Editorial comments:
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
2. Please correct the title of the manuscript in the word doc.
Our response: The title has been corrected.

3. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Here, we present a protocol to …”
Our response: The summary has been rephrased to represent our protocol more clearly.
Modified: l. 28/29: “Here we present a readily applicable protocol to assess the storage stability of extracellular vesicles, a group of naturally occurring nanoparticles produced by cells.”

4. Please define all abbreviations during the first-time use.
Our response: Omitted and redundant definitions have been corrected.

5. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”
Our protocol: The protocol, has been revised to comply with the guidelines stated above and under bullet points 6, 7 and 8.

6. The Protocol should contain only action items that direct the reader to do something.
7. The Protocol should be made up almost entirely of discrete steps, containing hard experimental steps, graphical user interface, button clicks, knob turns etc. without large paragraphs of text between sections.
8. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
9. 2.5 Please explain how to perform this step? What to look for? How is the procedure done?
Our response: The most important parameters for performing a Nanosight measurement are given under 2.5.1. As describing all details of the optimization and measuring process would be beyond the scope of the present manuscript, we have added references to two papers dealing with this topic in detail.
Modified and added: l. 148-151: “Use the settings optimized for the given EV-type, such as the settings below (2.5.1).

NOTE: The papers of Gardiner et al.(Gardiner, Ferreira et al. 2013) and Vestad et al.(Vestad, Llorente et al. 2017) contain valuable information on how to optimize Nanosight parameters for measuring EVs.”
 
10. 3.1: Importance of beta glucuronidase?
Our response: In our protocol we encapsulate the enzyme beta-glucuronidase into EVs to act as a surrogate of actual EV-cargos during storage experiments. A loss of activity during storages indicates conditions unfavorable for the enzyme and thus also for other cargos of the EVs.

11. Please ensure that there is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
Our response: We have highlighted the parts of the protocol we think should be represented in the video to convey a clear and cohesive story. This now sums up to 2.75 pages.

12. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
Our response: We have uploaded a .docx file containing the Creative Commons Attribution 4.0 International Public License.

13. Table 1: Please label the columns A, B, C, D.
Our response: Table 1 has been replaced with a figure during the review process.

14. Please alphabetically sort the materials table.
Our response: The materials table has been alphabetically sorted.


Reviewers' comments:



Reviewer #1: 
Manuscript Summary:
The manuscript is very well written. Although the literature about extracellular vesicles (EV) is rapidly increasing, they authors have written a very concise and conceivable introduction, thereby stressing the aim of this protocol: evaluating storage conditions of EVs. The authors outline in the manuscript that storage of EVs between +4 and -80°C can cause alterations in particle size and "activity" as measured by enzyme encapsulation. Apart from these readouts, they also use SEM and TEM to look at EVs morphologically. They among showed that lyophilisation is not necessarily a good storage option since particle aggregates could be observed in the absence of cryoprotectant. In summary, the authors provided a comprehensive protocol and discussion.

Major Concerns:
There are no major concerns.

Minor Concerns:
- Figure 1: Could the authors comment whether the changes in particle recovery, mean size and enzyme activity is statistically significant ? For instance, can one say that enzyme activity is significantly reduced at 4°C, -80°C and/or under lyophilised conditions compared to "before storage" ? In this figure, any statistical significance should be included.
Our response: Reviewing our data we found significant differences for figure 1A. The figure and its legend have been changed accordingly.
Modified: l. 379/380: “Mean ± SD, n=3, *p<0.05 (one-way ANOVA followed by Tukey post-hoc test).”
[image: H:\SHARED\Communication\Max\2018 JOVE\1st review\Finalized documents\Figure 1.tif]

- Figure 1: Was particle recovery, EV size and enzyme activity measured in HUVECs because of a special reasons? Why not the other used cell lines in the article?
Our response: HUVEC cells were chosen as an example for two reasons. Firstly, in our hands they were easier to culture in sufficient quantities, compared to mesenchymal stromal stem cells. Secondly, HUVECs already found some application as EV-producers in literature (e.g.: Kurachi et al. (DOI: 10.1371/journal.pone.0159158); Piffoux et al. (DOI: 10.1021/acsnano.8b02053); Lamichhane et al. (DOI: 10.1021/acs.molpharmaceut.5b00364)) and therefore to us seemed relevant and interesting to explore.

- How pure in the EV fraction and how does purity, or contaminations respectively, affect storage? Since there are different procedures to isolate EVs that might result in different purities (contaminants), it would be interesting to hear from the authors what they think about that.
Our response: The purity of the isolated EVs is always a great concern. Different methods of EV-isolation lead to different purity. Ultracentrifugation alone will always leave co-isolated protein agglomerates and residual conditioned medium, which might greatly affect downstream analysis. These contaminants can be efficiently removed by our SEC technique, using a stationary phase with a high MW cut-off, which is also shown by analyzing the SEC fractions using particle tracking and protein quantification (see Figure 3A). As our samples are derived from cell culture as opposed to plasma-samples, contamination of the EV-containing SEC-fractions with lipoproteins, as discussed in literature, is not an issue. Such samples would potentially be better purified by gradient ultracentrifugation, where the different buoyant densities of EVs and lipoproteins lead to their separation. As one important part of our protocol is measuring the particle concentration before and after storage the presence of significant amounts of particulate impurities in the same size range as the EVs would be problematic. 

- Figure 4: Could the authors comment more on Figure 4. It looks that EVs from MSC and A549 have different sizes. Where is the aggregate in the SEM of the A549 picture? Is the arrow really pointing to an aggregate? It looks similar to the other structures.
Our response: Regarding EV-size, it is true that there seem to be size differences between MSC and A549 EVs. It is very much possible that these two cell types preferably produce differently sized vesicles. However, EVs are always a polydisperse mixture of vesicles in the size range between 30 and 1000 nm and it is possible that the EM pictures do not completely reflect the size-distribution of the EVs. Regarding the arrows, it indeed seems as if most A549 EVs in the SEM picture of the lyophilized sample have formed aggregates, which is especially clear for the particle on the left of the red arrow. Moreover, it has been clarified that arrows in the TEM pictures point to morphologically altered EVs, while they point to aggregates in the SEM pictures.
Modified: l. 409-411: “Arrows indicate the presence of morphologically altered particles in the TEM pictures and aggregates in the SEM pictures.”

- Is it possible to exploit also another catalytic activity as functional readout instead of encapsulate glucuronidase? No encapsulation?
Our response: Due to the exogenous encapsulation of glucuronidase that works well with EVs from different cell lines, our protocol can be universally applied. To the authors’ knowledge there is no widely distributed endogenous enzyme encapsulated in EVs from different parent cells, whose catalytic activity could be used to analyze and compare the storage stability of EVs. In case there is a specific catalytic activity known for EVs produced by the cell line of interest, it is of course preferable to use this as a marker for assessing storage stability. 

Reviewer #2:
General comments: In this written protocol (that will be complemented with video) the authors describe a valuable method to assess functionality of EV after conservation. The topic is very relevant to characterize the processes involved in isolation and storage of EVs. Below are a few minor considerations that should be considered in the final version.

Specific comments:
L297-307: Although very clearly explained, I wonder about the relevance of this section and/or whether it is positioned in the right location. These seem very theoretical considerations, and I wonder if they are necessary. Researchers with access to AF4 would likely know most of what is described. In comparison, the manuscript does not provide much details on the fluorescent dye used to study the enzyme activity. Given the importance of the functional test (and why it justifies the use of glucuronidase as a model enzyme), I suggest the authors write a few lines on it, notably what type of signal is expected (increase/decrease or shift in ex/em wavelength).
Our response: This part of the article and the instructions under 8.1.2 are aimed at serving the purpose of introducing people completely unfamiliar with AF4 with the basic workings of the instrument and giving people with access to an AF4-instrument a basic protocol for starting out with vesicle purification.  We would thus prefer to keep this section as is. Regarding the enzymatic reaction, we added another figure with the reaction scheme and in the legend explain the expected observations in more detail.
Added: l. 367-370: “Figure 8 demonstrates the conversion of fluorescein di-β-D-glucuronide to free fluorescein taking place in the glucuronidase assay. While the educt is non-fluorescent at 516 nm, fluorescein is highly fluorescent at this wavelength. This allows for a straightforward enzyme-activity assay with high sensitivity.”
l. 417-422: “Figure 8: The enzymatic cleavage of fluorescein di-β-D-glucuronide by glucuronidase
In the scheme, the reaction underlying the detection of glucuronidase is explained. Non-fluorescent fluorescein di-β-D-glucuronide is cleaved by glucuronidase. Through the removal of the sugar residues fluorescein regains its fluorescent properties. The fluorescence measured after the incubation period correlates with the amount of active enzyme present and is the read-out of the glucuronidase assay.

Figure 8
[image: H:\SHARED\Communication\Max\2018 JOVE\1st review\Finalized documents\Figure 8.tif]

Figure 1, could benefit from identifying the type of measurement on each panel (above the histograms), to emphasize in one glimpse that the proposed method is complementary (and more sensitive to changes) to other common techniques (DLS (or NTA) and NTA for the first two panels). Also, the caption could also emphasize that, by naming the techniques, instead of repeating the information seen on the Y-axis.
Our response: We have modified the caption of the figure to make the type of measurement and the calculation of the results clear. As the type of measurement for panel (C) (calculation of the enzyme activity per particle from NTA- and glucuronidase assay-data, normalized to the activity per particle before storage) cannot be concisely subsumed without omitting important information, we opted to omit the labelling of the panels to keep the look of the figure consistent.
Added: l. 377-379: “Mean size and particle recovery were measured by NTA, the glucuronidase activity per particle was calculated combining NTA-data and the results of the glucuronidase assay and normalized to before storage.”

Table 1 It is striking that the authors decided to present these results in a table, although they are somewhat comparable in nature to those presented in figure 5 as a histogram (that is, an activity after different storage conditions). The authors should consider making the presentation more uniform (I understand that the 137% might look surprising on a histogram, but it doesn't go unnoticed in the table either - and the authors explain it very well in the discussion).
Our response: As suggested, we have replaced the table with a histogram.
Added: Figure 5
[image: H:\SHARED\Communication\Max\2018 JOVE\1st review\Finalized documents\Figure 5.tif]

Minor comments:
L137 : for clarity, I suggest using the words "immediately/promptly" instead of "directly" which can convey multiple meanings.
Our response: We have changed the sentence as suggested.
Changed: l. 157: “2.6 Use the pellet immediately if possible, otherwise it may be stored at 4 °C overnight.”

L316: the authors write "making contamination of the fractions containing vesicles less of an issue". Although I understand the intended meaning, I believe contamination is as much an issue (that is, it will interfere with the test IF fractions are contaminated), I suggest writing "less probable".
Our response: We have changed the sentence as suggested.
Changed: l. 336/337: “(…) making contamination of the fractions containing vesicles less probable.”

L434: For clarity, I suggest replacing e.g. by "for example" and "biofluid-derived EVs" by "EVs derived from biofluids".
Our response: We have changed the sentence as suggested
Changed; l. 487/488: “It could be of great use if for example EVs derived from biofluids are to be stored for later analysis of their vesicle content.”


Reviewer #3:
In this manuscript, Richter et al have described protocols for testing storage conditions of extracellular vesicles (EV). This is an important unmet need in the EV field, as researchers really don't know what conditions are optimal (or even acceptable) for storage of EVs. As the field expands we desperately need to answer these kinds of basic but fundamental questions.
Overall I feel the results are sound and the work only needs some minor modifications.

In the introduction it would be good to example some more of the biological roles of EVs, such as playing roles in angiogenesis (PMID: 28205552), the immune response (PMID: 27278624) and stress response (PMID: 28717426).
Our response: As suggested, we included more examples for other biological roles of EVs and revised this section of the introduction.
Added: l. 60-65: “On the other side, EVs can promote tumor-vascularization (Feng, Zhang et al. 2017), induce bystander effects in stress response (Bewicke-Copley, Mulcahy et al. 2017) and might play a role in autoimmune diseases (Xu, Liu et al. 2016) and inflammatory diseases (Buzas, György et al. 2014). Thus, they might be a key component to a better understanding of many pathological effects. However, the presence of altered EVs in manifold diseases, such as cancer (Umezu, Tadokoro et al. 2014, Costa-Silva, Aiello et al. 2015, Rajappa, Cobb et al. 2017) and cardiovascular disorders (Boulanger, Loyer et al. 2017) , and their easy accessibility in blood and urine makes them ideal biomarkers.”

The authors should go into more depth to discuss the caveat that the approach is based on the exogenous addition of an enzyme via saponin treatment of the EVs, and is not an assay for the endogenous activity of the EVs. Is it possible that saponin causes some structural or physical changes that alter their activity? How do those compare to endogenous assays of function such as that described in other papers (e.g. PMID: 28880029)?
Our response: In the introduction and the discussion we discuss how glucuronidase is only a surrogate for the native EV cargo (l.: 87) and indicate the limitations of our protocol (l.: 483-485). Furthermore, we underline that using an endogenous marker would be advantageous and that our protocol cannot replace doing functional assays to evaluate EVs for eventual clinical application (line: 76/77; line: 485-487). In cases however, where such an endogenous marker is not known or when EVs from different cell lines need to be screened for their storage stability, our protocol provides a directly applicable way to evaluate EV-storage. To further emphasize the fact that our method is based on exogenous loading of an enzyme, we modified our discussion as indicated below.
While structural changes due to saponin incubation are of course a concern, two separate studies so far have shown that EV-activity was not compromised due to saponin-treatment and the treated EVs were able to efficiently deliver encapsulated porphyrins to tumor cells in vitro (Fuhrmann et al. DOI: 10.1016/j.jconrel.2014.11.029) and catalase to the brain of a Parkinson’s disease mouse model respectively (Haney et al. DOI: 10.1016/j.jconrel.2015.03.033). Both these studies did not find significant changes in EV size or zeta potential upon saponin treatment.
Added: l. 483/484: “The limitation of our protocol is that it only monitors enzyme activity of exogenously encapsulated glucuronidase, (…)”

Step 1.3 suggests it is possible to use CCM directly or store overnight at 4oC or up to two weeks at -80oC. Given this is a paper about storage of EVs I feel there should be a bit more discussion and justification of this point. What is the effect of freezing the conditioned media on the EVs it contains? Similarly for step 2.6 - how stable are the EVs overnight at 4oC?
Our response: For storage at 4 °C overnight our own published data indicates that there is no change in EV-size or particle concentration due to overnight storage (Frank et al. (DOI: 10.1038/s41598-018-30786-y). While we did not observe any obvious differences between EVs isolated from fresh cell culture supernatant and supernatant stored at -80 °C, no systematic studies on this question were performed. Therefore, we thank the reviewer for voicing concerns about this bold statement, as it gives us the opportunity to rephrase it, to better convey that the immediate usage of the conditioned medium always should be the preferred alternative. Only in cases, where storage prior to EV-isolation cannot be circumvented, the supernatant should be stored, on the condition that all relevant parameters are recorded in accordance with the recently published MISEV2018 guidelines and potential biases are taken into consideration analyzing the data. We have modified our manuscript as indicated below.
Added/modified: l. 111-117: “Use CCM preferably directly or store over-night at 4 °C.

NOTE: It is always preferable to use freshly produced CCM. If storage for longer time periods cannot be circumvented, all relevant parameters should be recorded in accordance with MISEV2018 guidelines(Théry, Witwer et al. 2018) and the potential biases of the results acquired need to be taken into consideration.”

Do the authors have any specific evidence that the EVs have genuinely taken up the enzyme (and therefore EVs are being measured for 'activity'? Or could it be that enzyme aggregates are being measured? This potential caveat should be discussed.
Our response: We have included another figure into the manuscript to demonstrate that pure saponin-treated glucuronidase does not form aggregates that would co-elute with EVs (figure 4). In the absence of EVs, glucuronidase was incubated with saponin and purified by SEC. While some particles were found to elute at the same time vesicles would do, they did not exhibit any enzyme activity. Thus, we see it as unlikely that active enzyme-aggregates would be measured instead of glucuronidase-loaded EVs.
Added: l. 339-349: “In figure 4, a control experiment was performed to ensure that the enzyme activity measured for the vesicles is indeed linked to the encapsulation of glucuronidase into EVs and not caused by enzyme aggregates. These aggregates might be formed due to the incubation of glucuronidase with saponin and lead to false positive results. To verify the fractions were vesicles would elute, purified EVs without encapsulated glucuronidase were subjected to SEC on the same column as the sample just containing saponin and the enzyme.
When glucuronidase is incubated with saponin and subsequently purified by SEC, no enzyme activity is found in the fractions typically containing EVs. While small amounts of particles were found to elute at the same time as EVs (making up <0.1% of the particles recovered from a typical EV-pellet), there was no correlating enzyme activity. These results indicate that active enzyme recovered in the fractions containing vesicles is encapsulated in them.”

l. 396-401: “Figure 4: Control experiments for the purification of EVs from free glucuronidase
400 µl of native EVs or 400 µl of 1.5 mg/ml glucuronidase in PBS incubated for 10 min with 0.1 mg/ml saponin were purified by SEC. (A) Particle concentrations of the collected fractions of vesicles and glucuronidase respectively and the enzyme activity of the purified glucuronidase. (B) UV absorption at 280 nm measured in the same experiment. The first small peak for glucuronidase corresponds with the grey line in (A).”

Figure 4  
[image: H:\SHARED\Communication\Max\2018 JOVE\1st review\Finalized documents\Figure 4.tif]

Reviewer #4: 
Manuscript Summary: The manuscript called "evaluation of the storage stability of extracellular vesicles" compares storage conditions that are used all over the EV-world. Namely, storage at 4°C, -80°C and lyophilisation. The authors focus is on EVs with encapsulated enzyme that have been purified by ultrafiltration and SEC. They compare size, particle concentration and morphology as well as particle enzyme content. Used technics are NTA, AF4, TEM and SEM.
Minor Concerns: The protocol is comprehensive and neatly written. The following comments are minor and can be easily edited by the author. I have one suggestion for an additional experiment, but even without this experiment the protocol and results are exciting and very interesting to repeat for researchers within the EV world.

Line 59: Can author give more literature examples for other diseases than cancer?
Our response: As suggested, more examples have been added to the introduction and section dealing with the roles of EVs in diseases has been revised.
Added: l. 60-65: “On the other side, EVs can promote tumor-vascularization (Feng, Zhang et al. 2017), induce bystander effects in stress response (Bewicke-Copley, Mulcahy et al. 2017) and might play a role in autoimmune diseases (Xu, Liu et al. 2016) and inflammatory diseases (Buzas, György et al. 2014). Thus, they might be a key component to a better understanding of many pathological effects. However, the presence of altered EVs in manifold diseases, such as cancer (Umezu, Tadokoro et al. 2014, Costa-Silva, Aiello et al. 2015, Rajappa, Cobb et al. 2017) and cardiovascular disorders (Boulanger, Loyer et al. 2017) , and their easy accessibility in blood and urine makes them ideal biomarkers.”

Line 99: Do the authors deplete their EV-depleted fetal bovine serum in house? If so, please add details on how to accomplish.
Our response: For all our experiments, we cultured our cells in serum free medium for EV-production, instead of using EV-depleted medium. Medium containing native, non-EV-depleted FBS is only used in the beginning of the culture and later exchanged with serum free medium for EV-collection. Thus, we do not have an in house method for FBS-depletion. We added a note, pointing at the MISEV2018 guidelines, as they contain a detailed discussion on how FBS-depletion can be achieved.
Added: l. 107/108: “NOTE: If EV-depleted fetal bovine serum is used, employ a method proven to efficiently deplete the serum, to prevent contamination with bovine serum derived EVs(Théry, Witwer et al. 2018).”

Line 318: Have samples been purified with SEC column as well? If so, before or after storage?
Our response: The SEC-purification took place before storage, to remove non-encapsulated glucuronidase and protein contaminants from the EVs.

Line 337: In figure Mean Size is (B) and particle recovery is (A) - need to be switched around.
Our response: Thank you for pointing this out. The figure legend has been changed.
Modified: l. 375: “Particle recovery compared to before storage (A), mean size (B), (…)”

Figure 1: For lyophilized form, can author add at which temperature vesicles were stored?
Our response: The storage temperature was added in the manuscript.
Added: l. 314: The vesicles were then stored for 7 d at 4 or -80 °C and at 4 °C in lyophilized form, (…)
l. 376/377: “Vesicles were stored for 7 d at 4 and -80 °C and 4 °C after lyophilisation with 4% trehalose.”

Figure 3: Can author explain a bit better the AF4 graph: why does the black line show no peaks while blue line does? Does the grey line have two peaks or just one (hardly visible)?
Our response: Thanks to the reviewer’s comment, we have noticed a mistake in our figure. The blue line was mislabeled as the UV-signal, while in truth it was the light-scattering signal. We corrected the mistake and also added the UV signal for EVs spiked with glucuronidase. The light-scattering signal for the glucuronidase-spiked EVs now makes more sense, as light scattering does not only measure EV-sized particles, but is also able to detect proteins such as glucuronidase. As this mistake is also present in our previous work (Frank, Richter et al. 2018), from where the figure was adapted, it will also be corrected there.
Regarding the peaks of the Glucuronidase (UV)-line (grey), it appears to have very small peak in the region of 23-24 min. We found a similar occurrence when we subjected glucuronidase without EVs to SEC to see, when the enzyme would elute (Figure 4). There we also found particles eluting in the fractions where we would normally recover the EVs, but did not find any enzymatic activity associated with the particles. The same thing seems to have been the case in our AF4-run. The concentration of these particles was very low, below 0.1% of the total amount of particles that we recover from a typical EV-pellet and is thus only of minute concern regarding our particle measurements. 
Added: l. 339-349: “In figure 4, a control experiment was performed to ensure that the enzyme activity measured for the vesicles is indeed linked to the encapsulation of glucuronidase into EVs and not caused by enzyme aggregates. These aggregates might be formed due to the incubation of glucuronidase with saponin and lead to false positive results. To verify the fractions were vesicles would elute, purified EVs without encapsulated glucuronidase were subjected to SEC on the same column as the sample just containing saponin and the enzyme.
When glucuronidase is incubated with saponin and subsequently purified by SEC, no enzyme activity is found in the fractions typically containing EVs. While small amounts of particles were found to elute at the same time as EVs (making up <0.1% of the particles recovered from a typical EV-pellet), there was no correlating enzyme activity. These results indicate that active enzyme recovered in the fractions containing vesicles is encapsulated in them.”

l. 396-401: “Figure 4: Control experiments for the purification of EVs from free glucuronidase
400 µl of purified EVs without encapsulated glucuronidase or 400 µl of 1.5 mg/ml glucuronidase in PBS incubated for 10 min with 0.1 mg/ml saponin were purified by SEC. (A) Particle concentrations of the collected fractions of vesicles and glucuronidase respectively and the enzyme activity of the purified glucuronidase. (B) UV absorption at 280 nm measured in the same experiment. The first small peak for glucuronidase corresponds with the grey line in (A).”

Figure 4  
[image: H:\SHARED\Communication\Max\2018 JOVE\1st review\Finalized documents\Figure 4.tif]

Line 318: Is SEC purification done before or after storage? In case it is done before, could positive impact on enzyme activity compared to after purification by AF4 be explained by enzyme that leaked out of EVs and is still floating in media?
Our response: The SEC purification is done before storage. After storage we do another step of SEC or alternatively AF4 to remove enzyme floating in the media, present due to leakage or the destruction of vesicles (step 8.1 in the protocol). Thus, the positive impact on enzyme recovery observed in the samples where no additional purification after storage has been done, is probably indeed linked to free enzyme in the medium.

Line 402-403: Can author explain how they found that enzyme reacts slower when encapsulated and how that impacts the overestimation of encapsulation?
Our response: As the substrate for the encapsulated glucuronidase is Fluorescein di-β-D-glucuronide, a quite hydrophilic molecule, diffusion through the EV membrane is slow. Thus, if the enzyme is encapsulated in the EVs, the reaction cannot proceed at the same speed as if the enzyme was free in the medium. During the 16 h incubation period of the glucuronidase assay, we assumed that it takes longer for the Fluorescein di-β-D-glucuronide to diffuse into the EVs, than for it to react with glucuronidase that is freely floating in the medium.

Line 424-425: The author states that UC can lead to alterations of the particles. Additionally it does usually not lead to a complete purification of EVs from contaminants of conditioned media. Can these two facts also have impact on enzyme encapsulation? Could enzyme be formulated with remaining contaminants from conditioned media into particles of similar size to EVs? Maybe comparison to another set of experiments where EVs have been concentrated with ultrafiltration and purification via SEC before encapsulation of enzyme would be an asset to the existing results. Though the already collected results are very interesting on themselves and can definitely be published as such also without the suggested additional experiment.
[bookmark: _GoBack]Our response: The proposed additional experiment would indeed be an interesting addition to our paper, however it cannot be readily conducted using our experimental setup. During our SEC-purification, dilution of our samples by approximately ten-fold takes place. Thus, performing the glucuronidase-encapsulation after this purification step may lead to a great decrease in encapsulation efficiency, which would make downstream analysis of the EVs very challenging. Moreover, it is not possible to do the reverse experiment of incubating glucuronidase with just the contaminants from the conditioned medium, as we cannot obtain just the cell-derived impurities without EVs. The caveat that saponin incubation could lead to the formation of glucuronidase-agglomerates has been addressed by including another experiment in the manuscript (Figure 4). Here, just the enzyme and saponin were purified by SEC and the enzyme activity and protein concentration in the fractions measured. As mentioned in our comment above, there were some particles found in the sample just containing glucuronidase and saponin, which eluted in the fractions EVs are typically found in. They did not exhibit any enzyme activity.
Added: l. 339-349: “In figure 4, a control experiment was performed to ensure that the enzyme activity measured for the vesicles is indeed linked to the encapsulation of glucuronidase into EVs and not caused by enzyme aggregates. These aggregates might be formed due to the incubation of glucuronidase with saponin and lead to false positive results. To verify the fractions were vesicles would elute, purified EVs without encapsulated glucuronidase were subjected to SEC on the same column as the sample just containing saponin and the enzyme.
When glucuronidase is incubated with saponin and subsequently purified by SEC, no enzyme activity is found in the fractions typically containing EVs. While small amounts of particles were found to elute at the same time as EVs (making up <0.1% of the particles recovered from a typical EV-pellet), there was no correlating enzyme activity. These results indicate that active enzyme recovered in the fractions containing vesicles is encapsulated in them.”

l. 396-401: “Figure 4: Control experiments for the purification of EVs from free glucuronidase
400 µl of purified EVs without encapsulated glucuronidase or 400 µl of 1.5 mg/ml glucuronidase in PBS incubated for 10 min with 0.1 mg/ml saponin were purified by SEC. (A) Particle concentrations of the collected fractions of vesicles and glucuronidase respectively and the enzyme activity of the purified glucuronidase. (B) UV absorption at 280 nm measured in the same experiment. The first small peak for glucuronidase corresponds with the grey line in (A).”

Figure 4  
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