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March 18, 20191st Editorial Decision

March 18, 2019 

Re: Life Science Alliance manuscript  #LSA-2019-00349-T 

Matteo Dal Peraro 
Ecole Polytechnique Fédérale de Lausanne 
School of Life Sciences, Inst itute of Bioengineering 
EPFL SV IBI LBM, AI1145, stat ion 15 
AAB 045 
CH 1015, Lausanne 
Switzerland 

Dear Dr. Dal Peraro, 

Thank you for submit t ing your manuscript  ent it led "KAP1 is an ant iparallel dimer with a nat ively
funct ional asymmetry" to Life Science Alliance. The manuscript  was assessed by expert  reviewers,
whose comments are appended to this let ter. 

As you will see, the reviewers appreciate your work but think that more support  for your conclusions
is needed. They provide construct ive input on how to provide such support , and we would thus like
to invite you to provide a revised version of your work, addressing the individual crit icisms raised by
the reviewers. Further reaching insight is not needed, but as you will see, better support  for the
proposed asymmetry and stoichiometry is required (reviewer #1 and #2). The suggest ions for
improvements made by the technical reviewer #3 should get addressed, too. 

To upload the revised version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. 

We would be happy to discuss the individual revision points further with you should this be helpful. 

While you are revising your manuscript , please also at tend to the below editorial points to help
expedite the publicat ion of your manuscript . Please direct  any editorial quest ions to the journal
office. 

The typical t imeframe for revisions is three months. Please note that papers are generally
considered through only one revision cycle, so strong support  from the referees on the revised
version is needed for acceptance. 

When submit t ing the revision, please include a let ter addressing the reviewers' comments point  by
point . 

We hope that the comments below will prove construct ive as your work progresses. 

Thank you for this interest ing contribut ion to Life Science Alliance. We are looking forward to
receiving your revised manuscript . 



Sincerely, 

Andrea Leibfried, PhD 
Execut ive Editor 
Life Science Alliance 
Meyerhofstr. 1 
69117 Heidelberg, Germany 
t  +49 6221 8891 502 
e a.leibfried@life-science-alliance.org 
www.life-science-alliance.org 

--------------------------------------------------------------------------- 

A. THESE ITEMS ARE REQUIRED FOR REVISIONS

-- A let ter addressing the reviewers' comments point  by point . 

-- An editable version of the final text  (.DOC or .DOCX) is needed for copyedit ing (no PDFs). 

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your product ion-ready images, ht tp://www.life-science-
alliance.org/authors 

-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le and running t it le. It  should
describe the context  and significance of the findings for a general readership; it  should be writ ten in
the present tense and refer to the work in the third person. Author names should not be ment ioned.

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instruct ions for Authors page, ht tp://www.life-science-
alliance.org/authors 

We encourage our authors to provide original source data, part icularly uncropped/-processed
electrophoret ic blots and spreadsheets for the main figures of the manuscript . If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this informat ion. These files
will be linked online as supplementary "Source Data" files. 

***IMPORTANT: It  is Life Science Alliance policy that if requested, original data images must be
made available. Failure to provide original images upon request will result  in unavoidable delays in
publicat ion. Please ensure that you have access to all original microscopy and blot  data images
before submit t ing your revision.*** 

--------------------------------------------------------------------------- 

Reviewer #1 (Comments to the Authors (Required)): 

KAP1 (also known as TIF1beta or TRIM28) performs a key role in regulat ing t ranscript ion, in



part icular silencing, but there is not much informat ion on its structural organizat ion. In this
manuscript , Font i et  al. integrates biochemical characterizat ion, small angle X-ray scattering data,
molecular modeling and single-molecule experiments to understand KAP1 structure and the
funct ional implicat ions for KAP1-HP1 mediated chromat in repression. The conclusion that KAP1 is
an elongated ant iparallel dimer like other TRIM proteins is not so surprising but is an important
threshold issue that the authors convincingly establish here. On the other hand, the conclusion that
KAP1 FL is asymmetric with respect to the PHD-Bromo domains rests on much weaker ground,
which is unfortunate because the authors propose that the asymmetry of KAP1 has an important
role in KAP1-HP1 mediated chromat in repression. Although this is intriguing, it  rests on weaker
ground and is not clearly explained. On the one hand, the authors seem to imply that KAP1 is
inherent ly asymmetric and that this affects HP1 binding, but this relies only on weak data (modeling
of SAXS curves). The authors do not consider the possibility that  KAP1 is simply a flexible dimer
wherein asymmetry is imposed by HP1 binding. Furthermore, how KAP1 asymmetry is
mechanist ically relevant to the overall process of chromat in repression is not very clear (at  least  not
to this reviewer). 

(1) The conclusion that KAP1 is an elongated ant iparallel CC dimer similar to other TRIM proteins is
very well supported by a collect ion of SEC-MALS, analyt ical centrifugat ion, SAXS, and EM data. The
authors further conclude from modeling the SAXS data that full-length KAP1 is asymmetric with
respect to how the PHD-Bromo domains are oriented with respect to the CC core. However, the
authors do not make it  explicit ly clear whether the RBCC domain is also asymmetric. In Fig. 2c, the
RBCC bead model appears asymmetric - was this calculated without imposit ion of 2-fold
symmetry? Is this the only bead model that  is consistent with the scattering data? What happens if
2-fold symmetry is imposed? It  seems unlikely that the authors only obtained a single solut ion that
is consistent with the raw SAX curve (Fig. 2e), and the authors need to show all the other solut ions
and discuss their significance.

(2) The authors model KAP1 RBCC as a symmetric (or closely symmetric) dimer, and suggest that
the asymmetry of full-length KAP1 arises only from the differing disposit ions of the PHD-Bromo
domains relat ive to the CC dimer core. Again, they show that a single KAP1 model (Fig 3d) can
account for the raw SAXS data (Fig 3e) while at  the same t ime claiming a high degree of flexibility.
This seems contradictory and the authors need to explain how they could obtain such a result . It  is
also important that  high flexibility and asymmetric disposit ion of the PHD-Bromo domains are
dist inct  aspects of the analysis - the SAXS data can only convincingly indicate the former. The
authors need to come up with addit ional evidence for the lat ter.

(3) The authors seem to imply that the RING and PHD-Bromo domains specify SUMO different
modificat ion sites. If t rue, then this needs to be explored fully; otherwise the autosumoylat ion
experiments are not very well developed and its significance to the overall study is quite minimal.

(4) Experiments showing that KAP1 binds to HP1 at  a stoichiometry of 2:2 (1 KAP1 dimer per HP1
dimer) seem convincing. The smTIRF experiments also convincingly show that the HP1 dwell t imes
on immobilized chromat in fibers are shorter in the absence of KAP1, and much longer in the
presence of KAP1. However, it  is again not explained fully how the asymmetry of KAP1 is relevant
here: is the 2:2 stoichiometry a consequence of the proposed asymmetry of KAP1, or because
binding of 1 HP1 dimer to HP1BD prevents binding to the second, thereby imposing asymmetry?
What happens when one of the PHD-Bromo domains or one of the HP1BP sites is removed from
the dimer?

Other comments: 



Figure 1a: Yellow bar in KAP diagram should be labeled. 
Figure 2c, 2f, 3d, 3e: Authors should show a gallery of solut ions and how imposit ion of 2-fold
symmetry affects the results. 

Reviewer #2 (Comments to the Authors (Required)): 

This manuscript  describes a structural and biochemical analysis of the heterochromatic scaffolding
protein KAP1. Small-angle X-ray scattering combined with computer modeling demonstrates that
full length KAP1 forms a dimer with flexibly tethered PHD-Bromo domains that show part ial
associat ion with the structured core. The authors further show that auto-sumoylat ion at t ributed to
the PHD domain also depends on the RING domain. To conclude, KAP1's interact ion with HP1 is
studied by ITC, SEC-MALS and single molecule fluorescence. 

This work adds valuable informat ion to the structural and biochemical understanding of KAP1. It
establishes the RING and coiled-coil (RBCC) domains as the structured core of the KAP1 dimer.
The SAXS data shows that the PHD-Br domains are flexibly connected, and modeling suggests
that on average one of the two PHD-Br domains is found close to the RBCC core. The single
molecule work further establishes convincingly that HP1 residence t ime increases in the presence
of Kap1. 

My main issue with this manuscript  is a overinterpretat ion of the data. The authors favor a model
with rather stat ic asymmetry where one domain is associated with the core and the other free
float ing, even suggest ing negat ive cooperat ivity. However, it  is at  least  equally likely that  the PHD-
Br-core interact ion is weak, non-specific and stochast ic. If it  were as stat ic and specifically
associated with the RING domain as postulated, then more than a single class should show a
thicker end in the EM, as crosslinking will favor an associat ion. While the auto-sumoylat ion and HP1
associat ion provide interest ing observat ions, they poorly support  the structural claim of asymmetry.
The fact  that  the RING domain is implicated in auto-sumoylat ion hardly provides evidence for
associat ion with the PHD-Br domain. For HP1 the evidence for 1:1 interact ion is weak due to the
ITC showing a molar rat io of higher than 1.5 and thereby contradict ing the SEC-MALS data that
suggests a 1:1 complex. 

Provided the authors take care of the issues listed below and remove the misleading emphasis on
asymmetry, I think it  will be suitable for publicat ion in Life Science Alliance. 

Major concerns: 

* Fig. 3: The plot  in 3c shows that there are many models falling into a broad peak. In Fig. 3d the
authors should show a representat ive ensemble of structures observed in this peak, not just  one
chosen structure.
* Fig. 4: The difference between full length and ΔRING is hard to judge due to large error bars. How
was the act ivity calculated? It  seems that signals of the Kap1-SUMO bands were normalized to the
120 min full length without loading/internal control for every lane. This could be the source of the big
deviat ions. Also, the free SUMO/E2-SUMO signals are alarmingly constant considering that the
signal on Kap1 changes from 0 to 100% (Fig. S7). This experiment has analysis and experimental
quality issues that should be taken care of.
* Fig. 5a: ITC is of poor quality. For the fit  the authors removed the first  4 inject ions, which is too



much since inject ion 2-4 look OK. Visually, the heat rates do not indicate as a pronounced sigmoidal
curve as shown in the fit , and I'm suspect ing that the sigmoidal shape will not  hold up if signals 2-4
are included. For a reliable Kd these data need to be improved, it  may be necessary to use an
instrument with a bigger cell. 
* Fig. 5a: The authors avoid talking about the molar rat io observed in the ITC experiment and do not
show the fit ted value for N. Judging from the fit  the molar rat io is between 1.5 and 2. This suggests
that 2 HP1 dimers bind a KAP1 dimer and contradicts the SEC-MALS data. This needs to be
resolved.
* Fig. 6j: An expected distribut ion (gray curve) is shown and used as the argument for 1:1 complex
format ion. How did the authors come up with this calculated curve? In this rather complex system
where HP1 oligomerisat ion status depends on Kap1 and where the experimental condit ions are
below Kd at  an excess of 30:1 Kap1:HP1 it  is hard to imagine how so much tetrameric HP1 should
form. The Kap1 excess used here strongly biases the system towards a 1:1 complex.

Minor points: 
* Page 18 first  paragraph "While the fast  binding t imes Toff,2" should be Toff,1.
* In the Fig. 5a the Kd is labeled with μM, while it  is nM in the legend and main text .

Reviewer #3 (Comments to the Authors (Required)): 

I cannot comment on biological significance and importance of here characterized overall
organizat ion of the full-length Kap1. But I can clearly stated that here combine solut ion scattering
data, integrat ive modeling and single-molecule experiments is an excellent  example of integrat ive
structural biology. 
High quality SEC-SAXS data together with SEC-MALS and ITC experiment delivered solid validat ion
of molecular stechiometry of KAP1 and KAP1-Hp1 complex. Well performed SAXS based rigid body
modeling elucidate atomist ic models of fl-KAP1 witch explain funct ional flexibility of the protein. The
manuscript  is well writ ten and the figures have also good quality. In overall I could not find any
technical issues in here presented work. 
The details like a comparison of cross-sect ional Rg, deep explanat ion of P(r) funct ions and their
comparison with model P(r)'s, PEPSI-SAXS conformers validat ion are just  only a few highlights from
here well performed SAXS, MALS, modeling, MD integrat ive structural study 
Well done. 

Minor comment: 

Tables S1 have wrong qmin value. 

Missing Guinier plot . In supplement Figure S3 is only cross sect ional Rg. 

ABSTRACT: "solut ion scattering diffract ion data" 
Please avoid diffract ion in solut ion scattering 
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1st Authors' Response to Reviewers June 6, 2019

Response to the reviewers 

We would like to thank all the reviewers for their constructive and positive feedback on our 
work. We provide below a point-by-point detailed response to all their concerns and point to 
the relative modifications in the revised manuscript, which are highlighted in red.  

Response to Reviewer #1 

 KAP1 (also known as TIF1beta or TRIM28) performs a key role in regulating transcription, 
in particular silencing, but there is not much information on its structural organization. In this 
manuscript, Fonti et al. integrates biochemical characterization, small angle X-ray scattering 
data, molecular modeling and single-molecule experiments to understand KAP1 structure and 
the functional implications for KAP1-HP1 mediated chromatin repression. The conclusion 
that KAP1 is an elongated antiparallel dimer like other TRIM proteins is not so surprising but 
is an important threshold issue that the authors convincingly establish here. On the other 
hand, the conclusion that KAP1 FL is asymmetric with respect to the PHD-Bromo domains 
rests on much weaker ground, which is unfortunate because the authors propose that the 
asymmetry of KAP1 has an important role in KAP1-HP1 mediated chromatin 
repression. Although this is intriguing, it rests on weaker ground and is not clearly 
explained. On the one hand, the authors seem to imply that KAP1 is inherently asymmetric 
and that this affects HP1 binding, but this relies only on weak data (modeling of SAXS curves). 
The authors do not consider the possibility that KAP1 is simply a flexible dimer wherein 
asymmetry is imposed by HP1 binding. Furthermore, how KAP1 asymmetry is 
mechanistically relevant to the overall process of chromatin repression is not very clear (at 
least not to this reviewer). 

While we answer below to each specific point raised by this reviewer, we want to comment 
here regarding this general concern and criticism about our work. As discussed below, we give 
now a clearer explanation of the flexible nature of KAP1. It was not our intention to present 
KAP1 as a static model. Its flexible nature was originally presented in our work, however we 
hope this key discussion is now clearer and more accessible in the revised manuscript. 
Although flexible, KAP1 appears to have some level of asymmetry that emerges already from 
the SAXS data as our further analyses point out. This asymmetry is then even more apparent 
upon binding with HP1 as only one HP1 dimer is recruited despite the availability of two 
putative binding sites. Following this main reasoning we have tuned down the discussion 
of these aspects, starting from the title. 

(1) The conclusion that KAP1 is an elongated antiparallel CC dimer similar to other TRIM
proteins is very well supported by a collection of SEC-MALS, analytical centrifugation, SAXS,
and EM data. The authors further conclude from modeling the SAXS data that full-length KAP1
is asymmetric with respect to how the PHD-Bromo domains are oriented with respect to the
CC core.
However, the authors do not make it explicitly clear whether the RBCC domain is also 
asymmetric. In Fig. 2c, the RBCC bead model appears asymmetric - was this calculated without 
imposition of 2-fold symmetry?

The RBCC bead models were calculated using GASBOR without imposing 2-fold symmetry. 
Thus, the RBCC model we produced and showed in Fig 2C is not strictly symmetric. 
However, we think that when compared with the asymmetry detected for the FL KAP1 
(mainly due to the C-terminal domains) the asymmetry of RBCC is minor. In solution, the 
RBB domains can likely explore slightly different conformations but at the level of resolution 
accessible by SAXS these deviations can be seen as symmetric states.

Is this the only bead model that is consistent with the scattering data? What happens if 2-fold 
symmetry is imposed?  
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To answer this question, we further investigated the symmetry of RBCC. We generated 20 
additional bead models with DAMMIF, we superimposed them with SUPCOMB, averaged 
them with DAMAVER and refined them with DAMMIN with the aim to compare the results 
with and without imposing 2-fold symmetry (Figures R1 and R2). We observed that both the 
bead models generated with and without 2-fold symmetry similarly fit our RBCC SAXS data. 
As previously anticipated, this observation leads to the conclusion that at this low resolution, 
even though the N-terminal tails and flexible loops will not be likely perfectly symmetric in 
solution, the RBCC of KAP1 can be considered an antiparallel dimer with a 2-fold symmetry 
axis in the middle of the CC such that the RBB modules are located at opposite ends and ~150 
Å apart. The latter can find different conformation that can be not necessarily symmetric in 
solution but might be considered as symmetric at the low resolution accessible to SAXS. We 
added further discussion on this point at page 8 and 10 of the revised manuscript. 

Figure R1: RBCC DAMMIF models generated imposing 2-fold symmetry 
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Figure R2: RBCC DAMMIF models generated without imposing 2-fold symmetry 
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It seems unlikely that the authors only obtained a single solution that is consistent with the raw 
SAXS curve (Fig. 2e), and the authors need to show all the other solutions and discuss their 
significance. 

We thank the reviewer for this observation, which gives us the opportunity to clarify this point. 
The atomic model of the RBCC domain shown in Fig 2E actually represented one of the 
possible solutions that can describe our SAXS data. The ensemble of solutions we obtained that 
optimally fit the data are however highly consistent/similar as the main differences are given 
by slight modifications of the reciprocal orientation of the Ring, B-box1 and B-box2 domains. 
As we leave a representative model in Fig 2E we have added a larger ensemble of models in 
Figure S6 (i.e., different solutions that fit our data with c2 values between 0.8 and 1) to give a 
sense of the (limited) conformational variation of the ensemble and provided in Fig 2F the fit 
of all models to the raw SAXS data. We have further discussed this point in the main text of 
the revised manuscript at page 8. 

(2) The authors model KAP1 RBCC as a symmetric (or closely symmetric) dimer, and suggest
that the asymmetry of full-length KAP1 arises only from the differing dispositions of the PHD-
Bromo domains relative to the CC dimer core. Again, they show that a single KAP1 model (Fig
3d) can account for the raw SAXS data (Fig 3e) while at the same time claiming a high degree
of flexibility. This seems contradictory and the authors need to explain how they could obtain
such a result.

As discussed above for RBCC, the conformation showed in the old Fig 3D is only a 
representative state of the solutions that fit the SAXS data for FL KAP1, in particular the 
centroid of the distribution in Fig 3C. Therefore, a larger ensemble of models that satisfies the 
SAXS data can be identified for any given c2 cutoff. For optimized models with c2 lower than 
2, there are for instance ~300 models that all maintain a similar conformation of the C-termini. 
This means that the FL KAP1 structure in solution is not described by only one single model 
but by all the models that fit the SAXS data. Of this structural ensemble, we now show (i) a 
small subset in cartoon representation in Fig S7B, and (ii) a more extended (300 models) subset 
in Fig S7C (in simpler representation), while for the sake of clarity we have preferred to leave 
in Fig 3E of the main text the representative centroid model, which captures the main 
architectural features of the whole ensemble. We have also clarified this important point in the 
main text at page 9 and in the figure caption. This aspect is also shown in Fig 3F, where we 
report the fit of the calculated scattering profiles of the models belonging to the first density 
level of the cluster as red lines (c2 <1) . In this revised figure, we have also shown a magnified 
inset to make clearer the point that we are presenting an ensemble of models. 

It is also important that high flexibility and asymmetric disposition of the PHD-Bromo domains 
are distinct aspects of the analysis - the SAXS data can only convincingly indicate the former. 
The authors need to come up with additional evidence for the latter. 

As the flexibility of FL KAP1 is convincedly demonstrated by SAXS, we tried to extract 
additional evidence for asymmetry by further analyzing the data. We followed the same 
procedure as for RBCC before and generated 20 additional bead models imposing or not 2-fold 
symmetry. In the case of the bead models generated without imposing any symmetry, we can 
clearly observe how the shape is well conserved among the different models that exhibit an 
NSD value of 1.43±0.07 (Fig R3). When applying 2-fold symmetry, the models show a 
significantly broader range of conformations and a higher NSD value of 2.98±0.64 (Fig R4), 
indicating that an asymmetric bead model generation better fits our FL KAP1 SAXS data.  
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Figure R3: FL DAMMIN models generated without imposing 2-fold symmetry 
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Figure R4: FL DAMMIN models generating imposing 2-fold symmetry 
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To further elaborate on this point and better support the asymmetry of KAP1, the two mirror 
clusters obtained by NMA (shown in Fig 3C) were superimposed (Fig 7SA) highlighting that 
every model contains one PHD-Br domain at a distance dclose of the RB1B2 domain and another 
at a larger distance dfar. Similarly, in the new Fig 3D, we report a 1D representation of those 
PHD-Br domains plotted according to their distance to the RB1B2 domain. As expected, their 
distribution is not random, but they are organized in two separated Gaussian distributions 
centered at dclose (~60 Å) and dfar (~120 Å). 

The density level containing 300 models close to the cluster center or the peak of the 
Gaussian distribution and highlighted as a solid black line in Fig S7A has been selected and 
further analyzed. The models belonging to this density level have been extracted and 
superimposed to recover common asymmetric features. In Fig S7C we present the ensemble of 
these 300 models in which we highlight the PHD-Br domain close to the RB1B2 module in red 
and the PHD-Br domain far from the module RB1B2 in blue. This representation shows a clear 
asymmetric density distribution of the two C-terminal domains that is common for all the 
models (one far and one close to the RB1B2 domains). Furthermore we selected models from 
the first density level, containing 10% of the cluster models and in Fig S7B we present the 
centroid and some representative models. Again we highlighted in red and in blue the C-
terminal domains close and far to the RB1B2 module.  

Thus, the asymmetry of the bead models revealed without imposing 2-fold symmetry 
is most likely dictated by this different arrangement of the PH-Br domains, as the RBCC 
domain can be considered symmetric at this level of resolution (see discussion on point 1). 

As suggested by the reviewer, we have now more clearly separated the discussion on 
flexibility and asymmetry in the revised text at pages 9 and 10, as supported by these further 
analyses. We have also reduced the emphasis on asymmetry as emerged from the SAXS data 
and instead used the results for KAP1-HP1 binding (i.e., SEC-MALS and ITC) to further 
corroborate the asymmetry of KAP1 when in complex with other protein factors. 

(3) The authors seem to imply that the RING and PHD-Bromo domains specify SUMO different
modification sites. If true, then this needs to be explored fully; otherwise the autosumoylation
experiments are not very well developed and its significance to the overall study is quite
minimal.

We understand the concern of this reviewer and in fact a further and more complete 
investigation of the implications of the RING function on the different SUMO sites is 
undergoing in our laboratory. However, this was not the main focus of this work and the newly 
discovered properties of the RING domain are here only developed with respect to the global 
architecture proposed for the FL KAP1 system. We made this aspect clearer in the revised 
version at page 12. In particular, our SAXS analysis indicates that at least one PH-Br domain 
and neighboring SUMO sites are more compacted along the RBCC domain, thus in proximity 
to the RING domain. As several studies indicate that the RING domain acts as a E3 SUMO 
ligase, we wanted here to find out if our FL KAP1 model was compatible with the RING having 
a role in the auto-SUMOylation of the C-terminus of KAP1. Our results, although not precisely 
mapping the specific site involved in auto-SUMOylation are confirming this role for the RING 
domain, thus further corroborating the FL KAP1 models obtained by SAXS and integrative 
modeling. 

(4) Experiments showing that KAP1 binds to HP1 at a stoichiometry of 2:2 (1 KAP1 dimer per
HP1 dimer) seem convincing. The smTIRF experiments also convincingly show that the HP1
dwell times on immobilized chromatin fibers are shorter in the absence of KAP1, and much
longer in the presence of KAP1. However, it is again not explained fully how the asymmetry of
KAP1 is relevant here: is the 2:2 stoichiometry a consequence of the proposed asymmetry of
KAP1, or because binding of 1 HP1 dimer to HP1BD prevents binding to the second, thereby
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imposing asymmetry? What happens when one of the PHD-Bromo domains or one of the 
HP1BP sites is removed from the dimer? 

As discussed for point 2, SAXS data appear to support some asymmetry of the C-terminal 
domains of FL KAP1 in solution, which directly effects the conformation of the HP1BD. Based 
on this observation we tend to think that HP1 asymmetric stoichiometry is eventually the effect 
and not the cause of this conformation. Given the proposed architecture of FL KAP1, we think 
that KAP1 hetero-dimers with only one PHD-Br domain or HP1BD would still be able to bind 
HP1. 

Other comments: 
Figure 1a: Yellow bar in KAP diagram should be labeled. 

This point has been addressed in the new version of Fig 1. 

Figure 2c, 2f, 3d, 3e: Authors should show a gallery of solutions and how imposition of 2-fold 
symmetry affects the results. 

We have added Figs R1-4 to address questions regarding the ab initio modeling imposing 2-
fold symmetry and we have discussed this point in the main text at pages 9 and 10. We feel the 
discussion in the text could be sufficient but we are open to add Figs R1-4 to the supplementary 
material. Moreover, Figs 2 and 3 have been modified. The centroid structures in Fig 2E and 3E 
have not been modified for the sake of clarity but have been complemented with the new 
Figures S6 and S7 showing the structural ensembles and well as the fit of the ensemble models 
to the SAXS data in Fig 2F and 3F.  
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Response to Reviewer #2 

This manuscript describes a structural and biochemical analysis of the heterochromatic 
scaffolding protein KAP1. Small-angle X-ray scattering combined with computer modeling 
demonstrates that full length KAP1 forms a dimer with flexibly tethered PHD-Bromo domains 
that show partial association with the structured core. The authors further show that auto-
sumoylation attributed to the PHD domain also depends on the RING domain. To conclude, 
KAP1's interaction with HP1 is studied by ITC, SEC-MALS and single molecule fluorescence. 

This work adds valuable information to the structural and biochemical understanding of KAP1. 
It establishes the RING and coiled-coil (RBCC) domains as the structured core of the KAP1 
dimer. The SAXS data shows that the PHD-Br domains are flexibly connected, and modeling 
suggests that on average one of the two PHD-Br domains is found close to the RBCC core. The 
single molecule work further establishes convincingly that HP1 residence time increases in the 
presence of Kap1. 

My main issue with this manuscript is a overinterpretation of the data. The authors favor a 
model with rather static asymmetry where one domain is associated with the core and the other 
free floating, even suggesting negative cooperativity. However, it is at least equally likely that 
the PHD-Br-core interaction is weak, non-specific and stochastic. If it were as static and 
specifically associated with the RING domain as postulated, then more than a single class 
should show a thicker end in the EM, as crosslinking will favor an association. While the auto-
sumoylation and HP1 association provide interesting observations, they poorly support the 
structural claim of asymmetry. The fact that the RING domain is implicated in auto-sumoylation 
hardly provides evidence for association with the PHD-Br domain. For HP1 the evidence for 
1:1 interaction is weak due to the ITC showing a molar ratio of higher than 1.5 and thereby 
contradicting the SEC-MALS data that suggests a 1:1 complex. 

Provided the authors take care of the issues listed below and remove the misleading emphasis 
on asymmetry, I think it will be suitable for publication in Life Science Alliance. 

We took the concerns of this reviewer in great consideration and, as also asked by Reviewer #1 
(also see response above), we now better clarify the flexibility and asymmetry aspects that 
emerge from our analyses. This further discussion is added at page 9 and 10 of the revised 
manuscript and revised and new figures are added to the revision (i.e., Figures R1-4 and new 
panels in Figs 2 and 3). We also followed the suggestions of this reviewer and revised the 
manuscript in order to tune down the overinterpretation of the asymmetry as discussed below 
in the point-by-point response to the specific major concerns. 

Major concerns: 

* Fig. 3: The plot in 3c shows that there are many models falling into a broad peak. In Fig. 3d
the authors should show a representative ensemble of structures observed in this peak, not just
one chosen structure.

We thank the reviewer for having raised this point, we acknowledge that this was not clear 
enough in the original version as also Reviewer #1 was puzzled by the same aspect (see also 
previous response). We now make clearer that the models presented in the main text are only 
representative conformations of a broader ensemble of models that fit optimally well the SAXS 
data. We are not at all proposing a static conformation of KAP1, but rather a very flexible 
ensemble of conformation as originally expected for this multidomain system. Nonetheless, this 
intrinsic flexibility (see also response to Reviewer #1, point 2) seems to eventually produce an 
asymmetry in the conformation of the C-terminal domains, as emerged from SAXS, which can 
be now more visually and quantitatively recognized in the new Fig 3 and Fig S7, where we 
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report additional information of the whole ensemble (see also response to reviewer #1, point 2 
for further details). For sake of clarity we have preferred to leave only one representative model 
in the revised main text, which is able to summarize the architectural properties of the whole 
ensemble, but we report the fit to the raw SAXS data of the ensemble in Fig 3F and report more 
details of the whole ensemble in Fig S7. 

* Fig. 4: The difference between full length and ΔRING is hard to judge due to large error bars.
How was the activity calculated? It seems that signals of the Kap1-SUMO bands were
normalized to the 120 min full length without loading/internal control for every lane. This could
be the source of the big deviations. Also, the free SUMO/E2-SUMO signals are alarmingly
constant considering that the signal on Kap1 changes from 0 to 100% (Fig. S7). This
experiment has analysis and experimental quality issues that should be taken care of.

We acknowledge these concerns and we have tried to improve the quality of our experiments. 
First, the bands were initially normalized to the 120 min FL lane producing a big value in the 
standard deviation. We are working with purified proteins and for this reason our internal 
control is represented by the SDS page gel, demonstrating how the two proteins have been 
equally loaded meaning that the difference in activity is not due to protein concentration. To 
clarify this point we re-analyzed the data previously collected and normalized using all the data 
for each experiment (i.e., 100% intensity is the sum of all the bands). In the revised Fig 4 of the 
main text we now plot the mean value of each data point for the 3 repetitions with the standard 
error of the mean. 

* Fig. 5a: ITC is of poor quality. For the fit the authors removed the first 4 injections, which is
too much since injection 2-4 look OK. Visually, the heat rates do not indicate as a pronounced
sigmoidal curve as shown in the fit, and I'm suspecting that the sigmoidal shape will not hold
up if signals 2-4 are included. For a reliable Kd these data need to be improved, it may be
necessary to use an instrument with a bigger cell.
* Fig. 5a: The authors avoid talking about the molar ratio observed in the ITC experiment and
do not show the fitted value for N. Judging from the fit the molar ratio is between 1.5 and 2. 
This suggests that 2 HP1 dimers bind a KAP1 dimer and contradicts the SEC-MALS data. This 
needs to be resolved. 

To address the concerns about the quality of the ITC experiments and the implication for HP1-
KAP1 stoichiometry and KAP1 asymmetry (which is in our opinion the crucial point of 
criticism of this reviewer), we performed a new ITC run titrating HP1 (170 µM) into KAP1 (15 
µM). We performed 19 injections of 2 µL each (except the first one that was 0.4µL) separated 
by an interval of 180 sec. In the analysis we included all the data points except the first injection. 
We obtained a Kd value of 176 nM, (which is very similar to the previous value of 162 nM) and 
an N value of 0.98 confirming a stoichiometry in which one HP1 dimer is bound to one KAP1 
dimer (see revised Fig 5 of the main text). These new ITC data are now fully consistent with 
SEC-MALS results, pointing to the same KAP1-HP1 stoichiometry. We hope that the new 
results and analysis will meet the quality standards expected by the reviewer. As discussed also 
in our response to Reviewer #1 (point 2), this result more robustly corroborates the asymmetry 
of the FL KAP1 upon binding, which was already hinted for the unbound protein by analysis 
of the SAXS data and it is at last confirmed by SEC-MALS and ITC when KAP1 is in complex 
with HP1. 

* Fig. 6j: An expected distribution (gray curve) is shown and used as the argument for 1:1
complex formation. How did the authors come up with this calculated curve? In this rather
complex system where HP1 oligomerisation status depends on Kap1 and where the
experimental conditions are below Kd at an excess of 30:1 Kap1:HP1 it is hard to imagine how
so much tetrameric HP1 should form. The Kap1 excess used here strongly biases the system
towards a 1:1 complex.
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We thank the reviewer for the thoughtful comment, and agree fully with her/his assessment that 
under our measurement conditions the probability of finding HP1 complexes above a 2:1 
(HP1:KAP1) stoichiometry is highly unlikely. Thus, from these experiments alone, the absence 
of 4:1 complexes cannot be concluded. Conversely, our SEC-MALS experiments, as reported 
in Fig 5 and performed at appropriate molar KAP1/HP1 ratios, clearly demonstrate the 2:1 
stoichiometry, as well as the new ITC experiments and analysis. We have thus removed the 
grey curve in Fig 6J and changed the subsequent discussion at page 18 of the revised 
manuscript to state that: “Addition of 100 nM KAP1 resulted in an increase of dimers (up to 
28%, Fig 6J), consistent with our previous observations that KAP1 binds and stabilizes a single 
HP1a dimer.” 

Minor points: 

* Page 18 first paragraph "While the fast binding times Toff,2" should be Toff,1.
* In the Fig. 5a the Kd is labeled with μM, while it is nM in the legend and main text.

All these minor points have been corrected. 
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Response to Reviewer #3 

I cannot comment on biological significance and importance of here characterized overall 
organization of the full-length Kap1. But I can clearly stated that here combine solution 
scattering data, integrative modeling and single-molecule experiments is an excellent example 
of integrative structural biology.  

High quality SEC-SAXS data together with SEC-MALS and ITC experiment delivered solid 
validation of molecular stechiometry of KAP1 and KAP1-Hp1 complex.  

Well performed SAXS based rigid body modeling elucidate atomistic models of fl-KAP1 witch 
explain functional flexibility of the protein. The manuscript is well written and the figures have 
also good quality. In overall I could not find any technical issues in here presented work. The 
details like a comparison of cross-sectional Rg, deep explanation of P(r) functions and their 
comparison with model P(r)'s, PEPSI-SAXS conformers validation are just only a few 
highlights from here well performed SAXS, MALS, modeling, MD integrative structural study 
Well done.  

We thank this reviewer for the extremely positive assessment of our work. 

Minor comment: 

Tables S1 have wrong qmin value.  

We substituted with: q-range 0.0025 -0.5 Å-1  

Missing Guinier plot. In supplement Figure S3 is only cross sectional Rg.  

We have added  a new Fig S3 with the Guinier fitting. 

ABSTRACT: "solution scattering diffraction data" Please avoid diffraction in solution 
scattering  

Right: We have corrected this sentence. 



July 2, 20191st Revision - Editorial Decision

July 2, 2019 

RE: Life Science Alliance Manuscript  #LSA-2019-00349-TR 

Prof. Matteo Dal Peraro 
Ecole Polytechnique Fédérale de Lausanne 
School of Life Sciences, Inst itute of Bioengineering 
EPFL SV IBI LBM, AAB048, stat ion 19 
AAB 048 
CH 1015, Lausanne 1015 
Switzerland 

Dear Dr. Dal Peraro, 

Thank you for submit t ing your revised manuscript  ent it led "KAP1 is an ant iparallel dimer with a
funct ional asymmetry". As you will see, the reviewers appreciate the changes introduced in revision
and now support  publicat ion, pending some minor adjustments. We would thus be happy to publish
your paper in Life Science Alliance pending final revisions necessary to address the remaining
reviewer comments and to meet our formatt ing guidelines: 

- please address the remaining comments of reviewer #2
- please add panel descript ions in the legend for Fig S4, S8 and S9, please add panel labels in
Figures S10
- you display the same figure panel twice in S2D and 3C, please remove one
- please upload the manuscript  text  as a word docx file
- please upload all figure files as individual files (main and suppl figures) and without legends; the S
figure legends and references should get incorporated into the main manuscript  docx file
- please list  10 authors et  al in your reference list
- please add a summary blurb in our submission system
- please check the author order carefully in our submission system
- all corresponding authors should link their profile in our submission system to their ORCID iDs, you
should have received an email with instruct ions on how to do so

If you are planning a press release on your work, please inform us immediately to allow informing our
product ion team and scheduling a release date. 

To upload the final version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. Please get in touch in case you do not know or remember your login name. 

To avoid unnecessary delays in the acceptance and publicat ion of your paper, please read the
following informat ion carefully. 

A. FINAL FILES:

These items are required for acceptance. 



-- An editable version of the final text  (.DOC or .DOCX) is needed for copyedit ing (no PDFs). 

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your product ion-ready images, ht tp://www.life-science-
alliance.org/authors 

-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le. It  should describe the context
and significance of the findings for a general readership; it  should be writ ten in the present tense
and refer to the work in the third person. Author names should not be ment ioned. 

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instruct ions for Authors page, ht tp://www.life-science-
alliance.org/authors 

We encourage our authors to provide original source data, part icularly uncropped/-processed
electrophoret ic blots and spreadsheets for the main figures of the manuscript . If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this informat ion. These files
will be linked online as supplementary "Source Data" files. 

**Submission of a paper that does not conform to Life Science Alliance guidelines will delay the
acceptance of your manuscript .** 

**It  is Life Science Alliance policy that if requested, original data images must be made available to
the editors. Failure to provide original images upon request will result  in unavoidable delays in
publicat ion. Please ensure that you have access to all original data images prior to final
submission.** 

**The license to publish form must be signed before your manuscript  can be sent to product ion. A
link to the electronic license to publish form will be sent to the corresponding author only. Please
take a moment to check your funder requirements.** 

**Reviews, decision let ters, and point-by-point  responses associated with peer-review at  Life
Science Alliance will be published online, alongside the manuscript . If you do want to opt out of
having the reviewer reports and your point-by-point  responses displayed, please let  us know
immediately.** 

Thank you for your at tent ion to these final processing requirements. Please revise and format the
manuscript  and upload materials within 7 days. 

Thank you for this interest ing contribut ion, we look forward to publishing your paper in Life Science
Alliance. 

Sincerely, 

Andrea Leibfried, PhD 
Execut ive Editor 



Life Science Alliance 
Meyerhofstr. 1 
69117 Heidelberg, Germany 
t  +49 6221 8891 502 
e a.leibfried@life-science-alliance.org 
www.life-science-alliance.org 

------------------------------------------------------------------------------ 
Reviewer #1 (Comments to the Authors (Required)): 

The authors have addressed my comments and crit iques appropriately. I'm st ill not  fully convinced
that the scattering data are sufficient  with regards to the asymmetry, but the authors make a
convincing enough argument and discuss this issue much more clearly - with results now better
delineated vs interpretat ion. This paper would be a good basis for further studies. 

Reviewer #2 (Comments to the Authors (Required)): 

The revised manuscript  of Font i et  al. is significant ly improved and is in my view acceptable for
publicat ion. 

There are st ill a few minor issues: 

Fig. S1: The AUC fit  is poor, since the residuals are split  up into two 
populat ions and are much bigger than the noise of the data. This should be 
mended with a better choice of parameters in sedfit . 

Fig. 5A: The integrated heat data look too smooth compared with the relat ively 
noisy raw data. Has the baseline been overopt imized? The fit  is otherwise OK. 

p. 8 line 5 should specify what the 280A refers to (lenght?).

p. 12: "As expected, the RBCC domain ...." should also refer to Fig. S10. 

Reviewer #3 (Comments to the Authors (Required)): 

I thank the authors for their thoughtful and thorough responses. 
I commend the authors on doing an excellent  job in revising the manuscript , which is now
significant ly improved. The manuscript  is excellent  and should serve as an example of how to derive
and validate hypothesis relevant to the solut ion state. 



2nd Authors' Response to Reviewers      3 August 2019

Reviewer #2:
- we refitted our AUC data as asked by the reviewer and provided a new Figure S1;
- regarding the integrated heat data, we tried different baselines, however the data did not change 
significantly;
- all the other minor points have been corrected in the final version of the manuscript.

Editorial comments:
- we corrected all the supplementary figures and captions;
- the data in figures S2D and 3C look the same but they are not. One refers to the FL KAP1 and 
the other to the ΔKAP1. The systems are almost identical but different;
- all the rest has been hopefully addressed in the final submitted files.



August 5, 20192nd Revision - Editorial Decision

August 5, 2019 

RE: Life Science Alliance Manuscript  #LSA-2019-00349-TRR 

Prof. Matteo Dal Peraro 
Ecole Polytechnique Fédérale de Lausanne 
School of Life Sciences, Inst itute of Bioengineering 
EPFL SV IBI LBM, AAB048, stat ion 19 
AAB 048 
CH 1015, Lausanne 1015 
Switzerland 

Dear Dr. Dal Peraro, 

Thank you for submit t ing your Research Art icle ent it led "KAP1 is an ant iparallel dimer with a
funct ional asymmetry". It  is a pleasure to let  you know that your manuscript  is now accepted for
publicat ion in Life Science Alliance. Congratulat ions on this interest ing work. 

The final published version of your manuscript  will be deposited by us to PubMed Central upon
online publicat ion. 

Your manuscript  will now progress through copyedit ing and proofing. It  is journal policy that authors
provide original data upon request. 

Reviews, decision let ters, and point-by-point  responses associated with peer-review at  Life Science
Alliance will be published online, alongside the manuscript . If you do want to opt out of having the
reviewer reports and your point-by-point  responses displayed, please let  us know immediately. 

***IMPORTANT: If you will be unreachable at  any t ime, please provide us with the email address of
an alternate author. Failure to respond to rout ine queries may lead to unavoidable delays in
publicat ion.*** 

Scheduling details will be available from our product ion department. You will receive proofs short ly
before the publicat ion date. Only essent ial correct ions can be made at  the proof stage so if there
are any minor final changes you wish to make to the manuscript , please let  the journal office know
now. 

DISTRIBUTION OF MATERIALS: 
Authors are required to distribute freely any materials used in experiments published in Life Science
Alliance. Authors are encouraged to deposit  materials used in their studies to the appropriate
repositories for distribut ion to researchers. 

You can contact  the journal office with any quest ions, contact@life-science-alliance.org 

Again, congratulat ions on a very nice paper. I hope you found the review process to be construct ive
and are pleased with how the manuscript  was handled editorially. We look forward to future excit ing
submissions from your lab. 



Sincerely, 

Andrea Leibfried, PhD 
Execut ive Editor 
Life Science Alliance 
Meyerhofstr. 1 
69117 Heidelberg, Germany 
t  +49 6221 8891 502 
e a.leibfried@life-science-alliance.org 
www.life-science-alliance.org 
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