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Abstract
VAMP7 (vesicle-associated membrane protein) belongs to the intracellular
membrane fusion SNARE (Soluble N-ethylmaleimide-sensitive factor
attachment protein receptors) protein family. In this study, we used
CRISPR/Cas9 genome editing technology to generate VAMP7 knockout (KO)
human HeLa cells and mouse KO brain extracts in order to test the specificity
and the background of a set of commercially available and homemade
anti-VAMP7 antibodies. We propose a simple profiling method to analyze
western blotting and use visual scoring for immunocytochemistry staining to
determine the extent of the antibodies’ specificity. Thus, we were able to rank
the performance of a set of available antibodies and further showed an
optimized procedure for VAMP7 immunoprecipitation, which we validated using
wild-type and KO mouse brain extracts.

Keywords
VAMP7, SNARE, monoclonal, polyclonal, CRISPR/Cas9, KO,
immunoprecipitation

 
This article is included in the Antibody Validations
gateway.

1* 2* 1,2 1,2

1

2

*

   Referee Status:

  Invited Referees

 

  
version 2
published
07 Feb 2019

version 1
published
16 Oct 2018

 1 2

report

report report

, University ofAlison H. Banham

Oxford, UK
1

, University of Guelph,Marc G. Coppolino

Canada

, University ofOlivia Grafinger

Guelph, Canada

2

 16 Oct 2018,  :1649 (First published: 7
)https://doi.org/10.12688/f1000research.15707.1

 07 Feb 2019,  :1649 (Latest published: 7
)https://doi.org/10.12688/f1000research.15707.2

v2

Page 1 of 17

F1000Research 2019, 7:1649 Last updated: 13 FEB 2019

https://f1000research.com/articles/7-1649/v2
https://f1000research.com/articles/7-1649/v2
https://f1000research.com/articles/7-1649/v2
https://orcid.org/0000-0001-8514-7455
https://orcid.org/0000-0002-6485-9856
https://f1000research.com/gateways/antibody-validation
https://f1000research.com/gateways/antibody-validation
https://f1000research.com/articles/7-1649/v2
https://f1000research.com/articles/7-1649/v1
https://orcid.org/0000-0002-3197-273X
https://orcid.org/0000-0001-8082-1594
https://doi.org/10.12688/f1000research.15707.1
https://doi.org/10.12688/f1000research.15707.2
http://crossmark.crossref.org/dialog/?doi=10.12688/f1000research.15707.2&domain=pdf&date_stamp=2019-02-07


 

 Thierry Galli ( )Corresponding author: thierry.galli@inserm.fr
  : Investigation, Writing – Original Draft Preparation;  : Investigation, Methodology, Validation, Writing – OriginalAuthor roles: Verraes A Cholley B

Draft Preparation;  : Conceptualization, Funding Acquisition, Investigation, Project Administration, Supervision, Writing – Review & Editing; Galli T
: Conceptualization, Formal Analysis, Investigation, Project Administration, Resources, Software, Validation, Writing – Original DraftNola S

Preparation, Writing – Review & Editing
 No competing interests were disclosed.Competing interests:

 Work in our group was funded by grants from Association Française contre les Myopathies (Research Grant 16612), theGrant information:
French National Research Agency (NeuroImmunoSynapse ANR-13-BSV2-0018-02; MetDePaDi ANR-16-CE16-0012), the Ecole des
Neurosciences de Paris (ENP), the Fondation pour la Recherche Médicale (FRM), Prix Coup d’Elan pour la recherche française of the Fondation
Bettencourt Schueller, awards of the Association Robert Debré pour la Recherche Médicale to T.G. 
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

 © 2019 Verraes A  . This is an open access article distributed under the terms of the  , whichCopyright: et al Creative Commons Attribution Licence
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. Data associated with the article
are available under the terms of the   (CC0 1.0 Public domain dedication).Creative Commons Zero "No rights reserved" data waiver

 Verraes A, Cholley B, Galli T and Nola S. How to cite this article: Comparative study of commercially available and homemade
 anti-VAMP7 antibodies using CRISPR/Cas9-depleted HeLa cells and VAMP7 knockout mice [version 2; referees: 2 approved]

 2019,  :1649 ( )F1000Research 7 https://doi.org/10.12688/f1000research.15707.2
 16 Oct 2018,  :1649 ( ) First published: 7 https://doi.org/10.12688/f1000research.15707.1

Page 2 of 17

F1000Research 2019, 7:1649 Last updated: 13 FEB 2019

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://doi.org/10.12688/f1000research.15707.2
https://doi.org/10.12688/f1000research.15707.1


Introduction
Intracellular membrane fusion in the secretory and endocytic 
pathways relies on SNARE proteins (soluble N-ethylmaleimide- 
sensitive factor attachment protein receptors) for membrane 
fusion events. In order to allow apposition and fusion between two 
membranes, vesicular (v)- and target (t)-SNARE form a so-called 
trans-SNARE complex, or SNAREpin. VAMP7 (vesicle associ-
ated membrane protein 7) is a clostridial neurotoxin-insensitive 
v-SNARE that belongs to the “Longin” subfamily (as opposed 
to the short “Brevins”, like VAMPs 1-3): it encompasses an 
amino-terminal extension, the Longin domain, which acts as an 
auto-regulatory domain1. VAMP7 mediates Golgi-derived, late  
endosomal and lysosomal and autophagosomal related membrane 
fusion events2,3 and co-localizes to a large extent with the  
tetraspanin CD634,5. VAMP7 is involved in exocytosis in several cell 
types6, including neurons7, in neurotransmitter basal release8,9 

and specific brain circuits and functions10. VAMP7 exocytosis was 
shown to be regulated by an integrin-, FAK-, and Src-dependent 
mechanism in developing neurons11 and its transport to the cell 
periphery by VARP, Rab21 and Kif57, while retrograde transport 
depends on LRRK112. In non-neuronal cells, VAMP7 secretory 
vesicles release compounds such as ATP13,14 and interleukin-124. 
In addition, VAMP7 regulates trafficking of membrane proteins, 
including the tetraspanin CD8215 and the cold-sensing chan-
nel TRPM816. VAMP7 plays an essential role in cell migration 
and invasion17–19. VAMP7 also contributes to the regulation of 
membrane composition of sphingolipids and GPI-anchored 
proteins20.

At present date, several antibodies against VAMP7 are commer-
cially available. However, not all of them have been extensively 
characterized and many reported studies have been conducted 
using exogenous expression. This is too little information regard-
ing the sensitivity of these antibodies, and may limit their use 
for super-resolution imaging or proximity ligation assay, which 
require detection of endogenous proteins.

In this survey, we took advantage of the genome editing CRISPR/
Cas9 technology to generate VAMP7-knockout (KO) human HeLa 
cells. This genetically modified cell line allowed us to test the 
specificity and background of available commercially or home-
made VAMP7 antibodies. Here we compared four mouse mono-
clonal and four rabbit polyclonal antibodies by western blotting 
and immunofluorescence using standard protocols. We analyzed 
the data using a simple profiling of western blots data to extract 
a specificity index and visually scored immunocytochem-
istry images in order to rank the performance of the tested 
antibodies. We further characterized the best ones by immu-
noprecipitation assays using VAMP7 constructs from different 
origins and wild type or VAMP7 knockout mouse tissues.

Material and methods
Cell culture
HeLa and Cos-7 cells (ATCC CCL-2 and CRL-1651, respectively) 
were maintained at 37°C and 5% CO

2
 in a humidified incubator, 

and grown in Dulbecco’s modified Eagle’s medium (DMEM), 
supplemented with 10% fetal calf serum (FCS), 100 units/ml 
penicillin, and 100 μg/ml streptomycin (Gibco, Thermo Fisher 
Scientific). Cells were regularly split using Trypsin-EDTA to 
maintain exponential growth. Transfection of cells was performed 
using Lipofectamine 2000 according to the manufacturer’s 
instructions. All culture media reagents were from Thermo Fisher 
Scientific.

Generation of VAMP7-depleted cells
Knockout of VAMP7 was achieved using CRISPR RNA-CAS9 
guide constructs based on a previously published protocol21. 
Briefly, sequences for sgRNA were preferentially chosen within 
the first exon region of VAMP7 genomic gene, with the help of 
the “RGEN Cas designer”22 web-based tool (http://rgenome.net/
cas-designer/). To limit off-targets, an oligo sequence with ≤2 puta-
tive mismatches throughout the whole genome or an ‘out of frame’ 
score <66 were excluded. The sgRNA target sequences used are: 
5’-caccgAACAGCAAAAAGAATCGCCA-3’ (forward) and 

            Amendments from Version 1

1.	 �We added the “stock concentration” expressed in mg/ml 
of each antibody in Table 1.
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the band corresponding to VAMP7 out of the total staining. This 
total staining does not merely reflect noise but also includes 
non-specific bands and we still think that the index used is quite 
informative about the Ab quality.
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amended for authors Beatrice Cholley, Thierry Galli and Sebastien 
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5’-aaacTGGCGATTCTTTTTGCTGTTc-3’ (reverse). Oligonu-
cleotides (10 mM) were heated at 95°C for 5 min and annealed 
by ramping down the temperature from 95°C to 25°C at 5°C min-1. 
Annealed primers were ligated into pSpCas9(BB)-2A-Puro 
(PX459) vector (Addgene) using the BbsI sites. After valida-
tion by sequencing, the targeting constructs were transfected 
into HeLa cells following a previously described protocol. An 
empty pSpCas9(BB)-2A-Puro (PX459) vector was used to gen-
erate “control” cells. At 24 h post-transfection, cells were diluted 
1/10 and transfected ones were selected by 1 µg/ml puromycin 
addition for 72 h. The selected populations were then seeded into 
a 96-well plate at 1 cell per well. Clones derived from single cells 
were amplified and screened for deficiency by immunoblotting.

Plasmids
The human and rat GFP-VAMP7 constructs are the same as 
those that have been described previously23. Plasmid containing 
mouse VAMP7 cDNA was a kind gift from Maurizio D’Esposito 
(IGCB, Naples, Italy). Mouse VAMP7 was amplified by PCR 
and cloned into pEGFP-C3 (Clontech) using HindIII / BamHI 
restriction sites.

Mouse colony husbandry and care
The wild-type (WT) and VAMP7 knockout (KO) littermate male 
cohort was established at the Mouse Clinical Institute animal facil-
ity as previously described10. They had a mixed 129/Sv-C57BL/6 
genetic background. They were weaned at 4 weeks and housed 
two to six per M.I.C.E. cage by sex and litter regardless of the 
genotype under standard conditions and maintained in a room 
with controlled temperature (21–22°C) under a 12 h light/dark 
cycle (light on at 7:00 A.M.), with food (standard chow diet, Safe 
D04) and water available ad libitum. All experiments were per-
formed in accordance with the European Communities Council 
Directive regarding the care and use of animals for experimental 
procedures (2010/63/UE) and were approved by the local ethi-
cal committee (CEEA40-Comité d’Ethique Buffon). Mice were 
euthanized by cervical dislocation. All efforts were made to 
ameliorate the suffering of animals and to reduce their number 
per experiment (1 animal cortex per condition for immunoprecipi-
tation experiment).

Cortex isolation
The cortex from WT and VAMP7 KO 8 weeks-old C57bl/6 mice 
were isolated according to a previously published protocol10. Cor-
tex were dissociated by pipette trituration in 500 µl TSE (50 mM 
Tris-HCl, pH 8.0, 150 mM NaCl, 1 mM EDTA) supplemented 
with 1% Triton X-100 and cOmplete protease inhibitor tablets 
(Roche Applied Science) and volume was adjusted in order to get 
~2 mg/ml protein final concentration (considering 10 mg of tis-
sue is equivalent to ~1 mg final protein). Lysis was performed by 
incubation under agitation at 4°C for 30min. After clarification by 
16.000 x g centrifugation for 30 min, protein concentration of 
the supernatant was estimated using Protein Assay Dye Reagent 
Concentrate (Bio-Rad Laboratories) and immunoprecipitation 
was carried out (see below).

Affinity purification
The TG50 (for “Thierry Galli #50”) serum raised against VAMP7 
was generated by Covalab (Villeurbanne, France; animal house 
registration number C21 464 04 EA) using immunization of New 
Zealand white rabbit with GST-VAMP7 (1-188 aa, as previously 
described for TG1124 and TG1825) and then purified by affin-
ity chromatography. Briefly, serum was clarified and de-lipidated 
by high-speed centrifugation (70,000 rpm) and applied on a 6xHis-
VAMP7 (coiled-coil 1-188 aa) covalently cross-linked HITrap-
NHS column (GE Healthcare) overnight at 4°C using a peristaltic 
pump (0.3 ml/min). We washed the column with filtered and 
degassed PBS (20 ml, 1 ml/min). Specific antibodies were eluted 
using 200 mM Glycine/HCl pH 2.2, and collected in tubes 
containing neutralizing buffer (TBS 10X, 1X final). For each 
fraction, protein concentration was quantified by optical density 
(280 nm) measurement.

Immunoblotting
References for all tested antibodies and reagents used for 
immunoblotting are listed in Table 1 and Table 2, respectively. 
Cells were washed in cold phosphate buffered saline (PBS) and 
lysed 20 min in TSE (50mM Tris-HCl, pH 8.0, 150mM NaCl, 
1 mM EDTA) supplemented with 1% Triton X-100 and cOm-
plete protease inhibitor tablets (Roche Applied Science). Lysates 
were clarified by centrifugation 30 min at 16.000 x g, and protein 
concentration was estimated using Protein Assay Dye Reagent 
Concentrate (Bio-Rad Laboratories). Following heat denaturation 
at 95°C during 5 min, proteins were separated by 15% SDS-PAGE 
and transferred to a 0.45-µm nitrocellulose filter (Amersham, GE 
Healthcare) at 40 mA overnight. Membrane was blocked with 
5% low-fat milk in TBS buffer for 20 min at room temperature 
and probed with indicated primary antibodies diluted in 5% 
skimmed milk in TBS-T, overnight at 4°C. Following primary 
antibody incubation, the filter was washed 3× 5 min in TBS-T at 
room temperature, and probed with HRP- or fluorescently-labeled 
secondary antibodies diluted in TBS-T for 1 h at room tem-
perature. The filter was then washed 3× 5 min in TBS-T at room 
temperature. All incubation and washes were performed with gen-
tle rocking. Proteins were detected by enhanced chemilumines-
cence (ThermoFisher Scientific) and imaged using ImageQuant 
LAS-4000 (Fujitsu Life Sciences), or scanned in an Odyssey 
infrared imaging system (Li-Cor).

Immunofluorescence staining
The following immunofluorescence staining protocol was per-
formed, with all steps carried out at room temperature unless 
stated otherwise (see Table 3 for reagent details). HeLa cells were 
washed once in PBS, fixed with 4% paraformaldehyde in PBS 
for 20 min, quenched for 20 min with 50 mM NH

4
Cl in PBS and 

permeabilized by treatment with 0.3% Triton X-100 in PBS for 
4 min. After blocking with 10% FCS + 0.3% Triton in PBS for 
30 min, cells were incubated overnight with the primary antibod-
ies diluted in 3% FCS + 0.3% Triton in PBS at 4°C. After sev-
eral washes with 3% FCS, 0.3% Triton in PBS, cells were then 
incubated with the secondary antibodies in 3% FCS, 0.3% Triton 
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Table 1. Details of primary and secondary antibodies.

Antibody Origin Manufacturer Catalog number RRID Stock concentration 
(mg/ml)

WB 
dilution

IF 
dilution

VAMP7 (D4D5J) Rabbit Cell Signaling 
Technology 14811 Not available 0.247 1:800

VAMP7 (D8Y1R) Rabbit Cell Signaling 
Technology 13876 Not available 0.094 1:200

VAMP7 Rabbit Sigma-Aldrich SAB3500844 Not available 1 1:800 1:200

VAMP7 Rabbit Synaptic Systems 232 003 AB_2212953 1 1:800 1:500

VAMP7 (TG50) Rabbit TG lab (affinity purified) Not relevant Not relevant 1.5 1:800 1:500

VAMP7 (TG50) Rabbit Covalab (Protein A 
purified) pab01031-P Not available Not tested Not 

tested
Not 
tested

VAMP7 Mouse Creative Diagnostics CABT-37960MH AB_2358849 1 1:800 1:200

VAMP7 Mouse R&D Systems MAB6117 AB_10571669 0.5 1:800 1:200

VAMP7 (158.2) Mouse TG lab (original clone) Not relevant Not relevant 1.5 1:800 1:200

VAMP7 (158.2) Mouse Synaptic Systems 
(recloned 158.2) 232 011 AB_2619947 1.5 1:800 1:200

α-tubulin Mouse Sigma-Aldrich T6074 AB_477582 2 1:800 1:200

GFP Rabbit Abcam ab6673 AB_305643 1

GFP Mouse Roche 11814460001 AB_390913 0.4 1:2000

Normal IgG Rabbit Sigma-Aldrich I-5006 AB_1163659 1

Normal IgG Mouse Sigma-Aldrich I-5381 AB_1163670 1

mouse IgG HRP Goat Jackson Immuno 
Research 115-035-008 AB_2313585 0.8 1:10000

rabbit IgG HRP Goat Jackson Immuno 
Research 111-035-008 AB_2337937 0.8 1:10000

mouse IgG IRDye 
800 Donkey Rockland 610-731-124 AB_220145 1 1:5000

rabbit IgG IRDye 
800 Donkey Rockland 611-731-127 AB_220157 1 1:5000

mouse AF 488 Goat Invitrogen A-11029 AB_2534088 2 1:500

rabbit AF 488 Goat Invitrogen A-11034 AB_2576217 2 1:500

Table 2. Details of reagents used for immunoblotting.

Process Reagent Manufacturer Catalog number Concentration/
composition

Sample preparation Sample reducing agent	
LDS Sample Buffer

Invitrogen	
Invitrogen

NP0009	
NP0008

10X	
4X

Protein ladder SeeBlue Plus2 
Prestained standard

Invitrogen LC5925 1X

SDS-PAGE Running Buffer Tris base	
Glycine	
SDS

Euromedex	
Euromedex	
Euromedex

200923-A	
261286405C	
EU0660

25mM	
190mM	
0.1% w/v

Protein blotting membrane 0.45µm nitrocellulose 
transfer membrane

Wash buffer/ diluent for blocking 
and antibody (TBS-T)

Tris base	
NaCl	
Tween-20

Euromedex	
VWR	
Euromedex

200923-A	
27810.295	
EU0660

20 mM	
150 mM	
0.1% w/v

Blocking buffer Milk powder	
TBS-T

5% w/v	
1X

SDS-PAGE Transfer Buffer Tris base	
Glycine	
Ethanol

Euromedex	
Euromedex	
VWR

200923-A	
261286405C	
20824.365

25mM	
190mM	
20% w/v
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in PBS for 1 h, then washed several times in 0.3% Triton in PBS. 
Coverslips were partially dried and mounted in Prolong 
medium (Invitrogen), and then left to set overnight. Fluores-
cence microscopy and imaging were performed using an upright 
epifluorescence microscope (DMRA2, Leica Microsystem) 
equipped with a CMOS camera (Orca Flash 4.0 LT, Hamamatsu) 
and a HCX PL APO 100x/1.40-0.70 oil CS oil-immersion Leica 
objective. Dilution of primary antibodies (Table 1) was formerly 
optimized to get relatively equivalent signal intensity in the WT 
cells for the same microscope settings (time of exposure, binning, 
objective, etc.), allowing direct comparison of signal between  
antibodies.

Immunoprecipitation
Transfected Cos7 cells were washed once in PBS 1X then lysed 
as described in the “immunoblotting” section. Immunoprecipi-
tation experiments were carried out as followed (see Table 4 for 
reagent details). Briefly, 1 mg of protein extract was submitted to 
immunoprecipitation by incubation overnight at 4°C with 2.5 µg of 
antibodies that were pre-coupled with 25 μl magnetic beads (Dyna-
beads M-280, Invitrogen). Beads were then extensively washed 
with TSE-1% Triton and beads resuspended in 2X Laemmli buffer. 
Samples were loaded on 4–12% Bis-Tris NuPAGE (ThermoFisher 
Scientific) or RunBlue SDS (Expedeon) gels with manufacturer- 
recommended electrophoresis buffer, processed for western blot-
ting using HRP-coupled secondary antibodies and enhanced 
chemiluminescence (ThermoFisher Scientific).

For immunoprecipitation of endogenous VAMP7, 1 mg of mouse 
cortex extracts (see “Cortex isolation” section) were submitted 
to immunoprecipitation as for cell extracts, excepted that 5 µg of 
antibodies, 40 μl magnetic beads (Dynabeads M-280, Invitrogen), 
fluorescent secondary antibodies and an Odyssey infrared imaging 
system (LI-COR, Lincoln, Nebraska, USA) were used.

Quantitative analysis and scoring
All quantification analyses was performed using ImageJ (1.49n) 
and data were computed in Microsoft Excel.

For western blotting signal quantification, a 20-pixel-wide straight 
line vertically crossing each lane was drawn to generate an inten-
sity profile (see Figure 1A and B, left panel). Local background 
correction was performed by manually drawing a segmented line 
under the peaks representing the bands detected by western blot-
ting (Figure B, right panel). The VAMP7 band was defined as the  
~25 kDa band that would disappear or diminish in intensity in 
the KO extract compared with the WT extract. Areas under all 
peaks and the VAMP7 one, shown in grey and blue, respectively  
(Figure 1B, right panel), were measured. In order to estimate the 
signal-to-noise ratio of each antibody, taking into account the inten-
sity of the band of interest over the intra-lane non-specific ones 
and the specificity of the signal in the control condition versus 
the KO ones, a so-called “WB specificity index” was calculated  
for each lane of the western blot, using the following equation:

(peak of interest) (peak of interest)

(all peaks) (all peaks)control VAMP7 KO

Area Area
WB specificity index

Area Area

      
   = −
      

For immunocytochemistry, we visually scored the specificity of 
each antibodies based on two features : i) “typical VAMP7 localiza-
tion pattern” which is defined as intracellular punctate membrane 
pattern with perinuclear concentration and peripheral vesicles,  
ii) “loss of signal in KO” which corresponds to clear reduction of 
signal in the KO compared to WT condition, similar to the intensity 
of the “secondary-only” condition. Thus, the best antibodies to be 
used for endogenous staining of VAMP7 in Hela cells were posi-
tively scored (“+”) for each criteria when it was obviously met.

Results
Tools development and description of antibodies tested in 
this study
In order to characterize and compare a set of commercially 
available and homemade (i.e from “Thierry Galli’s lab”, here-
after referred as “TG lab”) anti-VAMP7 antibodies (Table 1), 
we first generated VAMP7 knockout cells, using CRISPR/Cas9  
engineering21, as described in the methods section. HeLa cells 

Table 3. Details of reagents used for immunofluorescence.

Process Reagent Manufacturer Catalog 
number

Concentration/
Composition

Washing PBS Home-made 1x

Fixing Paraformaldehyde Prolabo PRO-28794.295 4% in PBS 1x

Permeabilizing, 
Washing (PBS-T)

PBS	
Triton X100

Home-made	
Merck

9410 1x	
0.3% w/v

Blocking Fetal Bovine Serum (FBS)	
PBS-T

Thermofisher 10270106 10% v/v

Antibody diluent Fetal Bovine Serum (FBS)	
PBS-T

Thermofisher 10270106 3% v/v

Nuclear staining DAPI (4’,6-diamidino-2-
phenylindole)

Invitrogen D3571 0.2µg/ml in PBS

Mounting Prolong antifade Invitrogen P36930 1X
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Table 4. Details of reagents used for immunoprecipitation.

Process Reagent Manufacturer Catalog number Concentration/
Composition

Magnetic Coupling Dynabeads M-280 Sheep anti-mouse IgG	
Dynabeads M-280 Sheep anti-rabbit IgG

Invitrogen	
Invitrogen

11201D	
11203D

10mg/ml	
10mg/ml

Washing (TSE-T) Tris HCl pH8.0	
NaCl	
EDTA	
Triton X100

Sigma	
VWR	
Eurobio	
Merck

T2694	
27810.295	
GAUEDT0064	
9410

50 mM	
150 mM	
1 mM	
1% w/v

Sample preparation Sample reducing agent	
LDS Sample Buffer

Invitrogen	
Invitrogen

NP0009	
NP0008

10X	
4X

Figure 1. Comparative immunoblot analysis of endogenous VAMP7 level of expression in control or CRISPR/Cas9-modified VAMP7-
depleted HeLa cells. (A) Immunoblot performed on lysates from control (Ctrl) and VAMP7 knockout (KO) HeLa cells. An equal amount of 
total protein extracts from each condition was run in replicates. Following transfer on nitrocellulose and blocking, membrane was sliced and 
each piece was probed with indicated anti-VAMP7 antibodies (expected size: ~25 kDa). Time of exposure for each condition is provided. For 
loading control, membrane was washed and incubated with anti-α-tubulin antibody (expected size: ~50 kDa). (B) Example of quantification 
of western blotting signal from (A) (see dotted red line). Intensity profile (right panel) was generated from a 20-pixel-wide straight line (yellow, 
left panel) across each lane. On the intensity profile (right panel), areas corresponding to the VAMP7 signal and the non-specific bands are 
shown in blue and gray, respectively (see Methods section for details). (C) Quantification of each antibody tested by western blotting shown 
in (A). The “specificity index” represents the signal-to-noise ratio of the antibodies, reflecting the intensity of the VAMP7 band amongst the 
overall signal per lane (including non-specific bands) and its specificity in the control condition compared to KO (see Methods section for 
details). AP, affinity purified.
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were chosen as they express VAMP7 endogenously in a detectable 
amount by western blotting and immunocytochemistry15.

Some of the tested antibodies were described in the provider’s 
datasheet to only work for immunofluorescence detection (e.g. 
Cell Signaling, catalogue number 13876, clone D81Y1R) or west-
ern blotting (e.g. Cell Signaling, catalogue number 14811, clone 
D4D5J) and were used accordingly. Our lab generated two anti-
bodies, the mouse monoclonal “158.2”26 and the rabbit polyclonal 
“TG50”, which are commercially available from Synaptic Systems 
and Covalab (TG50 as protein A purified serum), respectively. Only 
the in-house affinity-purified (AP) version of the TG50 antibody 
was included in this study because we wanted an affinity-purified 
serum as best possible positive control.

Characterization of antibodies by western blotting
We compared four monoclonal and four polyclonal rabbit antibod-
ies by western blotting using control or VAMP7-KO HeLa cell 
extracts (Figure 1). We used an anti-tubulin antibody as loading 
control. All antibodies tested in the described conditions (Table 2) 
were sensitive enough to detect a prominent band at the expected 
molecular weight (~25 kDa) in the control condition. This band was 
absent in the VAMP7-KO cell lines in all cases. However, some 
non-specific bands were visible for all the tested antibodies in both 
control and VAMP7-KO cell lysates, particularly with polyclonal 
Synaptic Systems (catalogue number 232 003) and Sigma-Aldrich 
(catalogue number T6074) antibodies. Therefore, all the tested anti-
bodies showed a signal that was specific for VAMP7, but they also 
showed variable background bands. As assessed by intensity pro-
file analysis (Figure 1B) and our western blotting specificity index 
(Figure 1C), the TG lab (TG50) antibody showed the best signal-to-
noise ratio using this Western blotting conditions, which may not be 
surprising, because it had been affinity-purified.

Characterization of antibodies by immunofluorescence
In order to better characterize these antibodies (Table 1), we 
performed immunostaining in control and VAMP7 KO HeLa 
cells. For this assay, the rabbit antibody from Cell Signalling Tech-
nology clone D8Y1R (ref. 13876) was used instead of the D4D5J 
clone (ref. 14811), according to the manufacturer’s recommenda-
tions. To compare the specificity of the antibodies, we adjusted 
their dilution (Table 1) to get relatively equivalent signal inten-
sity in the WT cells with the same acquisition time on the micro-
scope. According to this assay, the mouse antibodies from Creative 
Diagnostics (CABT-37960MH), Synaptic Systems (158.2–232 
011), TG lab (158.2) and the rabbit antibodies Synaptic Systems 
(232 003) and TG lab (TG50) stained perinuclear membrane struc-
tures and vesicles dispersed in the cytoplasm, a typical and already 
described localization pattern for VAMP7 in HeLa cells10,15,27. 
However, in the WT HeLa cells, the R&D Systems (MAB6117) 
antibody gave a homogenous signal, which spread into the 
nucleus, the Cell Signaling (14811) antibody, seemed to also stain 
perinuclear ER-like structures and the Sigma-Aldrich (T6074) anti-
body exhibited a diffuse cytoplasmic pattern with an absence of 
vesicular staining. The majority of the tested antibodies seemed 
to show an overall lower-intensity signal in the VAMP7 KO cells 
compared to control. According to the “secondary-only” condi-
tion that reveals the internal background signal of the experiment 

(Figure 2A, right panel) and the scoring analysis we conducted 
(Figure 2B, see Methods for details), the most reliable antibodies 
to be used for endogenous staining of VAMP7 in Hela cells are 
the Creative Diagnostics (CABT-37960MH), Synaptic Systems 
(232 003) and TG lab (158.2 and TG50) antibodies.

Characterization of antibodies by immunoprecipitation
Taken together, immunoblot and immunofluorescence assays 
suggest that the homemade anti-VAMP7 antibodies (158.2 and 
TG50) showed the best endogenous signal-to-noise ratio in HeLa 
cells. The immunoprecipitation assays were limited to these two 
homemade antibodies as some commercial antibodies are not sup-
plied at a high enough concentration to be conveniently used in 
such experiments. To check the inter-species specificity of these 
antibodies, we carried out immunoprecipitation assays in Cos 
cells overexpressing mouse, rat or human GFP-tagged VAMP7 
constructs (Figure 3A). We used 158.2 and TG50 for immunopre-
cipitation and immunoblot and species-specific IgG and anti-GFP 
antibodies as negative and positive controls for immunoprecipi-
tation, respectively (Table 4). Both 158.2 and TG50 antibodies 
exhibited a sharp ~50 kDa band in all immunoprecipitation lanes, 
demonstrating a relatively equivalent ability to precipitate either 
mouse, rat or human VAMP7, while a very faint signal was 
observed in the negative control IgG IP lanes.

We next wondered whether or not these antibodies could 
immunoprecipitate endogenous VAMP7 from tissue and test back-
ground signal in KO tissue. To this aim, we chose to perform 
immunoprecipitation on lysates from WT or VAMP7 KO mouse 
cortex using the rabbit TG50 antibody because it performed 
the best in previous assays and to observe immunoprecipitated 
VAMP7 with the mouse 158.2 antibody (Figure 3B). Although 
158.2 antibody showed stronger background and multiple bands 
compared to the pattern seen in HeLa cells (Figure 1), a clear 
band at the expected molecular weight (~25 kDa) was present for 
the WT immunoprecipitation condition but not VAMP7 KO, dem-
onstrating the specificity and low background noise of the TG50 
antibody for immunoprecipitation of endogenous VAMP7 in mouse 
tissue extracts. Altogether, we showed here that both 158.2 and 
TG50 antibodies were able to immunoprecipitate VAMP7 from 
different species and that immunoprecipitation of endogenous 
VAMP7 could be performed in mouse tissue extracts using 
TG50 for IP and 158.2 (or TG50, see Dataset 3) for subsequent 
western blotting.

Dataset 1. Raw images of experimental replicates for Figure 1, 
immunoblotting experiments

https://dx.doi.org/10.5256/f1000research.15707.d221360 

This dataset includes uncropped blots for all experimental 
replicates that are represented in Figure 1. Treatments and 
immunoblot methods were performed as outlined in Figure 1. Blots 
were probed with indicated anti-VAMP7 antibodies and anti-α-
tubulin antibodies was used as a loading control. (A) Dataset used 
for Figure 1, with cropped regions in red dashed line. (B) Additional 
set of raw images of a replicate experiment. Quantification as 
performed in Figure 1 is shown in lower panel. Note that although 
signal intensity and background are different within these two 
replicates, the relative performance of the different tested 
antibodies remained the same.
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Figure 2. Comparative immunostaining of VAMP7 endogenous level of expression in control or depleted HeLa cells. (A) Control 
and VAMP7 knockout (KO) HeLa cells were grown on glass coverslips, fixed in paraformaldehyde, blocked and immunostained with the 
indicated mouse or rabbit anti-VAMP7 antibodies (green) and DAPI (blue). KO condition allows the estimation of background signal. Samples 
were imaged with an epifluorescence microscope using a 100X objective. Bars, 25 µm. (B) Table recapitulating visual scoring of indicated 
antibodies used for immunostaining. Antibodies were scored for yielding a “typical VAMP7 localization pattern” (ie intracellular punctate 
membranes pattern with perinuclear concentration and peripheral vesicles) and “loss of signal in KO”. Characters used in the table indicated 
whether the above-mentioned criteria are obviously met (“+”) or not (“-”). AP, affinity purified.
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Figure 3. Comparison of available anti-VAMP7 antibodies for exogenous and endogenous immunoprecipitation. (A) Cos cells 
overexpressing GFP-tagged mouse, rat or human VAMP7 constructs were lysed and VAMP7 was immunoprecipitated using indicated 
specific antibodies (“IP Antibody”). Normal isotype IgG (“IgGM” or “IgGR”) and GFP antibody were used as negative and positive control, 
respectively. Supernatants after immunoprecipitation (SN) and immunoprecipitates (IP) were probed with indicated VAMP7 antibodies (WB 
primary Ab). (B) VAMP7 was immunoprecipitated from wild-type (“WT”) and VAMP7 knock-out (KO) mouse cortex lysates using rabbit anti-
VAMP7 TG50 antibody and detected with mouse anti-VAMP7 158.2. Normal isotype IgG (IgGR) were used as negative control. Inputs (IN), 
supernatants after immunoprecipitation (SN) and immunoprecipitates (IP) were probed with mouse anti-VAMP7 158.2 antibody. *VAMP7 band 
of interest (expected size of GFP-VAMP7 constructs: ~50 kDa). °Absence of band at expected size. ~heavy and light chains of the antibody 
used for immunoprecipitation. AP = affinity purified.
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Dataset 2. Raw images of additional experimental replicates for 
Figure 2, immunofluorescence experiments

http://dx.doi.org/10.5256/f1000research.15707.d234810 

This dataset includes additional images from experimental 
replicates of the images presented in Figure 2. Immunofluorescence 
staining was performed as described for Figure 2. Images were 
taken at 40× objective. Bar, 15µm.

Dataset 3. Raw images of immunoprecipitation experiments for 
Figure 3, immunoprecipitation

http://dx.doi.org/10.5256/f1000research.15707.d234809 

Uncropped data from Figure 3 (A) and replicate (C) for VAMP7 
immunoprecipitation from Cos-7 cell lysate overexpressing GFP-
tagged mouse, rat or human VAMP7 constructs. Uncropped 
immunoblotting data from Figure 3 (B) and replicate (D) for VAMP7 
immunoprecipitation from WT and VAMP7 KO mouse cortex 
extracts. Antibodies used for immunoprecipitation and subsequent 
immunoblotting are indicated. Red dashed lines show GFP-VAMP7 
protein and cropped region, respectively. IN=Input (50 µg in A and 
C, 100 µg in B and D); SN = supernatant after immunoprecipitation; 
IP = immunoprecipitate; * = GFP-VAMP7; ° = Absence of band at 
GFP-VAMP7 size (~50 kDa); ~: immunoglobulins.

Discussion
In this antibody survey, we used genome-edited VAMP7 KO 
HeLa cells to compare several commercially available and home-
made antibodies using standard methods for western blotting and 
immunocytochemistry. Using optimal staining protocol for each 
commercially available antibody might have been an excellent 
option to compare antibodies, although i) not all antibodies datash-
eet clearly detail the best conditions to use which would have led 
to very time-consuming round of optimizations, ii) except for 
the HeLa cells that would have been similar between conditions, 
every other parameters would have been different, a situation which 
we found more likely to lead to questionable conclusions regard-
ing our comparative study of antibodies. In addition, as mentioned 
in Table 1, some antibodies are delivered at low concentrations 
thus an optimization testing of a wide range of conditions would 
be very costly for any end-user. Apart from poor reactivity/ 
quality, high background observed in western blotting or non- 
specific signal of some tested antibodies in IF could be due to 
non-fully optimized technical procedures. For example, different 
blocking agent could be used, such as bovine serum albumin for 
immunoblot or immunofluorescence assays, or cells could have 
been fixed differently (methanol, glutaraldehyde). We also can-
not totally exclude some batch effect for the poor signal observed 
with some commercial antibodies. Furthermore, we voluntarily 
restricted this survey to the VAMP7-depleted HeLa cell line gener-
ated in this study and tissues from KO mice. We chose to evaluate 
the background signal of these antibodies in KO cells, criteria of 
choice that is both crucial for any assay and not always convinc-
ingly characterized. Conducting the same study in a different cell 
type or species might have led to different conclusions regarding 
background and specificity. Although it might have reduced the 
overall background, particularly in the VAMP7 KO immunofluo-
rescence conditions, we chose to use epifluorescence microscopy 
rather than confocal imaging in order to give a global overview 
of the signal obtained with these antibodies and because many 
studies still largely rely on wide field microscopy. With these words 

of caution and limitations, we conclude that 158.2 and TG50 
antibodies appeared as the best performers in our assays.

The datasheet provided with the Synaptic Systems (158.2–232 011) 
antibody indicates that it is specific for rat and mouse. Here we 
provide evidence that it is also able to specifically recognize 
VAMP7 in human HeLa cells, both in immunoblot and immun-
ofluorescence assays. This is in good agreement with the fact 
that human, rat and mouse VAMP7 protein sequences share more 
than 94% identity (alignment with www.uniprot.org website). 
MAb 158.2 also immunoprecipitated mouse, rat and human 
GFP-tagged VAMP7 (Figure 3A). Altogether, 158.2 and TG50 
thus appeared as suitable antibodies in all species and for all 
applications. However, 158.2 antibody may not be very sensitive, 
as it did not allow for the endogenous detection of low amounts 
of the protein, particularly in tissues (Figure 3) while TG50 per-
formed slightly better (Dataset 3). More generally, further compar-
ative study should be conducted to formally assess the efficiency 
of this set of antibodies in non-human cell lines or tissues, par-
ticularly in immunocytochemistry. However, immunoprecipita-
tion using TG50 (protein A purified serum available from Covalab, 
ref. pab01031-P) and 158.2 or TG50 (Dataset 3) detection 
appeared as a valid strategy for specific isolation of the endogenous 
VAMP7.

Finally, we proposed here an easy profile comparison of WT 
and KO western blotting signals and visual scoring criteria for 
immunocytochemistry staining in order to rank the quality of 
antibodies directed against membrane-associated proteins as a 
decision-making tool for more complex studies.

Data availability
Dataset 1. Raw images of experimental replicates for Figure 1, 
immunoblotting experiments. This dataset includes uncropped 
blots for all experimental replicates that are represented in  
Figure 1. Treatments and immunoblot methods were performed as 
outlined in Figure 1. Blots were probed with indicated anti-VAMP7 
antibodies and anti-α-tubulin antibodies was used as a loading 
control. (A) Dataset used for Figure 1, with cropped regions in 
red dashed line. (B) Additional set of raw images of a replicate 
experiment. Quantification as performed in Figure 1 is shown in 
lower panel. Note that although signal intensity and background 
are different within these two replicates, the relative performance 
of the different tested antibodies remained the same. DOI: http://
doi.org/10.5256/f1000research.15707.d22136028.

Dataset 2. Raw images of additional experimental replicates 
for Figure 2, immunofluorescence experiments. This dataset 
includes additional images from experimental replicates of the 
images presented in Figure 2. Immunofluorescence staining was 
performed as described for Figure 2. Images were taken at 40× 
objective. Bar, 15µm. DOI: http://dx.doi.org/10.5256/
f1000research.15707.d23481029.

Dataset 3. Raw images of immunoprecipitation experiments 
for Figure 3, immunoprecipitation. Uncropped data from 
Figure 3 (A) and replicate (C) for VAMP7 immunoprecipitation 
from Cos-7 cell lysate overexpressing GFP-tagged mouse, rat or 
human VAMP7 constructs. Uncropped immunoblotting data from 
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Figure 3 (B) and replicate (D) for VAMP7 immunoprecipita-
tion from WT and VAMP7 KO mouse cortex extracts. Antibodies 
used for immunoprecipitation and subsequent immunoblotting 
are indicated. Red dashed lines show GFP-VAMP7 protein and 
cropped region, respectively. IN=Input (50 µg in A and C, 100 µg 
in B and D); SN = supernatant after immunoprecipitation; 
IP = immunoprecipitate; * = GFP-VAMP7; ° = Absence of band 
at GFP-VAMP7 size (~50 kDa); ~: immunoglobulins. DOI: http://
dx.doi.org/10.5256/f1000research.15707.d23480930.
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The amended version addresses the points raised in my previous review. It was nice to see that the TG50
antibody was able to detect the endogenous VAMP7 protein by Western Blotting, suggesting that it is
indeed more sensitive than 158.2.

 No competing interests were disclosed.Competing Interests:

I have read this submission. I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.
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This study assessed the performance of four monoclonal and four polyclonal antibodies to VAMP7. Six
commercially available antibodies, and two antibodies generated by the researchers, were compared by
Western blot, immunocytochemistry and immunoprecipitation. Lysates from HeLa and HeLa-VAMP7
knockout cells, and extracts from wildtype and VAMP7 knockout mouse brain tissue were used to
examine specificity and background of the antibodies. The findings indicate some of the antibodies
outperform comparators in blotting, immunocytochemistry, with reduced background and higher
specificity, and perform well in immunoprecipitations. This work offers careful characterization of VAMP7
antibodies for use by other researchers in making decisions about antibody use for analytical studies of
this protein.

The study is well conceived and executed. The approaches used are suitable, and the description of work

is adequately detailed. Data are clearly presented, and for the most part conclusions are reasonable.
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1.  

2.  

3.  

is adequately detailed. Data are clearly presented, and for the most part conclusions are reasonable.

There are a few points that should be addressed to strengthen the study:
For the Western blot analyses, the antibody concentrations used (ug/ml) should be provided to
allow more accurate comparison of antibody performance.
 
In the IF specificity index graph (Fig. 2C), it appears that the authors only measured the intensity
profile in one cell for each antibody. These results would be more convincing if the intensity profiles
of multiple cells were shown, as there can be variations in staining patterns that can arise from
different cell morphologies, etc.
 
It is not clear why some of the antibodies, which performed reasonably well in Western blot and
immunocytochemistry (Creative Diagnostics, Synaptic Systems), were not analysed in
immunoprecipitations. An explanation for this, or information on their performance in this regard,
would be useful.

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Are sufficient details of materials, methods and analysis provided to allow replication by others?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

 No competing interests were disclosed.Competing Interests:

We have read this submission. We believe that we have an appropriate level of expertise to
confirm that it is of an acceptable scientific standard.
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   Alison H. Banham
Nuffield Division of Clinical Laboratory Sciences, Radcliffe Department of Medicine, John Radcliffe
Hospital, University of Oxford, Oxford, UK

This study has compared the specificity of a panel of antibodies against VAMP7, a member of the SNARE
protein family. Using CRISPR/Cas9 to create a HeLa-VAMP7 knockout cell line together with knockout
mouse tissues the authors effectively demonstrate that the panel of antibodies are able to recognise the
endogenous VAMP7 protein, the majority performing effectively in both WB and IF. Image analysis was
performed to profile the signal-to-noise index in both techniques. While this does provide quantitative data
with which to prioritise the antibodies, I reached the same conclusions without needing the profiling data.
This approach may indeed have utility in other projects but perhaps consideration should be given to
incorporating a measure for antibody sensitivity. Antibodies with similar specificity and different levels of
sensitivity may have a similar specificity index score but may not be equally useful. Two antibodies were
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incorporating a measure for antibody sensitivity. Antibodies with similar specificity and different levels of
sensitivity may have a similar specificity index score but may not be equally useful. Two antibodies were
also validated for their ability to IP recombinant orthologous VAMP7 proteins and one for IP of the
endogenous protein. This is a useful comparative study that will be of interest to other researchers
sourcing antibodies to further characterise this molecule.
 
Comments:
 
1) P3: For clarity I would suggest rephrasing ‘Invalidation’ of VAMP7 as inactivation, knockout or deletion.
 
2) P5 and P9 bottom left column: Readers are referred to Table 3 for dilutions of primary antibodies yet
this information seems to be provided in Table 1.
 
3) While the image analysis provides quantitative information, the best antibodies identified using this
approach were also easily identifiable by looking at the WB and IF images presented. With regard to the
WB data in Figure 1, if just using the WB specificity index then there potentially appeared to be relatively
little to choose between the two best antibodies. However, by eye, TG50 appears to have much greater
sensitivity for VAMP7 detection, yet this distinction is not conveyed by a score which focuses on
signal-to-noise.
 
4) In Figure 2 – there is clearly significant heterogeneity in the distribution of VAMP7 both within and
between individual HeLa cells. It is not clear from the methods whether data from individual cells or a
large number were used to generate the IF specificity index and this information should be provided. The
data would be more robust if multiple cells were sampled.
 
5) Figure 2 indicates Cell Signaling 14811 performed poorly, however on the supplier’s site this antibody
(D4D5J) is not recommended for IF and it is clearly stated by the authors in the results that an alternative
(D8Y1R) was used. This might just be an error in labelling on the figure? However, the text describing
these IF data also refers to the antibody being used as 14811 (which is D4D5J). This needs to be clarified
and it would be helpful within the manuscript and figures to consistently refer to either the clone names or
the catalogue number when describing an antibody.
 
6) In the discussion the authors correctly comment that not using individually optimised conditions for
each antibody in IF may disadvantage some of the reagents. I think it would have been more helpful to
other researchers wanting to know which antibody works best for IF to be able to compare images
obtained using an optimal staining protocol, such as that determined by each manufacturer. 
 
7) In the discussion the authors comment on the sensitivity of 158.2 being insufficient to detect low levels
of the endogenous VAMP7 protein by WB. When TG50 seemed to be more sensitive in WB analysis then
it would perhaps have been the more obvious choice for the WB detection antibody. This point could be
added to the discussion.
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