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Abstract
Cytokinesis in metazoan cells is mediated by an actomyosin-based contractile
ring that assembles in response to activation of the small GTPase RhoA. The
guanine nucleotide exchange factor that activates RhoA during cytokinesis,
ECT-2, is highly regulated. In most metazoan cells, with the notable exception
of the early  embryo, RhoA activation and furrow Caenorhabditis elegans
ingression require the centralspindlin complex. This exception is due to the
existence of a parallel pathway for RhoA activation in  .C. elegans
Centralspindlin contains CYK-4 which contains a predicted Rho family
GTPase-activating protein (GAP) domain. The function of this domain has been
the subject of considerable debate. Some publications suggest that the GAP
domain promotes RhoA activation (for example, Zhang and Glotzer, 2015;
Loria, Longhini and Glotzer, 2012), whereas others suggest that it functions to
inactivate the GTPase Rac1 (for example, Zhuravlev  ., 2017). Here, weet al
review the mechanisms underlying RhoA activation during cytokinesis,
primarily focusing on data in   We highlight the importance ofC. elegans.
considering the parallel pathway for RhoA activation and detailed analyses of 

 mutant phenotypes when evaluating the role of the GAP domain ofcyk-4
CYK-4.
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Activation of RhoA by the RhoGEF ECT-2 directs 
furrow formation
Shortly after mitotic chromosomes separate, the small GTPase, 
RhoA, accumulates in its active form at the equatorial plasma mem-
brane of animal cells1–4. This pool of RhoA-GTP is necessary5–7  
and sufficient8 for the assembly of an actomyosin-driven furrow 
that partitions a cell into two daughter cells.

As cytokinesis occurs at a specific site at a precise time, RhoA  
activation is necessarily highly regulated. In metazoa, RhoA  
activation during cytokinesis is mediated by a Rho guanine nucle-
otide exchange factor (RhoGEF), ECT-2, which plays a well- 
conserved role in activating RhoA during cytokinesis9–15.  
However, ECT-2 itself is highly regulated; its activity is  
suppressed by autoinhibition and phosphorylation, and it is  
activated by protein-protein interactions and dephosphorylation.  
Here, we discuss recent progress in defining the role of an  
atypical Rho GTPase-activating protein (GAP), CYK-4, protein  
in RhoA activation during cytokinesis with a focus on the early  
Caenorhabditis elegans embryo.

CYK-4 protein: a brief introduction
CYK-4, so named in C. elegans, comprises an N-terminal coiled 
coil, a central membrane-binding C1 domain, and a C-terminal 
RhoGAP domain (Figure 1A). It is known as MgcRacGAP 
in mammalian cells and as RacGAP50C and tumbleweed in  
Drosophila. CYK-4 exists as a heterotetramer with ZEN-4  
(MKLP1 in mammals and pavarotti in Drosophila)16. This  
multimeric complex, dubbed centralspindlin, accumulates and 

drives bundling of antiparallel microtubules in the anaphase  
spindle midzone17–22. It can also be detected in small quantities 
at the equatorial plasma membrane in anaphase21,23–25, where it is  
well situated to act as a RhoA activator.

Prior to anaphase, the activity of the cytokinetic RhoGEF ECT-2  
is suppressed by autoinhibition26 and Cdk1 phosphorylation27. 
Curiously, the RhoGAP protein CYK-4, which ordinarily would 
be predicted to turn a GTPase “off”, interacts with ECT-2 via  
their respective N-termini in a phospho-regulated manner12. 
This interaction occurs in a wide variety of contexts, assays, and  
organisms and recruits the GEF to the midzone12,14,28–31. Cen-
tralspindlin contributes to localization or activation of ECT-2  
(or both) at the plasma membrane, where this RhoGEF primarily 
acts27. Barring the noteworthy C. elegans embryo (discussed in 
detail below), depleting CYK-4 in animal cells blocks the forma-
tion of a cleavage furrow, suggesting that it positively regulates 
RhoA activity2,11,12,14,28,32. Does the CYK-4 GAP domain contrib-
ute positively or negatively to RhoA regulation? While the case 
of CYK-4 is pertinent to cytokinesis and GTPase regulation in  
diverse systems, the function of this protein has been most  
extensively analyzed in one-cell C. elegans embryos.

Two pathways for RhoA activation in C. elegans 
The one-cell C. elegans embryo, despite being a powerful  
system for studying the cell biology and genetics of cytokinesis, 
has a complication not observed in other systems. RhoA activa-
tion during cytokinesis in the early C. elegans embryo, unlike cul-
tured human cells and Drosophila cells, depends on the combined  

Figure 1. Domain structure and mutational analysis of CYK-4. (A) Schematic of the CYK-4 protein and its constituent domains indicating 
the positions and nature of the mutations studied in Caenorhabditis elegans. (B) Table summarizing phenotypic details of CYK-4 mutations 
studied in C. elegans. Rac1 depletion permits complete furrowing in E448K mutants, leading to a proposal that CYK-4 functions to inactivate 
Rac1 during cytokinesis. In this review, we discuss an alternative interpretation of the results.
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action of centralspindlin and a second pathway. This second  
pathway involves a distinct activator of ECT-2 which has a dis-
tinct means for spatial regulation of its activity. While this can 
be confounding for cyk-4 analyses, it is not insurmountable. This 
second pathway can be isolated from the centralspindlin-directed  
pathway by attenuation of spindle pulling forces11, severing the 
central spindle with a laser33, and altering spindle position34. Most 
recently, a specific molecular component of this second pathway, 
NOP-1, was identified2. Because of their overlapping functions,  
in order to delineate the role of CYK-4 in cleavage furrow forma-
tion, the alternate furrow induction pathway must be eliminated. 
The simplest means to do so is by inactivating NOP-1.

nop-1 is a non-essential, poorly conserved, nematode-specific  
gene. Nevertheless, it promotes RhoA activation during polariza-
tion of the C. elegans zygote2,35. NOP-1–deficient embryos com-
plete cytokinesis with wild-type kinetics, but embryos defective 
in both NOP-1 and CYK-4—by RNA interference (RNAi) or any 
of the point mutants discussed below—do not initiate cleavage  
furrows2,36. Imaging with a RhoA biosensor confirms that CYK-4  
and NOP-1 coordinately promote RhoA activation upstream  
of ECT-2 during cytokinesis and that CYK-4 plays the more  
prominent role2.

The NOP-1 pathway appears capable of directing global RhoA  
activation in the embryo. However, astral microtubules limit the 
sites of active RhoA accumulation to the anterior of the zygote  
during polarization and to broad regions at the equator and the  
most anterior part of the zygote during anaphase. The NOP-1 
and centralspindlin pathways can be readily spatially separated 
by manipulating the spindle to position it at the posterior of the 
embryo2,34. At anaphase, an embryo, so modified, produces an  
anterior furrow that is NOP-1–dependent and a posterior furrow 
that is centralspindlin-dependent.

Although the biochemistry of NOP-1 activation of ECT-2/RhoA 
is unknown, NOP-1–deficient C. elegans embryos resemble other 
eukaryotic cells in that cleavage furrow formation, and ingression 
are completely dependent upon CYK-4, thus providing a straight-
forward way to analyze the function of the latter.

Genetic dissection of the CYK-4 GAP domain in  
C. elegans embryos
CYK-4 GAP domain mutants
While there is compelling evidence that CYK-4 plays a role in 
RhoA activation, the role of its GAP domain remains contentious. 
The isolated GAP domain of CYK-4 promotes GTP hydrolysis 
in vitro by Rho family members but has much stronger activity  
toward Rho GTPases Rac and Cdc42 when compared with 
RhoA22,37,38. Importantly, however, Rac1 and Cdc42 are dispensable 
for cytokinesis in a wide variety of contexts36,39–41. Thus, do these 
in vitro assays properly reflect the function of full-length CYK-4  
during cytokinesis in vivo? Does it function as a conventional  
GAP that inactivates Rac or RhoA or both, or does it participate, 
unexpectedly, in activating RhoA via ECT-2, or a combination 
thereof? 

CYK-4 was first implicated in cytokinesis on the basis of a tem-
perature-sensitive lethal mutation—cyk-4(t1689ts)—in C. elegans 

encoding an S15L substitution (Figure 1A) in the N-terminus of 
CYK-4 that disrupts its interaction with ZEN-416,42. Subsequently, 
Canman and colleagues isolated two additional mutations— 
cyk-4(or749ts), yielding CYK-4E448K, and cyk-4(or570ts), yield-
ing CYK-4T546I—and both substitutions map to the GAP domain 
of CYK-443. However, these mutations are not in the active site, 
and the biochemical nature of these alleles has not been character-
ized. Therefore, it is risky to assume that these mutants are solely 
defective in CYK-4 GAP activity. Indeed, CYK-4E448K exhibits  
a defect in membrane localization in the gonad36. However,  
because the mutants assemble normal central spindles, they  
cannot be entirely unfolded at the restrictive temperature. More 
recently, a mutant targeting the conserved catalytic arginine in 
the GAP domain was generated (R459A), as was a variant where  
two surface residues were mutated (K495E and R499E) to block 
CYK-4 interaction with Rho family GTPases36. None of the  
cyk-4 mutations mentioned here abolishes furrow formation in  
otherwise wild-type embryos; furrows ingress partially and regress 
(Figure 1).

The debate regarding CYK-4 GAP domain function was initi-
ated by the discovery that depleting the GTPase Rac1 (CED-10 in  
C. elegans) in CYK-4E448K embryos frequently results in  
complete ingression of the furrow43. This was interpreted to mean 
that the primary function of the CYK-4 GAP domain during  
wild-type cytokinesis is to inactivate Rac1/CED-1043,44. The  
experimental result (Figure 1B) is uncontested and has been  
confirmed by using either RNAi36,43 or loss-of-function alleles44,45 
to inactivate Rac1/CED-10. However, there is significant disagree-
ment regarding interpretation of the results and the underlying 
mechanism of CYK-4 GAP function.

Redundant furrow induction pathways obscure CYK-4 
function
The presence of a parallel pathway for furrow induction contributes  
to the difficulty in interpreting results concerning the role of the 
CYK-4 GAP domain. If a given GTPase is the sole, relevant tar-
get of the CYK-4 GAP domain during cytokinesis, then its loss 
should reverse the defects of CYK-4 GAP mutants in a variety of 
genetic contexts. However, inactivation of Rac1/CED-10 rescues 
furrow ingression in GAP domain mutants (E448K, R459A, and 
T546I)36,43–45 only in the presence of NOP-136. In NOP-1 mutant 
embryos, which are cytokinesis proficient, mutations in the GAP 
domain of CYK-4 block furrow formation altogether and the activity  
of Rac1/CED- 10 has no bearing on this behavior (Table 1)36. If 
mutations in the GAP domain of CYK-4 indeed cause Rac1/CED 
10 hyperactivation, then inactivation of Rac1/CED-10 should  
correct this defect regardless of the presence or absence of NOP-1.

In addition to NOP-1 inactivation, there are other ways in which  
the centralspindlin-dependent cytokinetic furrow in C. elegans  
embryos can be isolated from the alternative pathway  
(see “CYK-4 protein: a brief introduction”). In each case, the 
CYK-4E448K mutation prevents centralspindlin-dependent furrow  
formation, and, again, inactivation of Rac1/CED-10 does not 
restore furrowing45. Stated another way, loss of Rac1/CED-10 
reverses the furrowing defect in CYK-4 GAP mutants only when 
the centralspindlin-independent pathway for furrow formation is  
active (that is, when an alternative pool of locally activated RhoA 

Page 4 of 10

F1000Research 2017, 6(F1000 Faculty Rev):1788 Last updated: 02 OCT 2017



Table 1. Summary of available data for RhoA and Rac1 effector accumulation and furrowing phenotypes during 
cytokinesis in two key Caenorhabditis elegans cyk-4 GTPase-activating protein mutants.

CYK-4 
variant

RhoA 
effector 
accumulation 
at furrow

Rac1 effector 
hyperaccumulation 
at furrow

Furrow 
ingression

Furrow 
ingression in 
the absence 
of Rac1

Furrow 
ingression in 
the absence 
of NOP-1

Furrow 
ingression in 
the absence of 
NOP-1 and Rac1

Wild-type +++ Absent Normal, 
complete

Normal, 
complete

Normal, 
complete

Normal, 
complete

E448K * Not determined Slow, partial Slow, 
complete

Absent Absent

R459A + Not determined Slow, partial Slow, 
complete

Absent Absent

*Conflicting data; see the “cyk-4 GAP mutants have multiple defects” section.
+++ Wild-type accumulation of myosin II, RhoA biosensor.
+ Reduced accumulation of myosin II, RhoA biosensor.

is available). Strikingly, in their recent publication, Canman and  
colleagues did not use any of these approaches to test whether 
Rac1/CED-10 is a direct target of CYK-4 GAP activity44.

cyk-4 GAP mutants have multiple defects
To analyze CYK-4 GAP domain function using cyk-4 mutants 
in a meaningful way, all aspects of a mutant phenotype must be  
considered. In addition to being incomplete, furrows in embryos 
with cyk-4 GAP domain mutations have slower ingression  
kinetics and weakly accumulate active RhoA and its effectors.  
Although Rac1/CED-10 depletion in cyk-4 GAP mutant embryos 
permits the completion of furrow ingression, it is unable to 
restore the other two phenotypes44,45. If Rac1/CED-10 was the 
primary relevant target of CYK-4, embryos deficient in both  
Rac1/CED-10 and CYK-4 GAP activity would be predicted 
to resemble Rac1/CED-10–deficient embryos (which closely  
resemble wild-type embryos).

Canman and colleagues recently suggested that mutations in 
the GAP domain of CYK-4 do not impair myosin accumulation  
(Table 1, asterisk)44, despite Canman and colleagues’ earlier 
work demonstrating a defect in myosin at the furrow tip in cyk-4  
mutant embryos (see Figure S3 in 43). A variety of mutations 
in the CYK-4 GAP domain impair the accumulation of myosin, 
actin, anillin, and a RhoA biosensor (Table 1, asterisk)2,36,45. Again, 
these defects are not corrected by depleting Rac1. This is particu-
larly dramatic in NOP-1–deficient embryos where myosin and 
RhoA activation during cytokinesis are entirely dependent upon  
centralspindlin2,36. These results cannot be explained if the CYK-4  
GAP domain acts on Rac1/CED-10. Rac1/CED-10 activates the 
Arp-2/3 complex46,47, a nucleator of branched actin filaments48.  
If CYK-4 GAP mutations prevent Rac1 inactivation, hyperaccumu-
lation of Rac1/CED-10 effectors or an increase in branched actin 
on the membrane would be expected in these mutants. But, in fact, 
cyk-4 mutations result in a reduction in actin accumulation45. Criti-
cally, there is no evidence that mutations in the GAP domain of 
CYK-4 cause ectopic Rac1/CED-10 activation in the C. elegans 
embryo (Table 1 and Figure 2A). Collectively, the  available data  
do not support models in which Rac1/CED-10 is the primary rel-
evant target of CYK-4 GAP activity during cytokinetic furrowing.

An indirect role for Rac1/CED-10 in furrow formation
Why does loss of Rac1/CED-10 allow CYK-4 GAP mutants  
to complete furrow ingression? Inactivation of Rac1/CED-10  
partially rescues the cytokinesis defect resulting from selected 
mutations in CYK-4 and only in the presence of a redundant  
furrow induction pathway. The extremely specific situations 
in which restoration to full ingression is observed strongly  
support that this behavior is mediated by bypass suppression. 
That is, instead of correcting the primary defect resulting from  
the mutation in CYK-4, the absence of Rac1/CED-10 attenuates  
the requirement for RhoA activation in furrow ingression.  
Depletion of ARX-2, a subunit of the ARP-2/3 complex, has a  
similar effect43,45. Inactivation of Rac1/CED-10 or ARX-2 also  
partially remedies the cytokinesis defects caused by weak  
mutations in ECT-245. While RhoA activates formins to generate  
linear actin filaments at the furrow, the anterior cortex of the 
embryo is enriched in ARP-2/3 nucleated branched actin49–52. 
Depleting ARX-2 or Rac1/CED-10 induces cortical instability45,53,  
which may allow the weak, NOP-1–dependent furrow to ingress 
further because the cortex is now more pliant. Alternatively, or 
in addition, depolymerization of this pool of branched F-actin  
may allow increased actin polymerization in the furrow because  
of a reduction in competition for actin monomer54. In either case, 
the suppression is due to enhancement of the centralspindlin- 
independent pathway.

Canman and colleagues have suggested that if Rac1/CED-
10 depletion generally promotes ring constriction, then Rac1/ 
CED-10 depletion should also be able to rescue weak contractile  
rings resulting from temperature-sensitive mutations of the  
formin CYK-1 and non-muscle myosin II (NMY-2) at intermediate 
temperatures44, neither of which is observed. However, as both 
furrowing pathways are active in this experiment and both  
strictly require formin and myosin for furrow formation, it is not 
entirely surprising that Rac1/CED-10 depletion does not com-
pensate when major structural components of the contractile ring 
are crippled. Direct visualization of the sites of accumulation of 
branched actin in cyk-4 mutant embryos and assays for the effects 
of Rac1/CED-10 and the Arp2/3 complex on cortical stability  
during cytokinesis will help better understand these results.
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Figure 2. Proposed models for function of the CYK-4 GTPase-activating protein (GAP) domain in Caenorhabditis elegans with 
predicted phenotypes. At the top, a diagram depicting Rac1 and RhoA activities in a dividing wild-type or nop-1 mutant embryo. (A) Genetic 
pathway and schematic model for cytokinetic furrow formation in C. elegans where CYK-4 solely functions to inactivate Rac1, as described  
by 44. In this model, ECT-2 is not subject to activation. However, as discussed in the text, available experimental evidence does not support 
this model. (B) Genetic pathway and schematic model for cytokinetic furrow formation in C. elegans where CYK-4 and NOP-1 function in 
parallel upstream of ECT-2 in RhoA activation. The diagrams at the bottom of (A) and (B) reflect scenarios where NOP-1 is absent.

An alternative model for CYK-4 GAP domain function
The data discussed above point to a compelling, albeit coun-
terintuitive, role for CYK-4 in the activation of RhoA during  
cytokinesis (Figure 2B). As stated previously, in many model  
systems, the CYK-4 N-terminus directly interacts with the Rho-
GEF ECT-2 and is responsible for the relief of autoinhibition 
and can contribute to the recruitment of the latter to the division 
plane. Where analyzed, depletion of CYK-4 results in weak or no  
furrows. This is also the case in C. elegans CYK-4 GAP mutants 
(Figure 1). Importantly, as stated in the “cyk-4 GAP mutants have 
multiple defects” section above, these CYK-4 mutations result in 
reduced accumulation of RhoA effectors at the furrow. Disabling 
parallel furrow induction pathways (see “CYK-4 protein: a brief 
introduction”) in CYK-4 GAP mutants abolishes the residual  
accumulation of active RhoA and its targets.

As the above results suggest, if CYK-4 GAP mutants are truly 
defective in activating RhoA, then experimentally increasing 
active RhoA levels should restore full RhoA function and cytoki-
netic furrowing. Importantly, this should occur even in the absence 
of a redundant furrowing pathway. This prediction was tested in 
two ways. As mentioned previously, CYK-4 GAP mutants do 
not furrow in the absence of NOP-1. Remarkably, depletion of  
RGA-3/4, a conventional RhoGAP that switches off RhoA55,56, 
results in wild-type cytokinetic furrowing in CYK-4 GAP mutants 
in the presence and absence of NOP-136. Increasing RhoA  
activity using an activated allele of the RhoGEF ECT-2 has the 
same striking effect36. These results together support the hypoth-
esis that CYK-4 GAP domain participates in RhoA activation. The 
results described herein are compiled in poster format viewable on 
figshare (10.6084/m9.figshare.5325619).
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In addition to interacting via their N-termini, an association 
between the CYK-4 GAP and the ECT-2 GEF domain has also  
been reported36. The function of this interaction remains to be  
elucidated. The GAP domain may facilitate relief of ECT-2  
autoinhibition and participate in a ternary complex with RhoA 
to fully activate the GTPase. While such a model may explain 
results from C. elegans embryos, CYK-4 function could be highly  
context-dependent and may vary with diverse cellular parameters.

Context dependence: other experimental systems
Thus far, we have discussed results concerning the GAP domain 
of CYK-4 in C. elegans embryos, the system that has been studied 
in the most detail. The conservation of the GAP domain suggests  
that GAP activity is important for the organism; however, this 
conservation does not imply that the activity is critical in all cell  
types. Indeed, while the GAP activity of CYK-4 is essential for 
cytokinesis in early blastomeres, it is dispensable later in embryo-
genesis, except in the germline36. The mechanisms that are required 
for RhoA activation employed by a given cell likely depend on  
features such as cell-cell or cell-substrate adhesion, cell size, 
spindle size, spindle–to–plasma membrane distance, and relative  
abundance of proteins. There are a number of other examples where 
the genetic requirements for cytokinesis depend on the cellular or 
tissue context57,58. Experimentally, using optogenetics to control 
RhoA activity, cleavage furrow ingression can be dramatically 
slowed by polar or global activation of RhoA8.

The requirement for the GAP domain of CYK-4 and its orthologs 
has been studied in a number of other contexts. While CYK-4  
protein is required in all cells examined to date, the requirement 
for the GAP domain and its catalytic activity varies. In chicken  
B cells, the CYK-4 GAP domain, but not the catalytic arginine, 
is required for cytokinesis59, and mutations in the GAP domain 
strongly impair furrow formation in Drosophila ectoderm60. These 
results are largely consistent with a role for the GAP domain in 
promoting RhoA activation.

The role of CYK-4 GAP activity has been investigated in some 
detail in HeLa cells. In these cells, catalytically inactive CYK-4  
displays a range of phenotypes, including many cells with a late 
cytokinesis defect in which cells ingress with apparently normal 
kinetics but fail to undergo abscission38. Inactivation of CYK-4  
GAP activity results in a dramatic delocalization of the RhoA 
effector anillin. In addition, there is increased cell spreading and 
adhesion to the substrate, both in the midzone where CYK-4  
concentrates and in the cell periphery. Cytokinesis failure in  
these cells could be suppressed by depletion of Rac1 or selected 
effectors. These results are consistent with a model in which  
CYK-4 targets Rac1 in this context, although indirect effects  
involving GTPase crosstalk are possible61.

In Xenopus embryos, CYK-4 is also essential for RhoA activa-
tion. A useful feature of this system is that cytokinetic RhoA  
activation can be readily measured with a biosensor that reveals a  
distinct “Rho zone” during cytokinesis. When the GAP domain 
is deleted, RhoA activation occurs, but the Rho zone appears to  

move as a wave in the plane of the membrane. Conversely,  
inactivation of GAP activity results in a broadening of the Rho zone  
during cytokinesis62. Thus, unlike the case in C. elegans embryos, 
activation of RhoA in Xenopus does not strictly depend on the GAP 
activity or its RhoA-binding activity. The expansion seen in the 
catalytically inactive mutant in Xenopus is consistent with a con-
ventional view of GAP function in which CYK-4 acts to inacti-
vate RhoA, pointing to a requirement for flux in maintaining the 
size of the Rho zone. If that was the sole role of the GAP domain, 
the GAP domain deletion mutant would be expected to behave 
similarly. Rather, the mobility of the Rho zone in the deletion  
mutant indicates that GAP domain plays a role in anchoring the 
Rho zone. Evidence from C. elegans indicates that the RhoA 
GAP domain associates with active RhoA36. These two findings in  
Xenopus also fit a model in which binding of CYK-4 to active  
RhoA promotes positive feedback through ECT-2 recruitment.  
Mutation of the active site of CYK-4 GAP could induce  
expansion of the Rho zone by enhancing positive feedback, as the 
GAP-deficient mutant binds more strongly to active RhoA than 
wild-type CYK-4. The GAP domain deletion mutant obviously  
lacks this functionality which could allow for the observed  
movement of the Rho zone.

Summary
The results described here reveal that cytokinesis in metazoa is 
driven by a contractile ring that assembles in response to local 
RhoA activation at the equatorial cortex during anaphase. This 
is one of the near-universal features of the process; other aspects  
vary in different cell types and organisms. The extent of RhoA 
activation required to divide a cell will depend considerably on 
its context. Division of a large embryonic blastomere is unlikely 
to be identical to that of a small somatic cell of the same animal.  
Similarly, we have described that changes to the properties of  
the overall cell cortex of the large blastomere can alter the  
requirements for cytokinesis.

Nevertheless, the proteins that mediate RhoA activation are well 
conserved among metazoa. Many regulatory features are con-
served, but the extent to which they are required is more variable.  
There is ample evidence that caution must be used when extrap-
olating from one system to another. Here, we have focused on  
CYK-4 during cytokinesis in the early C. elegans embryo. In this 
system, the available evidence reveals that the GAP activity of 
CYK-4 promotes RhoA activation. The underlying mechanism  
will be fascinating to dissect.

Competing interests
The authors declare that they have no competing interests.

Grant information
This work was supported by National Institute of Health grant 
(R01GM85087).  

The funders had no role in study design, data collection and analysis, 
decision to publish, or preparation of the manuscript.

Page 7 of 10

F1000Research 2017, 6(F1000 Faculty Rev):1788 Last updated: 02 OCT 2017



References F1000 recommended

1.	  Yoshizaki H, Ohba Y, Kurokawa K, et al.: Activity of Rho-family GTPases 
during cell division as visualized with FRET-based probes. J Cell Biol. 2003; 
162(2): 223–32.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

2.	 Tse YC, Werner M, Longhini KM, et al.: RhoA activation during polarization 
and cytokinesis of the early Caenorhabditis elegans embryo is differentially 
dependent on NOP-1 and CYK-4. Mol Biol Cell. 2012; 23(20): 4020–31.  
PubMed Abstract | Publisher Full Text | Free Full Text 

3.	  Bement WM, Benink HA, von Dassow G: A microtubule-dependent zone 
of active RhoA during cleavage plane specification. J Cell Biol. 2005; 170(1): 
91–101.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

4.	 Piekny A, Werner M, Glotzer M: Cytokinesis: welcome to the Rho zone. Trends 
Cell Biol. 2005; 15(12): 651–8.  
PubMed Abstract | Publisher Full Text 

5.	 Kishi K, Sasaki T, Kuroda S, et al.: Regulation of cytoplasmic division of 
Xenopus embryo by rho p21 and its inhibitory GDP/GTP exchange protein (rho 
GDI). J Cell Biol. 1993; 120(5): 1187–95.  
PubMed Abstract | Publisher Full Text | Free Full Text 

6.	 Melendez J, Stengel K, Zhou X, et al.: RhoA GTPase is dispensable for 
actomyosin regulation but is essential for mitosis in primary mouse 
embryonic fibroblasts. J Biol Chem. 2011; 286(17): 15132–7.  
PubMed Abstract | Publisher Full Text | Free Full Text 

7.	 Mabuchi I, Hamaguchi Y, Fujimoto H, et al.: A rho-like protein is involved in the 
organisation of the contractile ring in dividing sand dollar eggs. Zygote. 1993; 
1(4): 325–31.  
PubMed Abstract | Publisher Full Text 

8.	  Wagner E, Glotzer M: Local RhoA activation induces cytokinetic furrows 
independent of spindle position and cell cycle stage. J Cell Biol. 2016; 213(6): 
641–9.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

9.	 Tatsumoto T, Xie X, Blumenthal R, et al.: Human ECT2 is an exchange factor for 
Rho GTPases, phosphorylated in G2/M phases, and involved in cytokinesis.  
J Cell Biol. 1999; 147(5): 921–8.  
PubMed Abstract | Publisher Full Text | Free Full Text 

10.	 Prokopenko SN, Brumby A, O'Keefe L, et al.: A putative exchange factor for Rho1 
GTPase is required for initiation of cytokinesis in Drosophila. Genes Dev. 1999; 
13(17): 2301–14.  
PubMed Abstract | Publisher Full Text | Free Full Text 

11.	  Dechant R, Glotzer M: Centrosome separation and central spindle 
assembly act in redundant pathways that regulate microtubule density and 
trigger cleavage furrow formation. Dev Cell. 2003; 4(3): 333–44.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

12.	 Yüce O, Piekny A, Glotzer M: An ECT2-centralspindlin complex regulates the 
localization and function of RhoA. J Cell Biol. 2005; 170(4): 571–82.  
PubMed Abstract | Publisher Full Text | Free Full Text 

13.	  Chalamalasetty RB, Hümmer S, Nigg EA, et al.: Influence of human Ect2 
depletion and overexpression on cleavage furrow formation and abscission.  
J Cell Sci. 2006; 119(Pt 14): 3008–19.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

14.	 Nishimura Y, Yonemura S: Centralspindlin regulates ECT2 and RhoA 
accumulation at the equatorial cortex during cytokinesis. J Cell Sci. 2006; 
119(Pt 1): 104–14.  
PubMed Abstract | Publisher Full Text 

15.	 Zhao WM, Fang G: MgcRacGAP controls the assembly of the contractile 
ring and the initiation of cytokinesis. Proc Natl Acad Sci U S A. 2005; 102(37): 
13158–63.  
PubMed Abstract | Publisher Full Text | Free Full Text 

16.	  Mishima M, Kaitna S, Glotzer M: Central spindle assembly and cytokinesis 
require a kinesin-like protein/RhoGAP complex with microtubule bundling 
activity. Dev Cell. 2002; 2(1): 41–54.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

17.	 Sellitto C, Kuriyama R: Distribution of a matrix component of the midbody 
during the cell cycle in Chinese hamster ovary cells. J Cell Biol. 1988; 106(2): 
431–9.  
PubMed Abstract | Publisher Full Text | Free Full Text 

18.	 Nislow C, Sellitto C, Kuriyama R, et al.: A monoclonal antibody to a mitotic 
microtubule-associated protein blocks mitotic progression. J Cell Biol. 1990; 
111(2): 511–22.  
PubMed Abstract | Publisher Full Text | Free Full Text 

19.	 Raich WB, Moran AN, Rothman JH, et al.: Cytokinesis and midzone microtubule 
organization in Caenorhabditis elegans require the kinesin-like protein ZEN-4. 
Mol Biol Cell. 1998; 9(8): 2037–49.  
PubMed Abstract | Publisher Full Text | Free Full Text 

20.	 Powers J, Bossinger O, Rose D, et al.: A nematode kinesin required for cleavage 
furrow advancement. Curr Biol. 1998; 8(20): 1133–6.  
PubMed Abstract | Publisher Full Text | Free Full Text 

21.	 Adams RR, Tavares AA, Salzberg A, et al.: pavarotti encodes a kinesin-like 
protein required to organize the central spindle and contractile ring for 
cytokinesis. Genes Dev. 1998; 12(10): 1483–94.  
PubMed Abstract | Publisher Full Text | Free Full Text 

22.	 Jantsch-Plunger V, Gönczy P, Romano A, et al.: CYK-4: A Rho family gtpase 
activating protein (GAP) required for central spindle formation and 
cytokinesis. J Cell Biol. 2000; 149(7): 1391–404.  
PubMed Abstract | Publisher Full Text | Free Full Text 

23.	 Verbrugghe KJ, White JG: Cortical centralspindlin and G alpha have parallel 
roles in furrow initiation in early C. elegans embryos. J Cell Sci. 2007;  
120(Pt 10): 1772–8.  
PubMed Abstract | Publisher Full Text 

24.	 Green RA, Mayers JR, Wang S, et al.: The midbody ring scaffolds the 
abscission machinery in the absence of midbody microtubules. J Cell Biol. 
2013; 203(3): 505–20.  
PubMed Abstract | Publisher Full Text | Free Full Text 

25.	 Basant A, Lekomtsev S, Tse YC, et al.: Aurora B kinase promotes cytokinesis by 
inducing centralspindlin oligomers that associate with the plasma membrane. 
Dev Cell. 2015; 33(2): 204–15.  
PubMed Abstract | Publisher Full Text | Free Full Text 

26.	 Kim JE, Billadeau DD, Chen J: The tandem BRCT domains of Ect2 are required 
for both negative and positive regulation of Ect2 in cytokinesis. J Biol Chem. 
2005; 280(7): 5733–9.  
PubMed Abstract | Publisher Full Text 

27.	 Su KC, Takaki T, Petronczki M: Targeting of the RhoGEF Ect2 to the equatorial 
membrane controls cleavage furrow formation during cytokinesis. Dev Cell. 
2011; 21(6): 1104–15.  
PubMed Abstract | Publisher Full Text 

28.	 Somers WG, Saint R: A RhoGEF and Rho family GTPase-activating protein 
complex links the contractile ring to cortical microtubules at the onset of 
cytokinesis. Dev Cell. 2003; 4(1): 29–39.  
PubMed Abstract | Publisher Full Text 

29.	 Petronczki M, Glotzer M, Kraut N, et al.: Polo-like kinase 1 triggers the initiation 
of cytokinesis in human cells by promoting recruitment of the RhoGEF Ect2 to 
the central spindle. Dev Cell. 2007; 12(5): 713–25.  
PubMed Abstract | Publisher Full Text 

30.	 Wolfe BA, Takaki T, Petronczki M, et al.: Polo-like kinase 1 directs assembly 
of the HsCyk-4 RhoGAP/Ect2 RhoGEF complex to initiate cleavage furrow 
formation. PLoS Biol. 2009; 7(5): e1000110.  
PubMed Abstract | Publisher Full Text | Free Full Text 

31.	  Burkard ME, Randall CL, Larochelle S, et al.: Chemical genetics reveals the 
requirement for Polo-like kinase 1 activity in positioning RhoA and triggering 
cytokinesis in human cells. Proc Natl Acad Sci U S A. 2007; 104(11): 4383–8. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

32.	 Miller AL, Bement WM: Regulation of cytokinesis by Rho GTPase flux. Nat Cell 
Biol. 2009; 11(1): 71–7.  
PubMed Abstract | Publisher Full Text | Free Full Text 

33.	  Bringmann H, Hyman AA: A cytokinesis furrow is positioned by two 
consecutive signals. Nature. 2005; 436(7051): 731–4.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

34.	  Werner M, Munro E, Glotzer M: Astral signals spatially bias cortical myosin 
recruitment to break symmetry and promote cytokinesis. Curr Biol. 2007; 
17(15): 1286–97.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

35.	 Rose LS, Lamb ML, Hird SN, et al.: Pseudocleavage is dispensable for polarity 
and development in C. elegans embryos. Dev Biol. 1995; 168(2): 479–89. 
PubMed Abstract | Publisher Full Text 

36.	 Zhang D, Glotzer M: The RhoGAP activity of CYK-4/MgcRacGAP functions  
non-canonically by promoting RhoA activation during cytokinesis. eLife. 2015; 
4: e08898.  
PubMed Abstract | Publisher Full Text | Free Full Text 

37.	 Touré A, Dorseuil O, Morin L, et al.: MgcRacGAP, a new human GTPase-
activating protein for Rac and Cdc42 similar to Drosophila rotundRacGAP 
gene product, is expressed in male germ cells. J Biol Chem. 1998; 273(11): 
6019–23.  
PubMed Abstract | Publisher Full Text 

38.	  Bastos RN, Penate X, Bates M, et al.: CYK4 inhibits Rac1-dependent PAK1 
and ARHGEF7 effector pathways during cytokinesis. J Cell Biol. 2012; 198(5): 
865–80.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

39.	  Hakeda-Suzuki S, Ng J, Tzu J, et al.: Rac function and regulation during 
Drosophila development. Nature. 2002; 416(6879): 438–42.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

40.	  Lundquist EA, Reddien PW, Hartwieg E, et al.: Three C. elegans Rac proteins 
and several alternative Rac regulators control axon guidance, cell migration 
and apoptotic cell phagocytosis. Development. 2001; 128(22): 4475–88.  
PubMed Abstract | F1000 Recommendation 

Page 8 of 10

F1000Research 2017, 6(F1000 Faculty Rev):1788 Last updated: 02 OCT 2017

https://f1000.com/prime/1006784
http://www.ncbi.nlm.nih.gov/pubmed/12860967
http://dx.doi.org/10.1083/jcb.200212049
http://www.ncbi.nlm.nih.gov/pmc/articles/2172791
https://f1000.com/prime/1006784
http://www.ncbi.nlm.nih.gov/pubmed/22918944
http://dx.doi.org/10.1091/mbc.E12-04-0268
http://www.ncbi.nlm.nih.gov/pmc/articles/3469517
https://f1000.com/prime/1026820
http://www.ncbi.nlm.nih.gov/pubmed/15998801
http://dx.doi.org/10.1083/jcb.200501131
http://www.ncbi.nlm.nih.gov/pmc/articles/2171391
https://f1000.com/prime/1026820
http://www.ncbi.nlm.nih.gov/pubmed/16243528
http://dx.doi.org/10.1016/j.tcb.2005.10.006
http://www.ncbi.nlm.nih.gov/pubmed/8436590
http://dx.doi.org/10.1083/jcb.120.5.1187
http://www.ncbi.nlm.nih.gov/pmc/articles/2119720
http://www.ncbi.nlm.nih.gov/pubmed/21454503
http://dx.doi.org/10.1074/jbc.C111.229336
http://www.ncbi.nlm.nih.gov/pmc/articles/3083211
http://www.ncbi.nlm.nih.gov/pubmed/8081830
http://dx.doi.org/10.1017/S0967199400001659
https://f1000.com/prime/726421813
http://www.ncbi.nlm.nih.gov/pubmed/27298323
http://dx.doi.org/10.1083/jcb.201603025
http://www.ncbi.nlm.nih.gov/pmc/articles/4915195
https://f1000.com/prime/726421813
http://www.ncbi.nlm.nih.gov/pubmed/10579713
http://dx.doi.org/10.1083/jcb.147.5.921
http://www.ncbi.nlm.nih.gov/pmc/articles/2169345
http://www.ncbi.nlm.nih.gov/pubmed/10485851
http://dx.doi.org/10.1101/gad.13.17.2301
http://www.ncbi.nlm.nih.gov/pmc/articles/316993
https://f1000.com/prime/1013427
http://www.ncbi.nlm.nih.gov/pubmed/12636915
http://dx.doi.org/10.1016/S1534-5807(03)00057-1
https://f1000.com/prime/1013427
http://www.ncbi.nlm.nih.gov/pubmed/16103226
http://dx.doi.org/10.1083/jcb.200501097
http://www.ncbi.nlm.nih.gov/pmc/articles/2171506
https://f1000.com/prime/1033541
http://www.ncbi.nlm.nih.gov/pubmed/16803869
http://dx.doi.org/10.1242/jcs.03032
https://f1000.com/prime/1033541
http://www.ncbi.nlm.nih.gov/pubmed/16352658
http://dx.doi.org/10.1242/jcs.02737
http://www.ncbi.nlm.nih.gov/pubmed/16129829
http://dx.doi.org/10.1073/pnas.0504145102
http://www.ncbi.nlm.nih.gov/pmc/articles/1201590
https://f1000.com/prime/1003284
http://www.ncbi.nlm.nih.gov/pubmed/11782313
http://dx.doi.org/10.1016/S1534-5807(01)00110-1
https://f1000.com/prime/1003284
http://www.ncbi.nlm.nih.gov/pubmed/2448315
http://dx.doi.org/10.1083/jcb.106.2.431
http://www.ncbi.nlm.nih.gov/pmc/articles/2114964
http://www.ncbi.nlm.nih.gov/pubmed/2199459
http://dx.doi.org/10.1083/jcb.111.2.511
http://www.ncbi.nlm.nih.gov/pmc/articles/2116221
http://www.ncbi.nlm.nih.gov/pubmed/9693365
http://dx.doi.org/10.1091/mbc.9.8.2037
http://www.ncbi.nlm.nih.gov/pmc/articles/25457
http://www.ncbi.nlm.nih.gov/pubmed/9778533
http://dx.doi.org/10.1016/S0960-9822(98)70470-1
http://www.ncbi.nlm.nih.gov/pmc/articles/3209536
http://www.ncbi.nlm.nih.gov/pubmed/9585508
http://dx.doi.org/10.1101/gad.12.10.1483
http://www.ncbi.nlm.nih.gov/pmc/articles/316841
http://www.ncbi.nlm.nih.gov/pubmed/10871280
http://dx.doi.org/10.1083/jcb.149.7.1391
http://www.ncbi.nlm.nih.gov/pmc/articles/2175131
http://www.ncbi.nlm.nih.gov/pubmed/17456550
http://dx.doi.org/10.1242/jcs.03447
http://www.ncbi.nlm.nih.gov/pubmed/24217623
http://dx.doi.org/10.1083/jcb.201306036
http://www.ncbi.nlm.nih.gov/pmc/articles/3824018
http://www.ncbi.nlm.nih.gov/pubmed/25898168
http://dx.doi.org/10.1016/j.devcel.2015.03.015
http://www.ncbi.nlm.nih.gov/pmc/articles/4431772
http://www.ncbi.nlm.nih.gov/pubmed/15545273
http://dx.doi.org/10.1074/jbc.M409298200
http://www.ncbi.nlm.nih.gov/pubmed/22172673
http://dx.doi.org/10.1016/j.devcel.2011.11.003
http://www.ncbi.nlm.nih.gov/pubmed/12530961
http://dx.doi.org/10.1016/S1534-5807(02)00402-1
http://www.ncbi.nlm.nih.gov/pubmed/17488623
http://dx.doi.org/10.1016/j.devcel.2007.03.013
http://www.ncbi.nlm.nih.gov/pubmed/19468300
http://dx.doi.org/10.1371/journal.pbio.1000110
http://www.ncbi.nlm.nih.gov/pmc/articles/2680334
https://f1000.com/prime/1081869
http://www.ncbi.nlm.nih.gov/pubmed/17360533
http://dx.doi.org/10.1073/pnas.0701140104
http://www.ncbi.nlm.nih.gov/pmc/articles/1838611
https://f1000.com/prime/1081869
http://www.ncbi.nlm.nih.gov/pubmed/19060892
http://dx.doi.org/10.1038/ncb1814
http://www.ncbi.nlm.nih.gov/pmc/articles/2677303
https://f1000.com/prime/1027502
http://www.ncbi.nlm.nih.gov/pubmed/16079852
http://dx.doi.org/10.1038/nature03823
https://f1000.com/prime/1027502
https://f1000.com/prime/1091334
http://www.ncbi.nlm.nih.gov/pubmed/17669650
http://dx.doi.org/10.1016/j.cub.2007.06.070
http://www.ncbi.nlm.nih.gov/pmc/articles/1978103
https://f1000.com/prime/1091334
http://www.ncbi.nlm.nih.gov/pubmed/7729583
http://dx.doi.org/10.1006/dbio.1995.1096
http://www.ncbi.nlm.nih.gov/pubmed/26252513
http://dx.doi.org/10.7554/eLife.08898
http://www.ncbi.nlm.nih.gov/pmc/articles/4552957
http://www.ncbi.nlm.nih.gov/pubmed/9497316
http://dx.doi.org/10.1074/jbc.273.11.6019
https://f1000.com/prime/717956674
http://www.ncbi.nlm.nih.gov/pubmed/22945935
http://dx.doi.org/10.1083/jcb.201204107
http://www.ncbi.nlm.nih.gov/pmc/articles/3432774
https://f1000.com/prime/717956674
https://f1000.com/prime/1005336
http://www.ncbi.nlm.nih.gov/pubmed/11919634
http://dx.doi.org/10.1038/416438a
https://f1000.com/prime/1005336
https://f1000.com/prime/1002089
http://www.ncbi.nlm.nih.gov/pubmed/11714673
https://f1000.com/prime/1002089


41.	 Guo F, Debidda M, Yang L, et al.: Genetic deletion of Rac1 GTPase reveals 
its critical role in actin stress fiber formation and focal adhesion complex 
assembly. J Biol Chem. 2006; 281(27): 18652–9.  
PubMed Abstract | Publisher Full Text 

42.	  Pavicic-Kaltenbrunner V, Mishima M, Glotzer M: Cooperative assembly of 
CYK-4/MgcRacGAP and ZEN-4/MKLP1 to form the centralspindlin complex. 
Mol Biol Cell. 2007; 18(12): 4992–5003.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

43.	  Canman JC, Lewellyn L, Laband K, et al.: Inhibition of Rac by the GAP 
activity of centralspindlin is essential for cytokinesis. Science. 2008; 322(5907): 
1543–6.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

44.	  Zhuravlev Y, Hirsch SM, Jordan SN, et al.: CYK-4 regulates Rac, but not Rho, 
during cytokinesis. Mol Biol Cell. 2017; 28(9): 1258–70.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

45.	 Loria A, Longhini KM, Glotzer M: The RhoGAP domain of CYK-4 has an essential 
role in RhoA activation. Curr Biol. 2012; 22(3): 213–9.  
PubMed Abstract | Publisher Full Text | Free Full Text 

46.	 Mullins RD, Heuser JA, Pollard TD: The interaction of Arp2/3 complex with actin: 
nucleation, high affinity pointed end capping, and formation of branching 
networks of filaments. Proc Natl Acad Sci U S A. 1998; 95(11): 6181–6.  
PubMed Abstract | Publisher Full Text | Free Full Text 

47.	 Miki H, Suetsugu S, Takenawa T: WAVE, a novel WASP-family protein involved 
in actin reorganization induced by Rac. EMBO J. 1998; 17(23): 6932–41.  
PubMed Abstract | Publisher Full Text | Free Full Text 

48.	  Chen Z, Borek D, Padrick SB, et al.: Structure and control of the actin 
regulatory WAVE complex. Nature. 2010; 468(7323): 533–8.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

49.	  Shivas JM, Skop AR: Arp2/3 mediates early endosome dynamics necessary 
for the maintenance of PAR asymmetry in Caenorhabditis elegans. Mol Biol 
Cell. 2012; 23(10): 1917–27.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

50.	 Xiong H, Mohler WA, Soto MC: The branched actin nucleator Arp2/3 promotes 
nuclear migrations and cell polarity in the C. elegans zygote. Dev Biol. 2011; 
357(2): 356–69.  
PubMed Abstract | Publisher Full Text | Free Full Text 

51.	  Ding WY, Ong HT, Hara Y, et al.: Plastin increases cortical connectivity to 
facilitate robust polarization and timely cytokinesis. J Cell Biol. 2017; 216(5): 
1371–86.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

52.	 Severson AF, Baillie DL, Bowerman B: A Formin Homology protein and a profilin 
are required for cytokinesis and Arp2/3-independent assembly of cortical 
microfilaments in C. elegans. Curr Biol. 2002; 12(24): 2066–75.  
PubMed Abstract | Publisher Full Text 

53.	 Roh-Johnson M, Goldstein B: In vivo roles for Arp2/3 in cortical actin organization 
during C. elegans gastrulation. J Cell Sci. 2009; 122(Pt 21): 3983–93.  
PubMed Abstract | Publisher Full Text | Free Full Text 

54.	  Burke TA, Christensen JR, Barone E, et al.: Homeostatic actin cytoskeleton 
networks are regulated by assembly factor competition for monomers. Curr 
Biol. 2014; 24(5): 579–85.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

55.	 Schonegg S, Constantinescu AT, Hoege C, et al.: The Rho GTPase-activating 
proteins RGA-3 and RGA-4 are required to set the initial size of PAR domains 
in Caenorhabditis elegans one-cell embryos. Proc Natl Acad Sci U S A. 2007; 
104(38): 14976–81.  
PubMed Abstract | Publisher Full Text | Free Full Text 

56.	 Schmutz C, Stevens J, Spang A: Functions of the novel RhoGAP proteins 
RGA-3 and RGA-4 in the germ line and in the early embryo of C. elegans. 
Development. 2007; 134(19): 3495–505.  
PubMed Abstract | Publisher Full Text 

57.	 Giansanti MG, Farkas RM, Bonaccorsi S, et al.: Genetic dissection of meiotic 
cytokinesis in Drosophila males. Mol Biol Cell. 2004; 15(5): 2509–22.  
PubMed Abstract | Publisher Full Text | Free Full Text 

58.	  Founounou N, Loyer N, Le Borgne R: Septins regulate the contractility of the 
actomyosin ring to enable adherens junction remodeling during cytokinesis of 
epithelial cells. Dev Cell. 2013; 24(3): 242–55.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

59.	 Yamada T, Hikida M, Kurosaki T: Regulation of cytokinesis by mgcRacGAP in 
B lymphocytes is independent of GAP activity. Exp Cell Res. 2006; 312(18): 
3517–25.  
PubMed Abstract | Publisher Full Text 

60.	 Zavortink M, Contreras N, Addy T, et al.: Tum/RacGAP50C provides a critical link 
between anaphase microtubules and the assembly of the contractile ring in 
Drosophila melanogaster. J Cell Sci. 2005; 118(Pt 22): 5381–92.  
PubMed Abstract | Publisher Full Text 

61.	  O'Neill PR, Kalyanaraman V, Gautam N: Subcellular optogenetic activation 
of Cdc42 controls local and distal signaling to drive immune cell migration. 
Mol Biol Cell. 2016; 27(9): 1442–50.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

62.	 Miller AL, von Dassow G, Bement WM: Control of the cytokinetic apparatus by 
flux of the Rho GTPases. Biochem Soc Trans. 2008; 36(Pt 3): 378–80.  
PubMed Abstract | Publisher Full Text | Free Full Text 

Page 9 of 10

F1000Research 2017, 6(F1000 Faculty Rev):1788 Last updated: 02 OCT 2017

http://www.ncbi.nlm.nih.gov/pubmed/16698790
http://dx.doi.org/10.1074/jbc.M603508200
https://f1000.com/prime/1097299
http://www.ncbi.nlm.nih.gov/pubmed/17942600
http://dx.doi.org/10.1091/mbc.E07-05-0468
http://www.ncbi.nlm.nih.gov/pmc/articles/2096608
https://f1000.com/prime/1097299
https://f1000.com/prime/1144934
http://www.ncbi.nlm.nih.gov/pubmed/19056985
http://dx.doi.org/10.1126/science.1163086
http://www.ncbi.nlm.nih.gov/pmc/articles/2736296
https://f1000.com/prime/1144934
https://f1000.com/prime/727412697
http://www.ncbi.nlm.nih.gov/pubmed/28298491
http://dx.doi.org/10.1091/mbc.E17-01-0020
http://www.ncbi.nlm.nih.gov/pmc/articles/5415020
https://f1000.com/prime/727412697
http://www.ncbi.nlm.nih.gov/pubmed/22226748
http://dx.doi.org/10.1016/j.cub.2011.12.019
http://www.ncbi.nlm.nih.gov/pmc/articles/3285270
http://www.ncbi.nlm.nih.gov/pubmed/9600938
http://dx.doi.org/10.1073/pnas.95.11.6181
http://www.ncbi.nlm.nih.gov/pmc/articles/27619
http://www.ncbi.nlm.nih.gov/pubmed/9843499
http://dx.doi.org/10.1093/emboj/17.23.6932
http://www.ncbi.nlm.nih.gov/pmc/articles/1171041
https://f1000.com/prime/6879956
http://www.ncbi.nlm.nih.gov/pubmed/21107423
http://dx.doi.org/10.1038/nature09623
http://www.ncbi.nlm.nih.gov/pmc/articles/3085272
https://f1000.com/prime/6879956
https://f1000.com/prime/718218580
http://www.ncbi.nlm.nih.gov/pubmed/22456506
http://dx.doi.org/10.1091/mbc.E12-01-0006
http://www.ncbi.nlm.nih.gov/pmc/articles/3350555
https://f1000.com/prime/718218580
http://www.ncbi.nlm.nih.gov/pubmed/21798253
http://dx.doi.org/10.1016/j.ydbio.2011.07.008
http://www.ncbi.nlm.nih.gov/pmc/articles/3389993
https://f1000.com/prime/727500229
http://www.ncbi.nlm.nih.gov/pubmed/28400443
http://dx.doi.org/10.1083/jcb.201603070
http://www.ncbi.nlm.nih.gov/pmc/articles/5412556
https://f1000.com/prime/727500229
http://www.ncbi.nlm.nih.gov/pubmed/12498681
http://dx.doi.org/10.1016/S0960-9822(02)01355-6
http://www.ncbi.nlm.nih.gov/pubmed/19889970
http://dx.doi.org/10.1242/jcs.057562
http://www.ncbi.nlm.nih.gov/pmc/articles/2773197
https://f1000.com/prime/718285485
http://www.ncbi.nlm.nih.gov/pubmed/24560576
http://dx.doi.org/10.1016/j.cub.2014.01.072
http://www.ncbi.nlm.nih.gov/pmc/articles/3979332
https://f1000.com/prime/718285485
http://www.ncbi.nlm.nih.gov/pubmed/17848508
http://dx.doi.org/10.1073/pnas.0706941104
http://www.ncbi.nlm.nih.gov/pmc/articles/1986598
http://www.ncbi.nlm.nih.gov/pubmed/17728351
http://dx.doi.org/10.1242/dev.000802
http://www.ncbi.nlm.nih.gov/pubmed/15004238
http://dx.doi.org/10.1091/mbc.E03-08-0603
http://www.ncbi.nlm.nih.gov/pmc/articles/404041
https://f1000.com/prime/717979308
http://www.ncbi.nlm.nih.gov/pubmed/23410939
http://dx.doi.org/10.1016/j.devcel.2013.01.008
https://f1000.com/prime/717979308
http://www.ncbi.nlm.nih.gov/pubmed/16959247
http://dx.doi.org/10.1016/j.yexcr.2006.07.026
http://www.ncbi.nlm.nih.gov/pubmed/16280552
http://dx.doi.org/10.1242/jcs.02652
https://f1000.com/prime/726190223
http://www.ncbi.nlm.nih.gov/pubmed/26941336
http://dx.doi.org/10.1091/mbc.E15-12-0832
http://www.ncbi.nlm.nih.gov/pmc/articles/4850032
https://f1000.com/prime/726190223
http://www.ncbi.nlm.nih.gov/pubmed/18481962
http://dx.doi.org/10.1042/BST0360378
http://www.ncbi.nlm.nih.gov/pmc/articles/3570265


 

Open Peer Review

   Current Referee Status:

Editorial Note on the Review Process
 are commissioned from members of the prestigious   and are edited as aF1000 Faculty Reviews F1000 Faculty

service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:
Version 1

 Department of Pathology and Department of Cell Biology, Emory University, Atlanta, GA,Shoichiro Ono
USA

 No competing interests were disclosed.Competing Interests:

1

 Department of Cell Biology, Yale University, New Haven, Connecticut, USAThomas Pollard
 No competing interests were disclosed.Competing Interests:

1

 Oregon Institute of Marine Biology, University of Oregon, Charleston, Oregon, USAGeorge von Dassow
 No competing interests were disclosed.Competing Interests:

1

Page 10 of 10

F1000Research 2017, 6(F1000 Faculty Rev):1788 Last updated: 02 OCT 2017

http://f1000research.com/collections/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

