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Abstract

Abscission is the last step of cytokinesis that physically separates the cytoplasm of sister cells. As 

the final stage of cell division, abscission is poorly characterized during animal development. 

Here, we show that Aurora B and Survivin regulate the number of germ cells in each Drosophila 
egg chamber by inhibiting abscission during differentiation. This inhibition is mediated by an 

Aurora B-dependent phosphorylation of Cyclin B, as a phosphomimic form of Cyclin B rescues 

premature abscission caused by a loss-of-function of Aurora B. We show that Cyclin B localizes at 

the cytokinesis bridge, where it promotes abscission. We propose that mutual inhibitions between 

Aurora-B and Cyclin-B regulate the duration of abscission and thereby the number of sister cells 

in each cyst. Finally, we show that inhibitions of Aurora B and Cdk-1 activity in vertebrate cells 

also have opposite effects on the timing of abscission, suggesting a possible conservation of these 

mechanisms.
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INTRODUCTION

During animal development, the canonical cell cycle is modulated and adapted in different 

cell types. How specific developmental programs alter different steps of the cell cycle 

remains to be understood in most cases. In this respect, the last stages of cell division, when 

daughter cells become separated, are probably the most diverse, but also the least explored. 

In sea urchin embryos, the timing of cytokinesis is shifted, and the completion of cell 

division only occurs during the S phase of the next cycle (Sanger et al., 1985). Cytokinesis 

altogether is absent during megakaryocyte differentiation, and can also be arrested at a late 

stage in spermatocytes of most species (Pepling et al., 1999; Vitrat et al., 1998). Cytokinesis 

starts by the specification of a cleavage plane and is followed by the ingression of an 

actomyosin contractile ring. During this transition, the mitotic spindle rearranges at the 

midzone to form an electron-dense structure known as the midbody, at the center of the 

intercellular bridge. Daughter cells then become physically separated, by a process called 

abscission. It remains unclear what regulates the timing of abscission during animal 

development, which can vary from minutes to hours, or can even stay incomplete, as in germ 

cells (Pepling et al., 1999).

The timing and order of the cell cycle is driven by oscillations in the activities of conserved 

cyclin-dependent kinases (Cdk). A high Cdk-1 activity, mostly driven by CyclinB/Cdk-1 in 

higher eukaryotes, allows the cell to enter and perform mitosis (Malumbres and Barbacid, 

2009). Rising levels of Cyclin B and its translocation into the nucleus prepare cells to enter 

M phase (Gavet and Pines, 2010a, b). CycB/Cdk-1 then becomes fully active when 

inhibitory phosphorylations by Wee1 and Myt1 are removed by Cdc25 phosphatase on 

Cdk-1 activating sites (Lindqvist et al., 2009). Exit from mitosis is then initiated by the 

degradation of Cyclin B in metaphase, when the spindle assembly checkpoint is satisfied 

(Clute and Pines, 1999; Sigrist et al., 1995; Sullivan and Morgan, 2007). Consequently, 

CycB/Cdk-1 activity remains low until the next G1 phase. However, it is unknown whether 

these low levels of CycB/Cdk-1 have any function after anaphase (Wurzenberger and 

Gerlich, 2011). The sharp changes in CycB/Cdk-1 activity are due to positive and negative 

feedback loops between Cdk-1 and the kinases/phosphatases mentioned above. Additional 
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families of kinases, such as Polo (Plk) and Aurora (Aur), impinge on these loops to further 

regulate CycB/Cdk-1 activity and to order multiple events downstream of the core regulators 

(Lindqvist et al., 2009). Among those, Aurora B (AurB) is known to regulate chromosome 

orientation and attachment to the mitotic spindle at metaphase. AurB is the active kinase of a 

biochemical complex, named the Chromosomal Passenger Complex (CPC). This complex is 

highly conserved in many species and also contains the Survivin, Incenp and Borealin 

subunits, which regulate AurB localization and kinase activity (Ruchaud et al., 2007). In 

contrast to Cdk-1, Polo and Aur B are known to play later functions during cell division, as 

they translocate from centromeres to the spindle midzone to participate in the early steps of 

cytokinesis, such as the ingression of the furrow (Adams et al., 2001; Burkard et al., 2007; 

Gruneberg et al., 2004; Neef et al., 2003; Petronczki et al., 2007; Terada et al., 1998). The 

translocation of Aurora B to the midzone is, however, inhibited while CycB/Cdk-1 activity is 

still high at the metaphase-anaphase transition (Parry et al., 2003). Indeed, recent results 

showed that direct phosphorylation of the CPC by Cdk-1 targets Aurora B to the inner 

centromeres and prevents its localization to the spindle midzone through Mklp2 (Hummer 

and Mayer, 2009; Tsukahara et al., 2010). At the midbody, Aurora B was shown recently to 

have an additional function near the very end of cytokinesis, during abscission. Studies in 

yeast and human cells demonstrated that Aurora B delays completion of cytokinesis until 

chromosomes are well separated after anaphase (Norden et al., 2006; Steigemann et al., 

2009). This checkpoint, named the NoCut pathway, prevents lagging DNA to be cut by the 

cleavage furrow in order to avoid chromosome breakage. Aurora B thus has two different 

functions during cytokinesis, as it allows furrow ingression during the early steps, but can 

also delay the completion of cytokinesis. It remains, however, unknown whether Aurora B 

also regulates abscission in vivo during normal animal development, and if Aurora B acts at 

this stage with other mitotic kinases, such as Plks and Cdks.

Cytokinesis is blocked in germ cells of most species during at least some stage of their 

normal development (Pepling et al., 1999). A classic example is the Drosophila egg 

chamber, which is a syncytium of 16 cells produced by four rounds of mitosis of a single 

precursor, called a cystoblast (CB) (Huynh and St Johnston, 2004). Cystoblasts are produced 

throughout the life of adult females, by germline stem cells (GSCs) located at the anterior tip 

of each ovary in the germarium (Fig. 1A). Each stem cell self-renews by dividing 

asymmetrically to generate one stem cell, which stays in contact with support cells in the 

niche and receives signals that prevent differentiation (Chen et al., 2011). The second 

daughter cell is positioned outside of the niche, does not receive these signals, and thus starts 

to transcribe the bam gene, which is necessary and sufficient to trigger the transcription 

program of the cystoblast. This differentiation is characterized by four rounds of 

synchronous divisions, which form a 16-cell cyst, made of 15 nurse cells and one oocyte. In 

the resulting cyst, each cytokinesis is arrested and all sister cells share the same cytoplasm 

through ring canals. In contrast, cytokinesis between the GSC and the CB is complete. It is, 

however, very slow, and GSCs and CBs remain synchronized until abscission is completed 

during the G2 phase of the next cycle, about 24h later (de Cuevas and Spradling, 1998). How 

abscission is regulated differently in GSCs and CBs is unknown. The orientation and 

synchrony of these divisions is controlled by a germline-specific organelle, called the 

fusome, which is made of ER-derived vesicles (Huynh, 2005). The fusome is partly 
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inherited from the spectrosome of the GSCs (also made of ER-derived vesicles), and partly 

newly formed at the midbody during each division. Fusion between fusome precursors 

creates a continuum of vesicles going through each canal and connecting all the cells within 

a cyst (de Cuevas and Spradling, 1998; Snapp et al., 2004). Interestingly, cell cycle 

regulators such as Cyclin A, Cyclin E and subunits of the proteasome localize on the 

fusome, which may help to synchronize their activation and destruction in all cells (Lilly et 

al., 2000; Lilly and Spradling, 1996; Ohlmeyer and Schupbach, 2003). The pattern of 

divisions is invariant with 8 cells with one ring canal, 4 cells with two, 2 cells with three and 

2 cells with four. This pattern is important, as the oocyte always differentiates from one of 

the two cells with four ring canals, which are called the pro-oocytes (Spradling, 1993b). 

Incidentally, the number of ring canals in each cell can be used as a marker for the number 

of divisions (Fig. 1A).

RESULTS

1) Loss-of-function mutations in aurora B and survivin reduce the number of germ cells 
per egg chamber

We identified two complementation groups of several alleles affecting the early steps of 

germ cell development in Drosophila ovaries (see Supplementary Experimental procedures 

for details). In hypomorphic conditions, mutant egg chambers were made of 8 germ cells 

instead of 16, and the oocyte was linked to only three nurse cells by three ring canals instead 

of four (Fig. 1B–D). These results suggested that these mutant egg chambers had gone 

through three divisions instead of four. In strong loss-of-function conditions, induced using 

the FLP/FRT system, we observed the formation of giant GSCs filling the entire germarium 

(Fig. S2A–C). These mutant cells had highly polyploid nuclei, enlarged spectrosomes and 

did not come out of the germarium.

The first complementation group was made of three EMS-induced alleles called 2A43, 35.33 

and 1689. We genetically mapped these mutations to the ial (Ipl1-aurora-like kinase) locus, 

which encodes the Drosophila homolog of Aurora B (the locus is referred as aurB hereafter) 

(Fig. 1F). 2A43 and 35.33 are the strongest alleles and both are homozygous lethal. They 

correspond to alterations in the most conserved part of the protein, with a Leucine to 

Phenylalanine substitution at position 166 (35.33) and a frame shift followed by a truncation 

in the kinase activation loop (2A43) (Fig. 1F). In contrast, 1689 is a hypomorphic and viable 

allele, corresponding to a Proline to Serine substitution in the non-conserved N-terminal part 

of the protein (Fig. 1F). The second complementation group is made of two PiggyBac 

insertions, that we generated (PBac2180, (Mathieu et al., 2007)) or found in public stock 

collection (PBac{RB}e01527). Both transposons are inserted in the 5′ regulatory region of 

the deterin locus (also called dSurvivin), which encodes the Drosophila homolog of 

Survivin, referred as svn hereafter (Fig. 1G)(Jones et al., 2000). Both alleles produced very 

little svn RNA (data not shown) and were homozygous lethal at the pupal stage. We 

confirmed that all phenotypes were only due to the lack of aurB or svn, as wild type 

genomic transgenes encoding aurora B or svn could rescue viability and mitotic phenotypes 

(Fig. S1D,E). Aurora B and Survivin are known to be part of the highly conserved 

Chromosomal Passenger Complex (CPC), and as expected from the well-described roles of 
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the CPC in mitosis, highly polyploid nuclei were not specific to mutant germ cells, but were 

found in any dividing cell types, such larval neural stem cells (Fig. S2D, E and Fig S2F–M).

We took advantage of the absence of endogenous Svn in our strong loss-of-function mutants 

to perform a structure/function analysis. We generated wild type and mutant GFP-tagged 

transgenes based on a genomic rescue construct containing the endogenous promoter and 

regulatory sequences; and we tested their ability to rescue viability, ploidy and the number 

of germ cells per cyst (Fig. 1H). We found that a wild type form of Svn could rescue 

perfectly viability and diploidy. It also localized as expected at centromeres during prophase 

and prometaphase, and at the midzone and intercellular bridge during later mitosis (Fig. 

S1A–C). In contrast, variants of Svn with a defective BIR domain were not able to rescue 

viability (Fig. 1H), consistent with previous studies in cell culture (Lens et al., 2006; Yue et 

al., 2008). It has been proposed that Survivin could be phosphorylated by Aurora B in vitro 

on T117 in human cells (Wheatley et al., 2004). We found two residues (S125 and T129) 

fitting the consensus of phosphorylation by Aurora B in Drosophila Survivin. However, they 

both appeared dispensable for fly viability. Indeed, non-phosphorylatable transgenes 

(SvnS125A and SvnT129A either mutated together or separately) rescued localization (not 

shown), viability and diploidy to wild type level (Fig. 1H and S2N). However, they did not 

rescue the number of germ cells per egg chambers (Fig. 1E,I). Both svn−/−; svn>SvnS125A 

and svn−/−; svn>SvnS125A,T129A females produced around 20% (17%; n=52) of egg 

chambers with only 8 cells, as we observed in hypomorphic aurB1689 mutant flies (18%; 

n=281) (Fig.1I). The remaining cysts had 16 cells as in wild type condition. Furthermore, 

svn−/−; svn>SvnWT females were perfectly rescued: 100% of cysts with 16 cells, n=115. 

svn−/−; svn>SvnS125A flies thus correspond to a weak loss-of-function condition. We 

concluded that our strong loss-of-function alleles of aurB and svn recapitulated the known 

functions of the CPC in a multicellular organism, while the weaker alleles revealed a 

developmental requirement of the CPC in the regulation of the number of germ cells per egg 

chamber.

2) Gain-of-function mutations in aurora B and survivin increase the number of germ cells 
per egg chamber

Next we performed the converse experiment by overexpressing wild type forms of Svn or 

AurB using the nanos-Gal4 driver (nos>), which is expressed specifically in all germ cells of 

the germarium (Fig. 2E). We found that in these nos>Svn or nos>AurB females, a 

significant number of egg chambers had 32 cells and an oocyte with 5 ring canals, 

suggesting that they resulted from one extra division (Fig. 2A,B,G). As a control 

experiment, overexpression of Aurora-A with the same driver did not induce any extra germ 

cell (Fig. 2G). To mimic constitutive phosphorylation of Svn at the AurB consensus site, we 

overexpressed a SvnS125E form. We observed a dramatic increase in both the number of 

germ cells per cyst and the penetrance of the phenotype (Fig. 2C,G). Almost 50% of 

nos>SvnS125E egg chambers had 32 cells or even more, as we found oocytes with 6 ring 

canals (Fig. 2C,G). Furthermore, an insertion of SvnS125E expressed at a low level gave the 

same percentage of extra germ cells than a strongly expressed wild type Svn, indicating that 

SvnS125E is more potent than Svn (Fig. 2D,G). Importantly, the activity of SvnS125E still 

depended on the CPC, as removing one copy of the endogenous svn, aurB or Incenp gene, 
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partially suppressed the extra-germ cells phenotype (Fig. S3A). These results indicated that 

SvnS125E fulfills the genetic definition of a hypermorphic allele of the CPC in our system. 

We thus concluded that loss-of-function of the CPC led to less germ cells per cyst, while 

gain-of-function of the CPC increased the number of germline cells per cyst.

We reasoned that if extra germ cells were caused by additional mitoses in the cyst, one 

would expect the phenotype to be autonomous to the cyst. We thus expressed SvnS125E 

only in dividing germline cysts using the bam-Gal4 driver (bam>), which is expressed from 

cystoblasts to 8-cell cysts, but not in GSCs (Fig. 2F). To our surprise, we did not detect any 

extra germ cells (Fig. 2G). Our results strongly suggested that it was the activity of 

SvnS125E in cells expressing nanos but not bam, i.e. mainly GSCs and some pre-

cystoblasts, which induced extra germ cells in the cyst.

3) Gain-of-function of the CPC leads to the formation of stem-cysts

How might stem cells regulate the number of divisions of their daughter cells? To address 

this question, we performed live-imaging of GSCs expressing nos>SvnS125E-GFP. 

Surprisingly, these GSCs were dividing synchronously with several neighboring germ cells 

(Fig. 3A, Movie 3, n=9/10), suggesting that they may be physically connected, which is 

never seen in a wild type situation (n>50 in WT, Fig.S7, Movie7). We then analyzed the 

spectrosome in these GSCs and found that spectrosomes were branched as fusomes, and 

linked GSCs with up to 8 other germ cells (44,7%, n=85) (Fig. 3B). These results pointed to 

an arrest of cytokinesis and showed that these cells were connected by a fusome, which 

could explain their synchrony in mitosis. To characterize whether these groups of cells were 

stem cells or cyst cells, we used several markers of identity. These clusters did not express 

Bam, a differentiation marker of the cyst (Fig. 3C,D), but weakly expressed Nanos like in 

stem cells (Fig. 3E,F) (Gilboa and Lehmann, 2004; McKearin and Ohlstein, 1995). 

Furthermore, only the cell in direct contact with niche cells was positive for p-Mad, a 

reporter of the Dpp pathway activation (Fig. 3G,H) (Song et al., 2004). These synchronous 

cells thus had characteristics of both stem cells and cyst cells; we thus named them “stem-

cysts”. Stem-cysts may also represent an intermediate state of differentiation as postulated 

previously (Gilboa et al., 2003).

These stem-cysts did not grow indefinitely, however, and we observed that their fusome 

eventually broke down (Fig. 3I, J, arrow), indicating that SvnS125E delayed abscission, but 

did not block it completely We thus hypothesized that complete abscission of the oldest links 

in stem cysts will generate “cystoblast-like” precursors made of two or more cells. In this 

model, a two-cell cystoblast will go through the regular four mitoses and give rise to a 32-

cell cyst indistinguishable from a 32-cell cyst generated by 5 rounds of division of a single-

cell precursor (Fig. 3K,L). We thus proposed that 32-cell cysts did not come from extra 

mitoses in the cyst, but that they could be generated by an abscission delay in GSCs and the 

formation of two-cell cystoblasts.

4) The CPC regulates abscission in the germline stem cell lineage

The CPC is known to be required for furrow ingression during cytokinesis, but an excess of 

its activity later on at the midbody was recently proposed to delay abscission (Norden et al., 
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2006; Steigemann et al., 2009). In the germline, we noticed that Svn localized on the 

fusome, which forms at the midbody in both GSCs and differentiated cysts (Fig. 5A). We 

further observed that SvnS125E localized like Svn on the fusome (Fig. 4A). We reasoned 

that this concentration of SvnS125E at the fusome/midbody may cause the abscission delay 

in GSCs. To test this idea, we expressed nos>SvnS125E in hts mutant ovaries, which totally 

lack a fusome (Yue and Spradling, 1992), and counted the number of synchronous cells 

dividing, one being attached to the niche. On average, we found that 3 cells were dividing 

simultaneously in nos>SvnS125E stem-cysts. In the absence of fusome, we mostly found 

single GSC dividing like in the wild type control (Fig. 4B–E and Fig.S7, Movie7). We thus 

concluded that the fusome played a key role in the formation of stem-cysts and the inhibition 

of abscission by SvnS125E.

Overall, our results showed that the extra germ cells induced by a gain-of-function of the 

CPC are caused by an abscission delay in GSCs. We thus hypothesized that the reduction of 

germ cell number upon loss-of-function of the CPC may be caused by premature abscission 

in the cyst. In this model, complete abscission of a 2-cell cyst will give rise to two single 

cells carrying on to make the three remaining divisions, thus generating two cysts of 8 cells 

(Fig. 4M). In support of this model, we observed in hypomorphic aurB1689 mutants, 2-cell 

cysts linked by a thin thread of fusome, which indicates that abscission is about to be 

completed (Fig. 4G,H; arrow). These threads of fusome are never seen in wild type cysts, but 

have been described during de-differentiation experiments when cysts complete abscission 

and breaks into single cells (Kai and Spradling, 2004). We further noticed that 8-cell cysts 

were found in pairs at a frequency 3 times higher than expected if their distribution was 

random (0.048 observed vs 0.016 expected p < 0.005; see Supplementary Experimental 

procedures), suggesting that each pair of 8-cell cysts was derived from a single precursor. In 

addition, we found that removing one copy of bam strongly rescued aurB1689 phenotype 

(from 17% to 4% of 8-cell cysts), indicating that the phenotype is caused by the reduction of 

AurB activity in the cyst and not in the GSC (Fig. 4F). To validate this conclusion, we 

expressed a wild type AurB transgene driven by the bam promoter in an aurB1689 

homozygous background and found a strong rescue of the 8-cell cyst phenotype (4%; 

n=153; Fig. 4F). Altogether, our results demonstrate that the CPC is required in the wild 

type cyst to inhibit abscission during the first mitosis of the cystoblast (i.e. at the 2-cell 

stage), and that abscission becomes precocious in aurB1689 mutant cysts. We further tested 

this conclusion in GSCs, which are known to remain connected and synchronous with their 

daughter CB until at least the G2 phase of the next cycle (de Cuevas and Spradling, 1998). 

Indeed, a 30 min pulse of EdU equally labels GSC and CB indicating that they replicated 

their DNA at the same time, and thus that they were still connected during S phase of the 

following cycle. As reported previously, we found that all pairs of wild type GSC and CB 

showed equal staining of EdU (100%, n=47; Fig. 4K,L) (de Cuevas and Spradling, 1998). In 

contrast, we found that GSC and CB were asymmetrically stained in 17% of aurB1689 

mutant pairs (Fig. 4K,L; n=62), revealing asynchronous behaviors already before or during S 

phase and suggesting complete abscission. We concluded that a reduction in Aurora B 

activity induced a precocious abscission in both GSCs and germline cysts.
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5) Aurora B is required for Cyclin B phosphorylation

Next we asked what the targets of Aurora B that regulate the timing of abscission might be. 

To find putative substrates, we performed immuno-precipitations of Svn-GFP, AurB-RFP 

and HA-AurB from embryos, and sequenced the interactors by mass-spectrometry. We 

repeatedly found peptides matching CycB sequence, which caught our attention as CycB 

was previously shown to regulate cell number of germline cysts (Lilly et al., 2000). We 

confirmed this interaction by co-immunoprecipitation of HA-AuroraB with Cyclin B-GFP 

(Fig. 5C). We generated a full length CycB-GFP transgene, which could rescue cycB null 

mutant flies, and found that it localized like Svn on the GSC spectrosome and cyst fusome 

during interphase (red arrow on GSC1; Fig. 5B). We analyzed its dynamic localization 

during mitosis and observed that it marked the centrosomes and kinetochores as expected 

(green arrows for the centrosomes; Fig. 5B). Interestingly, we noticed that a pool of CycB-

GFP accumulated at the intercellular bridge during late cytokinesis (red arrow; Fig. 5D). A 

similar localization was found for endogenous CycB (Fig. 5E). Reducing the level of CycB 

greatly enhanced nos>SvnS125E gain-of-function phenotype, demonstrating a negative 

genetic interaction between the CPC and CycB (Fig. 5F). We also noticed 5 sites fitting the 

phosphorylation consensus of Aurora B in the N-terminal part of CycB. Two consensus sites 

are also present in the N-terminal region of human CycB2 (Fig. 5G). In order to examine 

whether Drosophila Cyclin B was phosphorylated in vivo, we generated an antibody against 

a phospho-peptide corresponding to one of these sites (pS157) (Fig. 5G). This antibody 

recognized CycB from wild type extracts, but not a non-phosphorylatable CycB-5A form, 

where all 5 sites were changed into Alanines (Fig. 5H). The Alanine substitutions, however, 

may not be recognized by our antibody. To further test the specificity of our antibody, we 

treated wild type ovarian extracts with lambda phosphastase. We found that after this 

treatment the wild type form of Cyclin B was not recognized anymore by our anti-pCycB 

(Fig. 5I), indicating that this antibody marked the phosphorylated form of CycB but not the 

unphosphorylated CycB (at least at S157). This result further demonstrated that the 

phosphorylated form of CycB at S157 existed in vivo in ovarian extracts. We next tested 

whether this phosphorylation event was dependent on Aurora B activity. We inhibited 

Aurora B with the widely used ZM447439 drug. We found a strong reduction of almost 50% 

in the pS157-CycB signal for equal amounts of total CycB (Fig. 5J). We concluded that this 

phosphorylation depended on Aurora B activity. Taken together our results demonstrate that 

AurB and CycB interact in vivo, that they both localize at the fusome and the midbody in the 

germline, and that phosphorylation of CycB at S157 depends on AurB activity.

6) Cyclin B phosphorylation regulates abscission in the germline stem cell lineage

In order to test in vivo the potential role of the AurB-dependent phosphorylation of Cyclin 

B, we generated transgenic flies expressing a phosphomimic form of CycB at all five sites 

(CycB-5E). We found that nos>CycB-5E phenocopied nos>SvnS125E flies with a high 

percentage of 32-cell cysts containing an oocyte with 5 ring canals (Fig. 6A, B). These 32-

cell cysts were also generated by the formation of stem-cysts rather than a fifth division, as 

we found branched fusomes originating from GSC in 55% of germaria (n=47; Fig. 6C) and 

synchronous divisions in stem cells expressing CycB-5E (Fig. 6D, Movie 4), while these 

cells remained Bam negative (Fig. 6E). In addition, we co-expressed a photoactivable-GFP 

fused to α-tubulin, which could freely diffuse in the cytoplasm. We found that 
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photoactivation with a 2-photon laser of any cell of a stem-cyst in G1/S phase (CycB-5E-

GFP is absent in G1/S) led to a rapid diffusion of the fluorescence throughout the stem-cyst 

including the most anterior stem cell, which had not been activated (Fig. 6F, Movies 5 and 

6). We concluded that these cells were sharing the same cytoplasm and that abscission was 

incomplete in nos>CycB-5E stem-cysts. Furthermore, expression of CycB-5E only in the 

cyst (bam>CycB-5E) had a wild type phenotype, as observed when SvnS125E is also driven 

by bam (Fig. 6B). In contrast, wild type CycB or non-phosphorylatable CycB-5A induced a 

significant number of 32-cell cysts when expressed in the cyst (driven by the bam promoter) 

but not driven by the nanos promoter, indicating instead a fifth division in the cyst (Fig. 6B).

CycB-5E delays abscission as a gain-of-function of the CPC, which we showed to negatively 

interact with CycB (Fig. 5F). CycB-5E thus behaved as a dominant-negative form for Cdk-1 

activity, at least regarding abscission. In support, co-expression of a wild type UAS-CycB, 

but not of a neutral UAS-GFP, partially rescued the number of 32-cell cysts induced by 

CycB-5E (Fig. 6G). If CycB-5E behaved as a dominant negative form, then one should 

expect the same phenotype in CycB loss-of-function. In the complete absence of CycB, 

mutant flies are viable, but sterile with almost no germ cells as there is a specific 

requirement for CycB in germline stem cells self-renewal (Wang and Lin, 2005). To 

circumvent this problem, we expressed a newly developed RNAi TRiP line against CycB in 

GSCs and we occasionally found stem-cysts with branched fusomes (6.25%; n=127), and 

resulting egg chambers made of 32 cells (13%; n=44), as well as the expected 8-cell cysts 

(Fig. 6H–I) (Ni et al., 2011). These results are in agreement with CycB-5E being a dominant 

negative form. Nevertheless, CycB-5E could rescue cycB mutants sterility (data not shown), 

and cycled like wild-type CycB (Movie 4; Fig. S4).

Overall, our results showed that CycB promotes abscission and that its phosphorylation by 

Aurora B inhibits this activity. If Cyclin B was the main target of Aurora B during this 

process, one could make at least two predictions: 1) expression of the non-phosphorylatable 

CycB-5A should mimic the absence of AurB/Svn; and 2) expression of phospho-mimic 

CycB-5E should compensate for the absence of AurB/Svn. We found that the expression of 

CycB-5A induced the appearance of breaking fusome in 2-cell cysts as seen in 

aurB1689mutant cysts (Fig. 6J). We also detected asynchronous pairs of GSC/CB (16%; 

n=26) similar to aurB1689mutant pairs (17%; n=62; Fig 6K,L). We concluded that, like in 

aurB mutants, abscission is precocious in GSC and 2-cell cysts expressing CycB-5A. To test 

the second prediction, we expressed CycB-5E in aurB1689 mutant cyts, in which we had 

found a premature abscission at the 2-cell cyst stage (leading to the formation of 8-cell 

cysts). We found a strong reduction in the number of 8-cell cysts when aurB1689 flies also 

expressed bam>CycB-5E (from 14,5% to 3,5% of 8-cells cyst, Fig. 6M,N). Importantly, this 

rescue was not the consequence of a combination of two phenotypes (32-cell cyst induced 

by CycB-5E, broken into two 16-cell cysts by aurB1689 mutation), as we expressed CycB-5E 

with the bam promoter, i.e. only in the cyst and not in GSCs, and bam>CycB-5E had no 

phenotype on its own (Fig. 6B). In contrast, bam>CycB and bam>CycB-5A induced a 

significant number of cysts with 32-cells indicating that these forms were able to force an 

extra-division in cysts (Fig. 6B), and could not be used in an aurB1689 mutant background. 

We thus concluded that loss of phosphorylation of CycB accounted for most phenotypes 

observed in aurB1689 mutants and that CycB is a major target of the CPC in the regulation of 
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abscission. Overall, our results showed that Aurora B delays abscission by antagonizing 

Cyclin B activity in Drosophila germ cells.

7) Cyclin B2 localizes at the intercellular bridge, and Aurora B and Cdk-1 have opposite 
effects on abscission timing in human cell culture

As mentioned previously Cyclin B2 in vertebrates, but not Cyclin B1, exhibits two 

consensus sites for Aurora B in its N-terminal domain (Fig. 5G). We found that in mouse 

embryonic fibroblasts (MEF) endogenous CycB2 localized at the intercellular bridge where 

MT are less dense (Fig. 7A). This signal was specific as MEF derived from CycB2 Knock-

Out mice did not show this staining (Fig 7B). Human CycB2 tagged with GFP also localized 

at the intercellular bridge in HeLa cells (Fig. 7C,D,E). Next, we tested directly whether 

CycB2/Cdk-1 was required for abscission by inhibiting Cdk-1 activity only after the 

ingression of the cytokinetic furrow of Hela cells. Drugs used to inhibit Cdk-1(Cdk inhibitor 

III and RO-3306 (Gavet and Pines, 2010b)) were added well after metaphase (around 60 

min), i.e. well after any known function of Cdk-1 (Fig. 7F). We found that both drugs 

induced a strong delay in the completion of abscission (Fig. 7G and not shown for 

RO-3306). Abscission duration was increased by 50% on average (216 min in control vs 317 

min in treated cells p=0,0056; Fig. 7H). We concluded that Cdk-1 activity promotes 

abscission during late cytokinesis. Conversely, inhibition of Aurora B with the ZM447439 

drug had the opposite effect and induced precocious abscission (171 min; Fig. 7G), as 

previously reported (Steigemann et al., 2009). Furthermore, we found that the simultaneous 

inhibition of Aurora B and Cdk-1 restored normal timing (216 min in control vs 235 min in 

treated cells p=0,135 (not significant); Fig. 7G,H). We concluded that Aurora B and Cdk-1 

have opposite activities on abscission timing in mammalian cells.

DISCUSSION

1) Aurora B and Cyclin B regulate abscission

Collectively, our data point to a simple model for the regulation of abscission in the 

germline. We propose that the accumulation of Aurora B on the fusome at the site of 

abscission creates a local activity of the CPC, which phosphorylates Cyclin B and delays 

abscission. In support of this model, we found that increasing the level and activity of the 

CPC delayed abscission in GSCs, while a decrease led to premature abscission in 2-cell 

cysts. Conversely, a decrease in Cyclin B slowed down abscission in GSCs and counteracted 

premature abscission in mutant cysts with reduced Aurora B level (Fig. 7I). Furthermore, 

inhibition of Cdk-1 after furrow ingression in HeLa cells delayed abscission, while 

inhibition of Aurora B led to faster abscission (Fig. 7G,H). Our work also demonstrates that 

phoshorylation of CycB depends on Aurora B and inhibits CycB activity during late 

cytokinesis. Interestingly, this antagonistic relationship is reverse during early cytokinesis 

(Fig. 7I), as high CycB/Cdk-1 blocks the initiation of cytokinesis (Echard and O’Farrell, 

2003; Sigrist et al., 1995), while Aurora B is known to promote it (Ruchaud et al., 2007). 

Furthermore, it was recently shown that CycB-Cdk-1 can directly phosphorylate the CPC to 

trigger its localization to inner centromeres and inhibit its localization to the spindle 

midzone through Mklp2 (Gruneberg et al., 2004; Hummer and Mayer, 2009; Tsukahara et 

al., 2010). On the one hand, CycB/Cdk-1 negatively regulates the localization of the CPC to 
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the midzone and Aurora B function in the early steps of cytokinesis, and on the other hand, 

we found that the CPC negatively regulates CycB to inhibit abscission. We propose that a 

balance between the CPC and CycB/Cdk-1 mutual inhibition by phosphorylation plays a 

central role in the regulation of cytokinesis and abscission (Fig. 7I).

How could this balance be shifted from complete cytokinesis in GSCs to arrest of abscission 

in differentiating cysts? One hypothesis is based on the difference of duration of the cell 

cycle between GSCs and germline cysts. GSCs enter mitosis and finish abscission every 24 

hr. In contrast, differentiating cysts cycle much faster and undergo four cell cycles also in 

24h (Morris and Spradling, 2011; Spradling, 1993a). Aurora B could delay abscission 

equally in GSCs and cystoblasts, however, GSCs would have the time to complete 

abscission, while cystoblasts would have already completed their four mitoses and 

differentiation program. Consistent with this hypothesis, when cyst differentiation is blocked 

at the 2-cell stage in bam mutant ovaries, pairs of cells can be seen connected only by a thin-

thread of breaking fusome (McKearin and Ohlstein, 1995), similar to those we observed in 

aurB1689 mutant cysts. In the absence of Bam, mutant ovaries accumulate single cells and 

pair of cells, which are unable to differentiate and are delayed in that state (McKearin and 

Ohlstein, 1995). We thus propose that Aurora B delays abscission in wild type GSCs and 

cystoblasts, and we speculate that cytokinesis can be completed even in cystoblasts, if 

abscission becomes faster such as in aurB1689 mutants, or if differentiation is slower or 

arrested such as in bam mutants.

2) Cyclin B localization and function at the midbody

One surprising finding of our study is the presence and function of CycB at the end of cell 

division, which contrasts with the widely accepted view that all CycB is degraded during 

anaphase (Pines, 2006). Our live-imaging data showed that most of the wild type and 

phosphomimic forms of CycB were indeed degraded at anaphase onset. However, a small 

pool of both forms accumulated later on at midbodies and at ring canals in differentiating 

cysts (Fig 5D,E and S4B). This localization of CycB is conserved in several species as we 

report that CycB2 also accumulates at the midbody in mouse and human cells (Fig. 7A–D). 

Interestingly, Clb2, a CycB homologue in yeast, was shown to localize at the bud neck 

(Eluere et al., 2007). Finally, Cdk-1 was also isolated from biochemically purified midbodies 

in a proteomic screen for functional components of cytokinesis (Skop et al., 2004). CycB 

and Cdk-1 thus localize at the midbody in several model systems.

Our genetic analysis showed that CycB plays an important function in counteracting Aurora 

B inhibition of abscission. This novel function may help to solve a lasting paradox of the 

regulation of the cell cycle in germ cells. Indeed, overexpression of string/cdc25, an activator 

of Cdk-1, which should force extra mitoses, instead induces mostly 8-cell cysts (Mata et al., 

2000). Even more puzzling, a few 32-cell cysts are also produced in the same experiment. In 

contrast, overexpression of Tribbles (and Wee1 and Myt1 ((Jin et al., 2005) and S. Campbell, 

pers. comm.), which are known inhibitors of Cdc25 and Cdk-1, produce 32-cell cysts rather 

than the expected 8-cell cysts (Mata et al., 2000). In agreement with these counter-intuitive 

results, we found that reducing CycB levels could also produce some 32-cell cysts (Fig. 6I). 

However, in light of our model, activation of Cdk-1 could lead to premature abscission in 
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germline cysts and explain the 8-cell cysts, whereas inhibition of Cdk-1 could delay 

abscission in GSCs and produce 32-cell cysts. Furthermore, activation or inhibition of CycB/

cdk-1 in both GSC and cyst at the same time (as in homozygous mutants or overexpression 

using the nanos promoter) would lead to various combinations of opposite phenotypes (8-, 

16- and 32- cells), because loss- or gain-of-function of cycB/cdk-1 have opposite effects in 

the two cell types.

3) Inhibition of abscission in germline and somatic cells

One intriguing observation in our results is that a decrease of the CPC activity leads to the 

formation of cysts made of precisely 8 cells, but not of 4 or 2 cells. It shows that the first 

division of the cystoblast is particularly sensitive to a reduction of Aurora B activity, but not 

the three remaining divisions. In agreement, we only found breaking fusomes in 2-cell cysts, 

but not in cysts with more branched fusomes. As described above, this phenotype is 

reminiscent of defects found in bam mutant ovaries (McKearin and Ohlstein, 1995). We thus 

propose that inhibition of abscission in the first division of the cystoblast is different from 

the three following mitosis. We suggest that initially this first division is very similar to a 

GSC division and both abscissions are delayed by Aurora B, however, when Bam starts to be 

expressed in cystoblasts, it triggers a developmental program, which completely blocks 

abscission of the first and following divisions, as previously proposed by McKearin and 

Ohlstein.

We believe that these findings have important implications for our understanding of 

abscission in germ cells, but also in somatic cells in general. Cytokinesis can also be arrested 

in follicle cells and other somatic tissues where there is no fusome or transcription of bam 
(Airoldi et al., 2011; de Cuevas and Spradling, 1998; Haglund et al., 2010). We further 

demonstrated that CycB2 localizes at the intercellular bridge, and that Aurora B and Cdk-1 

have opposite effects on abscission in vertebrate somatic cells. Interestingly, although mice 

KO for Cyclin B2 are viable, males are less fertile and have small litter size (Brandeis et al., 

1998). We speculate that germ cells may be more sensitive to abscission defects than 

somatic cells, but that the underlying mechanisms are very similar.

SUMMARY of EXPERIMENTAL PROCEDURES

Fly Strains

The PBac2180 insertion was identified in a previous screen (Mathieu et al., 2007), and 

PBac1527 was obtained at the Bloomington Stock Center. Mutations in aurB were generated 

during two independent EMS mutagenesis and screens. The following alleles and transgenes 

were used: bamΔ86 (Bopp, 1993); hts1; hts01103 (Yue, 1992), cycB2 and cycB 3(Jacobs, 

1998); cycBKG08886 (Bloomington Stock Center); UAS-PA-GFP (Murray, 2007); UAS-Trip 
cycB (Ni, 2011); Ubq-RFP-α-Tubulin (Basto, 2008); cid-RFP (Schuh, 2007), H2B-RFP 
(Schuh, 2007) and jupiter-GFP (Karpova, 2006).

Cell culture, transfection and drug treatments

Transfection of ATCC cells were performed using FuGENE-6 (Roche). The plasmid 

encoding myc-CycB2-GFP was obtained from J. Pines via J.Sobczack.
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HEK 293T (2.106) cells were transfected by the plasmids pCMV-HA-AurB and/or pCMV-

cycB-GFP (4 μg total) using PEI (Polyethylenimine).

Cells have been treated with 2 μM ZM447439 (TOCRIS Bioscience) and/or with 300 nM 

cdk1/2 inhibitor III (Merk).

Constructs and Antibodies

To generate the genomic rescue construct of survivin, a PCR fragment corresponding to the 

survivin locus was amplified from genomic DNA. The making of svn>svnΔBIR, 

svn>svnC97A, svn>svnS125A, svn>svnT129A, svn>svnS125A,T129A, UASp>svnWT-
GFP, UASp>svn125E-GFP, tub>RFP-aurB, pUASp>RFP-aurA, pUASp>CycB-WT-GFP, 
pUASp>CycB-5A-GFP, and pUASp>CycB-5E-GFP are detailed in the Supplementary 

Files.

A phosphorylated Cyclin B peptide, SNLSKKS157(PO3H2)LTKLR, corresponding to the 

4th potential Aurora-B phosphorylation site, was synthesized and used for immunization of 

two rabbits (Eurogentec).

Quantification and Statistics

We counted the number of nuclei with the DAPI staining. In addition, the number of ring 

canals stained by Phalloidin was counted for the oocyte to discard encapsulation defects. 

Chi-square tests were used to compare the proportions of egg chambers having 8, 16 or 32 

cells.

Microscopy

Acquisition of Z-stacks on fixed sample was carried out on Zeiss LSM710 or LSM780 

confocal microscopes. For live imaging of germarium, ovaries were dissected and mounted 

in oil and were imaged with an inverted Confocal Spinning Disk Roper/Nikon.

HeLa cells were plated on 35mm glass dishes, and time-lapse sequences were recorded 

every 10 or 12 min for 24 h on a Nikon Eclipse Ti microscope with a ×20 0.45 NA Plan 

Fluor ELWD objective lens controlled by Metamorph 6.1 software (Universal Imaging).

Photo-activation was done with a 2-photon laser at 820nm. Imaging was done with a Zeiss 

LSM 710.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

1. Aurora B delays abscission in Drosophila germline cysts

2. Cyclin B localizes on the fusome and promotes abscission

3. Aurora B opposes CycB-Cdk1 activity by phosphorylating Cyclin B

4. Aurora B and CycB2-Cdk1 have opposite effect on abscission timing in HeLa 

cells
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Figure 1. Identification of survivin and aurora-B loss of function alleles
(A) Scheme showing an ovariole with a germarium linked to 2 growing egg chambers (left), 

and a close up on a germarium (right). The egg chambers are formed of 16 germline cells, 

15 nurse cells and one oocyte (in yellow), surrounded by a follicular epithelium. The egg 

chamber matures from germline stem cell to germline cyst (left to right), and encapsulation 

of the cyst by follicular cells in the germarium. At the anterior tip of the germarium, the 

germline stem cell divides asymmetrically and produces a cystoblast (CB). The spectrosome 
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in the GSC and the fusome in its progeny (in red in the right scheme) are germline specific 

organelles. Anterior is on the left, posterior on the right.

(B–E) Stage 7 egg chambers from WT, svnPBac2180 GLC, ial1689 or svnPBac2180; 
svn>SvnS125A females, stained with DAPI (DNA) and phalloidin (F-actin). On the right, 

close up on oocytes. Red arrows indicate the 4 ring canals in the control oocyte, and the 3 

ring canals in the mutant backgrounds.

(F–G) Mapping of the ial/aur-B and deterin/svn alleles.

(H) Structure of the svn transgenes generated, and their ability to rescue the viability of the 

svnPBac2180 mutants.

(I) Fraction of egg chambers exhibiting less than 16 cells (8 cells here) on the Y axis. 

Genotypes are on the X axis.

Scale bar: 10 μm. See also Figure S1; Figure S2
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Figure 2. Svn and the CPC regulate the number of germ cell per egg chamber
(A–C) Stage 7 egg chambers of females expressing SvnWT-GFP (A), HA-AurB (B) or 

SvnS125E-GFP (C) under the control of the nanos-Gal4 driver (nosG4) stained with 

phalloidin. On the right, close up on the oocyte. Red arrows indicate the 5, 5 and 6 oocyte 

ring canals in SvnWT-GFP (A), HA-AurB (B) or SvnS125E-GFP (C) respectively.

(D) Ovaries from females expressing Svn-GFP variants, WT or S125E, were processed for 

Western blot analyses. Two insertions of SvnS125E-GFP (2nd and 3rd lanes) are shown.
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(E–F) Germaria of females expressing GFP under the control of the nanos-Gal4 (E, nosG4) 

and bam-Gal4 (F, bamG4) drivers, stained with DAPI and α-spectrin. The Germline Stem 

Cells (GSC, surrounded by dotted lines) are GFP positive with nosG4, not with bamG4.

(G) Fraction of egg chambers exhibiting more than 16 cells on the Y axis. Genotypes are on 

the X axis.

Scale bar: 10 μm. See also Figure S3, Figure S6
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Figure 3. SvnS125E generates stem cysts
(A) H2B-RFP in red and SvnS125E-GFP in green. One GSC (attached to the Cap Cells) and 

3 neighboring cells undergo mitosis synchronously.

(B) Expression of SvnS125E-GFP with nanos-Gal4 induces the formation of branched 

fusome (α-spectrin, red) in GSC attached to CC.

(C–H) Germaria of a WT females (C, E, G) or females expressing SvnS125E under the 

control of nanos-Gal4 driver (nosG4), stained for α-spectrin (green), and either Bag of 

marble (Bam C,D, red), Nanos (E–F, red), or p-Mad (G, H, red).
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(I–J) Germarium expressing nos>SvnS125E. A branched fusome (white) is breaking at the 

posterior part (close up in J). The red arrow indicates a thin thread of α-spectrin, probably 

the breaking point.

(K–L) Schemes representing the mitotic events in WT (K) and in SvnS125E (L) expressing 

germaria. (K)

Scale bar: 10 μm. See also Figure S7, Movie 3, Movie 7.
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Figure 4. The CPC regulates abscission in the germline
(A) Germarium expressing nos>SvnS125E. SvnS125E-GFP (green and white in A′) 

colocalizes with α-spectrin (red) on the fusome (arrows).

(B–D) Germaria expressing either nos>SvnS125E-GFP (C, E) or nos>SvnWT-GFP (D) in a 

WT (C) or hts mutant background (D, E), stained with pH3S10 (red) to highlight mitotic 

cells.

(E) Number of synchronously dividing cells, counted only when the most anterior is a GSC.
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(F) Fraction of egg chambers exhibiting less than 16 cells on the Y axis. Genotypes are on 

the X axis. The penetrance of aurB1689 phenotype is rescued by a reduction in Bam level, or 

by addition of AurB in the cyst only (bam>AurB).

(G–H) Germaria of WT (H) and aurB1689 (I) females, stained for α-spectrin (green) and 

DNA (blue). (G) A snowman-shape fusome observed in a 2-cell cyst. Abscission is occuring 

between a GSC and its daughter CB (arrow). (H) Breaking fusome in a aurB1689 mutant 2-

cell cyst. Arrows point to a thin thread of fusome.

(I–J) Germaria of a WT (J) and an aurB1689 (K) females, stained for Edu (red) and α-

spectrin (green), showing S-phase synchrony between the GSC and its daughter CB in WT 

(J), but not in aurB1689 (K) females.

(K) Fraction of GSC/CB pair showing S-phase asynchrony on the Y axis, in %. Genotypes 

are on the X axis.

(L) GSC/CB ratios of EdU fluorescence in WT (grey) and in aurB1689 mutant (blue). S-

phase synchrony is revealed by a ratio close to 1.

(M) Scheme representing the mitotic events and premature abscission in aurB1689 germaria.

Scale bar: 10 μm. Error bars are SD. See also Figure S7, Movie 7.
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Figure 5. Aurora-B is required for phosphorylation of Cyclin B during mitosis
(A) Germarium expressing nos>SvnWT-GFP stained with phalloidin (red) and DAPI (blue). 

GFP is in green. The spectrosome (arrows white in A, red in A′) is enriched in F-actin and 

SvnWT-GFP.

(B) Germarium expressing nos>CycB-WT-GFP, which localizes on the spectrosome (red 

arrow in GSC1), and centrosomes in metaphase (green arrows in GSC2).

(C) HEK293T cells were transfected with HA-AurB alone or with cycB-WT-GFP 

expressing vectors, and were processed for immuno-precipitation (IP) with anti-GFP 

antibody, and western blot analyses, with the GFP and HA antibodies. HA-AurB and CycB-

GFP co-immunoprecipitate.
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(D) Germarium expressing nos>CycB-WT-GFP. Note the presence of GFP at the midbody 

linking the GSC and its CB (red arrow).

(E) Germarium of a WT female stained with anti-α-spectrin (green in overlay) and anti-

CyclinB (red in overlay) antibodies. Endogenous CycB localizes on the fusome and at the 

midbody (red arrows in E′ and E″).

(F) Fraction of egg chambers exhibiting less than 16 cells (blue), 16 cells (grey) and more 

than 16 cells (red) on the Y axis. Genotypes are on the X axis. The penetrance of the 

SvnS125E phenotype (more than 16 cells) is enhanced by a reduction in CycB level.

(G) Alignment of Drosophila melanogaster Cyclin B with human Cyclin B1 and Cyclin B2. 

The pink arrowheads indicate Aurora-B consensus site of the N-terminal regions of the 

different Cyclins. The sequence of the phospho-peptide used to generate the phospho-

specific Cyclin B antibody is shown (the p-Serine is indicated by P)

(H) Embryos expressing CycB-WT-GFP or CycB-5E-GFP were processed for immuno-

precipitation (IP) and western blot analyses, with the p-CycB antibody or total CycB. 

CycB-5A is poorly recognized by the anti p-CycB antibody.

(I) Embryos expressing CycB-WT-GFP were processed for immuno-precipitation (IP) and 

λ-phosphatase treatment, followed by western blot analyses, with the p-CycB antibody or 

total CycB. Upon λ-phosphatase treatment, the p-CycB positive band is not detected 

anymore.

(I) HEK293T cells transfected with CycB-WT-GFP expression vector were treated with 

ZM447439 or DMSO as a control, processed for immuno-precipitation (IP), and analyzed 

by western blot, with anti- p-CycB antibody or anti-CycB. p-CycB level is diminished upon 

ZM447439 treatment. The percentages represent the amount of p-cycB detected relative to 

the one in DMSO treated cells.

Scale bar: 10 μm. See also Figure S5
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Figure 6. Cyclin B phosphorylation regulates abscission in the germline
(A) Stage 7 egg chambers expressing nos>CycB5E-GFP stained with phalloidin (F-actin). 

Red arrows indicate the 5 ring canals of the oocyte.

(B) Fraction of egg chambers exhibiting more than 16 cells on the Y axis. Genotypes are on 

the X axis. CycB5E phenocopies SvnS125E.

(C–D) nos>CycB-5E-GFP localizes on the fusome in interphase. Stem cysts with branched 

fusomes form (C), and mitosis are synchronous within the stem cyst (D). In D, 4 metaphase 
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cells are visible, with GFP accumulation at the centrosomes, centromeres, and weakly on the 

fusome.

(E) Germarium expressing nos>CycB5E-GFP stained with DAPI (blue) and Bam (red, and 

white in E′). The stem cyst does not express Bam.

(F) Selected time points of a germarium expressing nos>CycB5E-GFP and nos>Tubulin-PA-

GFP. In F1, no CycB5E-GFP is visible in the selected cyst because cells are in G1 or S 

phase. In F2, Tub-PA-GFP is photo-activated in a region defined by a red circle, and the 

fluorescence diffuses to cell 1 and cell 2 very rapidly. In F3, PA-GFP is activated in cell 1, 

and in cell 3 in F5. In F6, all cells have the same level of fluorescence, including the GSC, 

which has not been directly activated. It demonstrates that Tub-PA-GFP could diffuse in all 

cells and that abscission remained incomplete in cyst expressing CycB5E.

(G) Fraction of egg chambers exhibiting more than 16 cells on the Y axis. Genotypes are on 

the X axis. Expression of CycB-WT can partially suppress the CycB5E overexpression 

phenotype.

(H) Germarium expressing RNAi directed against cycB in germ cells (nanos driver), stained 

with DAPI (blue) and fusome (red). A stem cyst, formed of 3 cells, is shown (dotted line).

(I) nos>CycB-RNAi induces the formation of oocytes with 5 ring canals (arrows). F-actin 

stained with phalloidin.

(J) Germarium expressing nos>CycB-5E shows a fusome (green) breaking (arrow) in a 2-

cell cyst (dotted line). α-spectrin (green).

(K) Germarium expressing nos>CycB-5E stained for Edu (red) and α-spectrin (green), 

showing that S-phase synchrony between the GSC (Edu negative) and its CB (EdU positive) 

is lost in these females.

(L) Fraction of GSC/CB pair showing S-phase asynchrony on the Y axis, in %. Genotypes 

are on the X axis.

(M) Fraction of egg chambers exhibiting less than 16 cells on the Y axis. Genotypes are on 

the X axis. The loss of AurB can be rescued by expression of CycB5E only in the cyst with 

the bam-Gal4 driver.

(N) Example of a stage 7 “rescued” oocyte, mutant for aurB1689 and expressing 

bam>CycB-5E. Red arrows indicate the 4 ring canals in the oocyte.

Scale bar: 10 μm. See also Figure S4, Movie 4, Movie 5, Movie 6.
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Figure 7. CycB2 localizes at the intercellular brigde; and Cdk activity regulates abscission timing 
in mammalian cells
(A–B) Confocal sections of control (A) or cyclin B2 knock out (B) MEFs stained for 

Tubulin (red) and Cyclin B2 (green).

(C–D) Confocal sections of HeLa cells transfected with GFP (E) or Cyclin B2-GFP (F) 

expressing vectors, stained for Tubulin (red) and DNA (DAPI, blue).

(E) Mean ratio of the fluorescence at the midbody/fluorescence in the cytoplasm of HeLa 

cells transfected with GFP (left, grey bar) or Cyclin B2-GFP (right, green bar).
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(F) Cells were imaged from metaphase (tp 0min) till abscission (tp 204min). Drugs or 

DMSO were added only once furrow had ingressed into a thin bridge (green arrow, tp 

60min). Abscission duration was determined as the time between complete abscission and 

start of furrow ingression (tp 12min). The midbody is visible as a dense structure in the 

bridge (see insets). At tp 204min, the bridge is cut.

(G) Cumulative plot showing the fraction of HeLa cells (%) that have completed abscission 

in function of the duration of abscission (min) upon DMSO (n=223), cdk1/2 inhibitor III 

(n=215), ZM447439 (n=223), or both drugs (n=247). p values (Kolmogorov-Smirnov Test) 

are indicated.

(H) Mean abscission duration of HeLa cells treated with cdk1/2 inhibitor III, ZM447439, or 

both drugs. p values (student test) are indicated.

(I) Schematic model of the interactions between the CPC and CycB/Cdk1 during early and 

late cytokinesis. See text for more details.

Scale bar: 10 μm. Error bars are SD.
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