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26 SUMMARY:
27  Here, we present a protocol for an on-membrane digestion technique for the preparation of
28 samples for mass spectrometry. This technique facilitates the convenient analysis of protein—
29  protein interactions.
30
31  ABSTRACT:
32  Numerous intracellular proteins physically interact in accordance with their intracellular and
33  extracellular circumstances. Indeed, cellular functions largely depend on intracellular protein—
34  protein interactions. Therefore, research regarding these interactions is indispensable to
35 facilitating the understanding of physiologic processes. Co-precipitation of associated proteins,
36 followed by mass spectrometry (MS) analysis, enables the identification of novel protein
37 interactions. In this study, we have provided details of the novel technique of
38 immunoprecipitation-liquid chromatography (LC)-MS/MS analysis combined with on-
39 membrane digestion for the analysis of protein—protein interactions. This technique is suitable
40 for crude immunoprecipitants and can improve the throughput of proteomic analyses. Tagged
41  recombinant proteins were precipitated using specific antibodies; next, immunoprecipitants
42  blotted onto polyvinylidene difluoride membrane pieces were subjected to reductive alkylation.
43  Following trypsinization, the digested protein residues were analyzed using LC-MS/MS. Using
44  this technique, we were able to identify several candidate associated proteins. Thus, this
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method is convenient and useful for the characterization of novel protein—protein interactions.

INTRODUCTION:

Although proteins play constitutive roles in living organisms, they are continually synthesized,
processed, and degraded in the intracellular environment. Furthermore, intracellular proteins
frequently physically and biochemically interact, which affects the function of one or both'3.
For example, the direct binding of spliceosome-associated protein homolog CWC22 with
eukaryotic translation initiation factor 4A3 (elF4A3) is necessary for the assembly of the exon
junction complex®. Consistent with this, an elF4A3 mutant that lacks affinity for CWC22 fails to
facilitate exon junction complex—driven mRNA splicing. Thus, the study of protein interactions
is crucial for the precise understanding of physiologic regulation as well as of cellular functions.

Recent advances in mass spectrometry (MS) have been applied to the comprehensive analysis
of protein—protein interactions. For instance, the co-precipitation of endogenous proteins or
exogenously introduced tagged proteins with their associated proteins, followed by MS
analysis, enables the identification of novel protein interactions®>. However, one major
bottleneck of MS/MS analysis is poor recovery from tryptic digests of protein samples. For
conducting proteomic analyses on cell lysates, in-gel and on-membrane digestion techniques
are generally employed to prepare MS/MS samples. We have previously compared an in-gel
digestion procedure with an on-membrane digestion technique®, and showed that the latter
was associated with better sequence coverage. Polyvinylidene difluoride (PVDF) membrane
may be suitable for this purpose because it is mechanically robust and resistant to high
concentrations of organic solvents’?, permitting the enzymatic digestion of immobilized
proteins in the presence of 80% acetonitrile®. Furthermore, immobilization on a membrane can
induce conformational changes in target proteins, leading to improvements in tryptic digestion
efficiency®. Accordingly, in this article, we have described the use of immunoprecipitation-
LC/MS/MS analysis of protein interactions using an on-membrane digestion technique. This
simple method facilitates the convenient analysis of protein—protein interactions even in non-
specialist laboratories.

PROTOCOL:

1. Immunoprecipitation

NOTE: We used non-sodium dodecyl sulfate (SDS) lysis buffer and citrate elution, as described
in the following sections. However, the use of an alternative in-house immunoprecipitation
technigue may be also applicable for preparing LC-MS/MS samples.

1.1.  Transfect cultured cells with vectors encoding an epitope tag alone or a fusion protein.
For acquiring representative data, transfer J774 cells (1 x 10°) with vectors encoding green

fluorescent protein (GFP) alone or GFP-fused Capn6 (calpain-6 gene) using cationic liposomes.

1.2. Conjugate antibody to magnetic beads.
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1.2.1. For this purpose, mix anti-GFP antibody (2 pl/reaction) with magnetic beads (25
uL/reaction) in 500 uL of citrate phosphate buffer (24.5 mM citric acid, 51.7 mM dibasic sodium
phosphate; pH 5.0) in a 1.5 mL test tube.

1.2.2. Rotate the mixture at 50 rpm for 1 h at room temperature. Then, wash the IgG-
conjugated beads three times with citrate phosphate buffer containing 0.1% Polyoxyethylene
(20) sorbitan monolaurate.

1.3.  Lyse the transfected cells using an appropriate lysis buffer. For acquiring representative
data, lyse the transfected cells for 30 min on ice in 400 pL of lysis buffer (50 mM Tris-HCl; pH
7.5, 120 mM NaCl, 0.5% poly(oxyethelene) octylphenyl ether) containing 40 pmol/L
phenylmethylsulfonyl fluoride, 50 pg/mL leupeptin, 50 pug/mL aprotinin, 200 umol/L sodium
orthovanadate, and 1 mM ethylene glycol tetraacetic acid (EGTA) in 1.5 mL test tubes 24 h after
transfection.

1.4. Clear the lysate by centrifuging at 15,000 x g for 5 min and collect the supernatant.

1.5. Preclear the lysate. Add unlabeled magnetic beads (25 pl/reaction) in a 1.5 mL-test
tube. Wash the beads three times with 500 uL of citrate phosphate buffer. After the removal of
citrate phosphate buffer in final wash, add the cell lysate over the magnetic beads. Rotate the
mixture using rotator at 50 rpm for 30 min at room temperature.

1.6.  Place the test tube on a magnetic stand for 5 min for magnetic separation, and collect
the cell lysate. Use of the magnetic stand designated by the manufacturer is recommended.

1.7. Bind the target proteins to the conjugated beads. Place the immunoglobulin (Ig)G-
conjugated beads on a magnetic stand for 5 min for magnetic separation, discard the citrate
buffer, and then add the cell lysate to the separated beads.

1.8. Rotate the mixture at 50 rpm for 1 h at room temperature.

1.9. Separate the target proteins from free non-target proteins. Wash the beads three times
using 500 pL of citrate phosphate buffer containing 0.1% Polyoxyethylene (20) sorbitan
monolaurate. After the final wash, add 30 pL of citrate buffer (pH 2—3), and incubate for 5 min
at room temperature to elute the target proteins.

NOTE: If recovery from the immunoprecipitation is insufficient, the use of alternative epitope
tags, such as FLAG or HIS, may improve the efficiency. If the efficiency of the elution is
insufficient, the use of other eluants, such as an SDS-based solution, may improve the
efficiency.

2. On-membrane digestion of proteins

NOTE: Using protein-free materials and equipment is necessary to avoid contamination with
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exogenous proteins. In addition, it is recommended that the operator wear a surgical mask and
gloves to avoid contamination by human proteins.

2.1. Cut PVDF membranes into 3 mm x 3 mm pieces using surgical scissors that have been
wiped with methanol and dried immediately prior to use.

2.2.  Add 2-5 pL of ethanol on the pieces of PVDF membrane on clean aluminum foil.

2.3. Before they dry completely, add the eluant (2-5 uL each, 4—6 pieces per sample) onto
the hydrophilic PVDF membranes, and then air-dry the membranes until the membrane surface
becomes matte. Dried membranes can be stored at 4 °C.

2.4. Transfer the all membranes into 1.5 mL plastic tubes, add 20—30 pL of ethanol to make
the membranes hydrophilic, and then remove the ethanol using a pipette.

2.5. Before the membrane dries out completely, add 200 pL of dithiothreitol (DTT)-based
reaction solution (80 mM NHsHCOs, 10 mM DTT, and 20% acetonitrile) and incubate it at 56 °C
for 1 h.

2.6. Replace the reaction solution with 300 pL of iodoacetamide solution (80 mM NH4HCOs3,
55 mM iodoacetamide, and 20% acetonitrile), and incubate for 45 min at room temperature in
the dark.

2.7. Wash the membranes twice with 1 mL of distilled water and once with 1 mL of 2%
acetonitrile by vortex mixing for >10 s.

2.8. Dissolve lyophilized MS-grade trypsin (Table of Materials) directly in the reaction
solution (30 mM NHzHCO3 containing 70% acetonitrile). Add 100 pL of the reaction solution
containing 1 pg of trypsin (Table of Materials) (30 mM NHsHCO3 containing 70% acetonitrile)
and incubate at 37 °C overnight.

2.9. Transfer the reaction solution containing the tryptic digests into a clean 1.5 mL test tube
using a pipette.

2.10. Add 100 pL of wash solution (70% acetonitrile/1% trifluoroacetic acid) to the membrane
and incubate it at 60 °C for 2 h. Collect the wash solution and mix it with the reaction solution.
Repeat this process twice.

2.11. Dry the solution using a vacuum concentrator.

2.12. Dissolve the residue in 10 pL of 0.2% formic acid. After centrifugation (12,000 x g, 3 min
at room temperature), transfer the supernatant into a sample tube.

NOTE: The washes are the critical steps of this section. During on-membrane protein digestion,
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the washing of the membranes containing the immobilized proteins after reduction and
alkylation with distilled water, followed by 2% acetonitrile, for more than 10 sec each, is critical
for the removal of the reagents.

3. LC—electrospray ionization (ESI)-MS/MS analysis

3.1. Activate an ESI-MS/MS instrument (Table of Materials) coupled with a nano-LC HPLC
system (Table of Materials). Link a pre-column (Table of Materials) and an analytical column
(Table of Materials).

3.2.  Prior to the analysis, calibrate the mass spectrometer using tryptic digests of bovine
serum albumin dissolved in 0.2% formic acid, which provides standard peptides.

3.3.  Analyze the samples using positive ion mode and a mass range of 400—1,250 m/z; then
acquire up to 10 MS/MS spectra (100 ms each) with a mass range of 100—1,600 m/z and a linear
gradient of 2%—80% acetonitrile and 0.2% formic acid for 80 min at a flow rate of 300 nL/min.

3.4. Analyze the output data using software for protein identification (Table of Materials) to
identify the candidate associated proteins. For the positive identification of a candidate protein,
detection of at least one high-fidelity peptide fragment (> 95% fidelity) is required.

3.5. Omit the proteins that are similarly precipitated in GFP-expressing lysates (transfection
of vector expressing a GFP tag alone) from the list of candidate proteins.

NOTE: If few proteins are identified in the database analysis, modification of the MS/MS
acquisition conditions (e.g., changing the time from 100 ms each to 50 ms each) may increase
the number of proteins identified.

REPRESENTATIVE RESULTS:

By means of the above-described procedure, immunoprecipitants were analyzed using LC-
MS/MS (Figure 1). After the exclusion of exogenously derived proteins (proteins from other
species and IgGs), 17 proteins were identified in calpain-6-associated immunoprecipitants
(Table 1) and 15 proteins were identified in GFP-associated immunoprecipitants (Table 2). Of
the calpain-6 and GFP-associated proteins, 11 were identified in both immunoprecipitants
(Figure 2). Once these and calpain-6 itself were excluded, five candidate calpain-6-associated
proteins remained: complement Clg subcomponent subunit C, keratin type Il cytoskeletal 8,
IgE-binding protein, ADP/ATP translocase 1, and ubiquitin.

Figure 1. Scheme for the on-membrane digestion technique

Cell lysates were precipitated using magnetic beads conjugated with specific antibodies. The
eluant from the immunoprecipitation was blotted onto pieces of PVDF membrane.
Subsequently, the membranes were treated with reagents for reductive alkylation, and then
incubated with trypsin. The reaction solution was then analyzed using LC-MS/MS.



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

Figure 2. Overview of the representative data

Seventeen proteins were identified in the calpain-6-associated immunoprecipitant and 15
proteins were detected in the GFP-associated immunoprecipitant. Of these, 11 proteins were
identified in both immunoprecipitants.

Table 1. Calpain-6-associated proteins
Table 2. GFP-associated proteins

DISCUSSION:

We have previously described an analysis of the oxidative modifications of apolipoprotein B-
100 in oxidized low-density lipoprotein using LC-MS/MS preceded by an on-membrane
digestion technique®. In the present study, we combined this technique with
immunoprecipitation and have identified several calpain-6-associated proteins. This novel
technique represents a convenient method of screening for candidate associated proteins.
Calpain-6 is a non-proteolytic member of the calpain proteolytic family!! that has reportedly
modify cellular functions through its protein—protein interactions'>'3, Using an on-membrane
digestion technique, we have previously identified other calpain-6-associated proteins
employing a different MS set-up*2. Therefore, we recommend testing several MS conditions for
maximizing the number of candidates identified. For the same reason, the evaluation of the
immunoprecipitation conditions, such as the types of epitope tag, detergent, and elution
solution used, is important for obtaining optimal outputs.

In the present study, we identified 11 proteins in both calpain-6- and GFP-associated
immunoprecipitants. The majority of the overlapping proteins were actin isotypes, and
contamination with actin cytoskeletal proteins is common in the analyses of cellular protein—
protein interactions because the expression levels of these proteins are very high. These
candidates should therefore be omitted from further analysis. In addition, elongation factors
were detected in both immunoprecipitants. They regulate the speed and fidelity of protein
synthesis and affect protein-folding!4, and, therefore, the co-immunoprecipitation of
elongation factors is not surprising. These proteins should also be omitted from further
evaluation.

Immunoprecipitants can be subjected to reductive alkylation and enzymatic digestion directly in
the elution solution®, and this in-solution digestion method may also be applied for the
preparation of samples for MS/MS. However, we consider the use of on-membrane digestion to
have considerable advantages over in-solution digestion. PVDF membrane serves as a scaffold
for the subsequent reductive alkylation and enzymatic digestion, meaning that the solvents
required for these processes can be replaced easily. Consequently, it is possible to use a variety
of elution solutions for immunoprecipitation. Conversely, for in-solution digestion, it may be
challenging to use SDS-based or low pH elution solutions because protease activity may be
limited under such conditions. Furthermore, immobilization of the target proteins can make the
subsequent washing procedure easier. Hence, on-membrane digestion is highly suitable for the
preparation of immunoprecipitants for MS/MS analysis. A limited number of proteases may be
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appropriate for this protocol. Thus far, only Lysyl-C, other than trypsin, is reportedly active in
the presence of up to 80% acetonitrile®91915,

Our on-membrane digestion technique is suitable for the identification of proteins in a small
guantity of immunoprecipitant with a highly sensitive detection limit. However, it should be
remembered that the detection efficiency for a target protein depends on the amount present.
Proteins that are present in larger quantities are preferentially detected and they may prevent
other proteins present in smaller amounts being detected by MS. Nevertheless, under normal
circumstances numerous proteins are detected using LC-MS/MS analysis, and other assays must
be used for clarify which of the candidate proteins are of appropriate biologic significance.

In this study, we have evaluated an on-membrane digestion technique for the analysis of
immunoprecipitants. Such a convenient and comprehensive method for the analysis of protein—
protein interactions should be widely applicable to improve the throughput of future proteomic
analyses.

DISCLOSURES:
The authors have nothing to disclose.

ACKNOWLEDGMENTS:

This study was supported in part by Japan Society for the Promotion of Science KAKENHI Grant
Number 17K09869 (to AM), Japan Society for the Promotion of Science KAKENHI Grant Number
15K09418 (to TM), a research grant from Kanehara Ichiro Medical Science Foundation and a
research grant from Suzuken Memorial Foundation (all to TM).

REFERENCES:

1. Thommen, M., Holtkamp, W., Rodnina, M. V. Co-translational protein folding: progress
and methods. Current Opinion in Structural Biology. 42, 83-89 (2017).

2. Miyazaki, T., Miyazaki, A. Defective protein catabolism in atherosclerotic vascular
inflammation. Frontiers in Cardiovascular Medicine. 4, 79 (2017).

3. Miyazaki, T., Miyazaki, A. Dysregulation of calpain proteolytic systems underlies

degenerative vascular disorders. Journal of Atherosclerosis and Thrombosis. 25 (1), 1-15 (2018).

4, Steckelberg, A. L., Boehm, V., Gromadzka, A. M., Gehring, N. H. CWC22 connects pre-
MRNA splicing and exon junction complex assembly. Cell Reports. 2 (3), 454-461 (2012).

5. Turriziani, B., von Kriegsheim, A., Pennington, S. R. Protein-protein interaction detection
via mass spectrometry-based proteomics. Advances in Experimental Medicine and Biology. 919,
383-396 (2016).

6. Obama, T. et al. Analysis of modified apolipoprotein B-100 structures formed in oxidized
low-density lipoprotein using LC-MS/MS. Proteomics. 7 (13), 2132-2141 (2007).
7. Matsudaira, P. Sequence from picomole quantities of proteins electroblotted onto

polyvinylidene difluoride membranes. The Journal of Biological Chemistry. 262 (21), 10035-
10038 (1987).

8. Yamaguchi, M. et al. High-throughput method for N-terminal sequencing of proteins by
MALDI mass spectrometry. Analytical Chemistry. 77 (2), 645-651 (2005).



309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326

9. Iwamatsu, A. S-carboxymethylation of proteins transferred onto polyvinylidene
difluoride membranes followed by in situ protease digestion and amino acid microsequencing.
Electrophoresis. 13 (3), 142-147 (1992).

10. Strader, M.B., Tabb, D.L., Hervey, W.J., Pan, C., Hurst, G.B. Efficient and specific trypsin
digestion of microgram to nanogram quantities of proteins in organic-aqueous solvent systems.
Analytical Chemistry. 78 (1), 125-134 (2006).

11. Miyazaki, T., Miyazaki, A. Emerging roles of calpain proteolytic systems in macrophage
cholesterol handling. Cellular and Molecular Life Sciences. 74 (16), 3011-3021 (2017).

12. Miyazaki, T. et al. Calpain-6 confers atherogenicity to macrophages by dysregulating
pre-mRNA splicing. Journal of Clinical Investigation. 126 (9), 3417-3432 (2016).

13. Tonami, K. et al. Calpain-6, a microtubule-stabilizing protein, regulates Racl activity and
cell motility through interaction with GEF-H1. Journal of Cell Science. 124 (Pt 8), 1214-1223
(2011).

14. Rodnina, M. V., Wintermeyer, W. Protein elongation, co-translational folding and
targeting. Journal of Molecular Biology. 428 (10 Pt B), 2165-2185 (2016).

15. Bunai, K. et al. Proteomic analysis of acrylamide gel separated proteins immobilized on
polyvinylidene difluoride membranes following proteolytic digestion in the presence of 80%
acetonitrile. Proteomics. 3 (9), 1738-1749 (2003).



Figure1 Click here to access/download;Figure;Figure1.pdf =

Figure 1

Reductive
alkylation

Trypsin
solution W W

IgG-conjugated beads

A\

g

Z

- -
\ - \ . M v . LC-MS/MS
—> —> —> = Hé — 2 > [
Lysis Precipitation A Elution Wash out Collect Solvent analysis
v Blot onto reaction v change
/ PVDF solution

Transfectedcells membranes

Target proteins
+microbeads


https://www.editorialmanager.com/jove/download.aspx?id=1018567&guid=eeab9d8a-d236-416e-8b68-28dd345503a7&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1018567&guid=eeab9d8a-d236-416e-8b68-28dd345503a7&scheme=1

Figure2 Click here to access/download;Figure;Figure2.pdf =

Figure 2
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Table1

Table 1. Calpain-6-associated proteins.

Click here to access/download;Table;Table1.xlsx 2

Name Accession Peptides(95%) %Cov

Actin, cytoplasmic 2 sp|P63260]JACTG 5 18.4
Actin, aortic smooth muscle sp|P62737|ACTA 5 18.57
Actin, cytoplasmic 1 sp|P60710]ACTB 5 18.41
Actin, alpha skeletal muscle sp|P68134|ACTS 5 13.53
Actin, alpha cardiac muscle 1 sp|P68033JACTC 5 13.53
Actin, gamma-enteric smooth muscle sp|P63268JACTH 5 13.56
Elongation factor 1-alpha 1 sp|P10126|EF1Al 3 33.33
Elongation factor 1-alpha 2 sp|P62631|EF1A2 3 16.2
Keratin, type Il cytoskeletal 8 sp|P11679|K2C8 3 22.65
Complement C1qg subcomponent subunit C sp|Q02105|C1QC 2 8.94
IgE-binding protein sp|P03975|IGEB 2 21.72
Calpain-6 sp|O35646|CANG 1 15.91
ADP/ATP translocase 2 sp|P51881|ADT2 1 27.52
ADP/ATP translocase 1 sp|P48962|ADT1 1 19.13
Ubiquitin sp|P62991|UBIQ 1 40.79
Runt-related transcription factor 3 sp|Q64131|RUNX3 1 15.89
Isoform 2 of Runt-related transcription factor 3 sp|Q64131-2|RUNX3 1 13

“Peptides (95%)” indicates the number of peptides identified with a fidelity score >
95% in the MS/MS data. “%Cov” refers to the percentage of the amino acid residues
identified in all the peptides (with > 95% fidelity) relative to the total number of
amino acid residues constituting the corresponding protein. To improve clarity,
exogenous proteins (proteins from other species and IgGs), ribosomal proteins, and
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Table 2. GFP-associated proteins.

Name Accession Peptides(95%) %Cov

Elongation factor 1-alpha 1 sp|P10126|EF1AL 3 24.24
Elongation factor 1-alpha 2 sp|P62631|EF1A2 3 24.41
Actin, alpha skeletal muscle sp|P68134JACTS 3 13.53
Actin, alpha cardiac muscle 1 sp|P68033JACTC 3 13.53
Actin, gamma-enteric smooth muscle sp|P63268|ACTH 3 13.56
Actin, cytoplasmic 2 sp|P63260|ACTG 3 13.6
Actin, aortic smooth muscle sp|P62737]ACTA 3 13.53
Actin, cytoplasmic 1 sp|P60710]ACTB 3 13.6
ADP/ATP translocase 2 sp|P51881|ADT2 2 255
rRNA 2'-O-methyltransferase fibrillarin sp|P35550|FBRL 2 14.37
Prohibitin sp|P67778|PHB 1 9.19
Heterogeneous nuclear ribonucleoprotein U Sp|Q8VEK3HNRPU 1 10.63
Runt-related transcription factor 3 sp|Q64131|RUNX3 1 39.12
Isoform 2 of Runt-related transcription factor 3 sp|Q64131-2|RUNX3 1 26

Elongation factor 1-gamma Sp|Q9D8NO|EF1G 1 12.36

“Peptides (95%)” indicates the number of peptides identified with a fidelity score >
95% in the MS/MS data. “%Cov” refers to the percentage of the amino acid residues
identified in all the peptides (with > 95% fidelity) relative to the total number of
amino acid residues constituting the corresponding protein. To improve clarity,
exogenous proteins (proteins from other species and IgGs), ribosomal proteins, and
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Table of Materials

Name of Material/ Equipment

Acetonitrile

Citric acid

DiNA

DiNa Al

DTT

Dynabeads protein G

Formic acid

HiQ Sil C18W-3

lodoacetamide

Lipofectamine 3000

Living Colors A.v. Monoclonal Antibody (JL-8)
NaCl

NH,HCO;

Nonidet P-40

peptide standard

PP vial

Protease inhibitor cooctail
ProteinPilot software

Sequencing Grade Modified Trypsin
Sodium orthovanadate

Sodium phosphate dibasic dihydrate

Click here to access/download;Table of Materials;Table of

MaterialsR1.xlsx

Company

Wako

Wako

KYA Tech Co.

KYA Tech Co.

Nacalai tesque

Thermo Fisher Scientific
Wako

KYA Tech Co.

Wako

Thermo Fisher Scientific
Clontech

Wako

Wako

Sigma

KYA Tech Co.

KYA Tech Co.

Sigma

Sciex

Promega

Sigma

Sigma

L]
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Simple methods for evaluating protein-protein interaction using on membrane digestion technique

Author(s):

Takashi Obama, Takuro Miyazaki, Toshihiro Aiuchi, Akira Miyazaki, Hiroyuki Itabe

ltem 1: The Author elects to have the Materials he made available {as described at

http://www.jove.com/publish) via:
IZ] Standard Access

[tem 2: Please select one of the following items:

‘:l Open Access

'The Author is NOT a United States government employee.

I:IThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled inta a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing waorks, such as a translation, musical arrangement,
dramatization, fictionalization, maotion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “"Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
"“Video” means any video{s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear,

2. Background, The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memarialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3 Grant of Rights in Article. In consideration of JOVE
agreeing to publish the Article, the Author herehy grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, {b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works {including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license othersto do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 abave, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945,9051,
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author's personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above, In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideraticn of JOVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed {including without
limitation in print, digital and electronic form) throughout
the world, {b}) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in {a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and {c) to license cthers to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. if the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.5.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions centained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute,

8. Protection of the Work. The Auther(s) authorize
1oVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author's Article
and/or Video.

9, Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one authoris listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s} listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JOVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author, The Author warrants
that the use, reproduction, distribution, public or private
perfarmance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11, JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author's
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author's institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12, Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Authar's institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, persanal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or ather rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JOVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be sclely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoVE's attarney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissicns of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment hefore production and
publication of the Materials, Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a USS$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received,

14, Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the intemmal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shail be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR

Name:
Hiroyuki itabe

Department:

Division of Biological Chemistry, Department of Molecular Biology

Institution:

Showa University School of Pharmacy

Title: Simple methods for evaluating protein-protein interaction using on membrane digestion technigue
A {
Signature: N . % ), pate: | fm. 23 ) .'20/?
7 Y =

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866,381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Rebuttal Letter Click here to access/download;Rebuttal Letter;response to
reviewersR1 .docx

Xiaoyan Cao, Ph.D.
Review Editor
JoVE

Dear Dr. Cao,

Thank you very much for your valuable comments and suggestions. Here is the

point-by-point response to the reviewing comments.

Sincerely,

Hiroyuki Itabe, PhD.
Division of Biological Chemistry, Department of Molecular Biology, Showa University
School of Pharmacy, 1-5-8 Hatanodai, Shinagawa-ku, Tokyo 142-8555, Japan

Point-by-point answers to the Editor

Editorial comments:

Changes to be made by the author(s) regarding the manuscript:

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.

[Our response] The revised manuscript was carefully checked before submitting to the
editorial office.

2. Authors and affiliations: Please provide an email address for each author.
[Our response] Email addresses for each author were added.

3. Please add a Summary section before the Abstract section to clearly describe the protocol
and its applications in complete sentences between 10—50 words: “Here, we present a protocol

to ...

[Our response] A summary section was added.

4. Please define all abbreviations before use.

[Our response] Abbreviations in the text were defined, and a list of abbreviations is added.
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5. Introduction: Please expand to include the advantages of the presented method over
alternative techniques with applicable references to previous studies, description of the context
of the technique in the wider body of literature and information that can help readers to
determine if the method is appropriate for their application.

[Our response] The advantage of presented method over alternative techniques was added as
below. (line 61 - 71)

——However, one major bottleneck of the MS/MS analysis is poor recovery from tryptic
digests of the protein samples. For conducting proteomic analyses on cell lysates, in-gel e and
on-membrane digestion techniques are generally employed to prepare MS/MS samples. We
have previously compared an in-gel digestion procedure with an on-membrane digestion
technique, and showed that the latter was associated with better sequence coverage.
Polyvinylidene difluoride (PVDF) membrane may be suitable for this purpose because it is
mechanically robust and resistant to high concentration of organic solvents, permitting the
enzymatic digestion of immobilized proteins in the presence of 80% acetonitrile. Furthermore,
immobilization on a membrane can induces conformational changes in target proteins, leading

to improvements in tryptic digestion efficiency.

6. JOVE cannot publish manuscripts containing commercial language. This includes trademark
symbols (™), registered symbols (®), and company names before an instrument or reagent.
Please remove all commercial language from your manuscript and use generic terms instead.
All commercial products should be sufficiently referenced in the Table of Materials and
Reagents. You may use the generic term followed by “(Table of Materials)” to draw the readers’
attention to specific commercial names. Examples of commercial sounding language in your
manuscript are: Lipofectamine, Thermo Fisher Scientific, Clontech, Invitrogen, Dynabeads,
Nonidet, GE healthcare, Promega, SpeedVac, TripleTOF, AB SCIEX, KYA Tech Co.,
ProteinPilot, etc.

[Our response] All commercial languages were replaced with the generic terms.

7. Please adjust the numbering of the Protocol to follow the JOVE Instructions for Authors. For
example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from
using bullets, dashes, or indentations.

[Our response] The numbering of the protocol was adjusted.



8. Please add more details to your protocol steps. There should be enough detail in each step to
supplement the actions seen in the video so that viewers can easily replicate the protocol.
Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively,
add references to published material specifying how to perform the protocol action. See
examples below.

[Our response] Protocol section was extensively revised to answer all the comments raised by
the editor and the reviewers. Accordingly, the number of steps increased to 26 from 22 in total.

9. Line 59: What container is used for the transfected cells? For how long are the cells lysed?
[Our response] Text was modified as below. (Line 90 - 95)

—— Lyse the transfected cells using an appropriate lysis buffer. For acquiring representative
data, the transfected cells were lysed for 30 min on ice with 400 pL of lysis buffer (50
mmol/L Tris-HCI; pH7.5, 120 mmol/L NaCl, 0.5% poly(oxyethelene) octylphenyl ether)
containing 40 umol/L phenylmethylsulfonyl fluoride, 50 ug/mL leupeptin, 50 pg/mL
aprotinin, 200 pumol/L sodium orthovanadate, 1 mmol/L ethylene glycol tetraacetic acid

(EGTA) in 1.5mL-test tube at 24 h after transfection.

10. Line 63: How to rotate the antibody in a tube? What is the rotating speed?

[Our response] Text was modified as below. (line 84 - 89)

—— Conjugate antibody to magnetic beads. For this purpose, anti-GFP antibody (2
uL/reaction) was mixed with magnetic beads (25 pL/reaction) in 500 pL citrate phosphate
buffer (24.5 mmol/L citric acid, 51.7 mmol/L dibasic sodium phosphate; pH 5.0) ina 1.5 mL
test tube. Next, the mixture was rotated at 50 rpm for 1 h at room temperature. Afterward,
wash the 1gG-conjugated beads three times with citrate phosphate buffer containing 0.1%
Polyoxyethylene (20) sorbitan monolaurate.

11. Line 68: What magnetic fields? Do you mean a magnetic stand?

[Our response] Magnetic field was corrected to magnetic stand. (line 101-102)

——Place the test tube on a magnetic stand for 5 min for magnetic separation, and collect the
cell lysate. Use of the magnetic stand designated by the manufacturer is recommended.

12. Line 70: Please specify the rotating speed?
[Our response] Text was modified as below. (line 106)

——Rotate the mixture at 50 rpm for 1h at room temperature.



13. Line 71: What volume of citrate phosphate buffer is used to wash?

[Our response] The volume used for washing step was 500 pL. (line 107 - 110)
——Separate the target proteins from free non-target proteins. Wash the beads three times
using 500 pL of citrate phosphate buffer containing 0.1% Polyoxyethylene (20) sorbitan
monolaurate. After the final wash, add 30 pL citrate buffer (pH 2-3), and incubate for 5 min
at room temperature to elute the target proteins.

14. Line 72: Please describe how elution is done.

[Our response] Text was modified as below. (line 107 - 110)

——Separate the target proteins from free non-target proteins. Wash the beads three times
using 500 uL of citrate phosphate buffer containing 0.1% Polyoxyethylene (20) sorbitan
monolaurate. After the final wash, add 30 uL citrate buffer (pH 2-3), and incubate for 5 min
at room temperature to elute the target proteins.

15. Line 77: What is used to cut?

[Our response] Text was modified as below. (line 119 - 120)

—— Cut PVDF membranes into 3x3 mm pieces using surgical scissors that have been wiped
with methanol and dried immediately prior to use.

16. Line 81: How to dry out the membranes?

[Our response] Text was modified as below. (line 122 - 124)

——Before they dry completely, add the eluent (2-5 pL each, 4 — 6 pieces per sample) onto the
hydrophilic PVDF membranes, and then air-dry the membranes until the membrane surface
becomes matte. Dried membranes can be stored at 4°C.

17. Line 82: What container is used to hold the membranes? How many membranes per
container? What volume of the reaction solution is used?

[Our response] Text was modified as below. (line 124 - 125)

——Transfer the membranes into 1.5 mL plastic tubes, add 20-30 of ethanol to make the
membranes hydrophilic, and then remove the ethanol using pipette.

18. Line 88: Please specify the incubation temperature. What volume of trypsin solution is
used?

[Our response] Text was modified as below. (line 135 - 138)



——Dissolve lyophilized MS-grade trypsin (Table of Materials) directly in the reaction solution
(30 mmol/L NH4HCOs3 containing 70% acetonitrile). Add 100 L of the reaction solution
containing 1 pg of trypsin (Table of Materials) (30 mmol/L NH4HCOs3 containing 70%

acetonitrile) and incubate at 37°C overnight.

19. Line 91: How to collect the reaction solution? Using a pipette?
[Our response] Text was modified as below. (line 139 — 140)
——Transfer the reaction solution containing the tryptic digests into a clean 1.5 mL test tube

using a pipette.

20. Line 97: What volume of formic acid is used?

[Our response] The volume of formic acid used was 10 uL. (line 145-146)

—Dissolve the residue in 10 pL of 0.2% formic acid. After centrifugation (12,000 xg, 3 min
at room temperature), transfer the supernatant into a sample tube.

21. Line 113: How to identify proteins that are precipitated similarly in GFP-expressing
lysates?

[Our response] Text was modified as below. (line 162 - 166)

——Analyze the output data using a software for protein identification (Table of Materials) to
identify a candidate associated proteins. For the positive identification of a candidate protein,
detection of at least one high-fidelity peptide fragment (> 95% fidelity) is required.

——Omit the proteins that are similarly precipitated in GFP-expressing lysates (transfection of
vector expressing a GFP tag alone) from the list of candidate proteins.

22. Please apply single line spacing throughout the manuscript, and include single-line spaces
between all paragraphs, headings, steps, etc.
[Our response] Text style was modified throughout the manuscript.

After you have made all the recommended changes to your protocol (listed above), 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.

Please highlight complete sentences (not parts of sentences). Please ensure that the
highlighted part of the step includes at least one action that is written in imperative tense. Notes



cannot usually be filmed and should be excluded from the highlighting. Please do not highlight
any steps describing anesthetization and euthanasia.

Please include all relevant details that are required to perform the step in the highlighting. For
example: If step 2.5 is highlighted for filming and the details of how to perform the step are
given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be
highlighted.

[Our response] Important steps in the protocol are highlighted according to the instructions

26. References: Please do not abbreviate journal titles.

[Our response] The style of the journal titles was re-examined and corrected.

27. Please upload each Figure individually to your Editorial Manager account as
a .png, .tiff, .pdf, .svg, .eps, .psd, or .ai file.
[Our response] The figures are uploaded as PDF file.

28. Please upload each Table individually to your Editorial Manager account as an .xlsx file.

[Our response] The tables are uploaded as xIsx file.

29. Table 1: What does “%Cov” stand for?

[Our response] Peptides(95%) and %Cov were defined as below. (legends in tables)
—“Peptides (95%)” indicates the number of peptides identified with a fidelity score >95%
in the MS/MS data. “%Cov” refers to the percentage of the amino acid residues identified in
all peptides (>95% of fidelity) relative to the total number of amino acid residues constituting
the corresponding protein.

30. Table of Materials: Please ensure that it has information on all relevant supplies, reagents,
equipment and software used, especially those mentioned in the Protocol. Please remove
trademark (™) and registered (®) symbols and sort the items in alphabetical order according to
the name of material/equipment.

[Our response] Table of Materials was reevaluated and corrected according to the

suggestions.

31. JoVE articles are focused on the methods and the protocol, thus the discussion should be
similarly focused. Please revise the Discussion to explicitly cover the following in detail in 3-6



paragraphs with citations:

a) Critical steps within the protocol

b) Any modifications and troubleshooting of the technique

c¢) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique

[Our response] Discussion section was extensively revised. In addition, critical steps were
indicated as “Note” at the end of Protocol section. (line111-113, 147-150, 167-169)

Reviewers' comments:

The language in the manuscript is not publication grade. Please employ professional
copy-editing services.
[Our response] The manuscript was revised by the professional linguistic proof reader (Enago,

Crimson Interactive Pvt. Ltd).

Please note that novelty is not a requirement for publication and reviewer comments

questioning the novelty of the article can be disregarded.

Please note that the reviewers raised some significant concerns regarding your method and
your manuscript. Please revise the manuscript to thoroughly address these concerns.
Additionally, please describe the changes that have been made or provide explanations if the
comment is not addressed in a rebuttal letter. We may send the revised manuscript and the

rebuttal letter back to peer review.

Reviewer #1:

Major Concerns:

The method provided in the manuscript is a standard used by several laboratories to perform
membrane digestion of proteins before MS analysis. They have not provided or highlighted
any novel steps in their procedure. Additionally, the procedure is not through. They do not
provide details on any cleaning, blocking or handling steps of the PVDF membrane before
digestion. Nor do they provide any information on the challenges, troubleshooting steps.
Considering these issues, the manuscript is not suitable for publication.

[Our response] The protocol was revised according to the editorial comments. On-membrane



tryptic digestion has been used to prepare LC-MS samples, however the unique point of this
protocol is to apply protein samples directly onto PVDF membrane. Non-purified samples are
applicable, so that it would be useful for crude samples with small volume such as
immunoprecipitants. In addition, cleaning and blocking of the PVDF membrane is unnecessary,
since the recovery, but not specificity, is important for the process after the antibody-based
separation of the tag-associated proteins. These advantages of this protocol are described in
Discussion section and some notification comments (including troubleshooting) are added in
Protocol section. (line 111-113, 147-150, 167-169 201-211)

Reviewer #2:

Minor Concerns:

1. Protocol/ 1.Immunoprecipitation/2./line 62: It is not clear whether lysates need to be
precleared by centrifugation before use in step 4. Classical IP procedures require a
centrifugation step.

[Our response] It is thought that the preclear of the lysate by unlabeled beads may improve the
specificity of the immunoprecipitation. This was added to the protocol. (line 97-102)

Preclear the lysate. Add unlabeled magnetic beads (25 uL/reaction) in 1.5 mL-test tube.
Wash the beads three times with 500 pL citrate phosphate buffer. After the removal of citrate
phosphate buffer in final wash, add the cell lysate over the magnetic beads. Rotate the
mixture using rotator at 50 rpm for 30 min at room temperature.

—Place the test tube on a magnetic stand for 5 min for magnetic separation, and collect the
cell lysate. Use of the magnetic stand designated by the manufacturer is recommended.

2. Protocol/ 1.Immunoprecipitation/6./line 72: How long is the elution step? Is it at room
temperature?

[Our response] Elution step was carried out for 5 min at room temperature as described in the
revised version (line 107 - 110).

——Separate the target proteins from free non-target proteins. Wash the beads three times
using 500 uL of citrate phosphate buffer containing 0.1% Polyoxyethylene (20) sorbitan
monolaurate. After the final wash, add 30 uL citrate buffer (pH 2-3), and incubate for 5 min

at room temperature to elute target proteins.

3. Protocol/2.0n membrane digestion of proteins/4/line 83: Please explain what volume of
DTT-based reaction solution to use per membrane or for all membranes.

[Our response] DTT treatment was defined as noted below (line 125 - 129).



——Transfer the all membranes into 1.5 mL plastic tubes, add 20-30 uL of ethanol to make the
membranes hydrophilic, and then remove the ethanol using a pipette.

——Before the membrane dries out completely, add 200 uL of dithiothreitol (DTT)-based
reaction solution (80 mmol/L NH4HCO3, 10 mmol/L DTT, and 20% acetonitrile) and incubate
it at 56°C for 1 h.

4. Protocol/2.0n membrane digestion of proteins/5/line 86: Please explain what volume of
iodoacetamide solution to use per membrane or for all membranes.

[Our response] lodoacetamide treatment was defined as noted below (line 130-132).
—Replace the reaction solution with 300 pL of iodoacetamide solution (80 mmol/L
NH4HCO3, 55 mmol/L iodoacetamide, and 20% acetonitrile), and incubate at room
temperature for 45 minutes in the dark.

Reviewer #3:

Major Concerns:

1. The authors do not have good command of the English language.

[Our response] The manuscript was revised by the professional linguistic proof reader (Enago,
Crimson Interactive Pvt. Ltd) as answered to reviewer #1.

2. A more generic description of the procedure could be beneficial to a general audience. For
example, the authors describe on Step 1 the transfection of J774 cells with vectors for Capn6,
they also describe on Step 3 (LC-ESI-MS/MS analysis) a specific mass spectrometer, and a
specific software for peptide/protein identification. All these steps should be described in a
more generic way.

[Our response] Text was revised according to the editorial comment. Specific experimental
conditions and instruments were omitted from the protocol section. In addition, key steps and
troubleshooting were added to the protocol.

3. The authors should describe the advantages of this protocol over others, particularly with a
standard direct digestion of the immunopurified proteins in solution. The discussion is weak
[Our response] Discussion was added as below. (line 201 - 213)

——Immunoprecipitants can be subjected to reductive alkylation and enzymatic digestion
directly in the elution solution; and this in-solution digestion method may also be applied for
preparation of samples for MS/MS. However, we consider the use of on-membrane digestion

to have considerable advantages over in-solution digestion. PVDF membrane serves as a



scaffold for the subsequent reductive alkylation and enzymatic digestion, meaning that the
solvent required for these processes can be replaced easily. Consequently, it is possible to use a
variety of elution solution for immunoprecipitation. Conversely, for in-solution digestion, it
may be challenging to use SDS-based or low pH elution solutions because protease activity
may be limited under such conditions. Furthermore, immobilization of the target proteins can
make the subsequent washing procedure easier. Hence, on-membrane digestion is highly
suitable for the preparation of immunoprecipitants for MS/MS analysis. A limited number of
proteases may be appropriate for this protocol. Thus far, only Lysyl-C, other than trypsin, is
reportedly active in the presence of up to 80% acetonitrile.

Minor Concerns:
It should be mass spectrometry not mass spectroscopy.

[Our response] Thank you for pointing out the wrong word usage. Text was corrected.

Reviewer #4:

Major Concerns:

1. Using immunoprecipitation to demonstrate protein-protein interaction followed by
identification of protein with mass spectrometry is a widely used method in the field. For
example, Dr. Steve Gygi's group is a pioneer in this field.

[Our response] Importantly, it is noteworthy that novelty is not a requirement for publication
(please refer editor’s comment). As pointed out by the reviewer, Dr. Gygi’s group reportedly
conducted MS/MS analysis of immunoprecipitants on membrane, however, our procedure has
some differences in comparison with theirs. First, our procedure does not employ
electrophoresis. Second, another difference is procedure to transfer the target proteins onto the
membrane. While Gygi’s group employed electronic transfer of the target proteins from gels,
our procedure employs direct immobilization of the target proteins onto the membrane. As a
result, two time-consuming processes (electrophoresis and electronic transfer) can be skipped

in our procedure that can avoid sample loss and improve recovery of tryptic digests.

2. Please clarify the advantage of digesting the immunoprecipitants on PVDF membrane. Why
not make the reduction/alkylation/digestion for the eluent in a test tube directly, which seems
to be a more convenient procedure? Does the PVDF membrane cause any non-specific binding
problem for proteins/peptides?



[Our response] It is considered that the recovery, but not specificity, is important for the
process after the antibody-based purification of the tag-associated proteins. Advantages of
on-membrane digestion was discussed in Discussion. (201 - 213)

——Immunoprecipitants can be subjected to reductive alkylation and enzymatic digestion
directly in the elution solution; and this in-solution digestion method may also be applied for
preparation of samples for MS/MS. However, we consider the use of on-membrane digestion
to have considerable advantages over in-solution digestion. PVDF membrane serves as a
scaffold for the subsequent reductive alkylation and enzymatic digestion, meaning that the
solvent required for these processes can be replaced easily. Consequently, it is possible to use a
variety of elusion solution for immunoprecipitation. Conversely, for in-solution digestion, it
may be challenging to use SDS-based or low pH elution solutions because protease activity
may be limited under such conditions. Furthermore, immobilization of the target proteins can
make the subsequent washing procedure easier. Hence, on-membrane digestion is highly
suitable for the preparation of immunoprecipitants for MS/MS analysis. A limited number of
proteases may be appropriate for this protocol. Thus far, only Lysyl-C, other than trypsin, is
reportedly active in the presence of up to 80% acetonitrile.

3. For the proteomics search results, please state clearly the criteria for protein identification.
Based on the results listed in table 1 and table 2, it seems like proteins with 1 and even 0
peptide (95%) identified are considered as hits. In the field, it's more acceptable that proteins
with at least confidently identified peptides are considered as reliable outputs from proteomics
search.

[Our response] Although there are a few or no peptide identified with high-fidelity,
sometimes the protein can be identified from a number of peptides with slightly lower fidelity.
In this manuscript, we simplified the tables to show only the proteins identified with at least
one peptide with high fidelity (>95%). In addition, the explanation of “Peptide (95%)” was
added in the legend of the table. According to the changes in the Tables, Figure 2 was

corrected.



