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Abstract 

Cytokinetic abscission involves the fine and regulated recruitment of membrane remodeling 

proteins that participate in the abscission of the intracellular bridge that connects the two dividing 

cells. This essential process is mediated by the concomitant activity of the endosomal sorting 

complex required for transport (ESCRT) and the vesicular trafficking directed to the midbody. 

Phosphoinositides (PtdIns), produced at plasma membrane and endosomes, act as molecular 

intermediates by recruiting effector proteins involved in multiple cellular processes, such as 

intracellular signalling, endo- and exo-cytosis and membrane remodelling events. Emerging 

evidences suggest that PtdIns have an active role in recruiting key elements that control the stability 

and the remodelling of the cytoskeleton from the furrow ingression to the abscission, at the end of 

cytokinesis. Accordingly, a possible concomitant and coordinated activity between PtdIns 

production and ESCRT machinery assembly could also exist and recent findings are pointing the 

attention on poorly understood ESCRT subunits potentially able to associate with PtdIns rich 

membranes. Although further studies are required to link PtdIns to ESCRT machinery during 

abscission, this might represent a promising field of study. This article is protected by copyright. All 

rights reserved 
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Introduction 

Cytokinesis is the last step of cell division, leading to the physical separation of the two 

daughter cells. In animal cells, it involves an elaborate control of cell shape and cytoskeleton 

rearrangements that progressively constrict the plasma membrane until its cleavage (Agromayor 

and Martin-Serrano, 2013; Barr and Gruneberg, 2007; Fededa and Gerlich, 2012; Nahse et al., 

2017). After the anaphase onset, chromosomes segregate in opposite directions and a plasma 

membrane cleavage furrow ingresses at the cell equatorial plane. This constriction requires the 

assembly of an actomyosin cortical network, mainly composed by RhoA and myosin II, that drives 

cleavage furrow contraction during the early steps of cytokinesis (Yoshida et al., 2006). The two 

dividing cells are then connected by a long intracellular bridge for most of the cytokinesis and the 

stability of this structure depends on actin cytoskeleton and Septins {Fung, 2014 #127}. The 

polarisation of the cytoskeleton requires signalling from the plasma membrane, and this 

communication involves the localised production of phosphoinositides (PtdIns), particularly 

phosphatidylinositol 4,5-bisphosphate (PtdIns-4,5-P2) and phosphatidylinositol 3,4,5-trisphosphate 

(PtdIns-3,4,5-P3) (Suetsugu et al., 2014). Among other lipids, PtdIns are essential phospholipids 

involved in membrane trafficking and cytoskeletal remodelling both during furrow ingression and 

intercellular bridge abscission. (Cauvin and Echard, 2015) Through cytokinesis, membrane 

trafficking plays a crucial role, by increasing the cell surface, delivering specific proteins to the 

midbody/intracellular bridge and by remodelling the local lipid composition of the plasma 

membrane (Echard, 2008). Finally abscission occurs by the sequential assembly of Endosomal 

Sorting Complex Required for Transport (ESCRT) components that progressively constrict plasma 

membrane until its cleavage (Nahse et al., 2017). Direct connections between phosphoinositide 

production, recruitment of cytoskeleton remodelling proteins and ESCRT machinery assembly are 

progressively improving our understanding of this fundamental process during cells division.  

 

How to detect PtdIns in live cell and organisms. 

PtdIns are involved in many aspects of membrane homeostasis and signalling as well as in 

human physiology and disease. The identification of probes specifically recognising intracellular 

PtdIns and able to follow their dynamic changes in levels and localization, might represent an 

important tool to study the role of PtdIns in several processes during the cell cycle. The first 

approach was the identification of purified recombinant proteins to probe PtdIns in fixed cells by 

both immunofluorescence and electron microscopy. These probes were able to recognize and 

provide quantitative data regarding PtdIns(4,5)P2 (Fujita et al., 2009; Hammond et al., 2009; James 
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et al., 2008; Watt et al., 2002), PtdIns(3,4)P2 (Watt et al., 2004), PtdIns(3,4,5)P3 (Lindsay et al., 

2006) and PtdIns3P (Gillooly et al., 2000) levels in cells. However fixation processes and cell 

permeabilization can partially alter PtdIns accessibility and localization, sometimes resulting in 

mislabelling and unspecific staining. More importantly, this technique precludes the analysis of the 

dynamic distribution of the lipids in living cells (Schnell et al., 2012). To avoid these problems, 

alternative pioneering approaches firstly proposed to use PtsIns binding domain as biosensors by 

their fusion to fluorescent proteins (Stauffer et al., 1998; Varnai and Balla, 1998). These probes can 

be ectopically expressed in living cells or even whole organisms (Hardie et al., 2015), providing 

specific enrichment in membrane compartments. A fundamental requirement in this approach is the 

high affinity of the binding probe for a specific PtdIns species and only for that species (Balla et al., 

2000). The sensor would thus report the dynamic changes of the PtdIns concentration visualizing its 

enrichment in specific subcellular regions. This approach can be significantly relevant to study the 

lipid composition during the membrane remodelling events that occur during abscission. The most 

commonly used fluorescent probes to detect PtdIns are summarized in Fig 2. They mainly derive 

from lipid binding domains taken form proteins that exhibited a high binding affinity for a certain 

PtdIns. One of the firstly characterized and widely used in several studies is the FYVE-domain of 

the Early Endosomal Antigen 1 protein (EEA1) (Burd and Emr, 1998; Gaullier et al., 1998). This 

probe, with a very low Kd of 45nM, specifically recognizes PtdIns3P and became mainly localized 

on early endosomal compartments. PtdIns(4,5)P2, the most abundant PtdIns at plasma membrane, 

can also be visualized in live cell imaging by the PH-PLCD1 probe (Garcia et al., 1995; Lemmon et 

al., 1995). However this probe, also partially binds to the cytosolic PtdIns(1,4,5)P3 (Hirose et al., 

1999). A more specific and recently developed probe used to mark PtdIns(4,5)P2 is the 

ENTH/ANTH domain fused to an organic fluorophore that exhibits a blue shift upon membrane 

binding. This approach, by distinguishing between the green cytosolic vs blue membrane-bound 

fluorescence of the probe permits a quantitative imaging of PtdIns(4,5)P2 (Yoon et al., 2011). Even 

the less abundant PtdIns(3,4,5) and PtdIns(3,4)P2 can be revealed by PtdIns binding probes. 

Particularly, the PH-Akt or the PH-Btk and TAPP1-PH-CT can allow the visualization of 

PtdIns(3,4,5) and PtdIns(3,4)P2 respectively (Manna et al., 2007). The P4M domain from 

Legionella SidM was recently developed to permit the study of PtdIns4P production, both in 

dissociated cells (Hammond et al., 2014), and in a whole organism such as the eyes of intact living 

flies. Although the importance of this techniques to study PtdIns production and function in live 

cells and organisms, some limitations of this application exist. Particularly, these probes can 

partially interfere and compete to the endogenous proteins for the binding to PtdIns, resulting in of 

target effects and eventually cell death (Schnell et al., 2012). To avoid this problem is crucial to 
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monitor the expression of the PtdIns binding probes, maintaining it at sufficiently low levels during 

live studies. For example, as shown in Field et al, ten-fold overexpression of GFP-PLC-PH resulted 

in separation of actin from the plasma membrane and binucleation, due to competition for 

PtdIns(4,5)P2 binding to the plasma membrane at the cleavage furrow {Field, 2005 #69}. On the 

contrary, maintaining low levels of the same probe allows to visualize the PtdIns(4,5)P2 levels and 

localization during cell division without interfering to the abscission process {Field, 2005 #69}. 

 

PtdIns production  and function during cytokinesis 

PtdIns(4,5)P2 and PtdIns4P. PtdIns(4,5)P2 is the major phosphoinositide at the plasma 

membrane (Figure 1) (Di Paolo and De Camilli, 2006) that is uniformly localized during early steps 

of mitosis (from prophase to anaphase) and then accumulates at the cleavage furrow and midbody 

during cytokinesis (Figure 2) in a variety of organisms ranging from mammalian to fission yeast 

(Emoto et al., 2005; Kouranti et al., 2006; Zhang et al., 2000). The main source of PtdIns(4,5)P2 at 

the furrow results from the activity of type I PI 5-kinase that phosphorylates PtdIns4P. Consistent 

with their role in abscission, PtdIns4P 5-kinases are enriched at the cytokinesis furrow and in late 

cytokinesis to midbody in yeast (Its3 kinase) (Zhang et al., 2000), in Drosophila (Skitles kinase) 

(Roubinet et al., 2011) and in mammalian (PtdIns4P5-kinase β) (Emoto et al., 2005) cells. In 

addition, PtdIns(4,5)P2 could partially result from the dephosphorylation of PtdIns(3,4,5)P3 driven 

by the phosphatase activity of PTEN (Janetopoulos et al., 2005). Several evidences point out to the 

importance of the synthesis of PtdIns(4,5)P2 during abscission. For example, the overexpression of  

protein modules that selectively bind PtdIns(4,5)P2 increases the number of binucleated cells by 

competing to endogenous proteins for the lipid binding (Field et al., 2005). Similarly, 

overexpression of phosphatases that hydrolyse PtdIns(4,5)P2 (Synaptojanin) or overexpression of 

kinase inactive form of PtdIns4P 5-kinases α and β strongly perturb cytokinesis in both mammals 

(Emoto et al., 2005; Field et al., 2005) and Drosophila (Wong et al., 2005). Of note, the cytokinetic 

furrowing and contraction still occur after perturbing either PtdIns(4,5)P2-producing enzymes 

(Emoto et al., 2005; Roubinet et al., 2011; Wong et al., 2005), or after acute removal of 

PtdIns(4,5)P2 by targeting 5-phosphatase domain (Roubinet et al., 2011). Indeed, PtdIns(4,5)P2 

does not appear to be required for furrow ingression but mainly involved in the maintenance of 

post-furrowing bridge stability by providing a docking region between the plasma membrane and 

multiple cytoskeleton elements such as RhoA, Anillin, septins and MgcRacGAP (Brill et al., 2011). 

This accumulation of PtdIns(4,5)P2 at the intracellular bridge appears to be dynamic because, at 
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least in mammals, its levels rapidly decrease in late stages of cytokinesis and this reduction is 

important for terminal abscission events (Brill et al., 2011; Dambournet et al., 2011).  

The hydrolysis of PtdIns(4,5)P2 to PtdIns4P can be achieved by several 5-phosphatases 

(Figure 1) including Oculo-cerebro-renal syndrome of Lowe (OCRL), Synaptojanin, PIPP, INPP5E, 

SKIP and SHIP (Pirruccello and De Camilli, 2012; Vicinanza et al., 2008). Recent findings 

demonstrate the requirement of at least the OCRL phosphatase during abscission (Ben El Kadhi et 

al., 2012; Dambournet et al., 2011; Prekeris, 2011). The impairment of the phosphatase activity of 

OCRL by inactivating mutation, is responsible for a rare genetic disease, the Oculo-cerebro-renal 

syndrome of Lowe, characterized by congenital cataracts, glaucoma, intellectual disability, 

dysfunction in proximal renal tubules and altered glomerular function (Lowe, 2005; Pirruccello and 

De Camilli, 2012). In renal cell lines from Lowe patient and in HeLa cells, depletion of OCRL 

results in normal furrow ingression but strongly delays or inhibits abscission as a consequence of 

PtdIns(4,5)P2 and actin accumulation (Dambournet et al., 2011). A phosphatases-dead version of 

OCRL is unable to restore the normal cytokinesis in OCRL depleted cells. PtdIns(4,5)P2 is known 

to stimulate actin polymerization and to inhibit the actin-severing enzyme cofilin, which can explain 

the increased actin levels in OCRL-depleted cells. In late cytokinesis, F-actin accumulation is likely 

to provide a physical barrier, thus impairing vesicle fusion at the intracellular bridge and potentially 

inhibiting the assembly of the ESCRT machinery and its association at the abscission site 

(Dambournet et al., 2011; Fremont et al., 2017; Prekeris, 2011). 

The phosphatase activity of OCRL and other 5-phosphatases during abscission, results in the 

production of PtdIns4P at the intracellular bridge (Figure 2). Similarly, PtdIns4P can be generated 

by the activity of PtdIns 4-kinases (PI4Ks) (Figure 1) in mammals and four wheel drive (fwd) in 

Drosophila, a type III PI4K that uses PtdIns as a substrate (Brill et al., 2000; Polevoy et al., 2009). 

Although the precise function of PI4Ks during abscission is not well understood, Drosophila fwd 

was shown to be required for synthesis of PtdIns4P on Golgi membranes and for the formation of 

PtdIns4P-containing secretory organelles that localize to the midzone during cytokinesis (Figure 2). 

Fwd binds to and colocalizes with Rab11 on Golgi membranes, and is required for the localization 

of Rab11 in dividing cells. One possible function of the vesicles containing PtdIns4P might be the 

delivery of this PtdIns during late cytokinetic furrowing, where it could serve as a precursor for the 

PtdIns(4,5)P2 synthesis and thus promoting furrow stability (Polevoy et al., 2009). Intriguingly, 

genetic analysis indicates that Fwd contributes to cytokinesis both in a kinase-dependent and in a 

kinase-independent manner (Polevoy et al., 2009). This is possibly due to the fact that Drosophila 

Fwd and mammalian PI4Kβ have non enzymatic function and directly recruit Rab11 on Golgi 

membranes. Given that Rab11 can bind simultaneously to effectors and to PI4K (Burke et al., 2014) 
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and function downstream to Fwd in Drosophila (Polevoy et al., 2009), one key function of PI4K in 

abscission might be to regulate Rab11 association with membranes directed to the furrow during 

cytokinesis. Rab11 has been shown to regulate F-actin organization and remodelling at the 

intracellular bridge during cytokinesis (Cao et al., 2008; Hickson et al., 2003; Schiel et al., 2012). It 

would thus be important to determine whether PI4Ks and PtdIns4P are also involved in F-actin 

dynamics and delivery of Rab11 vesicles during cytokinesis beyond Drosophila. 

PtdIns(3,4,5)P3 and PtdIns(3,4)P2. PtdIns(3,4,5)P3 is mainly produced by the kinase 

activity of class I PI3K and converted in PtdIns(4,5)P2 by the phosphatase activity of PTEN (Figure 

1) (Martini et al., 2014). So far there is no evidence for a direct role of class I PI3K or PTEN during 

either cytokinesis or abscission in mammalian cells. Nonetheless, studies in Dictostelium indicate 

that during cell division, PtdIns(3,4,5)P3 accumulates in membrane ruffles at the polar cortex but 

not at the cleavage furrow (Figure 2) (Janetopoulos et al., 2005). The idea beyond this study is that 

PtdIns(3,4,5)P3 and PtdIns(4,5)P2 define the “front” and the “back” of polarized cells, meaning that 

the asymmetry of PtdIns(3,4,5)P3 and PtdIns(4,5)P2  might be important for a successful 

cytokinesis, possibly by promoting ruffling at the poles and by suppressing actin protrusion at the 

furrow (Hehnly and Doxsey, 2012). In line with this view, increased cytokinetic defects were 

observed after deletion of PTEN, PI3K1 or PI3K2 and penetrant cytokinesis failure is observed, 

apparently after furrow ingression, in cells lacking the three enzymes (Janetopoulos et al., 2005). 

Further studies are required to better understand if this process might be also relevant for 

cytokinesis in mammals, alternatively this may reflect different requirements for PtdIns(3,4,5)P3 in 

different organisms.  

Class I PI3K not only convert PtdIns(4,5)P2 into PtdIns(3,4,5)P3 but also PtdIns4P into 

PtdIns(3,4)P2 (Figure 1). Similarly, Class II PI3Ks have been recently described to produce 

PtdIns(3,4)P2 at plasma membrane during Clathrin-mediated endocytosis During this process 

PtdIns(3,4)P2 has a fission activity on Clathrin coated vesicles, functioning by recruiting Sortin 

Nexin 9 (SNX9) and dynamin to the vesicle neck and promoting vesicle detachment (Figure 2) 

(Posor et al., 2013). Proteins involved in Clathrin mediated endocitosys such as, α-adaptin, CALM, 

epsin, eps15, endophilin II, syndapin II and the dynamin II have been associated with completion of 

the abscission stage of cytokinesis, by functioning in an endocytic-dependent manner. In support of 

this concept, overexpression of epsin(S357D), which blocks endocytosis, induces multinucleation 

(Smith and Chircop, 2012). An interesting point to address would be to understand if PtdIns(3,4)P2 

might have a role in controlling clathrin mediated endocytosis during abscission or if it could be 

produced from the PtdIns4P that accumulates at the intracellular bridge, thus resulting in a new 

PtdIns at the abscission site. 
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PtdIns3P and myotubularin. Class II and Class III PI3Ks catalyse the production of 

PtdIns3P on early and recycling endosomal membranes as well as on lysosomes during autophagy 

(Figure 1) (Marat and Haucke, 2016; Nascimbeni et al., 2016). Recent works also reveal a role for 

PtdIns3P in abscission (Sagona et al., 2010). Using the specific probe GFP-2xFYVE, PtdIns3P-

positive endosomes were observed along the intracellular bridge and finally accumulating at the 

midbody during late cytokinesis (Figure 2). This source of PtdIns3P derived from the catalytic 

activity of class III PI3K (VPS34) was observed to be enriched at the intracellular bridge but 

excluded from the midbody. In agreement, depletion of VPS34 resulted in formation of binucleated 

cells and a strong abscission delay (Sagona et al., 2010). Accessory subunits of the class III PI3K 

such as Beclin1, UVRAG and BIF-1 also localize at the intracellular bridge. Depletion of VPS15, 

UVRAG and BIF-1 modestly delays abscission, while Beclin removal leads to a more severe 

cytokinetic defects (Sagona et al., 2011; Thoresen et al., 2010).  

In addition to PtdIns3P production, the hydrolysis of PtdIns3P is likely required for 

cytokinesis completion. In Drosophila S2 cells, depletion of the myotubularin mtm, the analogous 

of MTM1 in mammals, that hydrolyses PtdIns3P into PtdIns (Figure 1), leads to giant and 

binucleated cells (Ben El Kadhi et al., 2011). A recent study also reveals that, in mammalian cells, 

both depletion or overexpression of either myotubularin-related protein 3 (MTMR3) or 

myotubularin-related protein 4 (MTMR4) results in abnormal midbody morphology and cytokinesis 

failure. Strikingly, MTMR3 and MTMR4 do not exert their effects through lipid regulation at the 

midbody, but regulate abscission during early mitosis, by interacting with the mitotic kinase polo-

like kinase 1, and with centrosomal protein of 55 kDa (CEP55), an important regulator of abscission 

(St-Denis et al., 2015). 

After abscission that occurs at one side of the midbody, a “midbody remnant” (MBR) is 

asymmetrically distributed to one of the two daughter cells (Chen et al., 2013; Gromley et al., 

2005). Several studies proposed the MBR can significantly influence cell proliferative capacities 

and modulate the balance between differentiation and proliferation program (Kuo et al., 2011). 

After abscission, MBRs are sequestered in LC3-positive membranes and degraded by lysosomal-

dependent autophagy (Isakson et al., 2013; Kuo et al., 2011; Pohl and Jentsch, 2009). Accordingly, 

prolonged pharmacological inhibition of class III PI3K, leads to a dramatic increase of the number 

of MBRs in the cell population. Depletion of the class III PI3K activating subunit Beclin 1 also 

increases the number of MBRs (Pohl and Jentsch, 2009). This suggests that class III PI3K and 

PtdIns3P production have a significant role in the processes of controlling the clearance of the 

midbody, possibly by controlling autophagy and lysosomal-mediated MBRs degradation. 
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ESCRT and PtdIns3P: potential connections and future directions in cytokinetic 

abscission 

The ESCRT complex directs membrane constriction and fission from the cytosolic surface 

of membranes in several cellular processes, including budding of endosomal vesicles and viruses 

(Christ et al., 2017). Among the four multi-subunit protein complexes (ESCRT 0-I-II-III), extensive 

studies reported the fundamental role of ESCRT-III in abscission (Capalbo et al., 2016; Carlton et 

al., 2012; Carlton and Martin-Serrano, 2007; Eikenes et al., 2015; Lafaurie-Janvore et al., 2013; 

Morita et al., 2007). ESCRT-III becomes enriched at the midbody, an organelle at the intercellular 

bridge, which acts as a platform for the recruitment and organisation of various proteins involved in 

both the control and execution of the abscission process. ESCRT-III localization at the intracellular 

bridge results from sequential recruitment of its targeting factors. This is initiated during late 

cytokinesis when CEP55 binds to MKPL1, a component of the motor complex centralspindlin 

localized to the midbody (White and Glotzer, 2012). CEP55 then mediates the accumulation of 

ALIX and TSG101, a component of the ESCRT-I complex, which targets ESCRT-III subunits to 

cortical rings at both sides of the midbody.  During constriction, the CHMP4B component of the 

ESCRT-III complex starts to extend from one side of the midbody, growing spiral filaments that 

progressively reduce intracellular bridge diameter until the formation of a 17 nm structure, named 

secondary ingression, where abscission finally occurs (Figure 3) (Christ et al., 2017; Mierzwa and 

Gerlich, 2014). This model of abscission involves an element of interaction between ESCRT-III 

components and the membrane. ESCRT-III proteins exhibit a preference for acidic membranes in in 

vitro binding studies (Muziol et al., 2006) and have been associated with PtdIns3P or cholesterol 

rich membranes during multivesicular body formation and viral budding, in which analogous 

ESCRT-III-dependent membrane scission events occur (Lin et al., 2005; Whitley et al., 2003; 

Yorikawa et al., 2005).  

Recently, it was observed that endosomes play a fundamental role in determining the site of 

abscission through the initiation of the secondary ingression and possibly by recruiting ESCRT-III 

(Schiel et al., 2012). Phosphatidilinositol 3-phosphate (PtdIns3P) was directly involved in 

CHMP4B recruitment to the midbody. This phosphoinositide mainly derived by the kinase activity 

of class III phosphoinositide 3-kinase (PI3KC3) on early and recycling endosomes. During 

abscission PtdIns3P containing vesicles transport the FYVE-CENT-TTC9-CHMP4B complex to 

the intracellular bridge (Figure 3) and removal of PI3KC3 correlates with cytokinesis failure and 

multinucleation of the dividing cells (Sagona et al., 2010). This was the first finding that establishes 

a functional connection between PtdIns3P production and ESCRT-III during abscission, although 

the existence of a direct binding between PtdIns3P and CHMP4B was never observed. The 
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requirement of PtdIns3P and PI3KC3 is evolutionary conserved, since TbVps34 is also required for 

cytokinesis completion in Trypanosoma (Hall et al., 2006). This is fully consistent with an essential 

role of endosomes during late steps of abscission that needs to be further clarified (Montagnac et al., 

2008; Neto et al., 2011; Schiel et al., 2013). 

Among ESCRT complex, not only ESCRT-I and ESCRT-III are involved in abscission. 

Recently, two independent studies reported that ESCRT-II subunits can also participate in cell 

division (Figure 3) (Christ et al., 2016; Goliand et al., 2014). ESCRT-II, together with ESCRT-0, is 

the only component of the ESCRT machinery that can directly interact with membrane 

phosphoinosites (Wollert et al., 2009). Particularly, the Vps27 subunit of ESCRT-0 contains a 

FYVE-domain able to interact with PtdIns3P but a direct role of ESCRT-0 in abscission has so far 

never been shown (Williams and Urbe, 2007). Conversely, the ESCRT-II subunit, VPS36, has a 

GLUE-domain with a structural similarity to the pleckstrin homology (PH) domain, that can 

associate to PtdIns (Slagsvold et al., 2005; Teo et al., 2006; Teo et al., 2004). Recent findings firstly 

described the localization of VPS36 to the midbody during cytokinesis (Goliand et al., 2014). 

Although the experiments have been conducted in protein overexpression using GFP-tagged 

proteins, VPS36 was involved in mediating the recruitment of the ESCRT-III subunit CHMP6 to 

the midbody. Previous reports (Teo et al., 2006) demonstrated that the full length VPS36 binds 

most efficiently to PtdIns3P-containing lipid vesicles but also significantly to PtdIns(3,4)P2 and 

moderately to PtdIns(4)P and PtdIns(3,5)P2. These results, together with the finding of VPS36 

localization to the midbody, suggest that ESCRT-II could have a role in targeting ESCRT complex 

to membranes during cell division by the binding to locally produced PtdIns. Similarly to the 

previous study, a more recent work also reports the role of another ESCRT-II subunit, Vps22, in 

abscission, suggesting the existence of an alternative way to the ALIX mediated recruitment of 

CHMP4B to the midbody (Figure 3) (Christ et al., 2016). Although a direct link between Vps22 and 

PtdIns has not been described yet, it was reported that Vps22 from various species is particularly 

rich in basic residues (~30% in human Vps22) (Teo et al., 2004) and could be involved in 

membrane targeting of ESCR-III during abscission. This hypothesis that a specific PtdIns produced 

at the abscission zone in late cytokinesis can drive the functional assembly of the ESCRT 

machinery could be imagined by functioning either via the chemical nature of the PtdIns, physically 

interacting with an ESCRT subunit, or by changing the physical nature of the membrane, perhaps 

by the induction of curvature and promoting a progressive constriction {Viaud, 2015 #125}. 
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Conclusions and perspectives 

PtdIns are involved in many cellular processes and new functions in intracellular signalling 

as well as in cell growth, proliferation and differentiation are rapidly emerging. This is reasonably 

due to the multiple roles that PtdIns play in membrane trafficking, in the local recruitment of 

membrane-binding proteins and in the establishment of cytoskeleton-membrane interactions. An 

interesting feature of PtdIns is their dynamicity. PtdIns can be rapidly synthetized by the activity of 

lipid kinases or hydrolysed by phosphatases. Thus, particularly relevant appears, during abscission, 

the control of the conversion of PtdIns(4,5)P2 into PtdIns4P or PtdIns(3,4,5)P3 and vice versa. This 

directly influences the stability of the intracellular bridge and the integrity of the midbody, that 

largely relies on the recruitment or the release of cytoskeleton-remodelling proteins from the 

cleavage furrow as a consequence of rapid PtdIns interconversion. New insight in the 

comprehension of the cytokinetic process might then derive from the identification of novel PtdIns 

involved in abscission and by the characterization of new PtdIns-binding proteins and their roles in 

cell division. Particularly, the recruitment and maintenance of the ESCRT subunits at the cleavage 

furrow and intracellular bridge during abscission might be strictly related to the production of 

PtdIns that became specifically enriched to the cellular midzone during cytokinesis. However, not 

only the ESCRTs can be downstream effector of PtdIns during cells division. Accordingly, in a 

recent quantitative mass spectrometry analysis have been identified more than 400 PtdIns-binding 

proteins, most of them with potentially new domains involved in PtdIns interaction (Jungmichel et 

al., 2014). Similarly to ALIX, that functions by bridging ESCRT-I and ESCRT-III at the midbody, 

further in depth analysis might define specific roles for certain of the identified proteins providing a 

more robust link between PtdIns and ESCRT during cytokinesis. This might largely increases the 

understanding of the complexity of the molecular framework beyond the abscission process. 

  

Acknowledgements 

This work was supported by grants from AIRC, Italy (to E.H.) and FIRC, Italy (to F.G). 

 

  



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

This article is protected by copyright. All rights reserved 

References 

Agromayor, M., and Martin-Serrano, J. (2013). Knowing when to cut and run: mechanisms that control 
cytokinetic abscission. Trends in cell biology 23, 433-441. 
Balla, T., Bondeva, T., and Varnai, P. (2000). How accurately can we image inositol lipids in living cells? 
Trends in pharmacological sciences 21, 238-241. 
Barr, F. A., and Gruneberg, U. (2007). Cytokinesis: placing and making the final cut. Cell 131, 847-860. 
Ben El Kadhi, K., Emery, G., and Carreno, S. (2012). The unexpected role of Drosophila OCRL during 
cytokinesis. Communicative & integrative biology 5, 291-293. 
Ben El Kadhi, K., Roubinet, C., Solinet, S., Emery, G., and Carreno, S. (2011). The inositol 5-phosphatase 
dOCRL controls PI(4,5)P2 homeostasis and is necessary for cytokinesis. Current biology : CB 21, 1074-1079. 
Brill, J. A., Hime, G. R., Scharer-Schuksz, M., and Fuller, M. T. (2000). A phospholipid kinase regulates actin 
organization and intercellular bridge formation during germline cytokinesis. Development 127, 3855-3864. 
Brill, J. A., Wong, R., and Wilde, A. (2011). Phosphoinositide function in cytokinesis. Current biology : CB 21, 
R930-934. 
Burd, C. G., and Emr, S. D. (1998). Phosphatidylinositol(3)-phosphate signaling mediated by specific binding 
to RING FYVE domains. Molecular cell 2, 157-162. 
Burke, J. E., Inglis, A. J., Perisic, O., Masson, G. R., McLaughlin, S. H., Rutaganira, F., Shokat, K. M., and 
Williams, R. L. (2014). Structures of PI4KIIIbeta complexes show simultaneous recruitment of Rab11 and its 
effectors. Science 344, 1035-1038. 
Cao, J., Albertson, R., Riggs, B., Field, C. M., and Sullivan, W. (2008). Nuf, a Rab11 effector, maintains 
cytokinetic furrow integrity by promoting local actin polymerization. The Journal of cell biology 182, 301-
313. 
Capalbo, L., Mela, I., Abad, M. A., Jeyaprakash, A. A., Edwardson, J. M., and D'Avino, P. P. (2016). 
Coordinated regulation of the ESCRT-III component CHMP4C by the chromosomal passenger complex and 
centralspindlin during cytokinesis. Open biology 6. 
Carlton, J. G., Caballe, A., Agromayor, M., Kloc, M., and Martin-Serrano, J. (2012). ESCRT-III governs the 
Aurora B-mediated abscission checkpoint through CHMP4C. Science 336, 220-225. 
Carlton, J. G., and Martin-Serrano, J. (2007). Parallels between cytokinesis and retroviral budding: a role for 
the ESCRT machinery. Science 316, 1908-1912. 
Cauvin, C., and Echard, A. (2015). Phosphoinositides: Lipids with informative heads and mastermind 
functions in cell division. Biochimica et biophysica acta 1851, 832-843. 
Chen, C. T., Ettinger, A. W., Huttner, W. B., and Doxsey, S. J. (2013). Resurrecting remnants: the lives of 
post-mitotic midbodies. Trends in cell biology 23, 118-128. 
Christ, L., Raiborg, C., Wenzel, E. M., Campsteijn, C., and Stenmark, H. (2017). Cellular Functions and 
Molecular Mechanisms of the ESCRT Membrane-Scission Machinery. Trends in biochemical sciences 42, 42-
56. 
Christ, L., Wenzel, E. M., Liestol, K., Raiborg, C., Campsteijn, C., and Stenmark, H. (2016). ALIX and ESCRT-I/II 
function as parallel ESCRT-III recruiters in cytokinetic abscission. The Journal of cell biology 212, 499-513. 
Dambournet, D., Machicoane, M., Chesneau, L., Sachse, M., Rocancourt, M., El Marjou, A., Formstecher, E., 
Salomon, R., Goud, B., and Echard, A. (2011). Rab35 GTPase and OCRL phosphatase remodel lipids and F-
actin for successful cytokinesis. Nature cell biology 13, 981-988. 
Di Paolo, G., and De Camilli, P. (2006). Phosphoinositides in cell regulation and membrane dynamics. Nature 
443, 651-657. 
Echard, A. (2008). Membrane traffic and polarization of lipid domains during cytokinesis. Biochemical 
Society transactions 36, 395-399. 
Eikenes, A. H., Malerod, L., Christensen, A. L., Steen, C. B., Mathieu, J., Nezis, I. P., Liestol, K., Huynh, J. R., 
Stenmark, H., and Haglund, K. (2015). ALIX and ESCRT-III coordinately control cytokinetic abscission during 
germline stem cell division in vivo. PLoS genetics 11, e1004904. 
Emoto, K., Inadome, H., Kanaho, Y., Narumiya, S., and Umeda, M. (2005). Local change in phospholipid 
composition at the cleavage furrow is essential for completion of cytokinesis. The Journal of biological 
chemistry 280, 37901-37907. 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

This article is protected by copyright. All rights reserved 

Fededa, J. P., and Gerlich, D. W. (2012). Molecular control of animal cell cytokinesis. Nature cell biology 14, 
440-447. 
Field, S. J., Madson, N., Kerr, M. L., Galbraith, K. A., Kennedy, C. E., Tahiliani, M., Wilkins, A., and Cantley, L. 
C. (2005). PtdIns(4,5)P2 functions at the cleavage furrow during cytokinesis. Current biology : CB 15, 1407-
1412. 
Fremont, S., Hammich, H., Bai, J., Wioland, H., Klinkert, K., Rocancourt, M., Kikuti, C., Stroebel, D., Romet-
Lemonne, G., Pylypenko, O., et al. (2017). Oxidation of F-actin controls the terminal steps of cytokinesis. 
Nature communications 8, 14528. 
Fujita, A., Cheng, J., Tauchi-Sato, K., Takenawa, T., and Fujimoto, T. (2009). A distinct pool of 
phosphatidylinositol 4,5-bisphosphate in caveolae revealed by a nanoscale labeling technique. Proceedings 
of the National Academy of Sciences of the United States of America 106, 9256-9261. 
Garcia, P., Gupta, R., Shah, S., Morris, A. J., Rudge, S. A., Scarlata, S., Petrova, V., McLaughlin, S., and 
Rebecchi, M. J. (1995). The pleckstrin homology domain of phospholipase C-delta 1 binds with high affinity 
to phosphatidylinositol 4,5-bisphosphate in bilayer membranes. Biochemistry 34, 16228-16234. 
Gaullier, J. M., Simonsen, A., D'Arrigo, A., Bremnes, B., Stenmark, H., and Aasland, R. (1998). FYVE fingers 
bind PtdIns(3)P. Nature 394, 432-433. 
Gillooly, D. J., Morrow, I. C., Lindsay, M., Gould, R., Bryant, N. J., Gaullier, J. M., Parton, R. G., and Stenmark, 
H. (2000). Localization of phosphatidylinositol 3-phosphate in yeast and mammalian cells. The EMBO 
journal 19, 4577-4588. 
Goliand, I., Nachmias, D., Gershony, O., and Elia, N. (2014). Inhibition of ESCRT-II-CHMP6 interactions 
impedes cytokinetic abscission and leads to cell death. Molecular biology of the cell 25, 3740-3748. 
Gromley, A., Yeaman, C., Rosa, J., Redick, S., Chen, C. T., Mirabelle, S., Guha, M., Sillibourne, J., and Doxsey, 
S. J. (2005). Centriolin anchoring of exocyst and SNARE complexes at the midbody is required for secretory-
vesicle-mediated abscission. Cell 123, 75-87. 
Hall, B. S., Gabernet-Castello, C., Voak, A., Goulding, D., Natesan, S. K., and Field, M. C. (2006). TbVps34, the 
trypanosome orthologue of Vps34, is required for Golgi complex segregation. The Journal of biological 
chemistry 281, 27600-27612. 
Hammond, G. R., Machner, M. P., and Balla, T. (2014). A novel probe for phosphatidylinositol 4-phosphate 
reveals multiple pools beyond the Golgi. The Journal of cell biology 205, 113-126. 
Hammond, G. R., Schiavo, G., and Irvine, R. F. (2009). Immunocytochemical techniques reveal multiple, 
distinct cellular pools of PtdIns4P and PtdIns(4,5)P(2). The Biochemical journal 422, 23-35. 
Hardie, R. C., Liu, C. H., Randall, A. S., and Sengupta, S. (2015). In vivo tracking of phosphoinositides in 
Drosophila photoreceptors. Journal of cell science 128, 4328-4340. 
Hehnly, H., and Doxsey, S. (2012). Polarity sets the stage for cytokinesis. Molecular biology of the cell 23, 7-
11. 
Hickson, G. R., Matheson, J., Riggs, B., Maier, V. H., Fielding, A. B., Prekeris, R., Sullivan, W., Barr, F. A., and 
Gould, G. W. (2003). Arfophilins are dual Arf/Rab 11 binding proteins that regulate recycling endosome 
distribution and are related to Drosophila nuclear fallout. Molecular biology of the cell 14, 2908-2920. 
Hirose, K., Kadowaki, S., Tanabe, M., Takeshima, H., and Iino, M. (1999). Spatiotemporal dynamics of 
inositol 1,4,5-trisphosphate that underlies complex Ca2+ mobilization patterns. Science 284, 1527-1530. 
Isakson, P., Lystad, A. H., Breen, K., Koster, G., Stenmark, H., and Simonsen, A. (2013). TRAF6 mediates 
ubiquitination of KIF23/MKLP1 and is required for midbody ring degradation by selective autophagy. 
Autophagy 9, 1955-1964. 
James, D. J., Khodthong, C., Kowalchyk, J. A., and Martin, T. F. (2008). Phosphatidylinositol 4,5-bisphosphate 
regulates SNARE-dependent membrane fusion. The Journal of cell biology 182, 355-366. 
Janetopoulos, C., Borleis, J., Vazquez, F., Iijima, M., and Devreotes, P. (2005). Temporal and spatial 
regulation of phosphoinositide signaling mediates cytokinesis. Developmental cell 8, 467-477. 
Jungmichel, S., Sylvestersen, K. B., Choudhary, C., Nguyen, S., Mann, M., and Nielsen, M. L. (2014). 
Specificity and commonality of the phosphoinositide-binding proteome analyzed by quantitative mass 
spectrometry. Cell reports 6, 578-591. 
Kouranti, I., Sachse, M., Arouche, N., Goud, B., and Echard, A. (2006). Rab35 regulates an endocytic 
recycling pathway essential for the terminal steps of cytokinesis. Current biology : CB 16, 1719-1725. 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

This article is protected by copyright. All rights reserved 

Kuo, T. C., Chen, C. T., Baron, D., Onder, T. T., Loewer, S., Almeida, S., Weismann, C. M., Xu, P., Houghton, J. 
M., Gao, F. B., et al. (2011). Midbody accumulation through evasion of autophagy contributes to cellular 
reprogramming and tumorigenicity. Nature cell biology 13, 1214-1223. 
Lafaurie-Janvore, J., Maiuri, P., Wang, I., Pinot, M., Manneville, J. B., Betz, T., Balland, M., and Piel, M. 
(2013). ESCRT-III assembly and cytokinetic abscission are induced by tension release in the intercellular 
bridge. Science 339, 1625-1629. 
Lemmon, M. A., Ferguson, K. M., O'Brien, R., Sigler, P. B., and Schlessinger, J. (1995). Specific and high-
affinity binding of inositol phosphates to an isolated pleckstrin homology domain. Proceedings of the 
National Academy of Sciences of the United States of America 92, 10472-10476. 
Lin, Y., Kimpler, L. A., Naismith, T. V., Lauer, J. M., and Hanson, P. I. (2005). Interaction of the mammalian 
endosomal sorting complex required for transport (ESCRT) III protein hSnf7-1 with itself, membranes, and 
the AAA+ ATPase SKD1. The Journal of biological chemistry 280, 12799-12809. 
Lindsay, Y., McCoull, D., Davidson, L., Leslie, N. R., Fairservice, A., Gray, A., Lucocq, J., and Downes, C. P. 
(2006). Localization of agonist-sensitive PtdIns(3,4,5)P3 reveals a nuclear pool that is insensitive to PTEN 
expression. Journal of cell science 119, 5160-5168. 
Lowe, M. (2005). Structure and function of the Lowe syndrome protein OCRL1. Traffic 6, 711-719. 
Manna, D., Albanese, A., Park, W. S., and Cho, W. (2007). Mechanistic basis of differential cellular responses 
of phosphatidylinositol 3,4-bisphosphate- and phosphatidylinositol 3,4,5-trisphosphate-binding pleckstrin 
homology domains. The Journal of biological chemistry 282, 32093-32105. 
Marat, A. L., and Haucke, V. (2016). Phosphatidylinositol 3-phosphates-at the interface between cell 
signalling and membrane traffic. The EMBO journal 35, 561-579. 
Martini, M., De Santis, M. C., Braccini, L., Gulluni, F., and Hirsch, E. (2014). PI3K/AKT signaling pathway and 
cancer: an updated review. Annals of medicine 46, 372-383. 
Mierzwa, B., and Gerlich, D. W. (2014). Cytokinetic abscission: molecular mechanisms and temporal control. 
Developmental cell 31, 525-538. 
Montagnac, G., Echard, A., and Chavrier, P. (2008). Endocytic traffic in animal cell cytokinesis. Current 
opinion in cell biology 20, 454-461. 
Morita, E., Sandrin, V., Chung, H. Y., Morham, S. G., Gygi, S. P., Rodesch, C. K., and Sundquist, W. I. (2007). 
Human ESCRT and ALIX proteins interact with proteins of the midbody and function in cytokinesis. The 
EMBO journal 26, 4215-4227. 
Muziol, T., Pineda-Molina, E., Ravelli, R. B., Zamborlini, A., Usami, Y., Gottlinger, H., and Weissenhorn, W. 
(2006). Structural basis for budding by the ESCRT-III factor CHMP3. Developmental cell 10, 821-830. 
Nahse, V., Christ, L., Stenmark, H., and Campsteijn, C. (2017). The Abscission Checkpoint: Making It to the 
Final Cut. Trends in cell biology 27, 1-11. 
Nascimbeni, A. C., Codogno, P., and Morel, E. (2016). Phosphatidylinositol-3-phosphate in the regulation of 
autophagy membrane dynamics. The FEBS journal. 
Neto, H., Collins, L. L., and Gould, G. W. (2011). Vesicle trafficking and membrane remodelling in 
cytokinesis. The Biochemical journal 437, 13-24. 
Pirruccello, M., and De Camilli, P. (2012). Inositol 5-phosphatases: insights from the Lowe syndrome protein 
OCRL. Trends in biochemical sciences 37, 134-143. 
Pohl, C., and Jentsch, S. (2009). Midbody ring disposal by autophagy is a post-abscission event of 
cytokinesis. Nature cell biology 11, 65-70. 
Polevoy, G., Wei, H. C., Wong, R., Szentpetery, Z., Kim, Y. J., Goldbach, P., Steinbach, S. K., Balla, T., and Brill, 
J. A. (2009). Dual roles for the Drosophila PI 4-kinase four wheel drive in localizing Rab11 during cytokinesis. 
The Journal of cell biology 187, 847-858. 
Posor, Y., Eichhorn-Gruenig, M., Puchkov, D., Schoneberg, J., Ullrich, A., Lampe, A., Muller, R., Zarbakhsh, S., 
Gulluni, F., Hirsch, E., et al. (2013). Spatiotemporal control of endocytosis by phosphatidylinositol-3,4-
bisphosphate. Nature 499, 233-237. 
Prekeris, R. (2011). Actin regulation during abscission: unexpected roles of Rab35 and endocytic transport. 
Cell research 21, 1283-1285. 
Roubinet, C., Decelle, B., Chicanne, G., Dorn, J. F., Payrastre, B., Payre, F., and Carreno, S. (2011). Molecular 
networks linked by Moesin drive remodeling of the cell cortex during mitosis. The Journal of cell biology 
195, 99-112. 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

This article is protected by copyright. All rights reserved 

Sagona, A. P., Nezis, I. P., Bache, K. G., Haglund, K., Bakken, A. C., Skotheim, R. I., and Stenmark, H. (2011). A 
tumor-associated mutation of FYVE-CENT prevents its interaction with Beclin 1 and interferes with 
cytokinesis. PloS one 6, e17086. 
Sagona, A. P., Nezis, I. P., Pedersen, N. M., Liestol, K., Poulton, J., Rusten, T. E., Skotheim, R. I., Raiborg, C., 
and Stenmark, H. (2010). PtdIns(3)P controls cytokinesis through KIF13A-mediated recruitment of FYVE-
CENT to the midbody. Nature cell biology 12, 362-371. 
Schiel, J. A., Childs, C., and Prekeris, R. (2013). Endocytic transport and cytokinesis: from regulation of the 
cytoskeleton to midbody inheritance. Trends in cell biology 23, 319-327. 
Schiel, J. A., Simon, G. C., Zaharris, C., Weisz, J., Castle, D., Wu, C. C., and Prekeris, R. (2012). FIP3-
endosome-dependent formation of the secondary ingression mediates ESCRT-III recruitment during 
cytokinesis. Nature cell biology 14, 1068-1078. 
Schnell, U., Dijk, F., Sjollema, K. A., and Giepmans, B. N. (2012). Immunolabeling artifacts and the need for 
live-cell imaging. Nature methods 9, 152-158. 
Slagsvold, T., Aasland, R., Hirano, S., Bache, K. G., Raiborg, C., Trambaiolo, D., Wakatsuki, S., and Stenmark, 
H. (2005). Eap45 in mammalian ESCRT-II binds ubiquitin via a phosphoinositide-interacting GLUE domain. 
The Journal of biological chemistry 280, 19600-19606. 
Smith, C. M., and Chircop, M. (2012). Clathrin-mediated endocytic proteins are involved in regulating 
mitotic progression and completion. Traffic 13, 1628-1641. 
St-Denis, N., Gupta, G. D., Lin, Z. Y., Gonzalez-Badillo, B., Pelletier, L., and Gingras, A. C. (2015). 
Myotubularin-related proteins 3 and 4 interact with polo-like kinase 1 and centrosomal protein of 55 kDa to 
ensure proper abscission. Molecular & cellular proteomics : MCP 14, 946-960. 
Stauffer, T. P., Ahn, S., and Meyer, T. (1998). Receptor-induced transient reduction in plasma membrane 
PtdIns(4,5)P2 concentration monitored in living cells. Current biology : CB 8, 343-346. 
Suetsugu, S., Kurisu, S., and Takenawa, T. (2014). Dynamic shaping of cellular membranes by phospholipids 
and membrane-deforming proteins. Physiological reviews 94, 1219-1248. 
Teo, H., Gill, D. J., Sun, J., Perisic, O., Veprintsev, D. B., Vallis, Y., Emr, S. D., and Williams, R. L. (2006). ESCRT-
I core and ESCRT-II GLUE domain structures reveal role for GLUE in linking to ESCRT-I and membranes. Cell 
125, 99-111. 
Teo, H., Perisic, O., Gonzalez, B., and Williams, R. L. (2004). ESCRT-II, an endosome-associated complex 
required for protein sorting: crystal structure and interactions with ESCRT-III and membranes. 
Developmental cell 7, 559-569. 
Thoresen, S. B., Pedersen, N. M., Liestol, K., and Stenmark, H. (2010). A phosphatidylinositol 3-kinase class 
III sub-complex containing VPS15, VPS34, Beclin 1, UVRAG and BIF-1 regulates cytokinesis and degradative 
endocytic traffic. Experimental cell research 316, 3368-3378. 
Varnai, P., and Balla, T. (1998). Visualization of phosphoinositides that bind pleckstrin homology domains: 
calcium- and agonist-induced dynamic changes and relationship to myo-[3H]inositol-labeled 
phosphoinositide pools. The Journal of cell biology 143, 501-510. 
Vicinanza, M., D'Angelo, G., Di Campli, A., and De Matteis, M. A. (2008). Function and dysfunction of the PI 
system in membrane trafficking. The EMBO journal 27, 2457-2470. 
Watt, S. A., Kimber, W. A., Fleming, I. N., Leslie, N. R., Downes, C. P., and Lucocq, J. M. (2004). Detection of 
novel intracellular agonist responsive pools of phosphatidylinositol 3,4-bisphosphate using the TAPP1 
pleckstrin homology domain in immunoelectron microscopy. The Biochemical journal 377, 653-663. 
Watt, S. A., Kular, G., Fleming, I. N., Downes, C. P., and Lucocq, J. M. (2002). Subcellular localization of 
phosphatidylinositol 4,5-bisphosphate using the pleckstrin homology domain of phospholipase C delta1. 
The Biochemical journal 363, 657-666. 
White, E. A., and Glotzer, M. (2012). Centralspindlin: at the heart of cytokinesis. Cytoskeleton 69, 882-892. 
Whitley, P., Reaves, B. J., Hashimoto, M., Riley, A. M., Potter, B. V., and Holman, G. D. (2003). Identification 
of mammalian Vps24p as an effector of phosphatidylinositol 3,5-bisphosphate-dependent endosome 
compartmentalization. The Journal of biological chemistry 278, 38786-38795. 
Williams, R. L., and Urbe, S. (2007). The emerging shape of the ESCRT machinery. Nature reviews Molecular 
cell biology 8, 355-368. 
Wollert, T., Yang, D., Ren, X., Lee, H. H., Im, Y. J., and Hurley, J. H. (2009). The ESCRT machinery at a glance. 
Journal of cell science 122, 2163-2166. 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

This article is protected by copyright. All rights reserved 

Wong, R., Hadjiyanni, I., Wei, H. C., Polevoy, G., McBride, R., Sem, K. P., and Brill, J. A. (2005). PIP2 
hydrolysis and calcium release are required for cytokinesis in Drosophila spermatocytes. Current biology : 
CB 15, 1401-1406. 
Yoon, Y., Lee, P. J., Kurilova, S., and Cho, W. (2011). In situ quantitative imaging of cellular lipids using 
molecular sensors. Nature chemistry 3, 868-874. 
Yorikawa, C., Shibata, H., Waguri, S., Hatta, K., Horii, M., Katoh, K., Kobayashi, T., Uchiyama, Y., and Maki, 
M. (2005). Human CHMP6, a myristoylated ESCRT-III protein, interacts directly with an ESCRT-II component 
EAP20 and regulates endosomal cargo sorting. The Biochemical journal 387, 17-26. 
Yoshida, S., Kono, K., Lowery, D. M., Bartolini, S., Yaffe, M. B., Ohya, Y., and Pellman, D. (2006). Polo-like 
kinase Cdc5 controls the local activation of Rho1 to promote cytokinesis. Science 313, 108-111. 
Zhang, Y., Sugiura, R., Lu, Y., Asami, M., Maeda, T., Itoh, T., Takenawa, T., Shuntoh, H., and Kuno, T. (2000). 
Phosphatidylinositol 4-phosphate 5-kinase Its3 and calcineurin Ppb1 coordinately regulate cytokinesis in 
fission yeast. The Journal of biological chemistry 275, 35600-35606. 

  



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

This article is protected by copyright. All rights reserved 

Figure legends 

Figure 1. Schematic representation of the six PtdIns involved in cytokinesis. Red and blue arrows 

indicate kinases and phosphatases respectively that interconverts PtdIns into each other. 

Figure 2. Schematic representation of PtdIns(4,5)P2, PtdIns4P, PtdIns(3,4,5)P3, PtdIns(3,4)P2 and 

PtdIns3P localization during early and late cytokinesis and list of main PtdIns-binding probes able 

to detect PtdIns in fixed and live cell imaging. 

Figure 3. Schematic representation of the assembly of the ESCRT machinery during late 

cytokinesis. Green and blue background represents the ALIX and the ESCRT-II -mediated 

recruitment of CHMP4B to the abscission site respectively 
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