Detailed response: We have addressed editorial comments and responded to the comments by the reviewers as follows.
Response to Reviewers
Reviewer #1
The reviewer summarizes that we described the utility of capillary electrophoresis immunoassay (CEI) to identify potential blood-based biomarkers inpatient samples. This reviewer has major and minor concerns that we address in the following. Since the reviewer did not number the concerns, we will type the concerns in bold and provide our answers
Major Concerns:

* The authors cannot claim that TDP-43 is a "potential blood-based biomarker for ALS" in the title since Figure 4 does not show a significant difference. Instead, the title should be focused on the utility of CEI in measuring potential biomarkers in patient blood samples. TDP-43 in ALS should be mentioned only as an example, which is how the abstract and most of the paper is already written.
We thank this reviewer for the suggestion. We agreed that our focus would be about utilization of CEI. Therefore, we have a new title as “Capillary electrophoresis immunoassay utilization in search of potential biomarkers for amyotrophic lateral sclerosis in human platelets.”

* The following paper needs to be referenced, and if it employs a different protocol, the differences should also be discussed: Fourier A, Escal J, Bernard E, Lachman I, Perret-Liaudet A, Leblanc P, Quadrio. Development of an automated capillary nano-immunoassay-Simple Western assay-to quantify total TDP43 protein in human platelet samples. Anal Bioanal Chem. 2019 Jan;411(1):267-275. doi: 10.1007/s00216-018-1437-4. Epub 2018 Oct 29. PubMed PMID: 30374726.
We apologize to oversight of the manuscript written by Fourier et al. Now, we included the paper in our references. There are some differences observed and we discussed them in the following section
1. Fourier et al., paper’s objective is to evaluate Simple Western technology developed on Peggy Sue analyzer to detect TDP-43 protein in platelet samples in the context of lacking validated markers for frontotemporal lobar degeneration (FTLD). Our objective is to evaluate Simple Western technology developed on Wes analyzer. Peggy Sue analyzer is based on size and charge separation of protein. Wes analyzer separates proteins based on size only. Some advantages of Wes analyzer  are 
a. Affordable
b. Suitable for small sample size (24 samples) for exploratory studies. 50 % of the reagents were pre-loaded in assay plate. Operator has to use the entire cartridge to assess few samples. Peggy Sue system uses 96 capillary cartridges
c. Relatively short assay run time (Peggy Sue requires 5 hours while Wes requires 3 hours)
2. Fourier et al., used 4 second of exposure time. We used High Dynamic Range (HDR) for optimum exposure time that provides high signal/noise ratio without bias. We also provided a new figure to compare 4-second single point exposure time vs. HDR (Fig.4). Blue-colored trace shows HDR signal.
3. Fourier et al., used “one patient” sample for their optimization assays (Fig.2a). We have collected 27 ALS patients. One small fraction from each of 27 samples were combined. We used this “pooled platelet lysate samples for optimization purposes. We think that 27 patient samples are better represent the candidate protein profile at this development stage.
4. Fourier et al.,optimized the platelet TDP-43 assay limit based on sample dilution (i.e., 1/2, 1/3,1/5, 1/10. Fig 4a). We optimized our platelet cytosol dilution based on serial protein quantitation like 0.2,0.3,0.5,0.6,0.8, and 1 mg platelet protein/assay. This is quantitative.
5. Fourier et al., did not provide the actual electropherogram, but computer generated sudo-bands. We have provided both so that reader can see the actual peaks.
6. Fourier et al., had analyzed same sample six times within one cycle (intra-run) to demonstrate that capillary-to-capillary variation is to small coefficient variations (Fig. 4b). We included both intra-run and inter-run CV % in our work. (Fig. 7)
7. Fourier et al., used whole platelet homogenate. We have used platelet cytosolic fraction, which produces a clearer electropherogram. New figure compares whole platelet lysate to clear cytosolic fraction (Fig.2).
8. Fourier et al., analyzed 9 patients. Our subject cohort is relatively large (ALS= 27, Control= 25). We are currently designing a new study that includes 140-subject cohort from each category to achieve predicted phosphorylation value to P<0.05 level with 95% confidence.
* The authors need to describe the proprietary system and kits being used up front in the manuscript, i.e. Protein Simple, WES, Simple Western assays, etc. Currently, Protein Simple is mentioned first on page 8.
The editor has advised us that we should refrain not to mention commercial language in the manuscript. Instead, we referenced all commercial products in the Table of Material and Reagents. 

Minor Concerns:

* PPV is not explained in the summary or the abstract. If PPV remains in the title, then it needs to be mentioned in the abstract at least.
We have changed the title and PPV is not mentioned in the new title.

* Product numbers for reagents need to be mentioned whenever possible. For example, for phosphatase and protease inhibitor cocktails, luminol, 'standard pack', etc.
This information was now provided in Table. The editor wants this information separately.
* Line 167: Sonicator settings need to be included.
This information was provided. Please see line 169 (no markup mode)
* Line 178: Why the change from CEI to Wes?
 We now use only CEI throughout the text. Wes is the name of analyzer. Fourier et al. used in their paper. We thought that it is all right to use; however, this reviewer is right. We use now CEI in entire text.
* Lines 203 and 206: Please explain 'pink' and 'white' tubes.
The content of “pink” and “white” tubes were explained in the first submission. We additionally added the sentence that these tubes were provided in the 12-230 kDa Master kit.

* Lines 229 and later: Please explain the 'reverse-pipetting technique' and any associated equipment, e.g. liquid-handling robot, electronic pipet, etc.
Definition of reverse pipetting was further explained 
* Figure 2: Please explain how the linear working range for protein and antibody titration shown resulted in selection of an optimal amount. Even if ERK antibody is used here as an example, what concentration and protein amount would be selected. Is it a common occurrence that higher amounts of antibody lead to suboptimal results?
We used anti-ERK antibody as a positive control in a single capillary. Figure -3 was constructed based on platelet cytosolic protein. We used 0.4 mg protein/ml and 1:300 antibody dilution. This information was now added in the caption of Figure-3
* Figure 5: Please compare to a regular western blot or ELISA to show comparable or superior calibration.
We have used a commercial ELISA kit for analyzing TDP-43 levels; however, this kit was designed for human serum /plasma and detection levels were optimized in picogram/mL levels.  We have analyzed human platelet cytosolic TDP-43 and phosphorylated TDP-43 levels. Although ELIS kit produced a nice calibration with comparable recombinant TDP-43, we cannot compare the ELISA TDP-43 calibration to ours since we have used our own recombinant TDP-43. The other issue was that the commercial ELISA TDP-43 kit used fixed concentration of anti-TDP-43 Ab and pro-coated micro-plate well. Therefore, we could only optimize the unknown protein concentrations. CEI provides more flexibility to optimize primary antibody and protein concentration in the same run that eliminates user-generated errors.


Reviewer #2:

The reviewer states that the capillary electrophoresis immunoassay method is well written and provides useful tips for researchers who are interested  in this methodology to detect proteins for their interest. This reviewer has 4 major points, 3 minor points and some useful suggestions. This reviewers stated that the described method is of general interest to the JoVE readership.
We provided our response immediately after the reviewers’ comments. The reviewer’s comment appeared in bold text.

Major Points:

1. pTDP-43 detection using platelets
In lines 60-70, the authors indicated platelets are preferred biospecimens due to availability, convenience of isolation, and metabolic stability. They also prefer the cytosolic fraction over whole cell fraction (lines 385-388). I can understand these reasons, but there is no data shown to support the idea; is the platelet cytosolic fraction best suitable for pTDP-43 detection? Literatures suggest that TDP-43 protein in the cerebrospinal fluid (CSF) or pTDP-43 in plasma may be useful for diagnostics of frontotemporal dementia (FTD) and ALS (Majumder, et al., 2018; Suarez-Calvet, et al., 2014), but apparently pTDP-43 using platelets has not been reported. Thus the authors should show some evidence that pTDP-43 detection using platelet cytosolic fraction is as good as or even better than using CSF or plasma.
There are more through studies in CSF-based potential biomarker search. Therefore, we are unable to provide a comparable study (i.e., CSF-TDP-43 vs platelet TDP-43 levels in ALS patients). There are several reasons that why we had studies platelets as milieu. (i) To obtain platelets from peripheral blood is much less invasive than obtaining CSF. (ii) The subject recruitment and obtaining patients consent were relatively easy were for blood collection; however, we are searching for national bio-specimen repositories (i.e., Coriell Institute Biobank and Northeast ALS Consortium (NEALS)) that provide platelets and CSF samples from the same donor so that we can compare CSF vs platelets. (iii) The quantification of TDP-43 protein in CSF and plasma had produced a contradictory results due to very low concentrations of TDP-43 in extracellular fluid that has abundant immunoglobulins and albumin which interfere  with anti TDP-43 Ab [1]. Also, it has not been possible to detect an immune reaction with phosphorylation dependent antibody for TDP-43 in CSF [1]. We have checked the PubMed (as of 8/28/2019) and could not come across any literature on phosphorylated TDP-43 measurements in CSF. Then, we have turned to utilize platelets as more encapsulated unit that is not influenced by extracellular fluid macromolecules. We now provide a new figure (Fig.2) in which we compared whole platelet lysate vs. platelet cytosolic fractions. As one can see that platelet cytosolic fraction provides more clean and less noisy electropherogram.

2. Reproducibility of the pTDP-43 assay
The authors suggested automated capillary electrophoresis immunoassay (CEI) for pTDP-43 detection is advantageous in assay reproducibility and inter-run data variabilities (lines ~75-80). Thus they should show evaluation of assay reproducibility such as capillary-to-capillary and run-to-run precisions. Precisions are particularly important here as the authors observed only a small difference in the pTDP-43 level between ALS and control samples (Fig. 4).
We have recognized the small difference between ALS and control due to insufficient numbers of subject. Currently, we are designing a follow up project that will include <140 samples from both control and patients cohort to satisfy P< 0.05 level of importance. Inter-run and run-to-run reproducibility was now shown in new graph (Fig.7)

3. Estimation of pTDP-43 level using predictive phosphorylation value (PPV)
I agree with the authors that absolute quantification of pTDP-43 is challenging without a recombinant pTDP-43 protein with known concentration (see additional comment). To address this, the authors estimated the normalized pTDP-43 level comparing to pan-TDP-43 signal with a standard calibration curve (Fig. 5). However, PPV seems to be estimated based on different WES runs (line 416, "PPV was determined from two sequential Wes assay for the same sample"), which I think may result in a significant variability due to variable chemiluminescence signal in different experiments. I wonder why both pTDP-43 and pan-TDP-43 are determined in the same experiment. The authors should show reproducibility of PPV in repeated experiments.
We included the JESS’ ability to dual label phosphorylated TDP-43 (pTDP-43) and pan TDP-43 in the same run. We could have purchase another antibody for pTDP-43 that is raised in different host than pan TDP-43 antibody (Rbt). Therefore, we probe them with two different secondary antibody for visualization. Unfortunately, anti-pTDP-43 antibody (CosmoBioUSA) is not available in another species than anti-pan TDP-43 Ab. We are in search of other vendors and test their products to identify antibodies that are more reliable. Our idea was that pan-TDP43 (Rbt) and pTDP-43 Ab (Ms) could be used in the same run; however, the bands are too close and chemiluminescence alone may not be able to distinguish the both protein bands effectively.
All reagents used in the assay are from the same batch except HRP-Luminescence mixture should be prepared freshly just before use. The only difference was the antibody solution. We recognized this reviewer’s concern and we will take into consideration of reproducibility issue in our follow up study (i.e. repeating both pan TDP-43 and PTDP-43 several times(5-7) and calculating CV % for PPV)

4. Assay parameters for TDP-43 detection
For the ALS research community and JoVE readers who are interested in TDP-43 detection, it would be helpful if the suggestive pTDP-43 WES assay conditions are provided in a summary table, such as the lysis buffer recipe, protein loading amount, antibody ID and dilutions, exposure times, Compass software setting, etc.
We have provided an interactive Excel sheet (Table-2) in first submission. The user adds the unknown protein samples in initial concentration and formulated cells will automatically calculates how much 0.1X sample buffer and 5X fluorescent standard mixture need to be added. For exposure time, we choose High Dynamic Range (HDR) option. For Compass software setting, we have provided the parameters in Table-2


Additional comments/suggestions
The authors may want to mention in text that Proteinsimple has another CEI analyser called JESS which is capable of both fluorescent and chemiluminescent detection. Using JESS with dual color detection, it would be possible to assess pTDP-43 and pan-TDP-43 levels in the same capillary which would allow internal normalization of PPV.
We thank this reviewer for the suggestion on the inclusion of JESS dual-detection (fluorescent and chemiluminescent) system. We appropriately included in the text (Lines: 538-541)



Absolute quantification of pTDP-43 could be done by employing AQUA method with SRM mass spectrometer (Kettenbach, et al., 2011). Once the absolute amount of pTDP-43 in a given sample is known ("the standard"), it can be used to benchmark all the pTDP-43 experiments.
We may try this approach; however, pTDP-43 levels are expected to be well diverse due to the individual ALS patient profile and disease state. Therefore, each time we have to use AQUA method to identify the amount that is going to be costly for a clinical trial. Our focus is to develop a simple, quick, affordable, and reliable screen test.

Here the standard 12-230 kDa separation module is used. I wonder if the low MW module (2-40 kDa) allows the better separation of phosphorylated and unphosphorylated forms of TDP-43. If so, the assay can be greatly simplified by using only pan-TDP-43 antibody. A longer capillary run time may be necessary to visualize borderline size proteins.
[bookmark: _GoBack]We gave a thought at the early stage of this project; however, pTDP-43 is expected to be appear in the high MW marker range than pan TDP-43 (we have observed this in Alzheimer’s disease cases [2]. Unphosphorylated form of TDP-43 migrates between 45-50 kDa under the reduced conditions. Phosphorylated form of TDP-43 could migrate to the similar range and sometimes higher MW marker levels depending on the phosphorylation status and forming the aggregates. Therefore, we used 12-230 kDa separation module to cover the expected range. We have not seen any credible low MW marker level protein species recognized by anti-PTDP-43 and anti-pan TDP-43 antibodies. We followed the separation time (25 min) as suggested by manufacturer
Minor points:
1. Fig. 2: It is unknown what antibody was used for capillaries 2-24
Thank you for catching the missing information. Anti-TDP-43 Ab (Rbt) was used. This information now entered in the figure legend.

2. Line 384-386: The sentence does not make sense. Check typos.
We worked on this sentence and provided better clarity (see Lines 408-411)

3. Line 417: The PPV is described as function of fluorescent a.u. Isn't it chemiluminescence?
Predictive phosphorylation value (PPV) is an index. Both p(S409-410-2) TDP-43 and pan TDP-43 readings are in arbitrary fluorescence unit (a.u); hence, in the equation of PPV = p(S409-410-2) TDP-43 (a.u.) / pan TDP-43 (a.u.) , a.u. cancel each other and PPV becomes an index without unit.
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