
Reviewer #1 (Remarks to the Author):  

 

The manuscript by Liu et al describes the identification and characterization of a novel centriolar 

factor CEP85 in human centriole duplication. The authors provide in-depth structural and 

biochemical evidence for specific roles of CEP85 in early steps of centriole duplication, particularly 

during the recruitment of the centriolar protein STIL to the assembly site, where the presence of STIL 

needs to fully activate the master kinase PLK4 for centriole biogenesis. Guided by crystal structures, 

the authors found that CEP85 directly interacts with STIL through specific domains/residues that 

form a conserved interaction interface, and that when the CEP85-STIL interaction is abolished, both 

the recruitment and stability of STIL are impaired, leading to incomplete activation of PLK4 and thus 

severe defects in centriole duplication.  

 

I find that the core conclusion of the manuscript regarding the role of CEP85 in centriole duplication 

is supported by the large amount of data including structural, biochemical and microscopy studies, 

and that CEP85 is involved in a very important step of centriole duplication previously not 

recognized. I therefore in principle support the publication of this interesting story in Nature 

Communication, when the following issue is addressed.  

 

Major issues:  

As described by the authors, the co-localization of CEP85 and STIL during centriole duplication is very 

transient, and it is currently unclear how such transient interactions contribute to or facilitate 

centriole duplication. I wonder if the authors have considered an alternative idea: It seems to me 

that CEP85 is profoundly required for the overall stability of STIL in cells, not just at the centrosome 

only (see Fig 2F & H), and that perhaps the reduction of the total STIL level could underlie the 

majority of the CEP85 RNAi phenotypes observed. I think the authors should at least discuss this 

issue, although I guess that one relatively simple way to differentiate the role of CEP85 in STIL 

stability from that of STIL recruitment is to check if overexpression of STIL can rescue centriole 

duplication defects in cells depleted of CEP85, i.e. completely bypassing the requirement of CEP85.  

 

 

 

Reviewer #2 (Remarks to the Author):  

 

The manuscript “The structural basis for CEP85-mediated control of centriole duplication” by Liu et 

al reports their identification of CEP85 as a novel  



centriole duplication factor directly interacting with the previously uncharacterized N-terminal 

domain of STIL to spatiotemporally regulate the early stages of centriole duplication. They first 

identified CEP85 as a new regulator of centriole duplication using BioID with several known 

centriolar proteins as the baits. Based on a series of RNAi and in vivo data, they found that CEP85 is 

required for robust accumulation of STIL at centrioles and PLK4 activation. The interaction between 

CEP85 cc4 and STIL NTD was mapped and confirmed by several biophysical techniques including in 

vitro pulldown, analytical ultracentrifugation, Y2H, and ITC. Based on the mapped binding sites, they 

determined the structures of CEP85 cc4 and STIL NTD, first individually to high resolutions of 2.1 and 

1.7 Å respectively, and later as a complex to a low resolution of 4.6 Å. Based on the crystal 

structures, they identified critical residues mediating the interaction which was confirmed by 

mutagenesis analyses. Interaction-disrupting mutants of CEP cc4 were found to impair both centriole 

duplication and STIL recruitment to centrosomes, as well as prevent robust activation of PLK4 in 

vivo. Based on all these findings, they claim the elucidation of the molecular basis underlying a 

previously undescribed modulatory step during the most upstream events of centriole duplication.  

The article was written properly, and the reported finding is novel as they claimed. However, I found 

some of their data were not so convincing, particularly the complex structure which is the main 

finding of their work. Listed below are my major and minor concerns.  

 

Major points:  

1. Their ITC data show a strong and robust interaction between CEP85 cc4 and STIL NTD. 

However, in all their in vivo studies, the two proteins only partially (~15%) co-localized, which they 

concluded as a transient interaction. It is hard to understand how such a strong interaction in vitro 

leads to only a transient interaction in vivo? Does it imply there is another layer regulation by an 

unknown mechanism? 

2. Their ITC data (Fig 4D) show “N=0.34”, which is inconsistent with their tetrameric structural 

model of the complex. How to explain this? Similarly, the native MS data (Fig S4D) show that, 

despite the majority of the tetrameric complex, a substantial fraction of the complex are trimers 

(2xSTIL:1xCEP85) or even pentamers (3xSTIL:2xCEP85). Further, given the strong dimeric interaction 

of the coiled coils, it is hard to understand why all CEP85 cc4 are monomers (Fig S4D)? Also looking 

strange is that most STIL NTD are actually dimers. Overall, it seems very ambiguous how the two 

proteins behave individually, and whether the crystal structure they determined is really the 

physiological complex of them in vivo, even they may indeed interact in the cell, transiently as was 

claimed by the authors.  

3. Another concern about the structure of the complex is that it is between T. adhaerens STIL 

NTD, which shares only 28% identity with human ortholog, and human CEP85 cc4. It would be 

helpful to check the binding of both proteins from the same organism, e.g. T. adhaerens STIL vs T. 

adhaerens CEP85, by ITC to confirm the interactions are comparable in both cases. Along the same 

line, crosslinking-MS analyses would help to further validate the interaction sites given the very low 

resolution of their complex structure.  



4. Regarding the unwinding of the N-terminal part of CEP85 cc4 upon binding of STIL NTD, 

more discussion of the cause and potential function should be considered. Could this be tested by 

some techniques such as limited proteolysis or NMR? Does a short version of CEP85 cc4 

corresponding to the seen part in the complex structure bind in the same manner (and with a similar 

affinity) as the one used in their studies? If so, SAXS might be used to further confirm the tetrameric 

complex.  

 

Minor points:  

1. “Conservation Scale” bars were shown several times (Fig 5A, Fig S3C, Fig S7D). However, it 

was unclear how the values were calculated? Further, more homologous proteins should be 

included in their alignments (Fig S7B&C) to demonstrate residue conservations.  

2. How to explain that depletion of CEP85 reduced STIL level, but depletion of STIL rather 

increased CEP85 level (Fig 2D)?  

3. Regarding the reasoning of absence of CEP85 in nematodes and flies (Fig S7A), it would be 

helpful to compare the structure of the STIL NTD reported here with that of the counterpart in 

Sas5/Ana2.  

 

 

 

Reviewer #3 (Remarks to the Author):  

 

The manuscript by Liu et al describes the identification the protein CEP85 as a new player in 

centriole duplication. Initially, the protein CEP85 is identified to be interacting with known centriole 

duplication factors by a set of protein proximity detection methods, and subsequently, its role in the 

centriole duplication process is established and validated in vivo. Two high resolution structures, one 

of the interacting domains CEP85-CC4 and one of its binding partner STIL-NTD are determined, and a 

low resolution structure of the protein-protein complex is presented that fits well to the 

evolutionary conservation of these domain. The interaction between CEP85 and STIL is further 

characterized by biophysical methods including NMR spectroscopy. Single-point mutations, based on 

the crystal structures are analyzed in vitro and in vivo, demonstrating that the CEP85-STIL interaction 

is essential for STIL localization to centrioles and subsequent PLK4 activation and finally correct 

daughter centriole formation.  

 

The work comprises an overall impressive amount of data and experiments, which appear all very 

well done and well documented. The amount of work shown here is clearly above average and fully 

sufficient to warrant publication. The manuscript is clearly written and the provided findings 



represent a major scientific step forward in the centriole field. I highly recommend publication in 

Nature communications. Two minor issues may be adressed:  

 

1.) The title "Structural basis of .." is in my view even too modest and includes only part of the 

achievements that the manuscript provides. Perhaps the authors want to change the title to a more 

general term to highlight that they also identify the role of CEP85 in the first place and elucidate its 

function in vivo at least partially.  

 

2.) The authors conclude from the absence of a detectable interaction with the R67A mutant in NMR 

and ITC experiments (Fig. S3), that CEP85 does not interact with STIL via its patch2. This conclusion 

should be worded and discussed more carefully. The only statement that can be made safely is that 

under the conditions used in vitro, this interaction not detected. It may nonetheless exist in vivo, 

perhaps with a phosphorylation or other regulation or under otherwise different conditions. 
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We would like to thank the three referees for their enthusiasm about our work, judicious 

comments and the many thoughtful suggestions. Below is our detailed point-by point response 

(our responses are in bold and the original comments in their entirety are in italics). The referee 

reports have been very helpful and we hope that the reviewers will find the revised version of our 

manuscript suitable for publication in Nature Communications.  

 

Reviewer #1: 

The manuscript by Liu et al describes the identification and characterization of a novel 

centriolar factor CEP85 in human centriole duplication. The authors provide in-depth structural 

and biochemical evidence for specific roles of CEP85 in early steps of centriole duplication, 

particularly during the recruitment of the centriolar protein STIL to the assembly site, where the 

presence of STIL needs to fully activate the master kinase PLK4 for centriole biogenesis. Guided 

by crystal structures, the authors found that CEP85 directly interacts with STIL through specific 

domains/residues that form a conserved interaction interface, and that when the CEP85-STIL 

interaction is abolished, both the recruitment and stability of STIL are impaired, leading to 

incomplete activation of PLK4 and thus severe defects in centriole duplication. 

 

 

I find that the core conclusion of the manuscript regarding the role of CEP85 in centriole 

duplication is supported by the large amount of data including structural, biochemical and 

microscopy studies, and that CEP85 is involved in a very important step of centriole duplication 

previously not recognized. I therefore in principle support the publication of this interesting 

story in Nature Communication, when the following issue is addressed.  

 

Major issues: 

 

As described by the authors, the co-localization of CEP85 and STIL during centriole duplication 

is very transient, and it is currently unclear how such transient interactions contribute to or 

facilitate centriole duplication. I wonder if the authors have considered an alternative idea: It 

seems to me that CEP85 is profoundly required for the overall stability of STIL in cells, not just 

at the centrosome only (see Fig 2F & H), and that perhaps the reduction of the total STIL level 

could underlie the majority of the CEP85 RNAi phenotypes observed. I think the authors should 

at least discuss this issue, although I guess that one relatively simple way to differentiate the role 

of CEP85 in STIL stability from that of STIL recruitment is to check if overexpression of STIL 

can rescue centriole duplication defects in cells depleted of CEP85, i.e. completely bypassing the 

requirement of CEP85. 

 

We thank the reviewer for her/his thoughtful comments.  As suggested, we performed 

rescue experiments where we overexpress STIL in CEP85-depleted cells, to assess the level 

of centriole duplication in S-phase.  Our results indicate that expression of WT STIL as 

well as STIL L64A and R67A mutant are unable to rescue centriole duplication, 
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supporting the role of CEP85 in facilitating STIL recruitment to centrioles (Figure S8A-C). 

To further validate this point, we overexpressed a non-degradable form of WT STIL and 

STIL L64A and R67A mutant to assess their ability in centriole amplification
1
.  

Consistently, we found that expression of similar level of STIL L64A and R67A mutant was 

unable to induce centriole overduplication to WT STIL levels (Figure S8D-F). Together, 

our data support a dual role for CEP85 in STIL centriolar localization and its stability to 

control centriole duplication.  

 

This comment from the reviewer also made us realize that it was necessary to investigate 

which factors are required for the recruitment of CEP85 to centrioles. To do this, we 

depleted CEP192, CEP152, PLK4 and STIL in U-2 OS cells and examined the impact on 

CEP85 centriolar localization. We found that depletion of CEP192, CEP152 and PLK4 led 

to a reduction in centriolar recruitment of CEP85 (Figure S2F-G). These data suggest that 

CEP85 acts downstream of CEP192, CEP152, and PLK4, and therefore the model in 

Figure 7H has been modified accordingly. These results are mentioned on page 8 of the 

revised manuscript.  

 

Reviewer #2: 

The manuscript “The structural basis for CEP85-mediated control of centriole duplication” by 

Liu et al reports their identification of CEP85 as a novel centriole duplication factor directly 

interacting with the previously uncharacterized N-terminal domain of STIL to spatiotemporally 

regulate the early stages of centriole duplication. They first identified CEP85 as a new regulator 

of centriole duplication using BioID with several known centriolar proteins as the baits. Based 

on a series of RNAi and in vivo data, they found that CEP85 is required for robust accumulation 

of STIL at centrioles and PLK4 activation. The interaction between CEP85 cc4 and STIL NTD 

was mapped and confirmed by several biophysical techniques including in vitro pulldown, 

analytical ultracentrifugation, Y2H, and ITC. Based on the mapped binding sites, they 

determined the structures of CEP85 cc4 and STIL NTD, first individually to high resolutions of 

2.1 and 1.7 Å respectively, and later as a complex to a low resolution of 4.6 Å. Based on the 

crystal structures, they identified critical residues mediating the interaction which was confirmed 

by mutagenesisanalyses. Interaction-disrupting mutants of CEP cc4 were found to impair both 

centriole duplication and STIL recruitment to centrosomes, as well as prevent robust activation 

of PLK4 in vivo. Based on all these findings, they claim the elucidation of the molecular basis 

underlying a previously undescribed modulatory step during the most upstream events of 

centriole duplication.The article was written properly, and the reported finding is novel as they 

claimed. However, I found some of their data were not so convincing, particularly the complex 

structure which is the main finding of their work. Listed below are my major and minor concerns. 

 

Majo rpoints: 

 

1. Their ITC data show a strong and robust interaction between CEP85 cc4 and STIL NTD. 
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However, in all their in vivo studies, the two proteins only partially (~15%) co-localized, which 

they concluded as a transient interaction. It is hard to understand how such a strong interaction 

in vitro leads to only a transient interaction in vivo? Does it imply there is another layer 

regulation by an unknown mechanism? 

 

The ITC/AUC experiments that we had presented in the manuscript suggested that the 

CEP85-STIL binding affinity is ~ 20 μM. Additional ITC and AUC experiments designed 

to clarify the binding stoichiometry of the complex (see comments below, Figure S4C, 

Figure S5G) suggest a KD of ~ 60 μM. These values classify this interaction as a relatively 

weak interaction, which might partially explain the putatively transient interaction at 

centrosomes observed in vivo.  

 

The complex might also play a role in the cytoplasm. Holland and colleagues propose that 

cytoplasmic STIL needs to associate with PLK4 to transform into a functional 

conformation in order to be recruited to centrioles
2
. So, in analogy, we think that CEP85 

may interact with both centrosomal and cytoplasmic pools of STIL to play its dual 

regulation on STIL. In agreement with this notion, our microtubule recruitment assay in 

Figure 6H-I indicate CEP85 can robustly recruit cytoplasmic STIL to microtubules. This is 

now also discussed in the manuscript. However, the reviewer is of course right in pointing 

out that there might indeed be further layers of regulation by unknown mechanisms that 

remain to be explored.  

 

2. Their ITC data (Fig 4D) show “N=0.34”, which is inconsistent with their tetrameric 

structural model of the complex. How to explain this? Similarly, the native MS data (Fig S4D) 

show that, despite the majority of the tetrameric complex, a substantial fraction of the complex 

are trimers (2xSTIL:1xCEP85) or even pentamers (3xSTIL:2xCEP85). Further, given the strong 

dimeric interaction of the coiled coils, it is hard to understand why all CEP85 cc4 are monomers 

(Fig S4D)? Also looking strange is that most STIL NTD are actually dimers. Overall, it seems 

very ambiguous how the two proteins behave individually, and whether the crystal structure they 

determined is really the physiological complex of them in vivo, even they may indeed interact in 

the cell, transiently as was claimed by the authors. 

 

Concerning the ITC binding stoichiometry: We had demonstrated by MALS that the 

CEP85 cc4 is in fact partially unstable at room temperature (Figure S5B). We have now 

also performed thermal melts which emphasizes this point further (Figure S5F). This 

instability probably explains the lower binding stoichiometry observed at room 

temperature compared to our structure (Figure S5G, shortly discussed in the 

corresponding figure legend). However, to address the point of binding stoichiometry 

directly, we have now done ITC experiments at reduced temperature (10°C) to stabilise the 

CEP85 cc4 (Figure S5G) and also redone our AUC experiments under conditions optimised 

to resolve the binding stoichiometry of the complex (Figure S4C). Both experiments 

demonstrate a binding stoichiometry of 1:1 (2:2), which is in perfect agreement with our 
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structural data (the AUC data resolved both 1:2 and 2:2 complexes). In further support of 

the idea that the stability of cc4 somewhat compromises the observed ITC stoichiometry at 

25 °C, we have now also performed binding experiments by ITC at 25 °C using a longer 

construct of CEP85. This construct contains an additional coiled coil element (cc5) and is 

more stable than WT CEP85 cc4 alone as judged by thermal melts (Figure 1B for the 

reviewers’ attention). With this construct we observed robust binding to STIL NTD of 

comparable affinity and binding stoichiometry of 1:1 (2:2), as observed for CEP85 cc4 at 

10°C (Figure 1A for the reviewers’ attention).  

 

Second, concerning the apparent ambiguous behaviour of the proteins individually. These 

are only observed in native mass-spectrometry experiments, where the proteins are 

injected at high concentrations (due to the relatively low KD) and run in vacuum (removing 

the solvation shell of water). Under milder conditions, in solution and at lower 

concentrations, such as MALS (Figure S5A+B) at room temperature, the CEP85 cc4 is in 

monomer-dimer equilibrium and the STIL NTD is predominantly monomeric. To address 

this point further, we also have performed AUC at reduced temperature (10 °C) with the 

individual proteins and find this notion (CEP85 cc dimer, STIL NTD monomer) confirmed. 

Thus, we believe that the different behaviour of the individual proteins observed in native 

mass-spectrometry might be down to the experimental conditions. The native mass-

spectrometry data nevertheless confirms complex formation and also confirms that the 

CEP85 cc4 binds only as a dimer to the STIL NTD. It is therefore in agreement with our 

conclusions concerning CEP85-STIL binding.   

 

3. Another concern about the structure of the complex is that it is between T. adhaerens STIL 

NTD, which shares only 28% identity with human ortholog, and human CEP85 cc4. It would be 

helpful to check the binding of both proteins from the same organism, e.g. T. adhaerens STIL vs 

T. adhaerens CEP85, by ITC to confirm the interactions are comparable in both cases. Along the 

same line, crosslinking-MS analyses would help to further validate the interaction sites given the 

very low resolution of their complex structure.  

 

We had shown that point mutations in the interface of our structure strongly compromise 

the binding between the human proteins (based on pull-downs and a microtubule-based 

recruitment assay in vivo) as well as between chicken STIL NTD and human CEP85 cc4 in 

ITC experiments with recombinant proteins. These experiments argue that, despite being 

obtained with Trichoplax STIL NTD and human CEP85 cc4, our structure is nevertheless 

relevant. To strengthen this point further we have now also used cross-linking MS analyses, 

as suggested by the reviewer. This experiment demonstrates the presence of a specific 

cross-link between chicken STIL NTD and human CEP85 cc4 for the WT, but not the 

mutant proteins. This cross-link is in agreement with our structural model (Figure S5H-K).  

 

In addition, we have now also conducted ITC experiments with human STIL NTD vs 

human CEP85 cc4 and chicken STIL NTD vs chicken CEP85 cc4 that show binding of the 

WT, but not the mutant proteins (Figure 1C+D for the reviewers’ attention). Fitting the 

WT data to obtain the KD and binding stoichiometry of these intra-species ITC data was 
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difficult because the parameters were poorly constrained by the fit under the experimental 

conditions that we could access. Both human and chicken interactions may have lower 

binding affinities and, in the case of human STIL NTD, we were unable to obtain 

sufficiently concentrated stocks without evidence of aggregation. In the case of the chicken 

STIL NTD – human Cep85 cc4 experiments we required >1 mM STIL NTD stock (>41 

mg/ml) and we were unable to duplicate this with the human construct.  The chicken 

interaction may also occur with a more complex binding mode, for example possibly 

involving the conserved patch 2 of STIL NTD, or may require further optimisation of 

solvent conditions since the chicken cc4 sequence contains two cysteine residues that are 

well placed in the parallel cc dimer to form disulphide linked material, despite the presence 

of DTT in the buffer. Although we are reluctant to fit these data quantitatively, it is clear 

that the proteins from both species bind to each other and that the same mutants in the 

conserved binding interface that disrupt the chicken – human interaction also prevent 

binding for the corresponding intra-species interactions. All of this is in complete 

agreement with our structural model.  

 

We also attempted ITC experiments at 10 °C using Trichoplax STIL NTD vs Trichoplax 

CEP85 cc4 but without success. However, SEC-MALS and CD experiments showed that 

the Trichoplax CEP85 cc4 was already partially unfolded even at 4 °C and essentially 

monomeric at room temperature (Figure 1E+F for the reviewers’ attention). Since CEP85 

cc4 needs to be dimeric to bind to STIL NTD (Figure S4D), this instability compared to 

human (Figure S5B, Figure S5F) and chicken CEP85 cc4 (Figure 1F for the reviewers’ 

attention) likely explains the lack of a robust interaction in ITC experiments. CEP85 

contains a number of additional coiled coil domains (see Figure 4A for a domain overview 

of CEP85) that might act to stabilise cc4 dimer formation in the context of full length 

CEP85. Indeed, using human CEP85, we found that in the absence of cc4, CEP85 is still 

able to oligomerise (Figure 1G for the reviewers’ attention).  

 

4. Regarding the unwinding of the N-terminal part of CEP85 cc4 upon binding of STIL NTD, 

more discussion of the cause and potential function should be considered. Could this be tested by 

some techniques such as limited proteolysis or NMR? Does a short version of CEP85 cc4 

corresponding to the seen part in the complex structure bind in the same manner (and with a 

similar affinity) as the one used in their studies? If so, SAXS might be used to further confirm the 

tetrameric complex.  

 

We had tried in the past to shorten the CEP85 cc4 further, but did not see any binding to 

STIL NTD. This is not unexpected, since CEP85 cc4 can only bind as a dimer to STIL 

(Figure S4D) and taking off more heptad repeats from the coiled coil would act to 

destabilise dimer formation (the coiled coil is already partly unstable at room temperature 

(Figure S5B+F)). 
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In our opinion, it would be very challenging to use limited proteolysis to check the fraying 

of the CEP85 cc4 in solution and when bound to STIL. The binding affinities are relatively 

weak making it difficult to obtain unique complexes and therefore the nature of the 

relevant controls is not clear. Thus, any result would be difficult to interpret 

unambiguously. SAXS under the required high protein concentrations (relatively low KD) 

would also lead to technical difficulties (concentration effects, multiple states, aggregation 

etc.), besides being unlikely to be able to differentiate between a fully folded or partially 

unfolded N-terminal coiled-coil part in the complex (SAXS is a low resolution technique). 

NMR experiments would require a full assignment of the CEP85 cc4 dimer, which is 

beyond the time-scale of this revision (and, due to the nature of the parallel coiled coil 

dimer, being non-trivial). Thus, unfortunately, we feel that we are unable to address this 

point experimentally. However, partial unwinding of proteins to enable crystal packing is 

not uncommon in protein crystallography. Thus, as discussed in the manuscript, we believe 

that this is the most likely explanation in our case as well, especially given the partial 

instability of the CEP85 cc4 at room temperature.  

 

Minor points: 

 

1. “Conservation Scale” bars were shown several times (Fig 5A, Fig S3C, Fig S7D). However, it 

was unclear how the values were calculated? Further, more homologous proteins should be 

included in their alignments (Fig S7B&C) to demonstrate residue conservations. 

 

The conservation scores for both CEP85 cc4 and STIL NTD, were calculated with ConSurf 

using manually refined multiple sequence alignments each of which contained 136 non-

redundant homologous sequences from the same set of species. The position-specific scores 

were calculated using a Bayesian algorithm. These scores are divided into a discrete scale 

of nine grades and indicate the relative degree of evolutionary conservation at each amino 

acid position in the given alignment. We integrated this information into the Materials and 

Methods.  

 

For an extended multiple sequence alignment please refer to Figure 2 for the reviewers’ 

attention. The extended alignment for both CEP85 cc4 and STIL NTD includes sequences 

from diverse metazoan organisms representing the main branches of the phylogenetic tree 

shown in Figure S7. It clearly shows that the residues mutated in our study are highly 

conserved across species. Similarly, the regions (blocks) corresponding to the secondary 

structural elements are well conserved. The number of Supplementary Figures is limited 

and these alignments are very bulky without, to our mind, carrying extra or essential 

information. Thus, we would prefer to retain in the manuscript supplement their shorter 

version that includes the organisms used in our study.  

 

2. How to explain that depletion of CEP85 reduced STIL level, but depletion of STIL rather 

increased CEP85 level (Fig 2D)? 
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This is a very good question and we must confess that this is also a puzzling observation for 

which we have no concrete explanation. Our data clearly indicate that CEP85-STIL can 

form a complex in vitro, and we think a plausible explanation is that the regulated stability 

of this complex (or its individual components) in vivo may be a significant factor 

determining its bioavailability. We have shown that CEP85 acts upstream of STIL in 

centriole duplication. In the absence of CEP85, STIL is unable to fulfill its physiological 

functions and therefore may promote its degradation by specific E3 ubiquitin ligases. This 

is not without precedent since other centriole duplication factors
1, 3-6

 (SASS6, CPAP) have 

been shown to regulate cellular levels of core duplication factors. Consistent with this 

observation in Figure 2D, our new data indicate that STIL depletion also increased the 

centriolar level of CEP85 (Figure S2F-G). Those data imply a potential feedback regulation 

of CEP85 levels that warrants further investigation. We previously reported a similar 

phenomenon that depletion of CEP120, SPICE1, CPAP and CEP135 resulted in a marked 

increase in the PLK4 signal surrounding the mother centriole
7
.  Further work is needed to 

identify UPS components that potentially regulate the CEP85/STIL complex.  

 

3. Regarding the reasoning of absence of CEP85 in nematodes and flies (Fig S7A), it would be 

helpful to compare the structure of the STIL NTD reported here with that of the counterpart in 

Sas5/Ana2.  

 

Intriguingly, the fly and nematode homologs of STIL, Ana2 and Sas5, both do not have a 

NTD (schematically shown in Figure S7). In fact, our sequence analysis revealed that 

insects such as wasps, ants, butterflies, beetles and bees also lack the STIL NTD. We were 

unable to identify a CEP85 homologue in these organisms, which could be taken as a 

further indication that the described interaction between CEP85 and STIL is evolutionarily 

relevant. A small paragraph in the discussion of the manuscript describes our findings  

(also see Figure S7A). As discussed in the legend of Figure S7, conclusions concerning 

nematode SAS-5 are difficult though, since its homology to STIL is not apparent from 

sequence comparison.  

 

Reviewer #3  

The manuscript by Liu et al describes the identification the protein CEP85 as a new player in 

centriole duplication. Initially, the protein CEP85 is identified to be interacting with known 

centriole duplication factors by a set of protein proximity detection methods, and subsequently, 

its role in the centriole duplication process is established and validated in vivo. Two high 

resolution structures, one of the interacting domains CEP85-CC4 and one of its binding partner 

STIL-NTD are determined, and a low resolution structure of the protein-protein complex is 

presented that fits well to the evolutionary conservation of these domain. The interaction 

between CEP85 and STIL is further characterized by biophysical methods including NMR 

spectroscopy. Single-point mutations, based on the crystal structures are analyzed in vitro and in 

vivo, demonstrating that the CEP85-STIL interaction is essential for STIL localization to 

centrioles and subsequent PLK4 activation and finally correct 
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daughter centriole formation. The work comprises an overall impressive amount of data and 

experiments, which appear all very well done and well documented. The amount of work shown 

here is clearly above average and fully sufficient to warrant publication. The manuscript is 

clearly written and the provided findings represent a major scientific step forward in the 

centriole field. I highly recommend publication in Nature communications. Two minor issues 

may be addressed: 

 

We thank this reviewer for her/his enthusiasm. 

 

 

1.) The title "Structural basis of .." is in my view even too modest and includes only part of the 

achievements that the manuscript provides. Perhaps the authors want to change the title to a 

more general term to highlight that they also identify the role of CEP85 in the first place and 

elucidate its function in vivo at least partially.  

 

We appreciate this kind suggestion. We changed the title to “Direct binding of CEP85 to 

STIL ensures robust PLK4 activation and efficient centriole assembly”.  

 

 

2.) The authors conclude from the absence of a detectable interaction with the R67A mutant in 

NMR and ITC experiments (Fig. S3), that CEP85 does not interact with STIL via its patch2. This 

conclusion should be worded and discussed more carefully. The only statement that can be made 

safely is that under the conditions used in vitro, this interaction not detected. It may nonetheless 

exist in vivo, perhaps with a phosphorylation or other regulation or under otherwise different 

conditions. 

 

This is a good point. We now mentioned on Page 22 of the manuscript “While the other 

patch would be well placed to contribute to CEP85 binding (Figure S3C), NMR 

experiments suggest that this is not the case at least under the condition used in vitro 

(Figure S3D)” 
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Figure 1 for reviewers 

 

(A, B). Recombinant chicken STIL NTD and the human C-terminal CEP85 construct 

CEP85
562-762

 (including CEP85 cc4 and cc5) directly interact with each other at 25 °C. 

Binding affinity and stoichiometry are comparable to ITC experiments with human 

CEP85 cc4 at 10 °C (Figure S5G). At 10 °C cc4 dimer formation is stabilised (Figure 

S5F). (A). ITC binding isotherm for chicken STIL NTD titrated into human 

CEP85
562-762

 at 25 °C. The resulting KD, ΔH and STIL NTD/ CEP85
562-762

 binding 

stoichiometry (N) as an average from a total of three measurements are indicated. (B). 

CD-based thermal melting analysis of recombinant human CEP85
570-662

 cc4 and 

CEP85
562-762

. Note the increased thermal stability of CEP85
562-762

 compared to 

CEP85
570-662

 cc4. CEP85
562-762

 contains an additional coiled coil domain (cc5, Figure 

4A). (C, D). Recombinant STIL NTD and CEP85 cc4 from different species directly 

interact with each through a conserved interface. (C). ITC binding isotherm for 

human STIL NTD (WT and R67A mutant) titrated into human CEP85 cc4 (WT and 

Q640A) at 10 °C. (D). ITC binding isotherm for chicken STIL NTD (WT and R63A 

mutant (R67A in human STIL) titrated into chicken CEP85 cc4 (WT and Q659A 

mutant (Q640A in human CEP85) at 10°C. At this temperature, these interactions are 

driven by a large favourable entropy of binding similar to what is observed with the 

chicken STIL NTD – hs CEP85 cc4 titrations (Figure S5G).  Please note that it was 

not possible to fit the data from (C, D). unambiguously to obtain KD and binding 

stoichiometries, due to the relevant parameters being poorly constrained by the fit. 

This could be due to several reasons, e.g., in the case of the human STIL NTD, an 

aggregation tendency, somewhat lower binding affinities, or more complex binding 

modes that might involve additional interaction sites (e.g. conserved patch 2 of STIL 

NTD). (E, F). Recombinant Trichoplax CEP85 cc4 does not form stable dimers in 

solution. (E). Size exclusion chromatography - multi-angle light scattering (SEC-

MALS) chromatograms of recombinant Trichoplax CEP85 cc4 run at room 

temperature at varying concentrations. Shown are the respective refractive index 

signals together with the derived molar masses (indicated by thicker horizontal lines). 

The calculated, theoretical molecular weight is indicated. Trichoplax CEP85 cc4 

remained monomeric over the concentration range examined (the average molecular 

weight in the indicated regions ranged from 13-15 kDa). (F). CD-based thermal 

melting analysis of recombinant Trichoplax and Gallus CEP85 cc4 both at 0.6 mg/ml. 

Note the low thermal stability of the Trichoplax coiled coil. (G). CEP85 contains 

additional oligomerisation domains besides its cc4 domain.  293T cells expressing 

Tet-inducible  FLAG-BirA* or FLAG-BirA* tagged human CEP85 WT transgenes 

were transfected with MYC-CEP85 WT or cc4 deletion constructs for 48 h in the 

presence of tetracycline (2μg/mL), and immunoprecipitated using FLAG antibody-

conjugated beads. FLAG-BirA* CEP85 and co-immunoprecipated proteins were 

probed with the indicated antibodies.  

 

Figure 2 for reviewers 

 

The STIL NTD/CEP85 interaction interface is conserved across metazoans. Extended 

multiple sequence alignment of STIL NTD (A) or CEP85 cc4 (B) homologues from 

diverse metazoan organisms, representing the major branches of the tree shown in 

Figure S7. The alignments are coloured according to the CLUSTAL coloring scheme, 

residue color intensity is based on conservation. The secondary structure elements are 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/immunoprecipitation
https://www.sciencedirect.com/topics/neuroscience/antibodies


shown above the alignment. The two STIL / CEP85 residues mutated in this study are 

indicated with red dots. 
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NALWDYRAVGPP I HL HA I QNKNVL I S - - VSET PL RL L HRL AEESSS - - - - - - ET F SCT L L GSVEF PEDGDS I F VH I ERL DQSCRPVENYS - - - - - - - - - - - - L GPTDVF VACKMT K
N I LWDHDSTGDDL HL SL SYYRKPQL Y - - VT EKVL RF AQRHL ESSRG - - - - - - T SCSCAL QGS I AL DQDGEGL T F VL DRFDPG - - - - GGGT - - - - - - - I SCSGL T PGD I S I PF EMFG
S I LWDHT STGPAVV I HMT YYRD I RL I - - I SSKAL QL ARRCAADSSK - - - - - - MEF L CL L QGSL SVDTDG - G I T ANL ERFDMGKMEQGSL S - - - - - - - - - PT STMAGD I T VPL I VMK
H I LWDRRPQGDHEL L HL YSRRNMRVM - - VNEQT L RL AVRHL NQSASP - - - - - - - F NSF L I GSL SVDSREEGL AL H I DRFDPGRE I AERDGSAKGAKYKVPT T I VPGDQV I P I RF I K
T KLWDSKAQGEQEEL HL L KGSDCNL T I D I T EKCL RL AQRSAYQL HT ET SAT KR I QKF F L L GSL N I NKDD - RV I I N I DRFDPGR I I DRKEGN - - - KSL HVPT AV I PGDV I I PL SMQL

QEL CSREM I - VHSVDDF SSAL KAL QCH I C - SKDSL DCGKL L SL RVH I T SRESL DSVEFDL HWAAVT L ANNF KCT PVKP I P I I PT AL ARNL SSNL N I SQVQGT YKYGYL TMDETRKL
QGL GSRDV I - VHNADDF SSAL KAL QYHVC - SKDF L DCGKL L CL RAQ I T PRESL DGVDF NL QWT AVT L ANSF KCVPVKP I P I I PT AL ARNL SSNL N I SQVQGT YKHGY I TMDETRKL

GPSSDSV I - VHSAED I SL AF KDL RDSL C - SKHSL DL SKL L T VRAH I VF T ENL DNL SF SF HWASVT AAN I L EYT PVKSVP I I PT AL ARNL NSPMN I AQVQGT YKCGYL TMDQTRKL
- GKGSNNV I - VHT PEDF T SSFMSL QSHL H - GKEAL DL AKL L AMRAH I T YT ENMDNL HFDL HWAAVT VANT F EST P I KPVP I I PT AL ARNL GSHNN I AHL QGT HKSGYL TMDQTRKL
QHAASST - - - VHSSEDL N I SF KML QHFCC - SKEL L EL SKL L T L RAQL SCSENMDRL T F NL SWAAVT L ACT L DAVP I RAVP I I PT AL ARNL SSPAGVTQ - - - NSKRGF L TMDQTRKL
RGT T F SD I I - VHSAEDF N I AFQML HCYCC - SKET I DHSRL L TMRAH I TC I ESMDSL RL EL HWAAVT VAN I FDAT PVNPVP I I PT AL ARNL T SP I N I AQVQGTCKFGYL TMDQTRKL
MYMFDCSYWHCRSVNS I SSL PQSL HHHCC - T KDPVDVSNSL AL QAH I YVQDEGEAMT FD I HL SAVSMATGF EAT PVT PVP I I PT AL ARNL AGPL NL SEVQGAPKSGF L TMDQTRKL
- - L GDAD I SAT HT ADDF I AAF K I L ESSL S - T HGS I DPARCL T L RVMCRCHSNADD I T L CL HFGAVT VAT VF TGF HVKP I P I I PT AL ARNL MGPL SL SDVQGSYKTGF L SMDETRKL
NCARP - - - - - ESSVEEYST AVKML - - - - - - - - - - - - - - - - - - - - AHCSF HDNQSS I I L HL DCDL VT PT SEF KMT PVNP I P I VPT AL SKNL SGPNGAACF PGQAKFGF L TMDQTRKL
NT KENR - - - - HGSQSDYF NAL KL I QQK I R - SKDS I EL SNF L L AKGWCSF YT HGEKSVHH I DFDVVT L AT EF KVT P I PVVP I VPT AL SKNL SGPMSL SHL QGEPKTGYL TMDHTRKV
SGSKP - - - - - QL SSDDYF KAL QML QHT VT SGCK I QL DQYVVAF ASL VPKPSTRNGEVYDMG I SVVSL SNHL KAT PVKNVP I VPT AL SKNL AGPASL SDMQGEPKAGYL TMDHTRKL
GL I GAENSV - T HSKEEFDRAL MVL HSR I T - GEDAL T L T NF I SF KACCHAHSGDDEV I L NL HFGAVTMETG I L A I PVT PVP I I PT AL ARNL AGPL RL SEVHGVPKCGF L TMDNTRKL
ACL GSEGVS - PF S I SEYYDAFQT L T KNL KL SCDSVD I KDML SL K I HAT YYVDSDE I S I NVT SGVVVPSAL I T AVP I L PVS I VPT AL ARSL SGPL HL SNFQDTQKSGYVA I NNSHNL

L L L L ESDPKVYSL PL VG I WL SG I T H I YSPQVWACCL RY I F NSSVQERVF S - ESGNF I I VL YSMT HKEPEF YECF PCDGK I PDFRFQL L T SKET L HL F - KNVEPPDKNP I RCEL SAE
L L L L QSDPKVSSL PL VG I WL AG I I HVYSPQVWACCL RYMF SSS I QERVF S - ESGNF I I VL YSL T HKEPEF YECL PCESRT PDL QFQL L T NKET L HL F - NNVEPSGKNP I HF EL SAE
L L L L ESDPKAYAL PL VGVWMSGVT H I YSPQVWACCL RYL F SSS I QERVF S - ESGSF L I VL YSL T HKEPEF YECGPCRGQT E - L GFQL L TCNET VHL F - KNVEPSDKSP I QF VL SAE
L L VL ESDPKVYML PL VG I WL SG I T H I HSPQVWAACL RY I F SSS I HERVL S - ESGSF L I I L YSL T HKEPEF YECSPCVKHDP - L GFQL L TCQDT L HL F - KNAEVSKNPL L RF EL SSE
L L I L ESDPKAYT L PL VG I WL SGVT H I HNPL VWAWCL RYL HSSSL QDKVL S - EGGT F L VVL YSL T HRDPEF YQCKPSTGQQQ - L SFQL L T SRDSL T L Y - KNVEPSEGRPL QF EL SSE
L L I L ESDPKAF T L PL VG I WL SGV I H I QSPQVWASCL RYMF SSS I QERVF ST EQKSF L L VL YSL T HKEPEF YECHPYGEHQK - L DFQL L T ST EV I NL Y - KNAESSGKQP I EF EL SE -
L L L L ESDPK I YSL PL VG I WVCGPVH I HSPH I WACCL RYMYNT N I QDRVYT - PMQGF L VVL YSPT HSQPEF YDCRT KDGV - - - MNFQL HNCF ET L HVL - KV - - - - - - - - - - - - - - - -
L L L L ESDPKT ST I PL I G I WMSGL T HMSNPVVWSACL RF L HSSG I QERVCS - PNGKF L VVL F TRT SRQPL F YECMVKSEQDP - - RFML VGCRENL HVF - KHVSAKGKPRVEMEL T PA
L L I L ASDPKVSAL PL VGVWVSGVTGL T EP I LWCACMQY I HSKDL KHRVCM - PPEHF L L L I YSTRHSKPL F YQCCT SDGSSR - L NFDL SSSHEVL QL P - KNGMCRSQSPL EMDMA - -
L L VL ESDPKVF NL PL VG I W I SGVSYVYSPF VWASC I RYL F NSS I NDRVCS - VAEPF L L VL YSPL HSKPEF YDVT I QNAEGN - MQFDL YTGYEVVSL P - KT I T NNSQNSVE I EL SSA
L L I L ESDPKVYT L PL VG I WL SG I PL VYNPF VWAACL RYL HNAH I QERVCK - PPEPF L L VL YSPL HSQPEF YEVT AVNGGGR - L T FQL YSAVQN I DL S - KTGSS - - EAVVDVDL CKV
L L L L ESDPKAF SL PL I GVWVSGSF T VHHPF VWACC I KF L NCKS I KERVVA - APNT F L L VHYSPANAAP I FWECAPQEQSST - GPF EL YSCYENL HF E - VPF SDKF SEPL RFDL L PC
L L VL DSDPKL SS I PL VG I WVDGV I S I HHPYVWSACMRYL YSQRL T NK I RD - GSTGF I L VL YTQTRPKPEFWECS - F SGKSDK - - F L YCQASDD I FME - KVAKTRN - EYMRL QL VPN

Homo_sapiens
Mus_musculus
Gallus_gallus
Xenopus_laevis
Danio_rerio
Callorhinchus_milii
Branchiostoma_floridae
Strongylocentrotus_purpuratus
Capitella_teleta
Crassostrea_gigas
Lingula_anatina
Nematostella_vectensis
Trichoplax_adhaerens

MESWQKRYDSL QK I VEKQQQKMDQL RSQ - - - - VQSL EQEVAQEEGT SQAL REEAQRRDSAL QQL RT AVKEL SVQNQDL I EKNL T L QEHL RQA
MESQQKECDSL RKMVERQQL KMEQL HSQ - - - - VQSQKQEL AQEEG I NQAL REEAQRRET AL QQMRT AVKEL SVQNQDL I EKNL T L QEHL RQA
NDSL KKECDCL RK I VEKQQKKMEQL SL Q - - - - VKNL EEQVAQEEGT SQAL KEEAL RRENVL QQL RT AVKEL SVQNQDL I EKNL T I QERL RQA
VL SL QKEQECL RKVMESQKKK I EQMSSK - - - - VKVL EEQVAQEEGTGDAL KVEVQRKET AL QQL RAAVKEL AVQNQDL MEQNVT L QERL RQT
NT AL KDEQQRL KKV I EKQL RMMEQL GSQ - - - - I RT L EEQ I SQEEC I SQAL RQET ADKEQNL L QL RSAMKEL SVQNQEL MEHNL T L QERL QGE
SDGL KEDYERAKKL I DKQQKRMEL L T SQ - - - - I RSL EDCVAQEEGASQDL REEL SGKENGSQQL RRAMKEL SAQNQEL I EKNL T L QEQL GQS
NDRL REDCDRAKKL L ESKHKKMKSL QSQHQSEL ERL EER I SQEEGVVT AL REE I RGKDEATRKL RDSMKEL ASQNQDL L EQT L T L QEQL QEL
NERHSSSVEHL KKV I DSKHRHL QKVQSEHQRAL EEMESRL MQEEGV I T AL RVEL NNKDSAL QDMTRSMKDL ASQSQEL YGHNL SL QESVQGL
VKKL ASDL EKAKKL L EQKHKKL QHL EAKHQSREAEL KER I QMEAST VNAL RQQVESHENGQRQL RT SL KEL GTQNQEQMECNL AL KEKL RAV
NERL AVDL DKAKKL L ET SYRKL RHSEVKGQNEMKQL QERL T HEEESVEAL RGDCRMKEETMKKL KRSMKEMESKNQDL MEQ I L I I REQL KT L
KEL L VSNL DKAKKL L ENKHKKQKQME I KHQSE I KQL EER I SQEESSVL AL KEEL GT T EKEL RKVRQTMKE I NKQNQDL MEDSMT L RDKVKEA
NERL QAEL SRT KKVL EAKHKKMKSF HEQSQKDQKAL EERL VQEENMVVAL RDEVNSRDQS I REL RKS I KEVSCQMQDL MESNL NL KSACDKY
NKYL SEENERVKKF L QSKHQKL L EVL SDKQHN I EQYQHRL T EEKD I I SGL SKSL KERDST I KQL QMS I KT VSNQNQD I L EQN I EL QEL CNKL

B

X

W
X

X

A
Figure 2 for reviewers



Reviewer #1 (Remarks to the Author):  

 

The authors have fully addressed the issues I raised. The story is interesting and important and I 

therefore fully support its publication in nature communication.  

 

 

Reviewer #2 (Remarks to the Author):  

 

My comments and concerns have been adequately addressed. In my opinion, it is ready for 

publication. 
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Reviewers' comments: 

 

Reviewer #1 (Remarks to the author): 

 

The manuscript by Liu et al describes the identification and characterization of a novel centriolar 

factor CEP85 in human centriole duplication. The authors provide in-depth structural and 

biochemical evidence for specific roles of CEP85 in early steps of centriole duplication, 

particularly during the recruitment of the centriolar protein STIL to the assembly site, where the 

presence of STIL needs to fully activate the master kinase PLK4 for centriole biogenesis. Guided 

by crystal structures, the authors found that CEP85 directly interacts with STIL through specific 

domains/residues that form a conserved interaction interface, and that when the CEP85-STIL 

interaction is abolished, both the recruitment and stability of STIL are impaired, leading to 

incomplete activation of PLK4 and thus severe defects in centriole duplication. 

 

I find that the core conclusion of the manuscript regarding the role of CEP85 in centriole 

duplication is supported by the large amount of data including structural, biochemical and 

microscopy studies, and that CEP85 is involved in a very important step of centriole duplication 

previously not recognized. I therefore in principle support the publication of this interesting story 

in Nature Communication, when the following issue is addressed.  

 

Major issues: 

 

As described by the authors, the co-localization of CEP85 and STIL during centriole duplication 

is very transient, and it is currently unclear how such transient interactions contribute to or 

facilitate centriole duplication. I wonder if the authors have considered an alternative idea: It 

seems to me that CEP85 is profoundly required for the overall stability of STIL in cells, not just 

at the centrosome only (see Fig 2F & H), and that perhaps the reduction of the total STIL level 

could underlie the majority of the CEP85 RNAi phenotypes observed. I think the authors should 

at least discuss this issue, although I guess that one relatively simple way to differentiate the role 

of CEP85 in STIL stability from that of STIL recruitment is to check if overexpression of STIL 

can rescue centriole duplication defects in cells depleted of CEP85, i.e. completely bypassing the 

requirement of CEP85. 
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Reviewer #2 (Remarks to the author): 

 

The manuscript “The structural basis for CEP85-mediated control of centriole duplication” by 

Liu et al reports their identification of CEP85 as a novel centriole duplication factor directly 

interacting with the previously uncharacterized N-terminal domain of STIL to spatiotemporally 

regulate the early stages of centriole duplication. They first identified CEP85 as a new regulator 

of centriole duplication using BioID with several known centriolar proteins as the baits. Based 

on a series of RNAi and in vivo data, they found that CEP85 is required for robust accumulation 

of STIL at centrioles and PLK4 activation. The interaction between CEP85 cc4 and STIL NTD 

was mapped and confirmed by several biophysical techniques including in vitro pulldown, 

analytical ultracentrifugation, Y2H, and ITC. Based on the mapped binding sites, they 

determined the structures of CEP85 cc4 and STIL NTD, first individually to high resolutions of 

2.1 and 1.7 Å respectively, and later as a complex to a low resolution of 4.6 Å. Based on the 

crystal structures, they identified critical residues mediating the interaction which was confirmed 

by mutagenesisanalyses. Interaction-disrupting mutants of CEP cc4 were found to impair both 

centriole duplication and STIL recruitment to centrosomes, as well as prevent robust activation 

of PLK4 in vivo. Based on all these findings, they claim the elucidation of the molecular basis 

underlying a previously undescribed modulatory step during the most upstream events of 

centriole duplication.The article was written properly, and the reported finding is novel as they 

claimed. However, I found some of their data were not so convincing, particularly the complex 

structure which is the main finding of their work. Listed below are my major and minor concerns. 

 

Major points: 

 

1. Their ITC data show a strong and robust interaction between CEP85 cc4 and STIL NTD. 

However, in all their in vivo studies, the two proteins only partially (~15%) co-localized, which 

they concluded as a transient interaction. It is hard to understand how such a strong interaction in 

vitro leads to only a transient interaction in vivo? Does it imply there is another layer regulation 

by an unknown mechanism? 

 

2. Their ITC data (Fig 4D) show “N=0.34”, which is inconsistent with their tetrameric structural 

model of the complex. How to explain this? Similarly, the native MS data (Fig S4D) show that, 

despite the majority of the tetrameric complex, a substantial fraction of the complex are trimers 

(2xSTIL:1xCEP85) or even pentamers (3xSTIL:2xCEP85). Further, given the strong dimeric 

interaction of the coiled coils, it is hard to understand why all CEP85 cc4 are monomers (Fig 

S4D)? Also looking strange is that most STIL NTD are actually dimers. Overall, it seems very 

ambiguous how the two proteins behave individually, and whether the crystal structure they 

determined is really the physiological complex of them in vivo, even they may indeed interact in 

the cell, transiently as was claimed by the authors. 
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3. Another concern about the structure of the complex is that it is between T. adhaerens STIL 

NTD, which shares only 28% identity with human ortholog, and human CEP85 cc4. It would be 

helpful to check the binding of both proteins from the same organism, e.g. T. adhaerens STIL vs 

T. adhaerens CEP85, by ITC to confirm the interactions are comparable in both cases. Along the 

same line, crosslinking-MS analyses would help to further validate the interaction sites given the 

very low resolution of their complex structure. 

 

4. Regarding the unwinding of the N-terminal part of CEP85 cc4 upon binding of STIL NTD, 

more discussion of the cause and potential function should be considered. Could this be tested by 

some techniques such as limited proteolysis or NMR? Does a short version of CEP85 cc4 

corresponding to the seen part in the complex structure bind in the same manner (and with a 

similar affinity) as the one used in their studies? If so, SAXS might be used to further confirm 

the tetrameric complex. 

 

Minor points: 

 

1. “Conservation Scale” bars were shown several times (Fig 5A, Fig S3C, Fig S7D). However, it 

was unclear how the values were calculated? Further, more homologous proteins should be 

included in their alignments (Fig S7B&C) to demonstrate residue conservations. 

 

2. How to explain that depletion of CEP85 reduced STIL level, but depletion of STIL rather 

increased CEP85 level (Fig 2D)? 

 

3. Regarding the reasoning of absence of CEP85 in nematodes and flies (Fig S7A), it would be 

helpful to compare the structure of the STIL NTD reported here with that of the counterpart in 

Sas5/Ana2.  
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Reviewer #3 (Remarks to the author):  

 

The manuscript by Liu et al describes the identification the protein CEP85 as a new player in 

centriole duplication. Initially, the protein CEP85 is identified to be interacting with known 

centriole duplication factors by a set of protein proximity detection methods, and subsequently, 

its role in the centriole duplication process is established and validated in vivo. Two high 

resolution structures, one of the interacting domains CEP85-CC4 and one of its binding partner 

STIL-NTD are determined, and a low resolution structure of the protein-protein complex is 

presented that fits well to the evolutionary conservation of these domain. The interaction 

between CEP85 and STIL is further characterized by biophysical methods including NMR 

spectroscopy. Single-point mutations, based on the crystal structures are analyzed in vitro and in 

vivo, demonstrating that the CEP85-STIL interaction is essential for STIL localization to 

centrioles and subsequent PLK4 activation and finally correct daughter centriole formation. The 

work comprises an overall impressive amount of data and experiments, which appear all very 

well done and well documented. The amount of work shown here is clearly above average and 

fully sufficient to warrant publication. The manuscript is clearly written and the provided 

findings represent a major scientific step forward in the centriole field. I highly recommend 

publication in Nature communications. Two minor issues may be addressed: 

 

1.) The title "Structural basis of .." is in my view even too modest and includes only part of the 

achievements that the manuscript provides. Perhaps the authors want to change the title to a more 

general term to highlight that they also identify the role of CEP85 in the first place and elucidate 

its function in vivo at least partially.  

 

2.) The authors conclude from the absence of a detectable interaction with the R67A mutant in 

NMR and ITC experiments (Fig. S3), that CEP85 does not interact with STIL via its patch2. This 

conclusion should be worded and discussed more carefully. The only statement that can be made 

safely is that under the conditions used in vitro, this interaction not detected. It may nonetheless 

exist in vivo, perhaps with a phosphorylation or other regulation or under otherwise different 

conditions. 
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Responses to the reviewers 

We would like to thank the three referees for their enthusiasm about our work, judicious 

comments and the many thoughtful suggestions. Below is our detailed point-by point response 

(our responses are in bold and the original comments in their entirety are in italics). The referee 

reports have been very helpful and we hope that the reviewers will find the revised version of our 

manuscript suitable for publication in Nature Communications.   

 

Reviewer #1: 

The manuscript by Liu et al describes the identification and characterization of a novel 

centriolar factor CEP85 in human centriole duplication. The authors provide in-depth structural 

and biochemical evidence for specific roles of CEP85 in early steps of centriole duplication, 

particularly during the recruitment of the centriolar protein STIL to the assembly site, where the 

presence of STIL needs to fully activate the master kinase PLK4 for centriole biogenesis. Guided 

by crystal structures, the authors found that CEP85 directly interacts with STIL through specific 

domains/residues that form a conserved interaction interface, and that when the CEP85-STIL 

interaction is abolished, both the recruitment and stability of STIL are impaired, leading to 

incomplete activation of PLK4 and thus severe defects in centriole duplication. 

 

 

I find that the core conclusion of the manuscript regarding the role of CEP85 in centriole 

duplication is supported by the large amount of data including structural, biochemical and 

microscopy studies, and that CEP85 is involved in a very important step of centriole duplication 

previously not recognized. I therefore in principle support the publication of this interesting 

story in Nature Communication, when the following issue is addressed.  

 

Major issues: 

 

As described by the authors, the co-localization of CEP85 and STIL during centriole duplication 

is very transient, and it is currently unclear how such transient interactions contribute to or 

facilitate centriole duplication. I wonder if the authors have considered an alternative idea: It 

seems to me that CEP85 is profoundly required for the overall stability of STIL in cells, not just 

at the centrosome only (see Fig 2F & H), and that perhaps the reduction of the total STIL level 

could underlie the majority of the CEP85 RNAi phenotypes observed. I think the authors should 

at least discuss this issue, although I guess that one relatively simple way to differentiate the role 

of CEP85 in STIL stability from that of STIL recruitment is to check if overexpression of STIL 

can rescue centriole duplication defects in cells depleted of CEP85, i.e. completely bypassing the 

requirement of CEP85. 

 

We thank the reviewer for her/his thoughtful comments.  As suggested, we performed 

rescue experiments where we overexpress STIL in CEP85-depleted cells, to assess the level 
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of centriole duplication in S-phase.  Our results indicate that expression of WT STIL as 

well as STIL L64A and R67A mutant are unable to rescue centriole duplication, 

supporting the role of CEP85 in facilitating STIL recruitment to centrioles (Supplementary 

Figure 9a-c). To further validate this point, we overexpressed a non-degradable form of 

WT STIL and STIL L64A and R67A mutant to assess their ability in centriole 

amplification
1
.  Consistently, we found that expression of similar level of STIL L64A and 

R67A mutant was unable to induce centriole overduplication to WT STIL levels 

(Supplementary Figure 9d-f). Together, our data support a dual role for CEP85 in STIL 

centriolar localization and its stability to control centriole duplication.  

 

This comment from the reviewer also made us realize that it was necessary to investigate 

which factors are required for the recruitment of CEP85 to centrioles. To do this, we 

depleted CEP192, CEP152, PLK4 and STIL in U-2 OS cells and examined the impact on 

CEP85 centriolar localization. We found that depletion of CEP192, CEP152 and PLK4 led 

to a reduction in centriolar recruitment of CEP85 (Supplementary Figure 2f-g). These data 

suggest that CEP85 acts downstream of CEP192, CEP152, and PLK4, and therefore the 

model in Figure 7H has been modified accordingly. These results are mentioned on page 8 

of the revised manuscript.  

 

Reviewer #2: 

 

The manuscript “The structural basis for CEP85-mediated control of centriole duplication” by 

Liu et al reports their identification of CEP85 as a novel centriole duplication factor directly 

interacting with the previously uncharacterized N-terminal domain of STIL to spatiotemporally 

regulate the early stages of centriole duplication. They first identified CEP85 as a new regulator 

of centriole duplication using BioID with several known centriolar proteins as the baits. Based 

on a series of RNAi and in vivo data, they found that CEP85 is required for robust accumulation 

of STIL at centrioles and PLK4 activation. The interaction between CEP85 cc4 and STIL NTD 

was mapped and confirmed by several biophysical techniques including in vitro pulldown, 

analytical ultracentrifugation, Y2H, and ITC. Based on the mapped binding sites, they 

determined the structures of CEP85 cc4 and STIL NTD, first individually to high resolutions of 

2.1 and 1.7 Å respectively, and later as a complex to a low resolution of 4.6 Å. Based on the 

crystal structures, they identified critical residues mediating the interaction which was confirmed 

by mutagenesisanalyses. Interaction-disrupting mutants of CEP cc4 were found to impair both 

centriole duplication and STIL recruitment to centrosomes, as well as prevent robust activation 

of PLK4 in vivo. Based on all these findings, they claim the elucidation of the molecular basis 

underlying a previously undescribed modulatory step during the most upstream events of 

centriole duplication.The article was written properly, and the reported finding is novel as they 

claimed. However, I found some of their data were not so convincing, particularly the complex 

structure which is the main finding of their work. Listed below are my major and minor concerns. 
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Majo rpoints: 

 

1. Their ITC data show a strong and robust interaction between CEP85 cc4 and STIL NTD. 

However, in all their in vivo studies, the two proteins only partially (~15%) co-localized, which 

they concluded as a transient interaction. It is hard to understand how such a strong interaction 

in vitro leads to only a transient interaction in vivo? Does it imply there is another layer 

regulation by an unknown mechanism? 

 

The ITC/AUC experiments that we had presented in the manuscript suggested that the 

CEP85-STIL binding affinity is ~ 20 μM. Additional ITC and AUC experiments designed 

to clarify the binding stoichiometry of the complex (see comments below, Supplementary 

Figure 4c, Supplementary Figure 5g) suggest a KD of ~ 60 μM. These values classify this 

interaction as a relatively weak interaction, which might partially explain the putatively 

transient interaction at centrosomes observed in vivo.  

 

The complex might also play a role in the cytoplasm. Holland and colleagues propose that 

cytoplasmic STIL needs to associate with PLK4 to transform into a functional 

conformation in order to be recruited to centrioles
2
. So, in analogy, we think that CEP85 

may interact with both centrosomal and cytoplasmic pools of STIL to play its dual 

regulation on STIL. In agreement with this notion, our microtubule recruitment assay in 

Figure 6H-I indicate CEP85 can robustly recruit cytoplasmic STIL to microtubules. This is 

now also discussed in the manuscript. However, the reviewer is of course right in pointing 

out that there might indeed be further layers of regulation by unknown mechanisms that 

remain to be explored.  

 

2. Their ITC data (Fig 4D) show “N=0.34”, which is inconsistent with their tetrameric 

structural model of the complex. How to explain this? Similarly, the native MS data (Fig S4D) 

show that, despite the majority of the tetrameric complex, a substantial fraction of the complex 

are trimers (2xSTIL:1xCEP85) or even pentamers (3xSTIL:2xCEP85). Further, given the strong 

dimeric interaction of the coiled coils, it is hard to understand why all CEP85 cc4 are monomers 

(Fig S4D)? Also looking strange is that most STIL NTD are actually dimers. Overall, it seems 

very ambiguous how the two proteins behave individually, and whether the crystal structure they 

determined is really the physiological complex of them in vivo, even they may indeed interact in 

the cell, transiently as was claimed by the authors. 

 

Concerning the ITC binding stoichiometry: We had demonstrated by MALS that the 

CEP85 cc4 is in fact partially unstable at room temperature (Supplementary Figure 5b). 

We have now also performed thermal melts which emphasizes this point further 

(Supplementary Figure 5f). This instability probably explains the lower binding 

stoichiometry observed at room temperature compared to our structure (Supplementary 

Figure 5g, shortly discussed in the corresponding figure legend). However, to address the 
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point of binding stoichiometry directly, we have now done ITC experiments at reduced 

temperature (10°C) to stabilise the CEP85 cc4 (Supplementary Figure 5g) and also redone 

our AUC experiments under conditions optimised to resolve the binding stoichiometry of 

the complex (Supplementary Figure 4c). Both experiments demonstrate a binding 

stoichiometry of 1:1 (2:2), which is in perfect agreement with our structural data (the AUC 

data resolved both 1:2 and 2:2 complexes). In further support of the idea that the stability 

of cc4 somewhat compromises the observed ITC stoichiometry at 25 °C, we have now also 

performed binding experiments by ITC at 25 °C using a longer construct of CEP85. This 

construct contains an additional coiled coil element (cc5) and is more stable than WT 

CEP85 cc4 alone as judged by thermal melts (Figure 1B for the reviewers’ attention). With 

this construct we observed robust binding to STIL NTD of comparable affinity and binding 

stoichiometry of 1:1 (2:2), as observed for CEP85 cc4 at 10°C (Figure 1A for the reviewers’ 

attention).  

 

Second, concerning the apparent ambiguous behaviour of the proteins individually. These 

are only observed in native mass-spectrometry experiments, where the proteins are 

injected at high concentrations (due to the relatively low KD) and run in vacuum (removing 

the solvation shell of water). Under milder conditions, in solution and at lower 

concentrations, such as MALS (Supplementary Figure 5a+b) at room temperature, the 

CEP85 cc4 is in monomer-dimer equilibrium and the STIL NTD is predominantly 

monomeric. To address this point further, we also have performed AUC at reduced 

temperature (10 °C) with the individual proteins and find this notion (CEP85 cc dimer, 

STIL NTD monomer) confirmed. Thus, we believe that the different behaviour of the 

individual proteins observed in native mass-spectrometry might be down to the 

experimental conditions. The native mass-spectrometry data nevertheless confirms 

complex formation and also confirms that the CEP85 cc4 binds only as a dimer to the STIL 

NTD. It is therefore in agreement with our conclusions concerning CEP85-STIL binding.   

 

3. Another concern about the structure of the complex is that it is between T. adhaerens STIL 

NTD, which shares only 28% identity with human ortholog, and human CEP85 cc4. It would be 

helpful to check the binding of both proteins from the same organism, e.g. T. adhaerens STIL vs 

T. adhaerens CEP85, by ITC to confirm the interactions are comparable in both cases. Along the 

same line, crosslinking-MS analyses would help to further validate the interaction sites given the 

very low resolution of their complex structure.  

 

We had shown that point mutations in the interface of our structure strongly compromise 

the binding between the human proteins (based on pull-downs and a microtubule-based 

recruitment assay in vivo) as well as between chicken STIL NTD and human CEP85 cc4 in 

ITC experiments with recombinant proteins. These experiments argue that, despite being 

obtained with Trichoplax STIL NTD and human CEP85 cc4, our structure is nevertheless 

relevant. To strengthen this point further we have now also used cross-linking MS analyses, 

as suggested by the reviewer. This experiment demonstrates the presence of a specific 

cross-link between chicken STIL NTD and human CEP85 cc4 for the WT, but not the 
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mutant proteins. This cross-link is in agreement with our structural model (Supplementary 

Figure 6a-d).  

 

In addition, we have now also conducted ITC experiments with human STIL NTD vs 

human CEP85 cc4 and chicken STIL NTD vs chicken CEP85 cc4 that show binding of the 

WT, but not the mutant proteins (Figure 1C+D for the reviewers’ attention). Fitting the 

WT data to obtain the KD and binding stoichiometry of these intra-species ITC data was 

difficult because the parameters were poorly constrained by the fit under the experimental 

conditions that we could access. Both human and chicken interactions may have lower 

binding affinities and, in the case of human STIL NTD, we were unable to obtain 

sufficiently concentrated stocks without evidence of aggregation. In the case of the chicken 

STIL NTD – human Cep85 cc4 experiments we required >1 mM STIL NTD stock (>41 

mg/ml) and we were unable to duplicate this with the human construct.  The chicken 

interaction may also occur with a more complex binding mode, for example possibly 

involving the conserved patch 2 of STIL NTD, or may require further optimisation of 

solvent conditions since the chicken cc4 sequence contains two cysteine residues that are 

well placed in the parallel cc dimer to form disulphide linked material, despite the presence 

of DTT in the buffer. Although we are reluctant to fit these data quantitatively, it is clear 

that the proteins from both species bind to each other and that the same mutants in the 

conserved binding interface that disrupt the chicken – human interaction also prevent 

binding for the corresponding intra-species interactions. All of this is in complete 

agreement with our structural model.  

 

We also attempted ITC experiments at 10 °C using Trichoplax STIL NTD vs Trichoplax 

CEP85 cc4 but without success. However, SEC-MALS and CD experiments showed that 

the Trichoplax CEP85 cc4 was already partially unfolded even at 4 °C and essentially 

monomeric at room temperature (Figure 1E+F for the reviewers’ attention). Since CEP85 

cc4 needs to be dimeric to bind to STIL NTD (Supplementary Figure 4d), this instability 

compared to human (Supplementary Figure 5b, Supplementary Figure 5f) and chicken 

CEP85 cc4 (Figure 1F for the reviewers’ attention) likely explains the lack of a robust 

interaction in ITC experiments. CEP85 contains a number of additional coiled coil domains 

(see Figure 4A for a domain overview of CEP85) that might act to stabilise cc4 dimer 

formation in the context of full length CEP85. Indeed, using human CEP85, we found that 

in the absence of cc4, CEP85 is still able to oligomerise (Figure 1G for the reviewers’ 

attention).  

 

4. Regarding the unwinding of the N-terminal part of CEP85 cc4 upon binding of STIL NTD, 

more discussion of the cause and potential function should be considered. Could this be tested by 

some techniques such as limited proteolysis or NMR? Does a short version of CEP85 cc4 

corresponding to the seen part in the complex structure bind in the same manner (and with a 

similar affinity) as the one used in their studies? If so, SAXS might be used to further confirm the 

tetrameric complex.  
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We had tried in the past to shorten the CEP85 cc4 further, but did not see any binding to 

STIL NTD. This is not unexpected, since CEP85 cc4 can only bind as a dimer to STIL 

(Supplementary Figure 4d) and taking off more heptad repeats from the coiled coil would 

act to destabilise dimer formation (the coiled coil is already partly unstable at room 

temperature (Supplementary Figure 5b+f)). 

 

In our opinion, it would be very challenging to use limited proteolysis to check the fraying 

of the CEP85 cc4 in solution and when bound to STIL. The binding affinities are relatively 

weak making it difficult to obtain unique complexes and therefore the nature of the 

relevant controls is not clear. Thus, any result would be difficult to interpret 

unambiguously. SAXS under the required high protein concentrations (relatively low KD) 

would also lead to technical difficulties (concentration effects, multiple states, aggregation 

etc.), besides being unlikely to be able to differentiate between a fully folded or partially 

unfolded N-terminal coiled-coil part in the complex (SAXS is a low resolution technique). 

NMR experiments would require a full assignment of the CEP85 cc4 dimer, which is 

beyond the time-scale of this revision (and, due to the nature of the parallel coiled coil 

dimer, being non-trivial). Thus, unfortunately, we feel that we are unable to address this 

point experimentally. However, partial unwinding of proteins to enable crystal packing is 

not uncommon in protein crystallography. Thus, as discussed in the manuscript, we believe 

that this is the most likely explanation in our case as well, especially given the partial 

instability of the CEP85 cc4 at room temperature.  

 

Minor points: 

 

1. “Conservation Scale” bars were shown several times (Fig 5A, Fig S3C, Fig S7D). However, it 

was unclear how the values were calculated? Further, more homologous proteins should be 

included in their alignments (Fig S7B&C) to demonstrate residue conservations. 

 

The conservation scores for both CEP85 cc4 and STIL NTD, were calculated with ConSurf 

using manually refined multiple sequence alignments each of which contained 136 non-

redundant homologous sequences from the same set of species. The position-specific scores 

were calculated using a Bayesian algorithm. These scores are divided into a discrete scale 

of nine grades and indicate the relative degree of evolutionary conservation at each amino 

acid position in the given alignment. We integrated this information into the Materials and 

Methods.  

 

For an extended multiple sequence alignment please refer to Figure 2 for the reviewers’ 

attention. The extended alignment for both CEP85 cc4 and STIL NTD includes sequences 

from diverse metazoan organisms representing the main branches of the phylogenetic tree 

shown in Supplementary Figure 8. It clearly shows that the residues mutated in our study 

are highly conserved across species. Similarly, the regions (blocks) corresponding to the 

secondary structural elements are well conserved. The number of Supplementary Figures 

is limited and these alignments are very bulky without, to our mind, carrying extra or 
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essential information. Thus, we would prefer to retain in the manuscript supplement their 

shorter version that includes the organisms used in our study.  

 

2. How to explain that depletion of CEP85 reduced STIL level, but depletion of STIL rather 

increased CEP85 level (Fig 2D)? 

This is a very good question and we must confess that this is also a puzzling observation for 

which we have no concrete explanation. Our data clearly indicate that CEP85-STIL can 

form a complex in vitro, and we think a plausible explanation is that the regulated stability 

of this complex (or its individual components) in vivo may be a significant factor 

determining its bioavailability. We have shown that CEP85 acts upstream of STIL in 

centriole duplication. In the absence of CEP85, STIL is unable to fulfill its physiological 

functions and therefore may promote its degradation by specific E3 ubiquitin ligases. This 

is not without precedent since other centriole duplication factors
1, 3-6

 (SASS6, CPAP) have 

been shown to regulate cellular levels of core duplication factors. Consistent with this 

observation in Figure 2D, our new data indicate that STIL depletion also increased the 

centriolar level of CEP85 (Supplementary Figure 2f-g). Those data imply a potential 

feedback regulation of CEP85 levels that warrants further investigation. We previously 

reported a similar phenomenon that depletion of CEP120, SPICE1, CPAP and CEP135 

resulted in a marked increase in the PLK4 signal surrounding the mother centriole
7
.  

Further work is needed to identify UPS components that potentially regulate the 

CEP85/STIL complex.  

 

3. Regarding the reasoning of absence of CEP85 in nematodes and flies (Fig S7A), it would be 

helpful to compare the structure of the STIL NTD reported here with that of the counterpart in 

Sas5/Ana2.  

 

Intriguingly, the fly and nematode homologs of STIL, Ana2 and Sas5, both do not have a 

NTD (schematically shown in Supplementary Figure 8). In fact, our sequence analysis 

revealed that insects such as wasps, ants, butterflies, beetles and bees also lack the STIL 

NTD. We were unable to identify a CEP85 homologue in these organisms, which could be 

taken as a further indication that the described interaction between CEP85 and STIL is 

evolutionarily relevant. A small paragraph in the discussion of the manuscript describes 

our findings (also see Supplementary Figure 8a). As discussed in the legend of 

Supplementary Figure 8, conclusions concerning nematode SAS-5 are difficult though, 

since its homology to STIL is not apparent from sequence comparison.  
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Reviewer #3  

 

The manuscript by Liu et al describes the identification the protein CEP85 as a new player in 

centriole duplication. Initially, the protein CEP85 is identified to be interacting with known 

centriole duplication factors by a set of protein proximity detection methods, and subsequently, 

its role in the centriole duplication process is established and validated in vivo. Two high 

resolution structures, one of the interacting domains CEP85-CC4 and one of its binding partner 

STIL-NTD are determined, and a low resolution structure of the protein-protein complex is 

presented that fits well to the evolutionary conservation of these domain. The interaction 

between CEP85 and STIL is further characterized by biophysical methods including NMR 

spectroscopy. Single-point mutations, based on the crystal structures are analyzed in vitro and in 

vivo, demonstrating that the CEP85-STIL interaction is essential for STIL localization to 

centrioles and subsequent PLK4 activation and finally correct daughter centriole formation. The 

work comprises an overall impressive amount of data and experiments, which appear all very 

well done and well documented. The amount of work shown here is clearly above average and 

fully sufficient to warrant publication. The manuscript is clearly written and the provided 

findings represent a major scientific step forward in the centriole field. I highly recommend 

publication in Nature communications. Two minor issues may be addressed: 

 

We thank this reviewer for her/his enthusiasm. 

 

 

1.) The title "Structural basis of .." is in my view even too modest and includes only part of the 

achievements that the manuscript provides. Perhaps the authors want to change the title to a 

more general term to highlight that they also identify the role of CEP85 in the first place and 

elucidate its function in vivo at least partially.  

 

We appreciate this kind suggestion. We changed the title to “Direct binding of CEP85 to 

STIL ensures robust PLK4 activation and efficient centriole assembly”.  

 

 

2.) The authors conclude from the absence of a detectable interaction with the R67A mutant in 

NMR and ITC experiments (Fig. S3), that CEP85 does not interact with STIL via its patch2. This 

conclusion should be worded and discussed more carefully. The only statement that can be made 

safely is that under the conditions used in vitro, this interaction not detected. It may nonetheless 

exist in vivo, perhaps with a phosphorylation or other regulation or under otherwise different 

conditions. 

 

This is a good point. We now mentioned on Page 22 of the manuscript “While the other 

patch would be well placed to contribute to CEP85 binding (Supplementary Figure 3c), 

NMR experiments suggest that this is not the case at least under the condition used in vitro 

(Supplementary Figure 3d)” 
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REVIEWERS' COMMENTS: 

 

Reviewer #1 (Remarks to the author): 

The authors have fully addressed the issues I raised. The story is interesting and important and I 

therefore fully support its publication in nature communication. 

 

Reviewer #2 (Remarks to the author): 

My comments and concerns have been adequately addressed. In my opinion, it is ready for 

publication. 

 

Responses to the reviewers 

 

Reviewer #1  

The authors have fully addressed the issues I raised. The story is interesting and important and I 

therefore fully support its publication in nature communication. 

 

We thank the referee to support publication in Nature Communications  

 

Reviewer #2  

My comments and concerns have been adequately addressed. In my opinion, it is ready for 

publication. 

 

We thank the referee to support publication in Nature Communications  
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CALWNPT PTGDF I YL HL SYYRNPKL V - - VT EKT I RL AYRHAKQNKK - - - - - - - NSSCF L L GSL T ADEDEEGVT L T VDRFDPGREVPECL E - - - - - - - I T PT ASL PGDF L I PCKVHT
L ALWNPMP I GEC I YL HL SYYRKPKL M - - VT EKA I RL AYRHAKQNKK - - - - - - - NVPCF L L GSL T VDEDEEGVT L T I DRFDPGRE I PECL E - - - - - - - RT PT ASL PGDF L I PCRVH I
YALWDPVPMGDA I GSH I AYYRNPKL S - - MMEKPL RL AYRHAKQSDK - - - - - - KPF ACF L L AT L T VDEDEEGVT L T I DRFDPGREVASGSG - - - - - - - KVPT ASL PGDF L I ACT VNV
CALWDPAPMGDPFGL HF SYYRNPRL L - - VSEKAL RL SSRHAKTGRK - - - - - - - PF SCF L L GT F SVDEDEEGVT L T VDRFDPGREKTGSGSS - - - - - - KVPT AQL PGDF I I PCT I S I
VALWDPSANGEVVSL HF SYYRNPRL F - - L VEKAL RL AHRHARQT NK - - - - - - PRF FCF L L GT L AVDSDEEGVT I T L DRFDPGREQTGCL G - - - - - - - KAPT AL L PGD I L VPCVF EA
VALWNPAPL GDT I SL HL AYYRNPKL L - - VVERT L RL AHRHAKQT ER - - - - - - NQF FCF L L GSVVHDVDDEGVAL MVDRL DPGREVPGRSE - - - - - - - K I PT AL L PGDF L I PC I I DA
- - - - - - - - - - - - - - - - - - F FRNCHVL - - VL EKT L RL AQRHAL QAED - - - - - - T PF SCF L I GCAVVDSDEEGVT VT L DRFDPGRSVPGRAD - - - - - - - R I PT ASL L GDHVVHT S I T V
N I LWDQT P I GPS I HL HPMHTRN I SMR - - VSEAAVRL AHRHAL QADV - - - - - - QPYNGF L I GAVMVDPDEEGL T VSL DRFDPGRDVPGRKA - - - - - - - RL PT ARL PADF I VPL T T F -
NALWDYRAVGPP I HL HA I QNKNVL I S - - VSET PL RL L HRL AEESSS - - - - - - ET F SCT L L GSVEF PEDGDS I F VH I ERL DQSCRPVENYS - - - - - - - - - - - - L GPTDVF VACKMT K
N I LWDHDSTGDDL HL SL SYYRKPQL Y - - VT EKVL RF AQRHL ESSRG - - - - - - T SCSCAL QGS I AL DQDGEGL T F VL DRFDPG - - - - GGGT - - - - - - - I SCSGL T PGD I S I PF EMFG
S I LWDHT STGPAVV I HMT YYRD I RL I - - I SSKAL QL ARRCAADSSK - - - - - - MEF L CL L QGSL SVDTDG - G I T ANL ERFDMGKMEQGSL S - - - - - - - - - PT STMAGD I T VPL I VMK
H I LWDRRPQGDHEL L HL YSRRNMRVM - - VNEQT L RL AVRHL NQSASP - - - - - - - F NSF L I GSL SVDSREEGL AL H I DRFDPGRE I AERDGSAKGAKYKVPT T I VPGDQV I P I RF I K
T KLWDSKAQGEQEEL HL L KGSDCNL T I D I T EKCL RL AQRSAYQL HT ET SAT KR I QKF F L L GSL N I NKDD - RV I I N I DRFDPGR I I DRKEGN - - - KSL HVPT AV I PGDV I I PL SMQL

QEL CSREM I - VHSVDDF SSAL KAL QCH I C - SKDSL DCGKL L SL RVH I T SRESL DSVEFDL HWAAVT L ANNF KCT PVKP I P I I PT AL ARNL SSNL N I SQVQGT YKYGYL TMDETRKL
QGL GSRDV I - VHNADDF SSAL KAL QYHVC - SKDF L DCGKL L CL RAQ I T PRESL DGVDF NL QWT AVT L ANSF KCVPVKP I P I I PT AL ARNL SSNL N I SQVQGT YKHGY I TMDETRKL

GPSSDSV I - VHSAED I SL AF KDL RDSL C - SKHSL DL SKL L T VRAH I VF T ENL DNL SF SF HWASVT AAN I L EYT PVKSVP I I PT AL ARNL NSPMN I AQVQGT YKCGYL TMDQTRKL
- GKGSNNV I - VHT PEDF T SSFMSL QSHL H - GKEAL DL AKL L AMRAH I T YT ENMDNL HFDL HWAAVT VANT F EST P I KPVP I I PT AL ARNL GSHNN I AHL QGT HKSGYL TMDQTRKL
QHAASST - - - VHSSEDL N I SF KML QHFCC - SKEL L EL SKL L T L RAQL SCSENMDRL T F NL SWAAVT L ACT L DAVP I RAVP I I PT AL ARNL SSPAGVTQ - - - NSKRGF L TMDQTRKL
RGT T F SD I I - VHSAEDF N I AFQML HCYCC - SKET I DHSRL L TMRAH I TC I ESMDSL RL EL HWAAVT VAN I FDAT PVNPVP I I PT AL ARNL T SP I N I AQVQGTCKFGYL TMDQTRKL
MYMFDCSYWHCRSVNS I SSL PQSL HHHCC - T KDPVDVSNSL AL QAH I YVQDEGEAMT FD I HL SAVSMATGF EAT PVT PVP I I PT AL ARNL AGPL NL SEVQGAPKSGF L TMDQTRKL
- - L GDAD I SAT HT ADDF I AAF K I L ESSL S - T HGS I DPARCL T L RVMCRCHSNADD I T L CL HFGAVT VAT VF TGF HVKP I P I I PT AL ARNL MGPL SL SDVQGSYKTGF L SMDETRKL
NCARP - - - - - ESSVEEYST AVKML - - - - - - - - - - - - - - - - - - - - AHCSF HDNQSS I I L HL DCDL VT PT SEF KMT PVNP I P I VPT AL SKNL SGPNGAACF PGQAKFGF L TMDQTRKL
NT KENR - - - - HGSQSDYF NAL KL I QQK I R - SKDS I EL SNF L L AKGWCSF YT HGEKSVHH I DFDVVT L AT EF KVT P I PVVP I VPT AL SKNL SGPMSL SHL QGEPKTGYL TMDHTRKV
SGSKP - - - - - QL SSDDYF KAL QML QHT VT SGCK I QL DQYVVAF ASL VPKPSTRNGEVYDMG I SVVSL SNHL KAT PVKNVP I VPT AL SKNL AGPASL SDMQGEPKAGYL TMDHTRKL
GL I GAENSV - T HSKEEFDRAL MVL HSR I T - GEDAL T L T NF I SF KACCHAHSGDDEV I L NL HFGAVTMETG I L A I PVT PVP I I PT AL ARNL AGPL RL SEVHGVPKCGF L TMDNTRKL
ACL GSEGVS - PF S I SEYYDAFQT L T KNL KL SCDSVD I KDML SL K I HAT YYVDSDE I S I NVT SGVVVPSAL I T AVP I L PVS I VPT AL ARSL SGPL HL SNFQDTQKSGYVA I NNSHNL

L L L L ESDPKVYSL PL VG I WL SG I T H I YSPQVWACCL RY I F NSSVQERVF S - ESGNF I I VL YSMT HKEPEF YECF PCDGK I PDFRFQL L T SKET L HL F - KNVEPPDKNP I RCEL SAE
L L L L QSDPKVSSL PL VG I WL AG I I HVYSPQVWACCL RYMF SSS I QERVF S - ESGNF I I VL YSL T HKEPEF YECL PCESRT PDL QFQL L T NKET L HL F - NNVEPSGKNP I HF EL SAE
L L L L ESDPKAYAL PL VGVWMSGVT H I YSPQVWACCL RYL F SSS I QERVF S - ESGSF L I VL YSL T HKEPEF YECGPCRGQT E - L GFQL L TCNET VHL F - KNVEPSDKSP I QF VL SAE
L L VL ESDPKVYML PL VG I WL SG I T H I HSPQVWAACL RY I F SSS I HERVL S - ESGSF L I I L YSL T HKEPEF YECSPCVKHDP - L GFQL L TCQDT L HL F - KNAEVSKNPL L RF EL SSE
L L I L ESDPKAYT L PL VG I WL SGVT H I HNPL VWAWCL RYL HSSSL QDKVL S - EGGT F L VVL YSL T HRDPEF YQCKPSTGQQQ - L SFQL L T SRDSL T L Y - KNVEPSEGRPL QF EL SSE
L L I L ESDPKAF T L PL VG I WL SGV I H I QSPQVWASCL RYMF SSS I QERVF ST EQKSF L L VL YSL T HKEPEF YECHPYGEHQK - L DFQL L T ST EV I NL Y - KNAESSGKQP I EF EL SE -
L L L L ESDPK I YSL PL VG I WVCGPVH I HSPH I WACCL RYMYNT N I QDRVYT - PMQGF L VVL YSPT HSQPEF YDCRT KDGV - - - MNFQL HNCF ET L HVL - KV - - - - - - - - - - - - - - - -
L L L L ESDPKT ST I PL I G I WMSGL T HMSNPVVWSACL RF L HSSG I QERVCS - PNGKF L VVL F TRT SRQPL F YECMVKSEQDP - - RFML VGCRENL HVF - KHVSAKGKPRVEMEL T PA
L L I L ASDPKVSAL PL VGVWVSGVTGL T EP I LWCACMQY I HSKDL KHRVCM - PPEHF L L L I YSTRHSKPL F YQCCT SDGSSR - L NFDL SSSHEVL QL P - KNGMCRSQSPL EMDMA - -
L L VL ESDPKVF NL PL VG I W I SGVSYVYSPF VWASC I RYL F NSS I NDRVCS - VAEPF L L VL YSPL HSKPEF YDVT I QNAEGN - MQFDL YTGYEVVSL P - KT I T NNSQNSVE I EL SSA
L L I L ESDPKVYT L PL VG I WL SG I PL VYNPF VWAACL RYL HNAH I QERVCK - PPEPF L L VL YSPL HSQPEF YEVT AVNGGGR - L T FQL YSAVQN I DL S - KTGSS - - EAVVDVDL CKV
L L L L ESDPKAF SL PL I GVWVSGSF T VHHPF VWACC I KF L NCKS I KERVVA - APNT F L L VHYSPANAAP I FWECAPQEQSST - GPF EL YSCYENL HF E - VPF SDKF SEPL RFDL L PC
L L VL DSDPKL SS I PL VG I WVDGV I S I HHPYVWSACMRYL YSQRL T NK I RD - GSTGF I L VL YTQTRPKPEFWECS - F SGKSDK - - F L YCQASDD I FME - KVAKTRN - EYMRL QL VPN
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MESWQKRYDSL QK I VEKQQQKMDQL RSQ - - - - VQSL EQEVAQEEGT SQAL REEAQRRDSAL QQL RT AVKEL SVQNQDL I EKNL T L QEHL RQA
MESQQKECDSL RKMVERQQL KMEQL HSQ - - - - VQSQKQEL AQEEG I NQAL REEAQRRET AL QQMRT AVKEL SVQNQDL I EKNL T L QEHL RQA
NDSL KKECDCL RK I VEKQQKKMEQL SL Q - - - - VKNL EEQVAQEEGT SQAL KEEAL RRENVL QQL RT AVKEL SVQNQDL I EKNL T I QERL RQA
VL SL QKEQECL RKVMESQKKK I EQMSSK - - - - VKVL EEQVAQEEGTGDAL KVEVQRKET AL QQL RAAVKEL AVQNQDL MEQNVT L QERL RQT
NT AL KDEQQRL KKV I EKQL RMMEQL GSQ - - - - I RT L EEQ I SQEEC I SQAL RQET ADKEQNL L QL RSAMKEL SVQNQEL MEHNL T L QERL QGE
SDGL KEDYERAKKL I DKQQKRMEL L T SQ - - - - I RSL EDCVAQEEGASQDL REEL SGKENGSQQL RRAMKEL SAQNQEL I EKNL T L QEQL GQS
NDRL REDCDRAKKL L ESKHKKMKSL QSQHQSEL ERL EER I SQEEGVVT AL REE I RGKDEATRKL RDSMKEL ASQNQDL L EQT L T L QEQL QEL
NERHSSSVEHL KKV I DSKHRHL QKVQSEHQRAL EEMESRL MQEEGV I T AL RVEL NNKDSAL QDMTRSMKDL ASQSQEL YGHNL SL QESVQGL
VKKL ASDL EKAKKL L EQKHKKL QHL EAKHQSREAEL KER I QMEAST VNAL RQQVESHENGQRQL RT SL KEL GTQNQEQMECNL AL KEKL RAV
NERL AVDL DKAKKL L ET SYRKL RHSEVKGQNEMKQL QERL T HEEESVEAL RGDCRMKEETMKKL KRSMKEMESKNQDL MEQ I L I I REQL KT L
KEL L VSNL DKAKKL L ENKHKKQKQME I KHQSE I KQL EER I SQEESSVL AL KEEL GT T EKEL RKVRQTMKE I NKQNQDL MEDSMT L RDKVKEA
NERL QAEL SRT KKVL EAKHKKMKSF HEQSQKDQKAL EERL VQEENMVVAL RDEVNSRDQS I REL RKS I KEVSCQMQDL MESNL NL KSACDKY
NKYL SEENERVKKF L QSKHQKL L EVL SDKQHN I EQYQHRL T EEKD I I SGL SKSL KERDST I KQL QMS I KT VSNQNQD I L EQN I EL QEL CNKL
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Figure 1 for reviewers 

 

(A, B). Recombinant chicken STIL NTD and the human C-terminal CEP85 construct 

CEP85
562-762

 (including CEP85 cc4 and cc5) directly interact with each other at 25 °C. 

Binding affinity and stoichiometry are comparable to ITC experiments with human 

CEP85 cc4 at 10 °C (Supplementary Figure 5g). At 10 °C cc4 dimer formation is 

stabilised (Supplementary Figure 5f). (A). ITC binding isotherm for chicken STIL 

NTD titrated into human CEP85
562-762

 at 25 °C. The resulting KD, ΔH and STIL NTD/ 

CEP85
562-762

 binding stoichiometry (N) as an average from a total of three 

measurements are indicated. (B). CD-based thermal melting analysis of recombinant 

human CEP85
570-662

 cc4 and CEP85
562-762

. Note the increased thermal stability of 

CEP85
562-762

 compared to CEP85
570-662

 cc4. CEP85
562-762

 contains an additional coiled 

coil domain (cc5, Figure 4A). (C, D). Recombinant STIL NTD and CEP85 cc4 from 

different species directly interact with each through a conserved interface. (C). ITC 

binding isotherm for human STIL NTD (WT and R67A mutant) titrated into human 

CEP85 cc4 (WT and Q640A) at 10 °C. (D). ITC binding isotherm for chicken STIL 

NTD (WT and R63A mutant (R67A in human STIL) titrated into chicken CEP85 cc4 

(WT and Q659A mutant (Q640A in human CEP85) at 10°C. At this temperature, 

these interactions are driven by a large favourable entropy of binding similar to what 

is observed with the chicken STIL NTD – hs CEP85 cc4 titrations (Supplementary 

Figure 5g).  Please note that it was not possible to fit the data from (C, D). 

unambiguously to obtain KD and binding stoichiometries, due to the relevant 

parameters being poorly constrained by the fit. This could be due to several reasons, 

e.g., in the case of the human STIL NTD, an aggregation tendency, somewhat lower 

binding affinities, or more complex binding modes that might involve additional 

interaction sites (e.g. conserved patch 2 of STIL NTD). (E, F). Recombinant 

Trichoplax CEP85 cc4 does not form stable dimers in solution. (E). Size exclusion 

chromatography - multi-angle light scattering (SEC-MALS) chromatograms of 

recombinant Trichoplax CEP85 cc4 run at room temperature at varying 

concentrations. Shown are the respective refractive index signals together with the 

derived molar masses (indicated by thicker horizontal lines). The calculated, 

theoretical molecular weight is indicated. Trichoplax CEP85 cc4 remained 

monomeric over the concentration range examined (the average molecular weight in 

the indicated regions ranged from 13-15 kDa). (F). CD-based thermal melting 

analysis of recombinant Trichoplax and Gallus CEP85 cc4 both at 0.6 mg/ml. Note 

the low thermal stability of the Trichoplax coiled coil. (G). CEP85 contains additional 

oligomerisation domains besides its cc4 domain.  293T cells expressing Tet-

inducible  FLAG-BirA* or FLAG-BirA* tagged human CEP85 WT transgenes were 

transfected with MYC-CEP85 WT or cc4 deletion constructs for 48 h in the presence 

of tetracycline (2μg/mL), and immunoprecipitated using FLAG antibody-conjugated 

beads. FLAG-BirA* CEP85 and co-immunoprecipated proteins were probed with the 

indicated antibodies.  

 

Figure 2 for reviewers 

 

The STIL NTD/CEP85 interaction interface is conserved across metazoans. Extended 

multiple sequence alignment of STIL NTD (A) or CEP85 cc4 (B) homologues from 

diverse metazoan organisms, representing the major branches of the tree shown in 

Supplementary Figure 8. The alignments are coloured according to the CLUSTAL 

coloring scheme, residue color intensity is based on conservation. The secondary 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/immunoprecipitation
https://www.sciencedirect.com/topics/neuroscience/antibodies


structure elements are shown above the alignment. The two STIL / CEP85 residues 

mutated in this study are indicated with red dots. 
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