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Materials and Methods 

Constructs, transfections and RNAi 

The pMT-GFP-AuroraB was a gift from Gilles Hickson (University of Montreal, 

Canada) and Ulrike S. Eggert (King’s College London, UK) and pMT-GFP-Cyclin B was 

a gift from Ron Vale (UCSF/HHMI). The copper inducible pRmHa-3-Barren-EGFP 

construct was a gift from Claudio Sunkel (IBMC, University of Porto, Portugal). The 

pAC-H2B-GFP, pAC-H2B-mCherry and pMT-Nup107-mRFP were, respectively, a gift 

from Gohta Goshima (Nagoya University, Japan) and Eric Griffis, (University of 

Dundee, UK). For expression of the H2B targeted Aurora B FRET sensor in Drosophila 

S2 cells, the entire cassette was amplified by PCR and Sac II and Not I restrictions sites 

were introduced. The PCR amplified fragment was cloned (with Sac II and Not I 

restriction sites) in a pAc5.1/V5-His vector (Invitrogen) containing a Blasticidin 

resistance cassette, previously cloned with Apa I restriction sites. The non-degradable 

Cyclin B (90cyclinB) was a gift from Christian F. Lehner (University of Zurich, 

Switzerland) and, for expression in Drosophila S2 cells, it was cloned in a pMT-W-GFP 

destination vector (gift from Eric Griffis, University of Dundee, UK), using the LR 

clonase reaction of the Gateway system (Invitrogen). For the histone H3 mutant 

experiments, a synthesized sequence (Invitrogen) was produced with the respective 

mutations. The sequences were cloned using Spe I and Xho I restriction sites in pMT-

CID-GFP plasmid, where CID was replaced for each of the sequences initially generated. 

The Lamin B-GFP/mCherry-α-Tubulin and Nup107-GFP/mCherry-α-Tubulin cell lines 

were a kind gift from Eric Griffis (University of Dundee, UK). The H2B B-

GFP/mCherry-α-Tubulin and GFP-α-Tubulin/Cid-mCherry stable cell lines have been 

previously described (27) and (28), respectively. The establishment of stable cell lines 

was performed according to the manufacturer instructions, either using Cellfectin 

(Invitrogen) for cells expressing GFP-Aurora B/mCherry-α-Tubulin, CyclinB-

GFP/mCherry-α-Tubulin and ΔCycB-GFP/mCherry-α-Tubulin, or Effectene (Quiagen) 

for cell lines expressing H2B-GFP/Nup107-mRFP, Barren-GFP/H2B-mCherry, H2B 

targeted Aurora B FRET sensor, H3 WT-GFP, H3 S10A-GFP, H3 S10D-GFP, H3 

S10D/S28D-GFP mutants and all the transient transfections of the CycB mutants. 

Transiently transfected cells were analyzed after 72h. The pMT promoter was induced by 

addition of 500 μM of CuSO4 to the media 10-16h before live imaging for most of the 

GFP-tagged constructs, with the exception of GFP-Aurora B (250μM), Cyclin B-GFP 

(50μM) and Lamin B-GFP, which was not induced to avoid overexpression. RNAi of 

Drosophila Sas4, KLP10A, Sas4/KLP10A and Pav was performed as described and 

using published targeting sequences (26). In detail, Sas4 depletion was achieved after 16 

days of treatment (four transfection cycles with 4 days interval). KLP10A depletion was 

achieved after 4 or 5 days of treatment (2 transfection cycles with 2 days interval) and its 

co-depletion with Sas4 was started upon the last cycle of Sas4 RNAi. To prevent 

monopolarity and to obtain CLASP intermediate phenotype cells were treated for 2 days 

using published targeting sequences (27). Subito RNAi was performed either with 5 or 4 

days of dsRNA treatment, using published targeting sequences (27). To achieve depletion 

of Barren/Cap-H and PP1-87B, Drosophila S2 cells were treated with 30g of dsRNA 

for 4 days, using published targeting sequences (27). For PP2A-C RNAi, 15ug of dsRNA 

were used and the results were analyzed 4 days after. For synthesis of the dsRNA 
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fragment the following sequences were used: forward – 

5’TAATACGACTCACTATAGGGGCCAAGGAGATTCTCTCC3’ – and reverse – 

5’TAATACGACTCACTATAGGGCTGGCCAAAGGTGTAACC3’.  

 

Live Cell Imaging in Drosophila cells 

Drosophila S2 cells were plated 2-3h before live imaging in MatTek dishes (MatTek 

Corporation) pre-coated with 0.25 mg/ml concanavalin A. Live imaging of GFP-α-

Tubulin/Cid-mCherry, H2B-GFP/mCherry-α-Tubulin, Lamin B-GFP/mCherry-α-

Tubulin, GFP-Aurora B/mCherry-α-Tubulin, Δ90CycB-GFP/mCherry-α-Tubulin cell 

lines and all the transient transfections of Δ90CycB-GFP and WT CycB-GFP were 

performed with a spinning disc confocal system (Andor Technology, South Windsor, CT) 

equipped with an electron multiplying CCD iXonEM+ camera and a Yokogawa CSU-22 

U (Yokogawa Electric, Tokyo) unit based on an Olympus IX81 inverted microscope 

(Melville, NY). Two laser lines (488 and 561 nm) were used for near simultaneous 

excitation of GFP and mCherry/mRFP and the system was driven by Andor IQ software. 

Time-lapse image stacks of 0.8µm steps were collected every 30 sec, or 1 min for the 

Δ90CycB-GFP transient transfections in the H2B-GFP/mCherry-α-Tubulin background, 

with a Plan-APO 100x/1.4 NA oil objective. Live-cell imaging of the H2B-GFP/Nup107-

mRFP, Barren-GFP/H2B-mCherry, WTCycB-GFP/mCherry-α-Tubulin and Nup107-

GFP/mCherry-α-Tubulin cell lines was performed in a temperature-controlled Nikon 

TE2000 microscope equipped at the camera port with a modified Yokogawa CSU-X1 

spinning-disc head (Solamere Technology), an ASI FW-1000 filter wheel followed by the 

Andor iXon+ DU-897E EM-CCD. The excitation optics is composed of two Coherent 

Sapphire lasers at 488nm and 561nm and shuttering is performed by a Gooche&Housego 

R64040-150 acousto-optic tunable filter. Sample position is controlled via a SCAN-IM 

Marzhauser stage and a Physik Instrumente 541.ZSL piezo. A 100x Plan-Apo DIC CFI 

Nikon objective and 1.5x Optivar were used in all experiments, with a 30sec time-lapse 

and 1 µm step image stacks. 

 

Analysis of the feedback mechanism in human cells 

For analysis of the feedback mechanism in human cells, two U2OS cell lines stably 

expressing H2B-GFP/mCherry-α-Tubulin or Eos-Tubulin (gift from Stephan Geley, 

Innsbruck Medical University, Austria) were used. Cells were cultured in DMEM with 

10% FBS and grown in a 5% CO2 atmosphere at 37°C. In order to follow the nuclear 

envelope dynamics during anaphase-telophase transition, the cells were seeded in 

MatTek dishes (MatTek Corporation), transiently transfected with Lamin A-mRFP (gift 

from Edgar Gomes, IMM, Portugal) and were analyzed 24-48 h after transfection. In all 

transfections, X-treme gene was used according to the manufacturer instructions. For live 

cell imaging, the medium was changed to L-15 supplemented with 10% FBS. Live data 

was acquired at 37°C (or 30°C whenever indicated, to slow down chromosome separation 

as a function of decreased microtubule depolymerization (29)) in a Nikon TE2000 

microscope, using a Plan-Apo 100x 1.4 NA DIC CFI Nikon objective, with a 60 sec 

time-lapse and 1.2 µm step image stacks. 
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FRET measurements 

For the analysis of the Aurora B phosphorylation gradient in S2 cells we adapted the 

previously developed chromatin targeted FRET biosensor (2). For live imaging of 

Drosophila S2 cells a Leica TCS SP5 II Confocal microscope with a HC PL APO CS 40x 

1.10 CORR Water lens was used. CFP was excited with the argon laser of 458nm and 

CFP and FRET emission signals were acquired simultaneously at 468-513nm and 525-

572nm, respectively. The acquired images were subtracted of the background and 32-bit 

ratio images were created with the Ratio Plus plugin of Fiji software. Custom scripts 

were written in MATLAB (Mathworks) for image processing and analysis. The 

procedure was similar to the methods described in (2). Briefly, CFP and YFP intensities 

were first filtered using a homogenous disk kernel with 4 pixel radius. A global intensity 

threshold was manually selected and used to create chromatin masks (for each frame and 

each z-stack) where the YFP/CFP emission ratio was calculated. The FRET emission 

ratio outside the masks was set to zero. Projections of the emission ratio images were 

calculated as the average over the z-dimension of all non-zero pixels at each coordinate. 

Projection images were also filtered using a homogenous disk kernel with 4 pixel radius. 

FRET sensor phosphorylation gradients were calculated associating to each (x,y) 

coordinate the maximum emission ratio value for that position across all time steps 

between chromosome segregation onset and maximum segregation distance. That is, the 

phosphorylation gradients were calculated not from a single frame/time step but by 

combining the emission ratios provided by the space sampling masks (where chromatin 

density is relatively homogeneous). An automated tracking algorithm was created to find 

the centroids of the sister chromatids for each time step during chromosome segregation. 

The single FRET emission ratio associated with each centroid across time was calculated 

as the mean of the emission ratio values in a disk with 5 pixel radius centred in the 

centroid position. The emission ratio at each sister chromatid centroid was plotted as a 

function of the distance of the centroid to the spindle midzone (half the distance between 

the two centroids). Quantification of the phosphorylation gradient was obtained by 

nonlinear regression using a decaying exponential A*exp(-x/λ)+C. Parameter λ was used 

to characterize the gradient spatial scale.  

 

Drugs 

For acute inhibition of Aurora B (Binucleine-2, Sigma), PP1/PP2A (Okadaic acid, 

Santa Cruz) and Cdk1 (RO3306, Sigma) in S2 cells, drugs were added at anaphase onset 

at final concentrations of 40 μM, 300 nM and 10 μM, respectively. Low doses of Taxol 

(10nM, Sigma) were used to reduce microtubule flux. For induction of NER in the 

absence of microtubules, cells were treated with Colchicine for 30 minutes (200 μM) 2 

minutes after NEBD, and consequently with either Binucleine-2 (40 μM) or RO3306 (10 

μM). For acute inhibition of Aurora B (ZM447439, Tocris Bioscience) in human cells, 

the drug was added at anaphase onset at final concentration of 50 μM.  FCPT (Gift from       

Patrick Meraldi, University of Geneva, Switzerland) was used at a final concentration of 

10 or 100 µM, depending on the U2OS cell line, also at anaphase onset. 

 

Laser Microsurgery 

Micro-surgery experiments in the H2B-GFP/Nup107-mRFP stable cell line were 

performed using a doubled-frequency Elforlight laser (model FQ-500-532) which 
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generates single-transverse mode, 532nm, 10ns-long pulses. The beam is attenuated, 

expanded and steered towards a dichroic filter located in a secondary filter turret on a 

Nikon TE2000 microscope. The dichroic was chosen so that GFP excitation and emission 

light is efficiently transmitted at the expense of a reduced reflectivity (5%) of the laser 

wavelength, which is compensated by an increased power (20x) at the laser source. This 

allows observation of the sample when it is being irradiated. The typical beam energy at 

the sample plane to perform cutting is 1 micro-Joule which is focused to a spot of ~400-

500nm-radius. To cut chromosomes we used an automated routine to scan the beam 

between the chromosome arm edges and repeat the pulse sequence in neighboring z-

planes. 

 

Kymography 

To kymograph the spindle we used a custom routine written in Matlab (Mathworks, 

Natick, MA) that compensates for spindle rotation and translation. In a first step, spindle 

poles are tracked along time to generate an x-y coordinate look-up table. Kymographs are 

then generated by defining the dimension of the ROI only, while its position and angle at 

each time frame are calculated by resorting to the xy coordinates look-up table. The 

resulting kymographs are therefore devoid of translational or rotational fluctuations with 

reference to a virtual spindle equator defined by the normal bisector of the pole-

connecting line. Collapsed kymographs are projections of the raw kymograph that result 

from conversion of each time point ROI matrix into a pixel vector, according to a user-

selected weighed pixel combination along ROI columns (e.g., average or maximum).  

 

Immunofluorescence  

Human U20S and Drosophila S2 cells were respectively grown on uncoated or 0.5 

mg/ml concanavalin A (Sigma-Aldrich) – coated coverslips and processed for 

immunofluorescence as previously described (28). For detection of p-H3 (S10) we used 

Fab fragment 311 conjugated with Alexa-555 or Alexa-488 (1:10000; gift from H. 

Kimura, Osaka University, Japan). Wheat germ agglutinin (WGA) conjugated to Alexa 

647 (1:2000) was used to visualize nuclear membrane upon mitotic exit (Molecular 

Probes), and Aurora B Phospho pT232 (1:1000, Rockland), to visualize phosphorylated 

Aurora B during anaphase-telophase transition. The secondary anti-rabbit antibody used 

was conjugated to Alexa-568 (1:1000, Molecular Probes). 

 

Parameters used to define anaphase-telophase transition in S2 cells 

A stable cell line expressing GFP-α-Tubulin/Cid-mCherry was used to define and 

measure all the parameters that characterize anaphase and telophase transition. Spindle 

elongation velocity refers to the half-spindle elongation velocity measured between 2 and 

4.5 minutes after the anaphase onset, (d4.5-d2)/(2t) where d is the pole-to-pole distance 

and t the time period. Anaphase duration was measured as the time between anaphase 

onset and the first frame where either α-tubulin signal was excluded from the newborn 

nuclei, or the first frame where accumulation of laminB-GFP was noticeable around the 

same region. 

 

Immunoblotting 
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Immunoblotting was used to access protein depletion. Protein extracts were boiled 

for 5 minutes in SDS sample buffer and subjected to SDS-PAGE followed by transferring 

to nitrocellulose membranes and western blot analysis with the appropriate antibodies. 

Primary antibodies used were mouse α-tubulin (1:3000; clone B512, Sigma), rabbit anti-

CLASP and rabbit anti-Barren (1:600 and 1:3000, respectively; gift from Claudio Sunkel, 

IBMC, University of Porto, Portugal), rabbit anti-KLP10A (1:1500; gift from Jonathan 

Scholey, University of California at Davis, CA), rabbit anti-Pav (1:10000; gift from 

David Glover, University of Cambridge, UK). Appropriate secondary antibodies were 

detected using ECL (Pierce). 

 

Statistical Analysis 

Normality of the samples was determined with a D’Agostino & Pearson test. 

Statistical analysis for two sample comparison, with normal or non-normal distribution, 

was performed with a t-test or Mann-Whitney test, respectively. For multiple group 

comparison a parametric one-way analysis of variance (ANOVA) or a nonparametric 

ANOVA (Kruskal-Wallis) was used, for samples with normal or non-normal distribution, 

respectively. All pairwise multiple comparisons were subsequently analyzed using either 

Student t-test (parametric) or Dunn’s (nonparametric) tests. P value was considered 

extremely significant (****) or (***) if p < 0.0001 or p < 0.001, respectively, very 

significant (**) if 0.001<P<0.01 and significant (*) if 0.01<P<0.05. All statistical 

analysis was performed with GraphPad Prism V5 (GraphPad Software, Inc.). 
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Fig. S1. Characterization of anaphase in Drosophila S2 cells. (A) Metaphase and 

telophase figures from a control cell where dashed blue lines represent the pole-to-pole 

distance measured from metaphase until telophase. The end of anaphase was assessed 

from the exclusion of GFP-α-tubulin signal from the nuclear region represented by the 

dashed red lines. (B) Spindle length was normalized to metaphase pole-to-pole distance 

and plotted as a function of time (from 1 minute before the anaphase onset, until 10 

minutes after). Spindle elongation can be characterized by 3 moments: slow (red), linear 
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(green) and plateau (blue). Half-spindle elongation velocity was determined during the 

linear phase. (C) Linear regression and distribution of anaphase duration versus half-

spindle elongation velocity in a control cell population (n=80 cells). rs =Spearman 

correlation coefficient, p<0.001. Note that there is a minimal anaphase duration time (~5 

min). (D) Immunoblot analysis confirming the reduction of CLASP (partial), Pavarotti 

and KLP10A expression after RNAi. -tubulin was used as loading control. (E) Aligned 

kymographs showing the linear moment of spindle elongation for the different treatments 

tested where spindles were assessed through GFP--tubulin signal. Time zero is the point 

established as anaphase onset. Scale bar=5 µm. (F and G) Quantification of anaphase 

duration in response to experimental attenuation of half-spindle elongation velocity. 

Distributions are represented as box plots where the whiskers define the maximum and 

minimum values. Statistical analysis was performed using either a t-test or a Mann 

Whitney test depending on the normality of the samples (***p<0.001; ** p<0.01 and * 

p<0.05). Time=min:sec.  
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Fig. S2. Feedback control of the anaphase-telophase transition is conserved in human 

cells. (A) Representative U2OS control cell stably expressing H2B-GFP/mCherry-α-

tubulin from metaphase (-1min) to telophase. (B) Treatment with low temperatures 

(30ºC) induces a decrease in chromosome separation velocity during anaphase and delays 

NER. (C) Acute inhibition of Eg5/kinesin-5 with 10 µM FCPT induces a rigor-like state 

of the motor to the microtubules and causes a significant decrease in spindle elongation 

velocity. (D, E) Inhibition of Aurora B activity at anaphase onset with low (4µM) and 
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higher doses (50µM), respectively, slows spindle elongation and sister chromatid 

separation.  (F) Quantification of pole-to-pole distance in an 18 min interval (from -3min 

to 15 min after anaphase onset) for all treatments shown before (Control, n= 13 cells; 

30ºC, n= 11 cells; FCPT 10µM, n= 9 cells; ZM 4µM, n= 12 cells and ZM 50µM, n=5 

cells). Note the difference in pole-to-pole distance after Aurora B inhibition with low and 

high doses of the drug, suggesting that the low doses do not completely abolish kinase 

activity. (G, H) Quantification of anaphase duration (measured from the first frame of 

sister chromatid separation to α-tubulin exclusion/chromosome decondensation) and half-

spindle elongation velocity (determined from 1 to 3 min after anaphase onset, 

corresponding to the time window with faster and linear spindle elongation velocity), 

respectively, in the same treatments as in (F). In agreement with the results observed in 

Drosophila S2 cells, attenuation of spindle elongation in human U2OS cells caused a 

respective increase in anaphase duration, suggesting that the feedback mechanism that 

regulates the anaphase-telophase transition is conserved in human cells. (****p<0.0001; 

*p<0.05). Time=min:sec. Scale bars=5 µm. 
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Fig. S3. Delay of nuclear envelope reassembly in response to incomplete chromosome 

separation in human cells. (A) Dynamics of nuclear envelope reassembly (NER) in a 
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representative U2OS control cell stably expressing Eos-α-tubulin and transiently 

transfected with Lamin A-mRFP from metaphase to telophase and after addition of 

100µM FCPT and/or 50µM ZM at anaphase onset. Note that FCPT was used at higher 

concentrations that in the U2OS cells stably expressing H2B-GFP/mCherry-α-tubulin, 

because at 10µM there was no significant effect in anaphase spindle elongation in this 

clone. Note the delay in NER after FCPT treatment only compared with controls. 

Similarly to Drosophila S2 cells, Aurora B inhibition caused NER around the DNA mass 

independently of their spatial localization. (B, C) Quantification of anaphase duration and 

half-spindle elongation velocity, respectively, in the treatments shown in A (Control, n= 

9 cells; FCPT 100µM, n=6 cells; ZM 50µM, n= 6 cells; FCPT 100 µM + ZM 50µM, n= 5 

cells). An increase in anaphase duration was observed after 100µM FCPT treatment in 

response to a slow spindle elongation rate (***p<0.001; ** p<0.01; * p<0.05). (D) 

Chromosomes closer to active Aurora B in the spindle midzone (p-AuroraB T232, green) 

retain higher levels of phosphorylated histone H3 at S10 signal (red). Nuclear envelope 

starts to reform from the distal regions of chromatin where p-H3 S10 signal is lower. 

Wheat Germ Agglutinin (WGA) staining was used to reveal the nuclear envelope. (D’) 

Plot profile from a representative region (dash line) of the spindle. Each curve represents 

the respective signal from the maximum projected pixel intensity. Time=min:sec. Scale 

bars=5 µm.  
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Fig. S4. Chromosome position during anaphase is sensitive to an Aurora B activity 

gradient at the spindle midzone. (A) Position sensitive phosphorylation of histone H3 (p-
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H3) at S10 (red) on chromosomes and respective correlation with GFP-Aurora B (green) 

localization throughout mitosis in fixed S2 cells. Note that lagging chromosomes that 

stay close to GFP-Aurora B at spindle midzone retain higher p-H3 (S10). (A’) Respective 

plot profiles (dash line) from maximum intensity projections. (B) YFP and ratio images 

of a control S2 cell stably expressing a chromatin-targeted Aurora B FRET sensor reveal 

an Aurora B phosphorylation gradient during anaphase. (B’) Quantification of FRET 

intensity for the cell in B as chromosomes moved away from the spindle midzone. (C) 

YFP and ratio images of a control S2 cell with lagging chromosomes showing a position 

sensitive activity of Aurora B. (D) Analysis of FRET intensity variation in a control cell 

population (n=4) during anaphase as a function of the distance to the spindle midzone. 

(E) The gradient spatial scale λ is strongly correlated (rs=0.89) to the maximum 

segregation distance between sister chromatids. Since λ can be estimated using only the 

initial steps of the segregation, the gradient spatial scale λ is in fact a predictor of the 

maximum segregation distance. (F) YFP and ratio images of a control S2 cell after 

Aurora B inhibition accounting for the specificity of the FRET sensor. (G) Normalized 

values of IFRET/ICFP ratio in untreated control cells at the metaphase-anaphase transition 

and after Aurora B inhibition with Binucleine-2 (Bi-2). The FRET signal is specific for 

Aurora B, since its acute inhibition resulted in constant high FRET, as opposed to 

controls whose FRET signal increased as cells progressed through anaphase. Scale 

bars=5 µm. Time=min:sec.  
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Fig. S5. Subito/Mklp2 is required for Aurora B localization at the spindle midzone in 

Drosophila S2 cells. (A, B) Live cell imaging of control and Subito/Mklp2 RNAi in S2 

cells stably expressing GFP-Aurora B/mCherry-α-tubulin. Aurora B localization at the 

spindle midzone is impaired after Subito RNAi, with a consequent increase in anaphase 

spindle elongation and duration. Time =min:sec. Scale bars=5 µm. (C) Linear regression 

and distribution showing that anaphase duration correlates with Aurora B accumulation at 

the spindle midzone. rs refers to the nonparametric Spearman correlation coefficient 

where p<0.001. (D) Quantification of GFP-Aurora B intensity at the spindle midzone 

during anaphase in control (n=29 cells) and Subito/Mklp2 depleted cells (n=12 cells). (E) 

Box plots of the quantification of anaphase duration in S2 cells (n=15/condition) stably 

expressing H2B-GFP/Nup107-mRFP. Statistical analysis was performed using a t-test. 

The whiskers determine the maximum and minimum values. 
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Fig. S6. Distinct effects on nuclear envelope reassembly upon Cdk1 and Aurora B 

inhibition after anaphase onset. (A) S2 cell stably expressing Nup107-mRFP/H2B-GFP 

upon Aurora B inhibition after anaphase onset. Nuclear envelope reassembly (NER) is 

not delayed relative to untreated controls (not depicted) and occurs simultaneously 

around the entire mass of decondensing DNA, including DNA bridges. (B) Premature 

NER upon Cdk1 inhibition (RO3306) relative to untreated controls (not depicted) and 

Aurora B-inhibited cells. Note that, as opposed to Aurora B inhibition, NER does not 

take place on lagging chromosomes and in the main nuclear regions facing the equator 

(arrowheads). Time=min:sec. Scale bars=5 µm. 



 

 

17 

 

 
 

Fig. S7. PP1/PP2A phosphatases counteract Aurora B activity and promote chromosome 

decondensation. Acute Aurora B (Bi-2) or PP1/PP2A inhibition (Okadaic acid) at 

anaphase onset (00:00) in control cells stably expressing H2B-GFP/mCherry-α-tubulin. 

Time=min:sec. Scale bar= 5 μm.  
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Fig. S8. PP1 and PP2A phosphatases are independently required for timely nuclear 

envelope reassembly and chromosome decondensation. (A-C) Live imaging of control, 

PP1-87B depleted and PP2A-C depleted S2 cells stably expressing Lamin B-

GFP/mCherry-α-tubulin, or (D-F) H2B-GFP/mCherry-α-tubulin illustrating the delay in 

nuclear envelope reassembly (NER) and chromosome decondensation upon PP1 or PP2A 

downregulation. Time=min:sec. Scale bars=5 µm. 
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Fig. S9. Condensin I/Barren recruitment to chromosomes is spatially regulated by the 

coordinated activities of Aurora B and PP1/PP2A and is involved in the feedback 

mechanism that regulates the anaphase-telophase transition. (A-D) S2 cells stably 

expressing Barren-GFP/H2B-mCherry with and without Aurora B or PP1/PP2A 

inhibition at anaphase onset. (B) Barren-GFP gradually dissociates from chromatin as 

sister chromatids separate and is enriched on lagging chromosomes (see arrowhead in A; 

inset graph shows line scan from A) in control cells. (C’, D’) Line scans from C and D. 

Time=min:sec. Scale bars=5 µm. (E) Comparative analysis of nuclear envelope 

reassembly (NER) in control, Bi-2 treated and Barren RNAi S2 cells stably expressing 

Lamin B-GFP/mCherry-α-tubulin. Time=min:sec. Scale bar=5 µm. (F) Quantitative 

immunoblot analysis of Barren depletion by RNAi in S2 cells. α-tubulin was used as 

loading control. (G) Quantification of anaphase duration in control (n=16 cells), Bi-2 

treatment at anaphase onset (Bi-2 AO; n=9 cells) and Barren RNAi (n=17 cells). (H) 

Box-plots of half-spindle elongation velocity in the same conditions as in G. Statistical 

analysis was performed using a t-test.  
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Fig. S10. Phosphorylation of Histone H3 at S10 and S28 is not involved in the regulation 

of the anaphase-telophase transition in Drosophila S2 cells. (A-D) S2 cell lines stably 

expressing wild-type histone H3-GFP under the control of a copper inducible promoter or 

the respective S10A-GFP, S10D-GFP and S10D/S28D-GFP mutants. (E) Quantification 

of anaphase duration in the conditions presented. Time=min:sec. Scale bars=5 μm 
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Fig. S11. Cyclin B degradation is required for the anaphase-telophase transition and 

Aurora B localization at the spindle midzone. (A-B) Stable cell lines expressing WT 

CycB-GFP/mCherry-α-tubulin or Δ90CycB-GFP/mCherry-α-tubulin. (C) S2 cells stably 

expressing H2B-GFP/mCherry-α-tubulin were transiently transfected with non-

degradable Cyclin B (Δ90CycB-GFP), with (n=12) and without (n=7) Aurora B 

inhibition (Bi-2) at anaphase onset. (D) Quantification of WTCycB-GFP or Δ90CycB-

GFP intensity at the centrosomes, normalized to metaphase (-1 min). (E, F) 

Quantification of spindle elongation normalized to metaphase spindle length and 

respective elongation velocity shows a decreased capacity/velocity of spindle elongation 

in cells expressing Δ90CycB-GFP. Quantification is represented as box plots where the 

whiskers determine the maximum and minimum values.  Statistical analysis was 

performed using a t-test with n ≥ 8 cells/condition. (G) Quantification of anaphase 

duration in control and Bi-2 treated cells, with or without Δ90CycB-GFP. Quantification 
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is represented as box plots where the whiskers determine the maximum and minimum 

values. (H) Control cell stably expressing GFP-Aurora B/mCherry-α-tubulin showing the 

accumulation of GFP-Aurora B at the spindle midzone and midbody during anaphase. (I) 

Same cell line as in H after transient transfection of Δ90CycB-GFP, which prevents 

Aurora B localization at the spindle midzone. Grayscale insets highlight the degradation 

status of the different Cyclin B constructs at centrosomes throughout mitosis. 

Time=min:sec. Scale bars=5 µm. 
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Fig. S12. Cdk1 activity is required to extend the anaphase-telophase transition. (A) 

Control Drosophila S2 cell stably expressing H2B-GFP/mCherry-α-tubulin. (B) Cdk1 

inhibition at anaphase onset causes premature DNA decondensation and impairs spindle 

elongation. (C, D) Quantification of anaphase duration and half-spindle elongation 

velocity, respectively, in the treatments shown in A and B, where a reduction in both 

anaphase duration and half-spindle elongation velocity can be observed (***p<0.001; t-

test). (E) Control S2 cell stably expressing Aurora B-GFP/mCherry-α-tubulin showing 

the dynamics of Aurora B transition from the centromeres to the spindle midzone. (F) 

Control S2 cell with Cdk1 inhibition at anaphase onset, revealing a fast and efficient 

recruitment of Aurora B to the spindle midzone. 
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Fig. S13. Cdk1 and Aurora B inhibition promote nuclear envelope reassembly 

independently of chromosome segregation. (A-C) After microtubule depolymerization by 

colchicine treatment (30 minutes, 200 μM) of S2 cells stably expressing Lamin B-

GFP/mCherry-α-tubulin, upon nuclear envelope breakdown, nuclear envelope reassembly 

(NER) was measured either in (A) control or (B) after  CDK1 or (C) Aurora B inibition. 

(D) Quantification of the time before NER (colchicine n=5 cells; colchicine + RO3306 
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n=14 cells; colchicine + Bi-2 n=18cells). Blue arrows show the beginning of NER. Time 

=min:sec. Scale bars=10 µm. 
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Fig. S14. Combined inhibition of Aurora B (Bi-2), Cdk1 (RO3306) and PP1/PP2A 

(Okadaic acid) activities at anaphase onset (00:00) in control S2 cells stably expressing 

H2B-GFP/mCherry-α-tubulin. Time=min:sec. Scale bar=5 µm. 
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Fig. S15. Proposed model for the spatial regulation of the anaphase-telophase transition 

by a midzone Aurora B gradient. Chromosome decondensation and NER only take place 

when chromosomes separate from the inhibitory effect caused by the Aurora B 

phosphorylation gradient at the spindle midzone and PP1/PP2A take over.  
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