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.

| 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. | 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. | 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. | think the authors should at least discuss this
issue, although | 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 BiolD 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 A respectively, and later as a complex to a low resolution of 4.6 A. 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, | 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 CEPS85 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. | 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.



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.

| 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. | 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. | 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. | 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,



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.
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
CEPS8S5 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 BiolD 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 A respectively, and later as a complex to a low resolution of 4.6 A. 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, | 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.



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 pM. Additional ITC and AUC experiments designed
to clarify the binding stoichiometry of the complex (see comments below, Figure S4C,
Figure S5G) suggest a Kp of ~ 60 uM. 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®. 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-1 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
CEPS85 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
CEPS85 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



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 Kp) 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
CEPS85 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 Kp 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
CEPS85 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
ccd 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
CEPS85. Indeed, using human CEP85, we found that in the absence of cc4, CEPS85 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)).



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 Kp)
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 54, Fig S3C, Fig S7D). However, it
was unclear how the values were calculated? Further, more homologous proteins should be
included in their alignments (Fig S7TB&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 CEPS8S5 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®*® (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’. 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
Sasb5/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



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°%% 2 (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°%72 3t 25 °C. The resulting Kp, AH and STIL NTD/ CEP85°%*"®2 hinding
stoichiometry (N) as an average from a total of three measurements are indicated. (B).
CD-based thermal melting analysis of recombinant human CEP85°"%%? cc4 and
CEP85°%%72  Note the increased thermal stability of CEP85°%%7 compared to
CEP85°%%2 ¢c4. CEP85°°27% 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 Kp 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 (2ug/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/CEPS85 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.



Figure 1 for reviewers

A D
6.6 C WT Hs STIL NTD - WT Hs CEP85 cc4
. WT Hs STIL NTD - Q640A Hs CEP85 cc4 WT Gg STIL NTD - WT Gg CEP85 cc4
% 6.4 R67A Hs STIL NTD - WT Hs CEP85 cc4 WT Gg STIL NTD - Q659A (Q640A) Gg CEP85 cc4
S R63A (R67A) Gg STIL NTD - WT Gg CEP85 cc4
g 6.2 R67A Hs STIL NTD - buffer R63A (R67A) Gg STIL NTD - buffer
3
z 6.0 =5 =5
= (=) o
< =
$ = g
£ 5.8 o 4 = 4
a '(7) '5
>0 £ 3 3 3
0 0 20 30 40 ] b=
Time (min) % ‘_;
40 £ 2 £ 2
K,= 3555 uM = 3
Q35 AH=5.4+0.1 kcal/mol e g
E N=1.0+0.06 = -1
= n=3 = w
= 3.0 ® [}
o = <
£ 25 [ ]
3 80 80
£50 2 e
w© w w
g ] - -
=18 0 0.5 1.0 15 2.0 0 1 2 3
€10 Mol. ratio [Hs STIL NTD] / [Hs CEP85 cc4] Mol. ratio [Gg STIL NTD] / [Gg CEP85 cc4]
4
5 0.5 E
0 04 08 12 16 20 Trichoplax CEP85 cc4
B Mol. ratio [STIL NTD] / [Cep85 cc4-end 562762] Monomer: 11.8 kDa
s —— 100 7 mg/ml
< or ] 60 2.4mg/ml
g © 40 0.7 mg/ml
> (=]
S =
:>:‘ Tn‘ 20
2 20000 | ] o
£ =3
5 6
S o
g s 4
g Hs Cep85
3 ~40000 cc4-end 562762 2
&) CC4 570-662
S . ) ) ) 1
[
= o 20 T4° t6° o 80 100 14 15 16 17 18 19 20
emperature .
Elution Volume (ml)
F G Input IP
0 FLAG-BirA“Empty + — — + - -
FLAG-BirA*-CEP85 WT — + + - + +
Trichoplax CEP85 cc4 Myc-CEP85 WT  + + - + + -
-50 Myc-CEP85 WT-ACC4 — — + — — +
g -100
E
z FLAG
5 Gallus CEP85 cc4
& 150
[=]
o
-200
MYC
-250
0 20 40 60 80 100

Temperature (°C)



Figure 2 for reviewers
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Homo_sapiens CALWNPTPTGDF | YLHLSYYRNPKLV - - VTEKT IRLAYRHAKQNKK - - - - - - - NSSCFLLGSL TADEDEEGVTL TVDRFDPGREVPECLE- - - - - - - ITPTASLPGBFL | PCKVHT
Mus_musculus LALWNPMP IGEC | YLHLSYYRKPKLM- - VTEKA IRLAYRHAKQNKK - - - - - - - NVPCFLLGSL TVDEDEEGVTLT IDRFPDPGRE | PECLE- - - - - - - RTPTASLPGDFL | PCRVH I
Gallus_gallus YALWDPVPMGDA IGSHIAYYRNPKLS - - MMEKPLRL AYRHAKQSDK - - - - - KPFACFLLATLTVDEDEEGVTLT IDRFDPGREVASGSG- - - - - - - KVPTASLPGBFL | ACTVNV
Xenopus_laevis CALWDPAPMGDPFGLHFSYYRNPRLL - - VSEKALRL SSRHAKTGRK - - - - - - - PFSCFLLGTFSVDEDEEGVTLTVDRFDPGREKTGSGSS- - - - - - KVPTAQLPGDF I IPCT IS
Danio_rerio VALWDPSANGEVVSLHFSYYRNPRLF - - LVEKALRL AHRHARQTNK - - - - - - PRFFCFLLGTLAVDSDEEGVT I TLDRFBDPGREQTGCLG- - - - - - - KAPTALLPGD ILVPCVFEA
Callorhinchus_milii VALWNPAPLGDT I SLHLAYYRNPKLL - - VVERTLRLAHRHAKQTER- - - - - - NQFFCFLLGSVVHDVDDEGVALMVDRLDPGREVPGRSE- - - - - - - KIPTALLPGDFL IPCIIDA
Branchiostoma_floridae =~ - - - - - - - - --- -~ FFRNCHVL - -VLEKTLRL AQRHALQAED- - - - - - TPFSCFL IGCAVVDSDEEGVTVTLDRFBDPGRSVPGRAD - - - - - - - RIPTASLLGDHVVHTS I TV
Strongylocentrotus_purpuratus NILWDQTP IGPS |HLHPMHTRN | SMR - - VSEAAVRL AHRHALQADV - - - - - - QPYNGFL IGAVMVDPDEEGLTVSLDRFDPGRDVPGRKA- - - - - - - RLPTARLPADF IVPLTTF -
Capitella_teleta NALWDYRAVGPP | HLHA IQNKNVL/IS- -VSETPLRLLHRL AEESSS- - - - - - ETFSCTLLGSVEFPEDGDS/IFVHIERLDQSCRPVENYS- - ---------- LGPTBVFVACKMTK
Crassostrea_gigas NILWDHDSTGDDLHLSLSYYRKPQLY - - VTEKVLRFAQRHLESSRG- - - - - - TSCSCALQGS | ALDQDGEGLTFVLDRFDPG- - - -GGGT - - - - - - - ISCSGLTPGD | S| PFEMFG
Lingula_anatina SILWDHTSTGPAVV IHMTYYRD IRL | - - | SSKALQLARRCAADSSK- - - - - - MEFLCLLQGSLSVDTDG-GITANLERFDMGKMEQGSLS--------- PTSTMAGD I TVPL | VMK
Nematostella_vectensis HILWDRRPQGDHELLHL YSRRNMRVM- - VNEQT LIL AVRHLNQSASP- - - - - - - FNSFL IGSLSVDSREEGLALHIDRFDPGRE | AERDGSAKGAKYKVPTT | VPGBQV IP IRF | K
Trichoplax_adhaerens TKLWDSKAQGEQEELHLLKGSDCNLT IDITEKCLRLAQRSAYQLHTETSATKR IQKFFLLGSLN INKDD-RV I/INIDRFBDPGR | IDRKEGN- - -KSLHVPTAVIPGBV | I PLSMQL
—RAN—RRRRRNRRNNNS——— C— RASA8%
Homo_sapiens QELCSREMI - VHSVDDF SSALKALQCHIC-SKDSLDCGKLLSLRVHITSRESLDSVEFDLHWAAVTLANNFKCTPVKP IP I IPTALARNLSSNLNISQVQGTYKYGYLTMDETRKL
Mus_musculus QGLGSRDV | - VHNADDF SSALKALQYHVC - SKDFLDCGKLLCLRAQITPRESLDGVDFNLQWTAVTLANSFKCVPVKPIP I IPTALARNLSSNLNISQVQGTYKHGY | TMDETRKL
Gallus_gallus WGPSSDSV | - VHSAED | SLAFKDLRDSLC - SKHSLDLSKLLTVRAHIVFTENLDNLSFSFHWASVTAANILEYTPVKSVP | | PTALARNLNSPMN I AQVQGTYKCGYL TMDQTRKL
Xenopus_laevis -GKGSNNV | -VHTPEDFTSSFMSLQSHLH-GKEALDLAKLLAMRAHITYTENMDNLHFDLHWAAVTVANTFESTP IKPVP I IPTALARNLGSHNNIAHLQGTHKSGYL TMDQTRKL
Danio_rerio QHAASST - - -VHSSEDLN ISFKMLQHFCC - SKELLELSKLLTLRAQLSCSENMDRL TENLSWAAVTLACTLDAVP IRAVP I IPTALARNLSSPAGVTQ- - - NSKRGFL TMDQTRKL
Callorhinchus_milii RGTTFSD I | - VHSAEDFN I AFQMLHCYCC - SKET IDHSRLLTMRAHITC | ESMDSLRL ELHWAAVTVAN IFDATPVNPVP I IPTALARNLTSP INIAQVQGTCKFGYL TMDQTRKL
Branchiostoma_floridae MYMFDCSYWHCRSVNS | SSLPQSLHHHCC - TKDPPVDVSNSLALQAH|YVQDEGEAMTFD | HLSAVSMATGFEATPVTPVP | | PTALARNLAGPLNLSEVQGAPKSGFL TMDQTRKL
Strongylocentrotus_purpuratus --LGDAD I SATHTADDF | AAFKILESSLS-THGS IDPARCLTLRVMCRCHSNADD ITLCLHFGAVTVATVFTGFHVKP IP I IPTALARNLMGPLSLSDVQGSYKTGFL SMDETRKL
Capitella_teleta NCARP- - - - - ESSVEEYSTAVKML - - - - - - - - - - - - - - - - - - - AHCSFHDNQSS | ILHLDCDLVTPTSEFKMTPVNP IP IVPTALSKNLSGPNGAACFPGQAKFGFLTMDQTRKL
Crassostrea_gigas NTKENR - - - -HGSQSDYFNALKL IQQKIR-SKDS IELSNFLLAKGWCSFYTHGEKSVHHIDFDVVTLATEFKVTP IPVVPIVPTALSKNLSGPMSLSHLQGEPKTGYL TMDHTRKV
Lingula_anatina SGSKP- - - - - QLSSDDYFKALQMLQHTVTSGCK IQLDQYVVAFASLVPKPSTRNGEVYDMG | SVVSL SNHL KATPVKNVP | VPTAL SKNLAGPASL SDMQGEPKAGYL TMDHTRKL
Nematostella_vectensis GL IGAENSV -THSKEEFDRALMVLHSR IT-GEDALTLTNF | SFKACCHAHSGDDEV | LNLHFGAVIMETGILA IPVTPVP I IPTALARNLAGPLRLSEVHGVPKCGFL TMDNTRKL
Trichoplax_adhaerens ACLGSEGVS-PFSISEYYDAFQTLTKNLKLSCDSVD I KDMLSLKIHATYYVDSDE ISINVTSGVVVPSALITAVPILPVSIVPTALARSLSGPLHLSNFQDTQKSGYVAINNSHNL
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Homo_sapiens LLLLESDPKVYSLPLVGIWLSGITHIYSPQVWACCLRY |IFNSSVQERVFS-ESGNF | | VLYSMTHKEPEFYECFPCDGK IPDFRFQLLTSKETLHLF -KNVEPPDKNP IRCEL SAE
Mus_musculus LLLLQSDPKVSSLPLVGIWLAGI |HVYSPQVWACCLRYMFSSS IQERVFS-ESGNF | I VLYSLTHKEPEFYECLPCESRTPDLQFQLLTNKETLHLF - NNVEPSGKNP | HFEL SAE
Gallus_gallus LLLLESDPKAYALPLVGVWMSGVTHIYSPQVWACCLRYLFSSS IQERVFS-ESGSFL IVLYSLTHKEPEFYECGPCRGQTE-LGFQLLTCNETVHLF -KNVEPSDKSP IQFVLSAE
Xenopus_laevis LLVLESDPKVYMLPLVGIWLSGI|ITHIHSPQVWAACLRY IFSSS IHERVLS-ESGSFL | ILYSLTHKEPEFYECSPCVKHDP-LGFQLLTCQDTLHLF -KNAEVSKNPLLRFELSSE
Danio_rerio LLILESDPKAYTLPLVGIWLSGVTHIHNPLVWAWCLRYLHSSSLQDKVLS-EGGTFLVVLYSLTHRDPEFYQCKPSTGQQQ-LSFQLLTSRDSLTLY-KNVEPSEGRPLQFELSSE
Callorhinchus_milii LLILESDPRAFTLPLVGIWLSGV IHIQSPQVWASCLRYMFSSS IQERVFSTEQKSFLLVLYSLTHKEPEFYECHPYGEHQK-LDFQLLTSTEV/IINLY -KNAESSGKQP IEFELSE -
Branchiostoma_floridae LLLLESDPK I|YSLPLVGIWVCGPVHIHSPHIWACCLRYMYNTNIQDRVYT - PMQGFLVVLYSPTHSQPEFYDCRTKDGV - - -MNFQLHNCFETLHVL -KV- - - - - - - - - - - - - - -~
Strongylocentrotus_purpuratus LLLLESDPKTST IPL |G IWMSGL THMSNPVVWSACLRFLHSSGIQERVCS - PNGKFLVVLFTRTSRQPLFYECMVKSEQDP - -RFMLVGCRENLHVF - KHVSAKGKPRVEMELTPA
Capitella_teleta LL ILASDPKVSALPLVGVWVSGVTGLTEP | LWCACMQY | HSKDL KHRVCM-PPEHFLLL I YSTRHSKPLFYQCCTSDGSSR-LNFDLSSSHEVLQLP - KNGMCRSQSPLEMDMA - -
Crassostrea_gigas LLVLESDPKVFNLPLVGIWISGVSYVYSPFVWASC IRYLFNSS INDRVCS - VAEPFLLVLYSPLHSKPEFYDVT IQNAEGN-MQFDLYTGYEVVSLP-KTITNNSQNSVE IELSSA
Lingula_anatina LLILESDPKRVYTLPLVGIWLSGI|PLVYNPFVWAACLRYLHNAHIQERVCK-PPEPFLLVLYSPLHSQPEFYEVTAVNGGGR-LTFQLYSAVQNIDLS-KTGSS--EAVVDVDLCKV
Nematostella_vectensis LLLLESDPKAFSLPL |IGVWVSGSFTVHHPFVWACC |KFLNCKS | KERVVA-APNTFLLVHYSPANAAP | FWECAPQEQSST -GPFELYSCYENLHFE - VPFSDKFSEPLRFDLLPC
P

Trichoplax_adhaerens LLVLD LSSIPLVGIWVDGV | S I HHPYVWSACMRYLYSQRLTNKIRD-GSTGF ILVLYTQTRPKPEFWECS - FSGKSDK - - FLY¥CQASDD/I FME - KVAKTRN- EYMRLQL VPN

B e o
Homo_sapiens MESWQKRYDSLQK | VEKQQQKMDQLRSQ- - - - VQSLEQEVAQEEGTSQALREEAQRRDSAL QQL EL SVQN L IEKNLTLQEHLRQA
Mus_musculus MESQQKECDSL MVERQQL KMEQL HSQ - - - - VQSQKQEL AQEEG | NQALREEAQRRETAL QQ EL SVQN: L IEKNLTLQEHLRQA
Gallus_gallus NDSLKKECDCL | VEKQQKKMEQL SLQ- - - -VKNLEEQVAQEEGTSQALKEEALRRENVLQQL EL SVQN LIEKNLT IQERLRQA

Xenopus_laevis VLSLQKEQECLRKVMESQKKK | EQMSSK - - - - VKVLEEQVAQEEGTGDALKVEVQRKETAL QQL ELAVQNQDLMEQNVTLQERLRQT
Danio_rerio NTALKDEQQRLKKV | EKQLRMMEQLGSQ- - - - IRTLEEQ/| SQEEC | SQALRQETADKEQNL LQL ELSVQNQELMEHNL TLQERLQGE
Callorhinchus_milii SDGLKEDYERAKKL IDKQQKRMELLTSQ- - - - IRSLEDCVAQEEGASQDLREEL SGKENGSQQL ELSAQNQEL | EKNLTLQEQLGQS
Branchiostoma_floridae NDRLREDCDRAKKL L ESKHKKMKSL QSQHQSEL ERLEER/I SQEEGVVTALREE IRGKDEATRKL ELASQNQDLLEQTLTLQEQLQEL

Strongylocentrotus_purpuratus NERHSSSVEHL KKV IDSKHRHLQKVQSEHQRALEEMESRLMQEEGV | TALRVEL NNKDSALQDMTRSMKDL ASQSQEL YGHNL SLQESVQGL
Capitella_teleta VKKLASDLEKAKKL L EQKHKKLQHL EAKHQSREAEL KERIQMEASTVNALRQQVESHENGQRQLRTSLKELGTQNQEQMECNL ALKEKLRAV
Crassostrea_gigas NERLAVDLDKAKKL LETSYRKLRHSEVKGQNEMKQL@ERL THEEESVEALRGDCRMKEE TMKKLKRSMKEME SKNQDLMEQ I L | IIREQLKTL
Lingula_anatina KELLVSNLDKAKKL L ENKHKKQKQME | KHQSE IKQLEER I SQEESSVLALKEELGT TEKELRKVRQTMKE | NKQNQDL MED SMTLRDKVKEA
Nematostella_vectensis NERLQAEL SRTKKVL EAKHKKMKSFHEQSQKDQKAL EERL VRQEENMVVALRDEVNSRDQS IRELRKS | KEVSCQ LMESNL NLKSACDKY
Trichoplax_adhaerens NKYLSEENERVKKFLQSKHQKLLEVLSDKQHNIEQYQHRLTEEKD | | SGLSKSLKERDST I KQLQMS | KTVSNQN ILEQNIELQEL CNKL




Reviewer #1 (Remarks to the Author):

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



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.

| 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. | 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 CEPS85 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 BiolD 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 A respectively, and later as a complex to a low resolution of 4.6 A. 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, | 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 S7TB&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 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.



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.

| 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. | 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. | think the authors should
at least discuss this issue, although | 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,
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®. 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
CEPB8S5 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 BiolD 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 A respectively, and later as a complex to a low resolution of 4.6 A. 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, | 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.
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 pM. 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 Kp of ~ 60 puM. 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®. 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-1 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
CEPS85 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



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
CEPS8S5 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 Kp) 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 CEPS85 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 (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 Kp 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
CEPS85 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
ccd 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, CEPS85 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
(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 Kp)
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 S7TB&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®*® (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’.
Further work is needed to identify UPS components that potentially regulate the
CEPS85/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)”

12



REVIEWERS' COMMENTS:

Reviewer #1 (Remarks to the author):

The authors have fully addressed the issues I raised. The story is interesting and important and |
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 | raised. The story is interesting and important and |
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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Figure 2 for reviewers
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Trichoplax_adhaerens TKLWDSKAQGEQEELHLLKGSDCNLT IDITEKCLRLAQRSAYQLHTETSATKR IQKFFLLGSLN INKDD-RV I/INIDRFBDPGR | IDRKEGN- - -KSLHVPTAVIPGBV I I PLSMQL
—RAN—RRRRRNRRNNNS——— C— RASA8%
Homo_sapiens QELCSREMI - VHSVDDF SSALKALQCHIC-SKDSLDCGKLLSLRVHITSRESLDSVEFDLHWAAVTLANNFKCTPVKP IP I IPTALARNLSSNLNISQVQGTYKYGYLTMDETRKL
Mus_musculus QGLGSRDV | - VHNADDF SSALKALQYHVC - SKDFLDCGKLLCLRAQITPRESLDGVDFNLQWTAVTLANSFKCVPVKPIP I IPTALARNLSSNLNISQVQGTYKHGY | TMDETRKL
Gallus_gallus WGPSSDSV | - VHSAED | SLAFKDLRDSLC - SKHSLDLSKLLTVRAHIVFTENLDNLSFSFHWASVTAANILEYTPVKSVP | | PTALARNLNSPMN I AQVQGTYKCGYL TMDQTRKL
Xenopus_laevis -GKGSNNV | -VHTPEDFTSSFMSLQSHLH-GKEALDLAKLLAMRAHITYTENMDNLHFDLHWAAVTVANTFESTP IKPVP I IPTALARNLGSHNNIAHLQGTHKSGYL TMDQTRKL
Danio_rerio QHAASST - - -VHSSEDLN ISFKMLQHFCC - SKELLELSKLLTLRAQLSCSENMDRL TENLSWAAVTLACTLDAVP IRAVP I IPTALARNLSSPAGVTQ- - - NSKRGFL TMDQTRKL
Callorhinchus_milii RGTTFSD I | - VHSAEDFN I AFQMLHCYCC - SKET IDHSRLLTMRAHITC | ESMDSLRL ELHWAAVTVAN IFDATPVNPVP | IPTALARNLTSP INIAQVQGTCKFGYL TMDQTRKL
Branchiostoma_floridae MYMFDCSYWHCRSVNS | SSLPQSLHHHCC - TKDPPVDVSNSLALQAH|YVQDEGEAMTFD | HLSAVSMATGFEATPVTPVP | | PTALARNLAGPLNLSEVQGAPKSGFL TMDQTRKL
Strongylocentrotus_purpuratus --LGDAD I SATHTADDF | AAFKILESSLS-THGS IDPARCLTLRVMCRCHSNADD ITLCLHFGAVTVATVFTGFHVKP IP I IPTALARNLMGPLSLSDVQGSYKTGFLSMDETRKL
Capitella_teleta NCARP- - - - - ESSVEEYSTAVKML - - - - - - - - - - - - - - - - - - - - AHCSFHDNQSS | ILHLDCDLVTPTSEFKMTPVNP IP IVPTALSKNLSGPNGAACFPGQAKFGFLTMDQTRKL
Crassostrea_gigas NTKENR- - - -HGSQSDYFNALKL IQQKIR-SKDS IELSNFLLAKGWCSFYTHGEKSVHHIDFDVVTLATEFKVTP IPVVPIVPTALSKNLSGPMSLSHLQGEPKTGYL TMDHTRKV
Lingula_anatina SGSKP- - - - - QLSSDDYFKALQMLQHTVTSGCK IQLDQYVVAFASLVPKPSTRNGEVYDMG | SVVSL SNHL KATPVKNVP | VPTAL SKNLAGPASL SDMQGEPKAGYL TMDHTRKL
Nematostella_vectensis GL IGAENSV -THSKEEFDRALMVLHSR IT-GEDALTLTNF | SFKACCHAHSGDDEV | LNLHFGAVIMETGILA IPVTPVP I IPTALARNLAGPLRLSEVHGVPKCGFL TMDNTRKL
Trichoplax_adhaerens ACLGSEGVS-PFSISEYYDAFQTLTKNLKLSCDSVD | KDMLSLKIHATYYVDSDE ISINVTSGVVVPSALITAVPILPVSIVPTALARSLSGPLHLSNFQDTQKSGYVAINNSHNL
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Homo_sapiens LLLLESDPKVYSLPLVGIWLSGITHIYSPQVWACCLRY |IFNSSVQERVFS-ESGNF | | VLYSMTHKEPEFYECFPCDGK |IPDFRFQLLTSKETLHLF -KNVEPPDKNP IRCEL SAE
Mus_musculus LLLLQSDPKVSSLPLVGIWLAGI |HVYSPQVWACCLRYMFSSS IQERVFS-ESGNF | | VLYSLTHKEPEFYECLPCESRTPDLQFQLLTNKETLHLF - NNVEPSGKNP | HFEL SAE
Gallus_gallus LLLLESDPKAYALPLVGVWMSGVTHIYSPQVWACCLRYLFSSS IQERVFS-ESGSFL IVLYSLTHKEPEFYECGPCRGQTE-LGFQLLTCNETVHLF -KNVEPSDKSP IQFVLSAE
Xenopus_laevis LLVLESDPKVYMLPLVGIWLSGI|ITHIHSPQVWAACLRY IFSSS IHERVLS-ESGSFL | ILYSLTHKEPEFYECSPCVKHDP-LGFQLLTCQDTLHLF -KNAEVSKNPLLRFELSSE
Danio_rerio LLILESDPKAYTLPLVGIWLSGVTHIHNPLVWAWCLRYLHSSSLQDKVLS-EGGTFLVVLYSLTHRDPEFYQCKPSTGQQQ-LSFQLLTSRDSLTLY-KNVEPSEGRPLQFELSSE
Callorhinchus_milii LLILESDPRAFTLPLVGIWLSGV IHIQSPQVWASCLRYMFSSS IQERVFSTEQKSFLLVLYSLTHKEPEFYECHPYGEHQK-LDFQLLTSTEV/IINLY -KNAESSGKQP IEFELSE -
Branchiostoma_floridae LLLLESDPK I|YSLPLVGIWVCGPVHIHSPHIWACCLRYMYNTNIQDRVYT - PMQGFLVVLYSPTHSQPEFYDCRTKDGV - - -MNFQLHNCFETLHVL -KV- - - - - - - - - - ------
Strongylocentrotus_purpuratus LLLLESDPKTST IPL |G IWMSGL THMSNPVVWSACLRFLHSSGIQERVCS - PNGKFLVVLFTRTSRQPLFYECMVKSEQDP - -RFMLVGCRENLHVF - KHVSAKGKPRVEMELTPA
Capitella_teleta LL ILASDPKVSALPLVGVWVSGVTGLTEP | LWCACMQY | HSKDL KHRVCM-PPEHFLLL I YSTRHSKPLFYQCCTSDGSSR-LNFDLSSSHEVLQLP - KNGMCRSQSPLEMDMA - -
Crassostrea_gigas LLVLESDPKVFNLPLVGIWISGVSYVYSPFVWASC IRYLFNSS INDRVCS - VAEPFLLVLYSPLHSKPEFYDVT IQNAEGN-MQFDLYTGYEVVSLP-KTITNNSQNSVE IELSSA
Lingula_anatina LLILESDPKRVYTLPLVGIWLSGI|PLVYNPFVWAACLRYLHNAHIQERVCK-PPEPFLLVLYSPLHSQPEFYEVTAVNGGGR-LTFQLYSAVQNIDLS-KTGSS--EAVVDVDLCKV
Nematostella_vectensis LLLLESDPKAFSLPL |IGVWVSGSFTVHHPFVWACC |KFLNCKS | KERVVA-APNTFLLVHYSPANAAP | FWECAPQEQSST -GPFELYSCYENLHFE - VPFSDKFSEPLRFDLLPC
P

Trichoplax_adhaerens LLVLD LSSIPLVGIWVDGV | S I HHPYVWSACMRYLYSQRLTNKIRD-GSTGF ILVLYTQTRPKPEFWECS - FSGKSDK - - FLY¥CQASDD/I FME - KVAKTRN- EYMRLQL VPN

B e o
Homo_sapiens MESWQKRYDSLQK | VEKQQQKMDQLRSQ- - - - VQSLEQEVAQEEGTSQALREEAQRRDSAL QQL EL SVQN L IEKNLTLQEHLRQA
Mus_musculus MESQQKECDSL MVERQQL KMEQL HSQ- - - - VQSQKQEL AQEEG | NQALREEAQRRETAL QQ EL SVQN: L IEKNLTLQEHLRQA
Gallus_gallus NDSLKKECDCL | VEKQQKKMEQL SLQ- - - -VKNLEEQVAQEEGTSQALKEEALRRENVLQQL EL SVQN LIEKNLT IQERLRQA

Xenopus_laevis VLSLQKEQECLRKVMESQKKK | EQMSSK - - - - VKVLEEQVAQEEGTGDALKVEVQRKETAL QQL ELAVQNQDLMEQNVTLQERLRQT
Danio_rerio NTALKDEQQRLKKV | EKQLRMMEQLGSQ- - - - IRTLEEQ/| SQEEC | SQALRQETADKEQNL LQL ELSVQNQELMEHNL TLQERLQGE
Callorhinchus_milii SDGLKEDYERAKKL IDKQQKRMELLTSQ- - - - IRSLEDCVAQEEGASQDLREEL SGKENGSQQL ELSAQNQEL | EKNLTLQEQLGQS
Branchiostoma_floridae NDRLREDCDRAKKL L ESKHKKMKSL QSQHQSEL ERLEER/I SQEEGVVTALREE IRGKDEATRKL ELASQNQDLLEQTLTLQEQLQEL

Strongylocentrotus_purpuratus NERHSSSVEHL KKV IDSKHRHLQKVQSEHQRALEEMESRLMQEEGV | TALRVEL NNKDSALQDMTRSMKDL ASQSQEL YGHNL SLQESVQGL
Capitella_teleta VKKLASDLEKAKKL L EQKHKKLQHL EAKHQSREAEL KERIQMEASTVNALRQQVESHENGQRQLRTSLKELGTQNQEQMECNL ALKEKLRAV
Crassostrea_gigas NERLAVDLDKAKKL LETSYRKLRHSEVKGQNEMKQL@ERL THEEESVEALRGDCRMKEE TMKKLKRSMKEME SKNQDLMEQ I L | IIREQLKTL
Lingula_anatina KELLVSNLDKAKKL L ENKHKKQKQME | KHQSE IKQLEER I SQEESSVLALKEELGT TEKELRKVRQTMKE | NKQNQDL MED SMTLRDKVKEA
Nematostella_vectensis NERLQAEL SRTKKVL EAKHKKMKSFHEQSQKDQKAL EERL VRQEENMVVALRDEVNSRDQS IRELRKS | KEVSCQ LMESNL NLKSACDKY
Trichoplax_adhaerens NKYLSEENERVKKFLQSKHQKLLEVLSDKQHNIEQYQHRLTEEKD | | SGLSKSLKERDST IKQLQMS | KTVSNQN ILEQNIELQEL CNKL




Figure 1 for reviewers

(A, B). Recombinant chicken STIL NTD and the human C-terminal CEP85 construct
CEP85°%% 7 (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°%27%2 at 25 °C. The resulting Kp, AH and STIL NTD/
CEP85°%%™2 hinding stoichiometry (N) as an average from a total of three
measurements are indicated. (B). CD-based thermal melting analysis of recombinant
human CEP85°9%%2 cc4 and CEP85°%27%? Note the increased thermal stability of
CEP85°%%72 compared to CEP85°'%%%? cc4. CEP85°°* 7% 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 Kp 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-BIirA* tagged human CEP85 WT transgenes were
transfected with MYC-CEP85 WT or cc4 deletion constructs for 48 h in the presence
of tetracycline (2ug/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/CEPSS 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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