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31
32  ABSTRACT:
33  The purpose of the presented protocols is to determine the domain of Au(lll) binding in BSA. The
34  BSA-Au(lll) compound exhibits ultraviolet (UV)-excitable red luminescence (Aem = 640 nm), with
35 unusual Stokes shifts compared to the innate UV/blue fluorescence arising from the aromatic
36  residues. Red-luminescent complexes are formed in highly alkaline conditions above pH 10 and
37 require a conformation change within the protein to occur. In addition, preservation of Cys-Cys
38 disulfide bonds in BSA is necessary to obtain this red luminescence. In order to understand the
39  mechanism of this luminescence, elucidation of the luminophore-forming Au(lll) binding site is
40 essential. A facile way to assess the luminophore-forming site would be to (1) predictably
41  fragment the protein by enzymatic digestion, (2) react the obtained fragments with Au(lll), then
42  (3) perform gel electrophoresis to observe the well-separated fragment bands and analyze the
43  in-gel red luminescence. However, due to the alkaline conditions and the reaction with metal
44  cations, new limited proteolysis techniques and gel electrophoresis conditions must be applied.
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Particularly, the presence of metal cations in gel electrophoresis can make the band separations
technically difficult. We describe this new protocol in steps to identify the red-luminophore-
forming metal binding domain in BSA. This protocol can thus be applied for analyzing protein
fragments that must remain in a non-denatured or a partially denatured state, in the presence
of metal cations. Because the majority of proteins need metal cations to function, analyses of
metal-bound proteins are often desired, which have relied on x-ray crystallography in the
literature. This method, on the other hand, could be used in supplement to study the interactions
of proteins with metal cations without requiring the protein crystallization and at a desired pH
condition.

INTRODUCTION:

Bovine serum albumin®3 (BSA)—gold (Au) complexes, obtained by reactions in highly alkaline
conditions (pH > 10), are known to exhibit UV-excitable red luminescence (Aem = 640 nm)*”.
Numerous applications of this compound has been proposed and investigated, including
sensing, 1% imaging'*!3, and nanomedicine'*1¢. However, the mechanism of the luminescence is
not fully understood. Identifying the location of Au(lll) binding and the luminophore formation in
BSA is an important step.

It has been recently elucidated that pH-controlled dynamic conformation change of BSA,
followed by a Au(lll) binding to a Cys-Cys disulfide bond, is necessary for yielding the red
luminescence®. In order to gain further insights into the mechanism of this luminescence,
elucidation of the luminophore-forming Au(lll) binding site is essential. A facile way to assess the
luminophore-forming site is to fragment the BSA-Au compound by enzymatic digestion, and to
analyze each fragment for the luminescence. However, due to the alkaline conditions and the
presence of metal cations, new proteolysis and gel electrophoresis protocols are needed.

We employed limited enzymatic proteolysis as the method of protein fragment preparations,
while preserving the Cys-Cys disulfide bonds. In the conventional proteolysis, cleaving of all
disulfide bonds and linearization of a protein (by denaturing agents such as dithiothreitol and
urea, as well as heat) is necessary. Herein, we demonstrate a Cys-Cys bond-preserving proteolysis
and evaluate the obtained fragments and their luminescence after the reaction with Au(lll). We
use trypsin for the digestive enzyme, as a concrete example.

The protocol generally describes the gel electrophoresis of proteins and fragments in the
presence of metal cations. Because the majority of proteins need metal cations to function?’18,
analyses of metal-bound proteins are often desired, which have relied on x-ray crystallography
in the literature. Structures of BSA, and their fragments, are not known for non-neutral pH
conformations including at pH > 10. Therefore, the structural details of the Au(lll) coordination
cannot be analyzed by gel electrophoresis alone. This method, on the other hand, could be used
in supplement to study the interactions of proteins with metal cations without requiring the
protein crystallization, which may not be possible at a desired functional pH condition. The
presence of metal cations can cause significant “smearing” of the gel bands. The focus of this
paper is to overcome this technical difficulty and to present a protocol to minimize the metal-
induced band smearing.
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PROTOCOL:
1. Synthesis of BSA-Au complex fragments

1.1. Dissolve 5 mg of BSA in 1 mL of HPLC water containing 50 mM Tris-HCl and 50 mM NacCl
with a pH of 8.0 in a 5 mL vial.

1.2. Dissolve 2 mg of trypsin in 1 mL of a freshly prepared solution of HPLC water containing
50 mM Tris-HCl and 50 mM NaCl with a pH of 8.0.

1.3.  Place the reaction vial of BSA in a 37 °C water bath and stir vigorously at 750 rpm using a
magnetic stirrer.

1.4. Immediately after stirring begins, add 50 uL of the freshly prepared trypsin to the solution.
NOTE: No sodium dodecyl sulfate (SDS), dithiothreitol (DDT), or urea should be added to the
solution, as opposed to the conventional enzyme digestion reactions. Also, no temperature
annealing should be performed. Due to this limited proteolysis, Cys-Cys disulfide bonds will be

kept intact and only surface accessible random coil segments will be cleaved by the enzyme.

1.5.  Dissolve Au(lll) chloride (chloroauric acid) in 1 mL of HPLC grade water to a concentration
of 750 uM.

1.6. Into the reaction vial, add the chloroauric acid solution for a resulting BSA:Au molar ratio
of 1:10.

1.7.  Stir the mixture for 2 minutes at 37 °C and at 750 rpm using a magnetic stirrer.
1.8. Add 100 pL of 1 M NaOH to the reaction vial to achieve a pH of 12.5.

NOTE: The high alkaline conditions of the reaction should induce the formation of the red
luminescent complex and quench the enzymatic activity of trypsin.

1.9.  Stir the mixture vigorously at 750 rpm for 2 hours at 37 °C.
NOTE: The final product was used immediately without further purification.
2. Gel electrophoresis of BSA-Au complex fragments by limited proteolysis

2.1. Rinse a pre-cast 4-12% gradient Bis-Tris gel using deionized water and place in a gel
electrophoresis tank.
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2.2.  Prepare 500 mL of MES running buffer solution from a concentrated stock solution,
diluting with deionized water.

2.3.  Prepare for each well lane by diluting samples to 1 pg of protein/uL in a 20% glycerol
solution. This dilution brings the pH from 12.5 to ~8.

NOTE: No SDS, DTT, or urea is used in the sample buffer. Additionally, temperature annealing of
samples should not be performed.

2.4.  Add 10 pL of each sample solution to each lane of the gel.
2.5.  Runthe gel for 1 hour at a constant voltage of 150 V.

2.6.  After running the gel, remove the gel from the cast and rinse 3 times for 1 minute each
using deionized water to remove running buffer.

2.7. Store the gel in 200 mL of deionized water and immediately measure the in-gel
fluorescence, using a gel imaging system.

2.8.  Prepare a fresh staining solution containing 200 mg of Coomassie Brilliant Blue in 200 mL
of the following solution: methanol, acetic acid, and water at a volume ratio of 50:10:40.

2.9.  Wash the gel in 200 mL of staining solution for 30 minutes using gentle rocking.

2.10. Prepare a fresh de-staining solution by mixing methanol, acetic acid, and water at a
volume ratio of methanol:acetic acid:water = 50:10:40.

2.11. Wash the gel in 100 mL of de-staining solution for 1 hour using gentle stirring.

2.12. Repeat the above procedure 4 times and finally store the fixed gel deionized water at
room temperature.

3. Analysis of BSA-Au complex fragments by limited proteolysis

3.1. Examine the amino acid sequence of BSA and prepare a table of expected fragments that
can be obtained by enzymatic digestion, assuming Cys-Cys bond preservation (limited
proteolysis). In the case of trypsin digestion (Table 1), cut locations are C-terminus of Lys and Arg,
except followed by Pro. Account for the small errors in fragment molecular weights, arising from
the ambiguity in tryptic cut locations.

NOTE: Analyzing the amino acid sequence of BSA, the expected limited tryptic fragments
obtained from this step are: [A] (7.3 kDa, residues 1 — 64); [B] (5.9 kDa, residues 65 — 114); [C]
(20.1 ~ 22.4 kDa, residues 115/117 — 294/312); [D] (21.3 ~ 23.4 kDa, residues 295/313 — 499);
and [E] (9.5 kDa, residues 500 — 583). Ambiguity in tryptic cut locations result from segments
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outside the Cys-connected units. For BSA, the residues 107 — 114 (0.9 kDa) and residues 295 —
312 (2.1 kDa) can appear as the N-or C-terminus part of a Cys-Cys bond-connected fragment.

3.2. Identify location(s) of surface-exposed Cys in these expected fragments. For trypsin-
digested BSA, the only surface-exposed Cys34 is in fragment [A].

3.3.  Prepare the list of molecular weights observed as gel electrophoresis bands, below ~66
kDa (molecular weight of BSA).

NOTE: For trypsin digestion, the observed gel electrophoresis bands are: Band(1) = undigested
BSA; Band(2) ~50 kDa; Band(3) ~44 kDa; Band(4) ~42 kDa; Band(5) ~36 kDa; Band(6) ~32 kDa;
Band(7) ~26 kDa; Band(8) ~21 kDa; Band(9) ~15 kDa; Band(10) ~12 kDa; Band(11) ~10 kDa; and
Band(12) ~8 kDa.

3.4. Reconstruct the list of the observed molecular weights in the gel, by the sequential
additions of the expected BSA fragments. For trypsin, fragment [A] can form [A]-[A] dimer
through the surface-exposed Cys residue.

REPRESENTATIVE RESULTS:

The observed twelve gel bands were uniquely reconstructed from the five expected BSA
fragments [A] — [E] (Figure 1). The results were consistent with the literature, in which the
secondary structures including a-helices and B-strands are preserved®®-?3. Band(1) = [ABCDE]
(undigested); Band(2) = [ABCD] (connected fragments); Band(3) = [BCD]; Band(4) = [CD]; Band(5)
= [A]+[ABC]; Band(6) = [ABC]; Band(7) = [BC]; Band(8) = [D]; Band(9) = [A]+[A]; Band(10) = [AB];
Band(11) = [E]; Band(12) = [A] (Figure 2a). Band(5) and Band(9) contain dimerized fragment [A],
which are justified by the surface-exposed Cys342. Bands above the molecular weight of BSA ~66
kDa can be excluded from further analyses of BSA fragments.

Smearing of the gel bands was observed in the presence of Au(lll). We attribute this smearing to
the interaction of the surface-bound Au(lll)> with the gel matrix?#2>, This smearing can be
minimized, when the protocol is followed. Out of the twelve gel bands of BSA-trypsin, nine bands
were observed as [BSA-trypsin]-Au (Figure 2b). Multimer bands (above ~66 kDa) were
pronounced, due to aggregation caused by surface-bound Au(ll1)2.

Five bands exhibited the in-gel red luminescence (Figure 2c). These bands were Band(1) =
[ABCDE] (undigested BSA); Band(2) = [ABCD]; Band(3) = [BCD]; Band(6) = [ABC]; Band(7) = [BC].
Luminescence was absent in Band(8) = [D], Band(9) = [A]+ [A], Band(10) = [AB], and Band(12) =
[A] (Figure 2d). This in-gel luminescence band pattern can be explained by the presence of a red
luminophore in the tryptic fragment [C] (residues 115/117 — 294/312).

The gel band smearing was exacerbated with extended digestion times, in the presence of Au(lll).
The smearing was minimized when the protocol described above was used. Examples of non-
optimized gel electrophoresis are described in Figures 3-6, to demonstrate the factors affecting
the limited tryptic proteolysis and the gel electrophoresis in the presence of metal cations.
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FIGURE AND TABLE LEGENDS:

Figure 1. List of Cys-Cys bond-preserving bands of BSA by limited tryptic proteolysis. Tryptic
cleaving in the random coil regions can result in 15 (#i—xv) fragments, but Cys-Cys bonds connect
the sequences as indicated. This table has been modified from Dixon et al.®.

Figure 2. Gel-electrophoresis of the tryptic fragments of BSA obtained by the limited
proteolysis. (a) A total of twelve bands were observed in gel-electrophoresis of BSA by the limited
tryptic proteolysis. (b) Tryptic BSA fragments reacted with Au(lll). (c) In-gel luminescence of (b).
(d) Drawing of the observed in-gel bands. In-gel red luminescence was observed with Band(1) =
undigested BSA, Band(2) = [ABCD], Band(3) = [BCD], Band(6) = [ABC], and Band(7) = [BC]
(indicated by 7).

Figure 3. Optimizing the time of reaction with Au. (A) BSA; (B) BSA-Au (reacted for 2 h); (C) BSA-
Au (reacted for 1 h); (D) BSA-Au (reacted for 30 min); (E) BSA-Au (reacted for 5 min). The red
luminescence of BSA-Au complexes required at least 30 min at 37 °C, and luminescence was most
intense in the gel after reaction for 2 hours. However, the longer reaction time led to more
smearing in the gel electrophoresis bands. In order to maximize the luminescence intensity and
to minimize the smearing, the optimum reaction time was chosen to be 2 hours.

Figure 4. Optimizing the timings of the addition of trypsin for digestion, and Au for reaction.
The reaction time with Au was explored in the range of 2 to 24 h. (A) BSA; (B) [BSA-trypsin]-Au
(after 2 h); (C) [BSA-trypsin]-Au (after 4 h); (D) [BSA-trypsin]-Au (after 8 h); (E) [BSA-trypsin]-Au
(after 24 h). Longer reaction time resulted in more smearing of the gel bands.

Figure 5. Effects of metal cations and the gel band smearing. The smearing of the gel bands by
the additions of and reactions with Au(lll) were similarly observed with Cu(ll) and Ni(ll). (A) BSA;
(B) BSA-Au; (C) [BSA-trypsin]-Au (2-hour digestion); (D) [BSA-trypsin]-Au (overnight digestion); (E)
[BSA-trypsin]-Cu (2-hour digestion); (F) [BSA-trypsin]-Cu (overnight digestion); (G) [BSA-trypsin]-
Ni (2-hour digestion); (H) [BSA-trypsin]-Ni (overnight digestion). The red luminescence was not
observed upon reactions with Cu(lll) or Ni(ll).

Figure 6. Effects of pH and the order of the additions of trypsin and Au. The fragmented
compounds were prepared by reacting Au with digested BSA ([BSA-trypsin]-Au), or by digesting
the pre-formed BSA-Au ([BSA-Au]-trypsin), and then run in gel as is or after adjusting the pH to 7
in sample buffer. (A) BSA; (B) BSA-Au (as is); (C) BSA-Au (pH=7); (D) BSA-trypsin; (E) [BSA-trypsin]-
Au (as is); (F) [BSA-Au]-trypsin (as is); (G) [BSA-trypsin]-Au (pH=7); (H) [BSA-Au]-trypsin (pH=7).
The presence of the red luminescence was not affected by the order of the additions of trypsin
and Au, however the smearing of the gel bands was more pronounced for [BSA-Au]-trypsin. The
adjustment of pH to neutral in the sample buffer did not significantly improve the gel band
smearing, however increased the aggregation of fragments as indicated by the gel bands above
~66 kDa.

DISCUSSION:
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The purpose of the present protocol was to identify the red-luminophore-forming domain in BSA-
Au complexes. We employed limited tryptic proteolysis to obtain the BSA fragments, while
preserving the Cys-Cys bonds that are necessary to produce the red luminescence. We optimized
the conditions for proteolysis and electrophoresis in the presence of Au(lll). The same principles
can be broadly applied to the gel analyses of fragmented proteins in the presence of metal
cations.

We performed multiple optimizations to enable the analysis of BSA-Au fragments and their in-
gel luminescence. The red luminescence of BSA-Au complexes and [BSA-trypsin]-Au fragments
required at least 30 min of reaction time at 37 °C to be observable in gels, and luminescence was
most intense in the gel after reaction for 2 hours (Figure 3, Figure 4). However, the longer
reaction time led to more smearing in the gel electrophoresis bands. In order to maximize the
luminescence intensity and to minimize the smearing, the optimum reaction time was chosen to
be 2 hours.

The presence of metal cations appears to be the major cause of the gel band smearing. The
smearing of the gel bands were observed by the additions of and reactions with Au(lll), as well
as with Cu(I1)?*#?> and Ni(ll) (Figure 5). We also assessed the effects of the order of the addition
of trypsin and Au, and the sample loading buffer pH (Figure 6). We observed the in-gel red
luminescence regardless of the order of the additions of trypsin and Au. However, smearing of
the gel bands was suppressed for [BSA-trypsin]-Au, namely by digesting BSA first and then
reacting the obtained fragments with Au. The adjustment of pH to neutral in the sample loading
buffer for the gel electrophoresis did not significantly improve the gel band smearing, rather, it
increased the aggregation of fragments as indicated the gel bands above the molecular weight
of 66.4 kDa. Other important factors that we note to optimize the gel-band analysis are the ratio
of BSA:Au (maximum intensity was obtained for the ratio of 1:25°, but we optimized it to 1:10 to
minimize the metal cation-induced gel smearing, while maximizing the red luminescence
intensity) and the gel loading (10 pg of protein per lane, to maximize the in-gel band
luminescence intensity while avoiding the overloading). For gel-based proteomics, a further
improvement in the smearing may be necessary.

The majority of proteins need metal cations to function, and at a particular physiological pH. For
a complete understanding of these proteins, x-ray crystallography is ultimately required for the
structural analyses and the identification of metal coordination. However, protein crystallization
is often difficult and is not always possible at desired (physiologically functional) pH. Taking the
experiments presented herein as an example, the structures of BSA, and their fragments, are not
known for the non-neutral pH conformation that is required to produce the red luminescence.
Yet we were able to obtain critical functional information of the metal-bound BSA fragments at
the desired pH. This method could therefore be used in supplement to study the interactions of
proteins with metal cations in a facile manner without requiring the protein crystallization.

Molecular cloning can be technically difficult in some cases, due to low solubility of the product
fragment or low expression in E. coli, and is usually time-consuming®. The facile method based
on the limited proteolysis presented here can complement the molecular cloning approach.
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Table of Materials

Name of Material/ Equipment
Ammonium bicarbonate, 99.5%

Azure Biosystems C400 gel imaging system
Bovine Serum Albumin (BSA), 96%
Glycerol, >99.0%

gold (Ill) chloride trihydrate, 99.9%
NuPAGE 4-12% Bis-Tris Mini Protein Gel
NuPAGE MES Running Buffer (20X)
Sodium Chloride (NaCl), >99.5%

Sodium hydroxide, >98.0%

Tris Hydrochloride (Tris-HCl)

Trypsin from Bovine Pancreas (>10,000 BAEE units/mg)

Click here to access/download;Table of Materials;Dixon-Egusa JOVE revision

2020_1012 Materials Table.xls

Company
Sigma-Aldrich

Azure Biosystems

Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Thermo Fisher
Thermo Fisher
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich

Catalog Number

9830

C400
A5611
G5516
520918
NP0321BOX
NP0O002
S7653
S8045
10812846001
T1426
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‘ THE UNIVERSITY gesnct;rnfger Biomedical Engineering
\\ ‘, of NORTH CAROLINA Department of Physics and
N y 4 at CHARLOTTE Optical Science
THE CENTER FOR BIOMEDICAL ENGINEERING AND SCIENCE 9201 University City Blvd.
Charlotte, NC 28223

October 15, 2020

Dr. Nam Nguyen, Manager of Review
Journal of Visualized Experiments

Dear Dr. Nguyen:

We thank you and the reviewers for the critical reading and comments. With the revisions below,
I hope the manuscript is ready for publication.

Response to Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. Please define all abbreviations at first use.

We checked for typos.

2. Please rename Short Abstract as Summary, and rephrase the Summary to clearly describe the
protocol and its applications in complete sentences between 10-50 words: “Here, we present a
protocol to ...”

We used Summary as the heading, and followed your instructions.

3. For in-text formatting, corresponding reference numbers should appear as numbered
superscripts after the appropriate statement(s), but before punctuation.

We corrected the locations of reference numbers in text.

4. 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.
For example: NuPAGE, Azure Biosystems C400,

We removed the product names from the text, and modified the Materials Table
accordingly.

5. 3.1: as the disulfide bonds are still intact, do you use any specific method to list expected
fragments by taking into account 3D conformation?
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We added a description: “Examine the amino acid sequence of BSA and...”

6. Lines 201-203: as smearing of the gel bands was observed even with your protocol, please
comment (as you have done in lines 213-214) what might have happened and how to resolve this
smearing.

We modified the description: “The gel band smearing was exacerbated with extended

digestion times, in the presence of Au(Ill). The smearing was minimized when the protocol
described above was used.”
7. Please obtain explicit copyright permission to reuse any figures from a previous publication.
Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial
policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial
Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure
has been modified from [citation].” [citation] could be just Dixon et al.#.

We attached the copyright permission from ACS. The figure legend was corrected.

8. Representative Results: lines 273-275: did you try an intermediate duration, e.g. 1 hour and lines
283-284: did you try adjusting to higher pH just before gel electrophoresis?

We believe the data presented are sufficient to describe the optimized conditions.
9. As we are a methods journal, please add limitations of the technique to the Discussion.

Thank you for this comment. We added the limitations of this technique: “For gel-based
proteomics, a further improvement in the smearing may be necessary.”

10. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.L.,
LastName, F.I. Article Title. Source. Volume (Issue), FirstPage — LastPage (YEAR).] For more
than 6 authors, list only the first author then et al. Please do not abbreviate journal names.

We corrected and used the specified reference style.
11. Figure 1 looks like a table. Please rename it as Table 1 and refer to it that way.

We renamed and referred to it as Table 1.

12. Please sort the Materials Table alphabetically by the name of the material.

We corrected the Materials Table.

Reviewer #1:
In this video protocol, Egusa et al. reported the method to identify the Au(Ill) binding domain in



serum albumins. Based on their recent papers (JPC Lett. 2020 etc.), they describe the detailed
protocol on how to determine the red luminophore-forming domain in serum albumin-gold
complexes using proteolysis. This red luminophore is the origin of metal clusters, although the
mechanisms of the luminescence of the cluster are not fully understood. Therefore, this study is
one of the important studies to clarify the origin of cluster formation as well as the basics of
metal binding to protein. However, the current introduction is relatively narrow and specialized,
and the protocol is of interest to the limited scientists. This reviewer recommends revising the
introduction to strengthen the importance of the study, such as metal binding to proteins and
cluster formation.

We thank the reviewer for the careful reading and positive evaluation. Following the
reviewer’s suggestion, we added in introduction to strengthen the rationale of this protocol:
“Identifying the location of Au(III) binding and the luminophore formation in BSA is an
important step.”

Reviewer #2:

Manuscript Summary:

The manuscript describes an experimental protocol suitable for the controlled digestions of of
proteins while preserving disulfide bonds as well as a protocol to minimize band smearing during
gel electrophoresis in the presence of protein bound metal ions. These protocols facilitate the
identification of the metal binding domains of the protein, which can be the interest in the case of
many metal ion containing enzymes. The methods are demonstrated on the BSA/Au(IIl) system,
which have a peculiar red fluorescence. The protocols are described clearly in details, which
allows the readers to easily reproduce the presented methods. I recommend the publication of the
manuscript as it.

Major Concerns:

Minor Concerns:

We thank the reviewer for the positive comments.

The annotated version is attached for your reference. We look forward to hearing from you soon.

Sincerely,

Shunji Egusa, Ph.D.
Assistant Professor
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ARTICLE AND VIDEO LICENSE AGREEMENT

Limited-proteolysis-and gelelectrophoresis-inthe presence of metat-cations: Au(tt)-binding tuminescent

a and
Author(s): BB M SR RAC LR Egusa

Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: X

Item 2 (check one box):

Standard Access

Open Access

X_| The Author is NOT a United States government employee.

The 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.

The 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 into 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 works, such as a translation, musical arrangement,
dramatization, fictionalization, motion 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 MylJove 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.
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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 memorialize 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 hereby 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 others 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. If the “Open
Access” box has been checked in Item 1 above, 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.
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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 consideration 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 others 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.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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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 contained 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. 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.

9. 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 author is 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 wuse, reproduction, distribution, public or private
performance 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.

10. 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 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
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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.

11. 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
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other 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 the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s

ARTICLE AND VIDEO LICENSE AGREEMENT

expense. All indemnifications provided herein shall include
JoVE's attorney’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 omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication 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 US$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.

13. 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 internal 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 shall 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 required per submission.
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