100; Y804F —
Dox, n = 148; Y804F + Dox, n = 146.
(D) Classification used in C. Spreads of chro-
mosomes after depletion of endogenous Topo
Il show a range of mitotic phenotypes: “Nor-
mal” metaphase plates containing individual-
ized chromosomes with visibly resolved sister
chromatids (left, red in C), chromosomes that
failed to complete linear condensation and sis-
ter chromatid resolution (middle, green in C),
and failed chromosome individualization and
sister chromatid resolution (right, blue in C).
Bars, 10 pm. Insets show enlarged views of
the boxed regions (bars, 1.25 pm).

in support of the biological importance of the K3 residues, Topo
Il K3R had altered dynamics on mitotic chromosomes and was
defective for chromosome formation in mitosis in the absence
of the endogenous Topo Ila (Fig. S4). We cannot distinguish
whether these defects arise as a consequence of the lack of Topo
Il K3R in the nucleus during DNA replication, which is con-
sistent with previous studies (Cuvier and Hirano, 2003), or are
due to reduced affinity for histone H3.

We also provided evidence that the precise dynamics of
Topo I, dictated by the ChT domain, are important for chro-
mosome individualization and condensation, and for sister chro-
matid resolution in mitosis. This indicates that the dissociation
frequency of the enzyme from chromatin may dictate the abil-
ity of the enzyme to perform its mitotic functions. The AChT
mutant had about a 40% decrease in recovery t;, versus WT
Topo . However, this is likely to be a conservative estimate
of the defect observed because the FRAP studies were performed
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Figure 9. The ChT domain of Topo Il is necessary for chromosome condensation and segregation in mitosis. (A and B) Still images taken from digital time-
lapse imaging of live cells after depletion of endogenous Topo Il and induced with doxycycline to express mCherry-Topo Il or mCherry-Topo lla AChT.
Cells were assayed after a double thymidine synchrony and release protocol in conjunction with shRNA-mediated depletion of the endogenous Topo Il
and DNA observed via imaging of Hoechst. Red boxed regions are enlarged in B to highlight the differences in metaphase chromatin morphology. Frames
were taken at 5-min infervals. Time is indicated (hours:minutes) in each movie frame. Bars, 10 pm. (C) Distribution of phenotypes seen in live single cells
described in A and B. Induction of mCherry-Topo lla rescues chromosome condensation and segregation defects, whereas Topo lla AChT fails to rescue.
WT — Dox, n = 96; WT + Dox, n = 100; AChT — Dox, n = 61; AChT + Dox, n = 82.

in the presence of the endogenous WT protein, which poten-
tially allowed the formation of Topo Ila AChT/Topo Ila het-
erodimers with an intermediate affinity for chromatin. Recent
work led to the estimate that Topo Ila performs around 10 en-
zyme cycles before releasing from chromatin (Yogo et al., 2012).
The increased dissociation rate of the Topo ITae AChT mutant, as
measured by FRAP, presumably decreases the processivity of
the enzyme, most likely via the loss of interactions with histone
H3 and DNA. It will be of interest to determine how binding of
the ChT domain to chromatin is coordinated in the context of the
enzyme cycle: whether the ChT domains of the homodimeric

enzyme associate with both G-segment and T-segment chroma-
tin or specifically with just one of the segments, and if the inter-
actions are lost during any of the large conformational changes
through which the enzyme transits during strand passage. In-
triguingly, the acidic stretch of residues essential for histone H3
binding contains a nested serine (Ser 1524), which, upon
phosphorylation stimulated by Topo Ila catalytic inhibitors, in-
teracts with the cell cycle checkpoint protein MDC1 (Luo et al.,
2009). Presumably, there must be a competition in vivo between
histone H3 and MDC1 for ChT domain occupancy. If H3 binding
is intimately linked with strand passage, then interruption of the
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reaction cycle may lead to release of H3, allowing phosphoryla-
tion of Ser 1524 and checkpoint activation via MDC1 binding.
Why does Topo Ha interact with histone H3? Estimates of a
mean internucleosomal linker DNA length of ~54 bp (Schones
et al., 2008), of which Topo Ila contacts 26 bp in coordinating a
double-strand break, suggest that highly nucleosome-occupied
areas of chromatin may present relatively limited opportunities
for Topo Il activity. Indeed, it has been reported that Topo Ila
activity is inhibited on nucleosome-occupied DNA in vitro
(Galande and Muniyappa, 1997). An attractive hypothesis is
that the ChT domain serves to mitigate the inhibitory effect of
nucleosomes, perhaps by positioning the enzyme adjacent to a
histone octamer, or more simply, increasing the residence time
of the enzyme at nucleosome-rich regions such that its rate of
catalytically productive engagement is raised nearby.

Immunostaining of M. muntjak chromosomes revealed
strikingly different localization patterns of H3 isoforms in mitotic
chromosomes. The methylated K27 isoforms partially over-
lapped with Topo Iloe within the axial core (Figs. 5 and 6).
Similarly, superresolution microscopy studies have shown that
the K27mel isoform is partly confined to the interior of Dro-
sophila mitotic chromosomes (Strukov et al., 2011). Most inter-
estingly, we observed that H3 phosphor-Ser 28 is largely excluded
from the core region of M. muntjak chromosomes. The Aurora B
kinase that modifies H3 Ser 28 has multiple substrates. Never-
theless, it is intriguing that inhibition of Aurora B alters the
localization of Topo Ilae on mitotic chromosomes (Fig. S5).
Together, these studies raise the possibility that the status of
histone tail modifications controls the association of Topo Ila
with chromatin. It will be of interest to determine if other chro-
mosomal proteins possess ChT domains and whether they bind
to particular histone isoforms.

Materials and methods

Cloning

The pT104-1 EGFP-Topo lla expression vector contains a Sacll-Hindlll frag-
ment encoding human Topo lla cloned inframe intfo pEGFP-C3 under a
cytomegalovirus promoter (Takara Bio Inc.; Mo et al., 1998). Site-directed
mutagenesis to generate the K3R, Y804F, and truncation mutants used the
method of Liv and Naismith (2008). mCherry-tagged CTR constructs were
constructed using pmCherry-C1 (Takara Bio Inc.), and PCR-amplified prod-
ucts encoding C+erminal fragments from pT104-1 (or mutants) were cloned in
at Bglll-Sacll; the resultant constructs are under a cytomegalovirus promoter.
S2FIMCg-FEGFP/lucF3 vectors were a gift from K. Schoenig (Zentralinstitut
fir Seelische Gesundheit [ZI], Mannheim, Germany; Weidenfeld et al.,
2009). To generate FLP-in Topo lla vectors, EGFP was removed from the
self-inactivating viral vector S2F-IMCg-F-EGFP/luc-F3 using Sacll-Notl sites
and replaced with an mCherry PCR product containing an additional 3’
Mlul site to render S2FIMCg-F-mCherry/luc-F3. Topo lla was amplified by
PCR to contain Mlul sites at both ends and cloned into S2F-IMCg-mCherry/
luc-F3 to render S2FIMCg-F-mCherry-Topo lla/lucF3; expression is thus
under an riTA (Tet-On) promoter. All growth of S2FIMCg vectors was per-
formed at 30°C to reduce the frequency of plasmid rearrangement. Con-
structs used for expression of Topo lla/B fragments in Escherichia coli were
generated using PCR-amplified fragments from pT104-1 or Topo IIB 1186~
1621 (Linka et al., 2007) cloned into pET28a (EMD Millipore) at Sacl-
Hindlll under a T7/lac promoter. Constructs encoding Topo lla with silent
mutations conferring resistance to shRNA constructs V3LHS_327878 and
V3LHS_327876 were constructed as follows. Fragments of pT104-1 were
amplified using primers containing a 5’ synthetic shRNA-resistant sequence
and a 3’ adjoining Topo lla sequence. Vector IMCg-F-mCherry-Topo lla/
luc-F3 was amplified using similar primers, designed to amplify around the
plasmid. The resulting PCR products thus contained homology in the ~20 bp

shRNA-resistance regions at the ends of each product and could be combined
using sequence and ligation-independent (SLIC) cloning (Li and Elledge,
2007). shRNA-resistant regions were then subcloned out of the resulting
vector and cloned back into IMCg-F-mCherry-Topo lle/luc-F3 by traditional
(restriction enzyme-mediated) methods to avoid mutations generated dur-
ing vector PCR. This process generated IMCg-F-mCherry-Topo lla/luc-F3
shRNAR (thus all Topo lla constructs also express luciferase from a coregu-
lated promoter).

FLP-in cell line generation

Hela EM2-11ht cells were a gift from K. Schoenig. Recombination-mediated
cassette exchange was achieved using cofransfection of S2HMCg-Topo lla/
luc-F3 and pPGKFLPobpA (Flp recombinase encoding plasmid; Raymond
and Soriano, 2007), and Addgene plasmid 13793 and pTRE2-pur
(Takara Bio Inc.) in a 6-well dish. At t = 24 h, cells were trypsinized and
plated in 4 pg/ml puromycin. At t = 48 h, existing media was replaced
with media containing 50-100 pM ganciclovir. Cells were cultured with
ganciclovir for 10-14 d until colonies were visible, with media changes
every 48 h.

Topo Il shRNA knockdowns

Knockdowns used GIPZ clones Topo lla V3LHS_327878, Topo IIg V2LHS_
94084, or accompanying GIPZ nonsilencing control sequence vector (cat-
alog no. RHS4346; Thermo Fisher Scientific). Viruses were produced by
cotransfection of HEK293T cells with GIPZ vector and pMDG and ANRF
packaging constructs using linear polyethylenimine (PEl) at a 3:1 DNA/PEI
ratio. Viral transductions were performed using standard protocols in the
presence of 8 pg/ml Polybrene.

DNA transfections
Transfections were performed using Genlet Plus reagent (SignaGen Labo-
ratories) according fo the manufacturer’s instructions.

Immunostaining

Mitotic cells were obtained by shake-off, then allowed to adhere onto
poly--lysine—coated coverslips before fixation with 4% paraformalde-
hyde for 10 min, postfix extraction with 0.5% Triton X-100 for 5 min, and
further fixation in —20°C methanol for 10 min. Blocking was achieved
in wash buffer (PBS with 0.01% Triton X-100) with 3% BSA (Sigma-
Aldrich). Antibodies used were: a-H3528phos (catalogue no. H9908;
Sigma-Aldrich), a-H3K27mel (catalogue no. A-4037; Epigentek), -
H3K27me3 (catalogue no. 07-449; EMD Millipore), a-GFP (catalogue
no. 1814460; Roche), goat a-rat Cy3 (catalogue no. 112-165-143; Jackson
ImmunoResearch Labs), goat a-rabbit IgG Alexa Fluor 488 (catalogue
no. A11008; Molecular Probes; Invitrogen), goat a-mouse IgG1 Alexa
Fluor 488 (catalogue no. A21121; Molecular Probes, Invitrogen), and
goat a-rabbit IgG (H+L) Alexa Fluor 568 (catalogue no. A11011; Molecular
Probes, Invitrogen).

Fluorescence and bright field microscopy

Fluorescence imaging was performed using a DeltaVision PersonalDV
microscope system (Applied Precision), a 100x Uplan S Apochromat (NA
1.4) objective lens (Olympus), and a CoolSNAP HQ2 camera (Photomet-
rics). Fixed material was imaged at ambient temperature after mounting
in Vectashield (Vector Laboratories). Live cell time-lapse analysis was con-
ducted using the DeltaVision weather station chamber at 37°C in CO,-
independent medium, and images were collected at 5-min intervals. Images
were acquired using DeltaVision SoffWoRx software (Applied Precision)
and processed using Image) (Abramoff et al., 2004). If necessary, cam-
era hot pixels removed using Remove Outliers; care was taken to avoid
altering chromosome signal. Line profiles in Figs. 1-3 were calculated
using the Plot Profile tool in Image) with a line width of 20 pixels and plot-
ted relative to background (nonchromosomal) areas. Where indicated,
z stacks were deconvolved using DeltaVision SoffWoRx software (Applied
Precision). Fluorochromes used for immunostaining were as follows: Cy3
(goat a-rat conjugate, catalogue no. 112-165-143; Jackson Immuno-
Research Laboratories, Inc.), Alexa Fluor 488 (goat a-rabbit IgG conjugated,
catalogue no. A11008; Molecular Probes; Invitrogen), Alexa Fluor 488
(goat a-mouse IgG1 conjugate, catalogue. no. A21121; Molecular
Probes; Invitrogen), Alexa Fluor 568 (goat a-rabbit IgG [H+L] conjugate;
catalogue no. A11011; Molecular Probes; Invitrogen). Brightfield mi-
croscopy: Giemsa-stained chromosomes (mounted in Entellan; EM Sci-
ence) were imaged using an Axioplan2 microscope (Carl Zeiss), a 100x
a-Plan Fluor (NA 1.45) objective lens, and an AxioCam HRm camera
(Carl Zeiss) at ambient temperature.
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Cytological analysis of chromosome structure

shRNA-ransduced cells were synchronized using the double-thymidine ar-
rest profocol. In brief, beginning 52 h after shRNA transduction/doxycycline
addition, cells were incubated for 16 h in 2 mM thymidine. Thymidine was
then washed out and the cells cultured for 10 h. The culture medium was then
resupplemented with 2 mM thymidine for 16 h. Thymidine was washed out
a second time and cells were harvested 10 h later in M phase. Chromosome
preparations were prepared by osmotic swelling in 50% medium/50% tap
water for 7 min, followed by three washed in Carnoy’s fixative (75% meth-
anol, 25% glacial acetic acid; Giménez-Abidn and Clarke, 2009). After
dropping the material onto cleaned glass slides, chromosomes were stained
5% Giemsa (EMD) in phosphate buffer, pH 6.8 (Harleco; EMD).

Protein expression and purification

Fragments of human Topo lla or Topo I were amplified from pT104-1 or
from YFP-Topo IR expression plasmids as used in Linka et al. (2007),
cloned into pET28a, and transformed into BL21 (DE3). Expression was
induced using the autoinduction method (Studier, 2005) in rich media,
cells were lysed using lysozyme and sonication, and the supernatant was
purified on Ni-NTA resin (QIAGEN) under nondenaturing conditions. Pro-
teins were quantified using a BCA assay (Thermo Fisher Scientific).

Electromobility shift assays

Purified recombinant Topo lla fragments were incubated with purified
pUC19 DNA in bandshift buffer (Campoy et al., 1995), prepared without
E. coli competitor DNA, for 30 min at RT. Samples were loaded onto 1%
agarose gels in 0.5x Tris/Borate/EDTA (TBE) and run at 1.2 V/cm at 4°C
for 20 h, then poststained with ethidium bromide, based on the protocol
of Yang and Champoux (2009).

DNA binding assays by pull-down

Assays were performed using a modified version of Wu (2006), as follows.
Complimentary 60-bp 5’ biotin-conjugated primers (Integrated DNA Tech-
nologies) were annealed by mixing in an equimolar ratio, heating to 100°C,
and cooling fo RT. The resulting double-stranded DNA (dsDNA) was incu-
bated with Streptavidin-coated Magnabeads (Genscript) for 30 min at RT,
rotating end over end. The resulting oligonucleotide-coated beads were then
blocked with 10% milk (filtered to remove particles) and 1% NP-40 in PBS
for 50 min at RT. Beads were washed once in PBS/1% NP-40/1% milk, in-
cubated with purified recombinant Topo lla or Topo IIB fragments in the same
solution for 3 h at RT, washed twice in PBS/1% NP-40, once in PBS, and then
boiled in SDS sample buffer and resolved on a 15% SDS-PAGE gel. The protein
was transferred fo polyvinylidene fluoride (PVDF) and subjected to immuno-
detection using anti-His primary antibody H1029 (Sigma-Aldrich) and anti-
mouse secondary antibody conjugated to IR680 dye and scanned using a
L-COR Odyssey blot scanner (L-COR Biosciences).

Western blotting and protein exiraction

Hela cells were harvested and lysed in TBS/2% SDS, 1x Complete prote-
ase inhibitor (Roche), and sonicated to shear DNA. Protein was quantified
using a BCA protein assay kit (Thermo Fisher Scientific) and loaded onto
SDS-PAGE gels, run as standard. Protein was transferred to PVDF and
probed using anti-Topo lla antibody sc-13058 (Santa Cruz Biotechnol-
ogy, Inc.) or anti—a-Tubulin antibody ab15246 (Abcam).

Modified histone arrays

Histone peptide arrays (Active Motif) were blocked using 5% nonfat dried
milk and 1% porcine gelatin for 2 h. Arrays were then incubated with 200 nM
HIS-Topo lla CTR for 1 h. Bound Topo lla was defected using anti-HIS
monoclonal antibody at 1:5,000 (H1029; Sigma-Aldrich) and HRP-conjugated
anti-mouse secondary antibody at 1:3,000 (Invitrogen) for chemiluminescent
detection. All solutions were prepared in TBS containing 0.02% Tween 20,
and washes in this buffer were performed between steps.

Topo lla fragment pull-downs from Hela cell lysates

Hela cells were lysed using NP-40 buffer (20 mM Tris, pH 8, 137 mM
NaCl, 10% glycerol, 1% NP-40, 2 mM EDTA, 1x Complete protease in-
hibitors [Roche], 420 pg/ml NaF, 1.84 mg/ml NazVO,, 10 mM N-ethyl-
maleimide, 5 U/ml cynase [Ribosolutions, Inc.], and 4 mM MgCly). Lysates
were incubated with anti-HIS Magnabeads at 4°C overnight, then washed
in PBS/0.1% NP-40. Bound proteins were eluted in SDS-PAGE loading buf-
fer and analyzed by SDS-PAGE and silver staining (Bio-Rad Laboratories).

In vitro pull-down assays

To study interactions between Topo lla CTR and biotinylated H3 peptides
(residues 21-44), 25 pl of Streptavidin Dynabeads MyOne T1 were
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washed in binding buffer (50 mM NaH,PO,, pH 7.5, 50 mM NaCl,
0.05% NP-40, and 10 mg/ml BSA) three times before resuspending in a
complex of 3 pg peptide and 10 pg purified HIS-Topo lla CTR that had
been incubated overnight at 4°C in a volume of 50 pl. Peptides/Topo lla
CTR complexes were conjugated to beads in a 2 h, 30 min incubation at
RT. Beads were washed three times in 150 pl of binding buffer without
BSA. For analysis, beads were boiled in 15 pl SDS-PAGE loading buffer
and separated on 4-12% SDS-PAGE gels.

To study interactions between HIS-Topo lla CTR and full-length
H3, 2.5 pg of mouse anti-HIS antibody (Takara Bio Inc.) per sample was
incubated with 15 pl Protein A Dynabeads in 25 pl of 50 mM NaH,PO,,
pH 8, 0.05% NP-40, 50 mM NaCl, and 10 mg/ml BSA per sample over-
night at 4°C. Beads were washed in 150 pl of the same buffer and resus-
pended in 50 pl. Simultaneous to antibody-bead conjugation, HIS-Topo lla
CTR (0.75 pg) and/or H3.1 or H3.3 (1.5 pg) as appropriate were in-
cubated in a volume of 25 pl of 50 mM NaH,PO,, pH 7.5, 50 mM
NaCl, 0.05% NP-40, and 10 mg/ml BSA overnight at 4°C. HIS-Topo
Il CTR/H3 complexes were incubated with antibody-conjugated beads
for 2 h and 30 min at RT. Beads were washed three times in 150 pl of
50 mM NaH,POy, pH 7.5, 50 mM NaCl, and 0.05% NP-40, then
resuspended in 15 pl SDS-PAGE loading buffer and separated on 4-12%
SDS-PAGE gels.

ELISA assays

96-well MaxiSorp plates (Thermo Fisher Scientific) were coated with 5 pg/ml
NeutrAvidin in 200 mM carbonate/bicarbonate buffer, pH 9.4, for 48 h
at 4°C. Wells were blocked with 300 pl PBS containing 5 mg/ml BSA for
45 min. Unmodified, methylated, or phosphorylated histone H3 (21-44)
C-biotinylated peptides (AnaSpec) were resuspended to 100 ng/ml in PBS
containing 10 mg/ml BSA and 0.05% Tween 20, and incubated (100 pl
per well) for 1 h at RT. Wells were washed using 300 pl of wash buffer
(PBS containing 0.05% Tween 20) three times before adding 100 pl HIS-
Topo Il CTR (1321-1530) at various concentrations in 50 mM NaH,POy,,
pH 7.5, 50 mM NaCl, 10 mg/ml BSA, and 0.05% NP-40 and incubating
for 1 h at RT. After washing three times with 300 pl wash buffer, bound
HIS-Topo lla CTR was detected using 1:2,500 anti-HIS antibody (Takara
Bio Inc.) in PBS containing 10 mg/ml BSA and 0.05% NP-40 for 1 h. After
washing again, wells were incubated for 30 min with 1:2,500 goat anti—
mouse ECL (HRP-conjugated) secondary antibody (GE Healthcare). After
an additional wash step, HRP signal was developed using TMB substrate
(R&D Systems) according to the manufacturer’s protocol. Plates were read
at 450 nm on a SpectraMax M2 plate reader (Molecular Devices). After
subtraction of negative control values to account for nonspecific binding,
absorbance values were fitted to a four parameter logistic curve using the
drc package in the R Statistical Computing environment.

FRAP

FRAP using Hela EM2-1Tht cells was performed using a point-scanning con-
focal microscope (FluoView 1000 IX2; Olympus), 100x/1.3 NA UPlanFL
objective lens, and FluoView acquisition software. Cells were maintained
in DMEM containing Hepes buffer on a Delta-T heated dish system (Bioptechs,
Inc.) at 37°C. After data collection, images were analyzed using Image),
and intensity values were double-normalized as per Phair et al. (2004b)
and scaled to between O and 1.

Online supplemental material

Fig. S1 shows Topo lla CTR binding to an expanded H3 tail peptide array.
Fig. S2 shows localization of Topo Il AChT in interphase. Fig. S3 shows
a Western blot of Hela cells expressing exogenous Topo lla mutants and
depleted of endogenous Topo lla. Fig. S4 shows analysis of Topo lla K3R
mutant. Fig. S5 shows localization of Topo lla affer Aurora B inhibition
in mitosis. Video 1 shows a 3D reconstruction of Topo lla localization in
M. muntjak cells. Video 2 shows Topo lla K3R localization in a live cell
entering mitosis. Video 3 shows z sections through a fixed M. muntjak cell
costained to localize Topo lla and H3528p. Videos 4-9 show live Hela
cells depleted of Topo lla and induced to express either Topo lla or Topo lla
AChT. Online supplemental material is available at http://www.jcb.org/
cgi/content/full/jcb.201303045/DC1. Additional data are available in
the JCB DataViewer at http://dx.doi.org/10.1083/jcb.201303045.dv.
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