Point-by-point response to reviewers:
Dear reviewers, 
We thank you for your constructive feedback, which has greatly improved the quality of our publication. All of the major points raised have been addressed both in the written and video sections and have now been included in the new version of our manuscript, as discussed below: 

Reviewer #1: 
1. Manuscript Summary:
The manuscript describes interesting methods and nicely combines various variants of them by providing protocols with different options for microscopy-based analysis and biochemical analysis. The image analysis part is very interesting and important. However, the writing of the protocols should be substantially improved.
2. Major Concerns:
The protocols section is difficult to follow. Below just some example comments that should give an idea how to improve the section:
· Authors should state why different steps are done. Starting from lack of stating which cells are used and what should be taken into account in choosing cells (and ligand).
ANSWER: We agree with the reviewer and have now improved the protocol section, indicating a brief explanation of each step. Also, in this new version, we indicate at the beginning of each protocol that we use IIA1.6 mouse B cells (Page 3, section 1.1.1 of protocols).

· It is not always obvious, for example, which sample is taken in the next step and what is preparation for further needs. Especially the preparation of the gradient ultracentrifugation is difficult to follow. Could also the image be improved for this?

ANSWER: We improved the workflow of the Centrosome isolation procedure and the explanation of the protocol, adding a brief explanation for each step (Page 10, section 5 of protocols)

· How is the poly-L-lysine coating performed? Concentration, time of incubation?
ANSWER: We added a new protocol section to clearly explain how Poly-L-Lysine coating is performed, specifying the concentration of Poly-L-Lysine, time and temperature of incubation (page 5, section 1.2).

· How long and on which temperature are the activated cells let to adhere the poly-L-lysine cover slips?

ANSWER: We apologize for not explaining this part of the procedure and now state, in the new version of the manuscript, that we seed B cells onto the Poly-L-Lysine covers after mixing them with Antigen-coated beads. The temperature and time of the incubation is also explained in this new version. (page 5, section 1.3)

· How are immunofluorescence samples fixed? 50ul of 4%PFA on top of 100 PBS or replacing? Methanol on top of existing PBS PFA, or replacing, or only on separate samples?

ANSWER: We have clarified this issue in the appropriate protocol section. We replace cold-1X PBS previously added to each cover with fixation solution. PFA and Methanol are frequently used for fixation in our system. Additionally, we highlight that for Actin and centrosome labelling we recommend using PFA and methanol, respectively (Page 6, section 3.1). 


· A bit more explanation of the methods is required.

ANSWER: We improved the explanation of all methodologies

· For instance, in the synaptic membrane assay, why is the synaptic membrane preserved, but all other membranes lost? What else is preserved? There is a lot of total Syk also in the synaptic membrane fraction of non-activated cells, how is this explained? Is Syk bound to membrane or cytoplasmic?

ANSWER: Given the length of our manuscript, we have now eliminated this section on order to have space to explain imaging and centrosome isolation procedure.

· What is in the other fractions of the sucrose gradient? What else can be looked for at the same time?
ANSWER: Given that there is a previous centrifugation step (centrifugation of proteins in 60% sucrose) most of cytosolic components are discarded. Therefore, when we assess the discontinuous gradient centrifugation (Between 40% and 70%), only microtubules or proteins associated to microtubules are enriched in these fractions, with a peak in the centrosome-enriched fraction. Proteomics analysis of these centrosome fractions has been previously published (Obino et al. 2015), where centrosome proteins, motor proteins, as well as actin regulators have been described. Additionally, we do not discard the possibility that organelles with the same density could be associated to centrosome fractions. However, we believe that this could be beneficial, given that the centrosome polarizes to the IS. Thus, comparing the composition of centrosome fractions from activated and resting B cells could provide valuable insight on how vesicle trafficking is regulated at this level.
· More emphasis should be put on clear description of the image analysis parts. The protocol text typically only refers to one panel (2B, 3B, 4B) of in each figure. How about the other steps? It would be informative to give example cells with example values and also to provide a cartoon that shows the extreme cases. Now it is not clear in many cases what would be the extreme values and how would that scenario look. What would be the polarity index for a fully polarized marker? And why, for instance, Lysosome recruitment quantifications give such low values (bead/cell max 12%, synaptic area/cell max 25%) if Lysosomes are so strongly polarized as shown by the images? From the text "Actin recruitment at the Centrosome" one would expect the ratio of Actin at the Centrosome/ cell value to go up. Should it rather be "displacement of Actin from the Centrosome"? goes down upon activation, although in the images it looks rather higher
ANSWER: We substantially improved this section in order to clarify the methods and procedures of image quantification (Text and Video). Also, we included the graph depicting the “extreme cases” where organelles are fully polarized (at the bead) or anti-polarized and what polarity index values mean. The quantification of lysosome recruitment at the bead is relatively low, because we use a circle with a 3m diameter (same size as the bead used for B cell activation) to delimit the area of lysosome recruitment to the bead. This restrictive area allows us to quantify the Lysosomes that are closely docked at the surface of the bead. For this reason, we also established a second area termed “synaptic area”, which is a rectangular area adjacent to immune synapse, that allows us to quantify the recruitment of organelles that are near to the IS but not necessarily docked at the IS. Thus, the bead area is used to quantify organelles at the immune synapse and the synaptic area is used for organelles adjacent but not necessary at the immune synapse. We believe that both methods are relatively easy to apply and are helpful to characterize organelle recruitment within the proximity of the synapse (Page 7, section 4).
We changed the title “Actin recruitment at the Centrosome” for “Displacement of Actin from the Centrosome”. Also, we improved the image quality using a confocal microscope (Figure 3A).
· Figure 4D: the text states that the values >1 mean enrichment and <1 exclusion. Yet, in the figure both Golgi and ER show values <1, and rather 0 is marked as a division point. This should be revised and, again, example schematic cells with extreme behaviors and corresponding values would be helpful.
Figure 4F doesn't exist.
ANSWER: We corrected the values and added a schematic example of extreme values in the organelle distribution at the synapse. Also, we eliminated the reference to Figure 4F.
· Figure 5B. Why is BCR used as loading control? Should it also not be enriched to the synaptic membrane? The loading control should be something that does not get enriched at the synapse.
ANSWER: We have decided to eliminate this section in order to focus on imaging analysis and cell fractionation.
· Figure 6A. It is not clear at all how the gradient is prepared and how the sample is loaded to the gradient. Could the preparation of the sample for the gradient separation be better illustrated?
ANSWER: We improved the workflow of the Centrosome isolation procedure (Figure 5A).
3. Minor Concerns:
Regarding the discussion:
· Soluble immune complexes are not supposed to form an immunological synapse, which by definition, requires a cell-cell interface (and can be mimicked with big beads or antigen-coated planar surfaces).
· Why is imaging of intracellular organelles by epifluorescence microscopy as "high resolution"?
ANSWER: We have deleted this error from the text.
· Figure 3A. What means: "the bottom square indicates the magnification of the Centrosome"?
Figure 4A what means: "vector-GFP"?
ANSWER: We changed the FIGURE 3A, and we pointed out the Centrosome using an arrow head. For Figure 4A Vector-GFP means KDELR-DN (Dominant negative)-GFP. We changed this label. (Page 14, Figure 4)


Reviewer #2:
1. Manuscript Summary:
The mechanism by which B cells form an immune synapse (IS) with antigen-presenting cells (APC) is a timely and important topic. The polarization of cellular structures (centrosome, lysosomes) towards the B cell IS optimizes the ability of B cells to acquire antigens from APCs and then direct BCR-antigen complexes to antigen processing- and MHC loading-compartments. This is a critical step that allows B cells to present antigens to T cells and obtain T cell-derived second signals that are required for their activation. In several outstanding publications Dr. Yuseff has used quantitative image analysis to characterize the polarization of the cellular components towards the B cell IS and identify critical regulators of this process. There is much more to be learned about how B cell polarity is established. Hence, a detailed protocol and visual description of the relevant experimental approaches will be a valuable contribution to the field.
2. Major Concerns:
The microscopy approaches and associated methods for quantitative analysis are of considerable interest and are described reasonably well. However, the biochemical techniques described should probably be removed. Without further validation, it is not clear that the freeze-thaw lysis of cells that are bound to anti-Ig-coated beads allows selective isolation of the bead-associated synaptic membrane, as shown in Figure 5. Also, in the absence of an immunoprecipitation step, the density gradient fractionation approach (Figure 6) is not specific for centrosome-associated proteins.
ANSWER: Isolation of synaptic membranes is a technique used in other cell types such as neurons and T Cells to study changes in the composition of the synaptic interface. Although, we believe that isolation of synaptic membranes can be used to obtain quantitative data of molecules recruited to the synaptic membrane of B cells, we have decided not to include this section and focus on imaging analysis and characterization of centrosome-rich fractions.
Regarding the second point, a previous proteomic analysis of centrosome-rich fractions has confirmed that indeed this procedure can be used to enrich the centrosome and centrosome associated proteins (Obino et al. 2015). Additionally, we agree that the density gradient fractionation of the centrosome is not as specific as an immunoprecipitation assay. However, the objective of this approach is to characterize dynamic changes in centrosome composition during the formation of an IS in B cells. Given that this organelle becomes translocated to the IS and regulates lysosome recruitment, we believe that this analysis could provide mechanistic insight on how both membrane trafficking and cytoskeleton dynamics are regulated during this process. 

I have indicated on the PDF places where more experimental details or clarifications are needed, and I have made suggestions for improving the writing. I summarize below some of the major points that the authors should address.

3. Major points:

· Page 2. In the introduction, the authors should acknowledge that work by Tolar's group indicates that lysosome exocytosis at the IS occurs mainly when myosin-based forces on the BCR are insufficient to extract antigen from a surface. However, centrosome and lysosome polarization towards the IS occurs regardless of whether lysosome exocytosis is involved in antigen extraction, so this does not detract from the utility of the experimental approaches being described in this manuscript.
ANSWER: We have acknowledged the work of Tolar’s group in the introduction to explicit the two known mechanisms that have been suggested to control antigen extraction, the mechanical (Force) and chemical (Lysosome secretion) extraction. Additionally, we use a system of high stiffness (bead and coverslips coated with antigen), thus we are favoring the secretion of lysosomes over the mechanical antigen extraction. (page 2)
· Page 4. The authors indicate in section 1.1 that anti-IgG is used as the specific antigen and anti-IgM is the irrelevant control antigen. This would be valid only for IgG+ B cell lines (the type of cells the authors use is described only in the table of key reagents). The authors should make this protocol more general to include primary B cells and both IgM- and IgG-expressing B cell lines, and then describe the appropriate anti-isotype reagents to be used in each case.

ANSWER: We agree with the reviewer that we should make this protocol more general considering the isotype of the BCR of B cells. To this end, we introduce notes along each step of the protocol indicating the specification of using IgG or IgM antibodies to activate B cells (Page 4 section 1.1.1). 

· Page 6. The authors should be note that methanol fixation is optimal for staining microtubules, but it destroys the phalloidin-binding site on actin. PFA fixation is better for actin staining.
ANSWER: We corrected this observation in the manuscript and we now specify that PFA is better for actin staining (page 6, section 3.1).
· Page 7, step 12. The authors should indicate here that confocal z-stacks need to be acquired for the cell spreading assay and quantification of organelle polarization towards anti-Ig-coated coverslips.

ANSWER: We agree that to evaluate the distribution of lysosomes throughout the cell in the spreading assay, a confocal z-stack acquisition is required. We now indicated on the manuscript that z-stack is needed to acquire images in confocal microscopy for B cells activated on anti-Ig-coated coverslips (Page 7 section 3.11). 

· Page 8. It is not clear what the "mass center" is. This should be defined. As shown in Fig. 1F, does this mean the center of a group of labeled organelles such as lysosomes? If that's the case, how does this differ from what is in sections 1.1 or 1.3?
ANSWER: We agree with the reviewer and now provide a definition for mass center. A mass center is a mean of the coordinates of the label. This allows us to work with organelles that have a dispersed localization in the cell. This concept does not apply to the centrosome or the Golgi Apparatus because these organelles can be easily identificated with a point and are localized in a confined space (Page 7, section 4.1.1). Section 4.1.3 and 4.1.4 shows how to quantify the fluorescence of organelles at the bead area and the synaptic area, which correlates with the synaptic membrane (interface) and the adjacent area, respectively. It is possible that organelles polarize in some grade to the bead, but do not completely dock at the immune synapse. Thus, both approaches, bead recruitment (4.1.3) and synaptic area recruitment (4.1.4), provide complementary information.
· Page 8, step 1.1.3. By including the cosine in these calculations does this overestimate the extent of polarization? If the angle is large, the organelle can be in the half of the cell nearest the bead but still quite far from the contact point with the bead.
ANSWER: The cosine of the angle between the vector from the organelle to the center of the cell and the vector from the bead center and the cell center, allows us to generate a projected version of the organelle vector to the bead vector. Also, the result of Cosine always will be between 1 and -1, depending on the angle between vectors. Thus, when the angle is between 90° to 270° will give negative values which indicates a non-polarized phenotype, due to the value of cosine. And angles between 90° to 0° or 270° to 0 will give positive values, which indicate a polarized phenotype. So, the cosine in these calculation does not overestimate the polarization values.
· Page 9, using immunofluorescence to assess the recruitment of components to the centrosome. Wouldn't it be better to specifically label the centrosome by staining for pericentrin, instead of using tubulin?
ANSWER: We agree that staining Pericentrin will show a clearer staining of the centrosome. However, tubulin also can be used taking into consideration that the centrosome is represented by the brightest point in the labeling and where all the microtubules intersect, as was previously showed (Obino et al. 2015). This plasticity of labelling is important when the antibodies used for centrosome labelling are made in the same host as the organelle labelling antibodies.
· Page 11, Figure 5. Without further analysis, e.g. immunofluorescence, it is hard to know what portion of the cell membrane is being precipitated by the anti-Ig-coated beads. Does the freeze-thawing leave a cell membrane ghost such that the whole cell membrane is being precipitated? Figure 5A suggests that it is only the region of the membrane that was closest to the bead, plus some of the bead-proximal cytoplasm, organelles, and perhaps cytoskeletal structures. How was this determined and validated? In Figure 5 there is no enrichment of the BCR or Syk between 0 min and 30 min (is 0 min the control beads with the irrelevant Ag?). Why wouldn't there be an enrichment of the BCR at the bead contact site? I recommend removing the section on this approach as its ability to identify proteins that are enriched at the site of bead contact needs to be validated.

ANSWER: As it was previously discussed, we excluded this methodology from the manuscript. 

· Page 12, Figure 6. These authors need to be careful not to over interpret data that are obtained using this density gradient centrifugation approach. There are likely many types of macromolecular complexes in the same density fractions as the centrosome. The presence or absence of a protein in this fraction cannot be equated with its association with the centrosome. This is best determined by microscopy. I recommend removing the section on this approach.

[bookmark: _GoBack]ANSWER: We thank the reviewer to assess this issue. However, we disagree in removing this section, given that previously published results (Obino et al. 2015) have shown a proteomic analysis of centrosome fractions isolated from B cells using the same procedure. The objective of this approach is to characterize dynamic changes in centrosome composition during the formation of an IS in B cells and not to prove their direct interaction with the centrosome. Given that this organelle becomes translocated to the IS and regulates lysosome recruitment, we believe that this analysis could provide mechanistic insight on how both membrane trafficking and cytoskeleton dynamics are regulated during this process. Additionally, we complemented the actin depletion at the centrosome findings with imaging analysis (Figure 3A).

4. Minor Concerns: Please see additional queries that I marked on the PDF.

