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17 SUMMARY:
18 Myoblasts are proliferating precursor cells that differentiate to form polynucleated myotubes
19 and eventually skeletal muscle myofibers. Here, we present a protocol for efficient isolation and
20  culture of primary myoblasts from young adult mouse skeletal muscles. The method enables
21  molecular, genetic, and metabolic studies of muscle cells in culture.
22
23 ABSTRACT:
24 Primary myoblasts are undifferentiated proliferating precursors of skeletal muscle. They can be
25  cultured and studied as muscle precursors or induced to differentiate into later stages of muscle
26  development. The protocol provided here describes a robust method for the isolation and culture
27  of a highly proliferative population of myoblast cells from young adult mouse skeletal muscle
28  explants. These cells are useful for the study of the metabolic properties of skeletal muscle of
29  different mouse models, as well as in other downstream applications such as transfection with
30 exogenous DNA or transduction with viral expression vectors. The level of differentiation and
31 metabolic profile of these cells depends on the length of exposure, and composition of the media
32  usedtoinduce myoblast differentiation. These methods provide a robust system for the study of
33  mouse muscle cell metabolism ex vivo. Importantly, unlike in vivo models, the methods described
34  here provide a cell population that can be expanded and studied with high levels of
35 reproducibility.
36
37 INTRODUCTION:
38  While often cited as an indication of overall metabolic health, multiple studies have shown that
39  body mass index (BMI) in older adults is not consistently associated with higher risk of mortality.
40 To date, the only factor shown to be consistent with reduced mortality in this population is
41  increased muscle mass!. Muscle tissue represents one of the largest sources of insulin-sensitive
42  cellsin the body, and is therefore critical in the maintenance of overall metabolic homeostasis?.
43  Activation of skeletal muscle tissue via exercise is associated with increases in both local insulin
44  sensitivity and overall metabolic health3. While in vivo models are essential for studying muscle
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physiology and the impact of muscle function on integrated metabolism, primary cultures of
myotubes provide a tractable system that reduces the complexity of animal studies.

Myoblasts derived from post-natal muscles can be used to study the impact of numerous
treatment and growth conditions in a highly reproducible manner. This has long been recognized
and several methods for myoblast isolation and culture have been described*®. Some of these
methods use neonatal muscles and yield relatively low numbers of myoblasts®?2, requiring several
animals for larger scale studies. Also, most widely used methods for culturing myoblasts use “pre-
plating” to enrich for myoblasts, which are less adherent than other cell types. We have found
the alternative enrichment method described here to be much more efficient and reproducible
for enriching a highly proliferative myoblast population. In summary, this protocol enables the
isolation of highly proliferative myoblasts from young adult muscle explants, via outgrowth into
culture media. Myoblasts can be harvested repeatedly, over several days, rapidly expanded, and
induced to differentiate into myotubes. This protocol reproducibly generates a large number of
healthy myoblast cells that robustly differentiate into spontaneously twitching myotubes. It has
enabled us to study metabolism and circadian rhythms in primary myotubes of mice of a variety
of genotypes. Finally, we include methods for preparing myotubes for the study of oxidative
metabolism, using measurements of oxygen consumption rates in 96-well plates.

PROTOCOL:
This protocol follows the animal care guidelines of Scripps Research.

1. Collection and processing of muscle tissue explants

1.1 The day prior to dissection, sterilize all dissection equipment (forceps, razor blades, and
scissors) and prepare all required media: phosphate buffered saline (PBS), MB Plating media (12.5
mL of DMEM, 12.5 mL of HAMS F12, 20 mL of heat-inactivated fetal bovine serum (FBS), 5 mL of
amniotic fluid medium supplement), and Coating Solution (24 mL of DMEM, 24 mL of HAMS F12,
1.7 mL of collagen, 1 mL of matrigel).

1.2 The day of dissection, coat one 6-cm dish with Coating Solution for each muscle to be
dissected. Add 2 mL of Coating Solution to the surface of each plate, shake gently to create an
even coat on the surface, and incubate the plates with solution at 4 °C for 1 h.

1.3 Remove Coating Solution from the plates and return to the stock solution.

NOTE: Coating Solution can be reused for up to six months and should be stored at 4 °C.

1.4 Rinse the plates twice with 2 mL of PBS to remove unbound collagen and matrigel.

1.5 Place the plates in a 37 °C tissue culture incubator during dissections.

1.6 Prepare a moist chamber by placing 2-3 sheets of thick absorbent paper into a plastic bag
or a sterile 15-cm dish and use a pipette to wet the surface of the paper with sterile water.
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1.7 Place the chamber under UV light for 5 min to sterilize.

1.8 Dissect desired muscles from a 4 to 8-week old mouse. To sterilize muscle tissue, rinse
gently in PBS containing 40 pug/mL gentamicin.

NOTE: For quadriceps and gastrocnemius muscles, plate one muscle per plate. For soleus,
plantaris and EDL, combine muscles from both legs in one plate.

1.9 Use sterile forceps to transfer the muscle to a sterile 10 cm non-coated Petri dish. Add
0.5-1.0 mL of Plating media over the muscle such that the tissue is moist but not floating (Figure
1A).

1.10 Use a sterile scalpel or razor blade to gently slice the muscle into small fragments
(approximately 1-3 mm3).

NOTE: It is important to minimize handling the muscle tissue for best results.

1.11 Use forceps or a pipette to transfer the muscle fragments onto the surface of a pre-coated
6-cm plate. Very gently overlay an additional 0.8 mL of Plating Media over the tissue. There
should be enough media to keep the tissue pieces hydrated but not floating (Figure 1B).

1.12 Place the 6-cm dishes containing the muscle fragments inside the moist chamber and
return to an incubator (37 °C, 5% CO;) for 48 h (Figure 1C).

NOTE: It is vital that muscle fragments adhere to the surface of the plate to allow for myoblast
outgrowth. Do not move the plates/chamber for at least 48 h.

1.13  After 48 h, carefully check the plates to ensure that muscle fragments have adhered.
Overlay with 2 mL of Plating Media, taking care not to dislodge the fragments.

NOTE: If there is visible contamination or debris on the plates, carefully wash the muscle pieces.
Plate 2 mL of PBS/gentamicin solution at the edge of the plate and tip gently to wash over the
muscle tissue. Remove the PBS and repeat the wash step. Following the second wash, overlay 2
mL of Plating Media.

1.14 Keep the plates in the 37 °C incubator for up to an additional 3 days (5 days from original
dissection) before harvesting myoblasts. Check every other day for outgrowth of myoblasts.

NOTE: The appearance of cells emerging from muscle explants will be variable and
heterogeneous. Primary myoblasts appear as small, round, and bright cells. However, it is neither

necessary nor reliable to identify them by their appearance at this stage (Figure 2).

2. Harvesting outgrowing myoblasts
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2.1 Prepare and pre-warm Myoblast Media (17.5 mL of DMEM, 17.5 mL of HAMS F12, 10 mL
of FBS, 5 mL of amniotic fluid medium supplement), trypsin, and PBS/gentamicin. Coat one T25
flask per muscle group being harvested with Coating Solution and as described in step 1.2 (see
Table 1).

2.2 Remove Plating Media and gently rinse the muscle explants with 2 mL of PBS/gentamicin.
Quickly remove PBS (rinse one plate at a time and do not let the plate sit in PBS at this step).

2.3 Gently add 1 mL of PBS/gentamicin and place the plate in the 37 °C incubator for 1 min.
2.4 Use a P1000 pipette to collect PBS/cells in a 15 mL centrifuge tube.

2.5 Add 1 mL of trypsin to the plate and return to the 37 °C incubator for 3 min. Gently tap
the plates to dislodge myoblasts. Collect the trypsin/cells and combine with the PBS collection.

Add 8 mL of Myoblast Media to the centrifuge tube and gently invert to mix.

2.6 Gently overlay 2 mL of Plating Solution on the muscle plates and return to the 37 °C
incubator.

2.7 Spin the centrifuge tubes containing cells in a centrifuge for 3 min at 200 x g.

2.8 Aspirate the supernatant to ~1 mL, being careful to avoid cell pellet. Gently add Myoblast
Media (see Table 1) and transfer the cells to the pre-coated flask and place in the 37 °Cincubator.
This is the PO harvest. If observed under a microscope, there may be very few cells (Figure 3).

2.9 Repeat the harvest described above every other day up to three times. After the third
harvest, discard the explants.

3. Expansion and enrichment of proliferating myoblasts

NOTE: The PO harvest will be heterogeneous (~*60% myoblasts). The next 2 passages use PBS to
selectively harvest myoblasts. Many of the more adherent cells will be left behind and the rapidly
proliferating myoblasts will be 295% pure within 2 passages. Once myoblasts are established,
they should be maintained at a low density to avoid spontaneous differentiation.

3.1 For each T25 flask of ~40-50% confluent cells from section 2, coat one T75 flask with 5 mL
of Coating Solution and place at 4 °C for 1-4 h.

3.2 Remove Coating Solution from the flasks and return to stock solution. Rinse the flasks
twice with 2 mL of PBS/gentamicin and place in the 37 °C incubator.

33 Aspirate the media from PO myoblast T25 flasks. Rinse the cells briefly with 2 mL of warm
PBS/gentamicin. Aspirate PBS from the flask.
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NOTE: The purpose of this step (3.3) is to reduce the possibility of bacterial contamination. If
performed quickly and gently, it should not result in loss of myoblasts. It can be omitted to
maximize myoblast preservation if desired.

3.4 Pipette 2 mL of warm PBS (not trypsin) into each flask containing myoblasts. Place the
flasks with PBS into the 37 °C incubator for 3 min.

NOTE: Myoblasts should easily detach from flasks with PBS. Using PBS rather than trypsin at this
step is critical for reducing contamination of the myoblast population with other cell types.

3.5 Remove the cells from the 37 °C incubator and firmly tap side of the flasks to dislodge the
cells. Check under a light microscope for freely floating myoblasts.

3.6 Place the flasks upright in a tissue culture hood and rinse the bottom of the flasks with 10
mL of Myoblast Media 2-3 times to ensure all cells are dislodged.

3.7 Collect the cell/media mixture in a 15 mL centrifuge tube. Centrifuge for 3 min at 200 x g.

3.8 Aspirate the media to around 1 mL, being careful to avoid the cell pellet. Gently add an
appropriate volume of Myoblast Media to centrifuge tube and gently mix.

3.9 Distribute the cell mixture to new T75 flasks. Add 10 mL of Myoblast Media to each new
T75 flask. Gently shake the flasks horizontally to distribute the cells and place in the 37 °C
incubator overnight.

3.10 Two days later, passage once more with PBS, splitting each T75 flask into three T75 flasks.

NOTE: Do not allow myoblasts to become more than 50%-60% confluent, as this would cause
them to start differentiating and lose prolifaterive capacity.

3.11 For additional passages, use trypsin. Passaging twice with PBS yields >95% myoblasts;
attempts to further improve the purity tends to result in poorer differentiation.

4. Differentiation of primary myoblasts to myotubes

4.1 Plate P2 (or later passage) myoblasts in Myoblast Media on coated plates (see Table 1 for
suggested coating and plating volumes and cell numbers). Two or three days later, when cells are
at 70-80% confluency, change the media to Differentiation Media (24 mL of DMEM, 24 mL of
HAMS F12, 1.5 mL of heat inactivated horse serum, 0.5 mL of Insulin-Selenium-Transferrin).

4.2 Change Differentiation Media every other day during differentiation of primary myoblasts
into myotubes. Differentiation is typically complete by Day 4-5 and will be marked by elongated,
fused cells that spontaneously twitch. Perform experiments on differentiated myotubes within 6
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days. Typically cells are assayed five or six days after initiating differentiation.
5. Measuring oxygen consumption rate in myoblasts or myotubes in 96-well plates

5.1 Coat 96-well plates with 25 ulL of coating solution per well. Centrifuge the plates at 58 x g
for 1 min to remove any bubbles.

5.2 Incubate the plates in coating solution for 1-4 h at 4 °C. Use multi-channel pipette to
remove the coating solution and wash three times in 25 ulL of cold PBS/gentamicin. Centrifuge
at least one of these washes to ensure that no bubbles are trapped.

5.3 Add 40 pl of Differentiation Media to each well. Centrifuge the media on the coated plate
with no cells for 1 min at 58 x g to avoid bubbles and remove surface tension to get a uniform
layer of media.

5.4 Add cells suspended in an additional 40 uL of media to each well. Spin again at 58 x g.

NOTE: Consistency in plating is important for best results and the number of cells plated per well
should be optimized for each experimental setup, and will likely be in the range of ~10,000-
25,000 myoblasts plated in differentiation media per well of a 96-well plate.

5.5 Gently change the media daily during differentiation. Do not aspirate the media but rather
remove it with a pipette, leaving a small volume behind to avoid dislodging the cells or exposing
them to the air. For example, replace 50 pL at a time for three repeats rather than all 80 pL at
once.

5.6 Use 8-15 wells per condition. It may be necessary to omit some wells if cells do not form
a uniform layer of myotubes.

NOTE: Omit wells on the edges of the plate because they are highly susceptible to evaporation.
Vary the plate setup for experimental replicates to avoid systematic errors.

5.7 Perform desired assay on differentiated myotubes within 1-2 days of full differentiation
(Day 4-6 from start of differentiation). Recommended instruments and reagents for
measurement of oxygen consumption rates are listed in the Table of Materials.

REPRESENTATIVE RESULTS:

Following Section 1 of the provided protocol should yield primary cells emerging from the
explants that will be visible under a standard light microscope (Figure 2). A heterogeneous cell
population will be seen growing out of and surrounding each muscle tissue explant. Myoblasts
will appear as small, round, bright spheres. Following section 2 of the protocol will yield early
harvests of myoblasts from tissue explants, which will contain few cells and will be
heterogeneous (Figure 3). Section 3 of the protocol describes passaging early harvests with PBS
(rather than trypsin), which will provide a relatively pure population of myoblasts for further
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culturing. Following Section 4 of the protocol will yield fully differentiated myotubes for further
experimental manipulation. Differentiation of myoblasts typically takes 4-6 days, during which
the morphology of the cells will change from single, round spheres to elongated, fused, long
multinucleated fibers (Figure 4). Following section 5 of the protocol will produce differentiated
myotubes in 96-well plates to enable a variety of metabolic characterizations based on the
changes in oxygen consumption and extracellular acidification rates? (Figure 5).

FIGURE AND TABLE LEGENDS:

Figure 1: Dissection and processing of quadriceps muscle. (A) Quadriceps muscle that has been
freshly dissected and rinsed with PBS prior to transfer to a 10 cm dish. 1 mL of plating media has
been overlaid for processing. (B) Quadriceps muscle tissue pieces after transfer to pre-coated 6-
cm plate. (C) 6-cm plates inside moist chamber prior to placement in the 37 °C incubator.

Figure 2: Outgrowth of myoblasts. Outgrowth of myoblasts from quadriceps muscle explants.
Figure 3: Early passage myoblasts. PO myoblasts after transfer and attachment to T25 flask.

Figure 4: Plating and differentiation of primary myotubes. (A) Myoblasts one day after initiating
exposure to Differentiation Media. (B,C) Differentiated myotubes five (B) or six (C) days after
initiating differentiation.

Figure 5: Myotubes ready for measurement of oxygen consumption rates. Fully differentiated
myotubes five days after plating 20,000 myoblasts in Differentiation Media in each well of a 96-
well cell culture microplate.

DISCUSSION:

Skeletal muscle is vital for the establishment and maintenance of metabolic homeostasis!l. The
study of muscle physiology is complicated by interindividual variability, as well as difficulty in
obtaining samples, particularly in the case of human studies. Cultured primary myotubes have
been shown to recapitulate many features of muscle physiology, including calcium
homeostasis'?, regeneration of damaged muscle tissue®, metabolic alterations in response to
exercise!?, and alterations to metabolism resulting from diseases such as diabetes!4. Primary
culture of myoblasts and myotubes from mice enables investigation of muscle cells harboring
well defined genetic manipulations, and provides a complement to studies of myotubes derived
from human muscle biopsies!?*>1¢, Therefore, methods for isolation and culture of mouse
primary myoblasts and myotubes are essential to enable reproducible, high-throughput
investigation of muscle cell function ex vivo. The protocol described here allows for the
establishment and study of primary mouse myoblasts and myotubes under a variety of
experimental manipulations.

While previous protocols have described the isolation of muscle stem cells from explant cultures,
this protocol provides a method for the successful isolation of myoblasts from multiple different
types of muscle tissue. In addition, this method vyields a significantly larger population of stem
cells for further experimental manipulation. Further, this method has been validated as yielding
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differentiated myotubes that express markers of mature muscle cells'’, and exhibit normal
physiology, such as circadian rhythms!’ and mitogen activated protein kinase (MAPK) signal
transduction®®,

The critical steps in the protocol are the dissection and processing of the muscle tissue explants,
as well as the avoidance of contamination between harvests. Care should be taken to avoid over-
processing of the tissues. While smaller pieces of muscle yield larger numbers of myoblasts,
excessive cutting of the muscle could prevent stem cell outgrowth. While it is important not to
dislodge the explants once they are plated, careful washing of the plates with PBS/gentamicin is
critical for reducing contamination. Harvested myoblasts may be frozen as P2 cells in cryovials
using a 10% DMS0O/90% Myoblast Media mixture. While myoblasts do not need to be maintained
at a high density to facilitate growth, it is advised that cells are frozen at 40-50% confluence.
Typically, one T75 flask yields 4 cryovials of cells.
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Table of Materials

Name of Material/Equipment

Coating Solution:

DMEM
HAMS F12

Collagen

Matrigel

Plating Media:
DMEM

HAMS F12

Heat Inactivated FBS

Amniomax

Myoblast Media:

DMEM

HAMS F12

Heat Inactivated FBS

Amniomax

Company

Gibco

Lonza

Life
Technologies
Fisher

Gibco
Lonza

Life
Technologies

Life
Technologies

Gibco
Lonza

Life
Technologies
Life
Technologies

Catalog
Number

10569010
12-615F

A1064401
CB40234A

10569010

12-615F

16000044

12556023

10569010

12-615F

16000044

12556023

Click here to access/download;Table of
Materials;JoVE_Table_of Materials_070919.xIsx

Comments/Description

Always add gentamicin (1:1000 by volume) prior to use; 24 mL
Always add gentamicin (1:1000 by volume) prior to use; 24 mL

1.7 mL

1mL

Always add gentamicin (1:1000 by volume) prior to use; 12.5
mL

Always add gentamicin (1:1000 by volume) prior to use; 12.5
mL

20 mL; can be purchased as regular FBS and heat-inactivated by

placing in a 40 °C water bath for 20 minutes

5mL

Always add gentamicin (1:1000 by volume) prior to use; 17.5
mL

Always add gentamicin (1:1000 by volume) prior to use; 17.5
mL

10 mL; can be purchased as regular FBS and heat-inactivated by
placing in a 40 °C water bath for 20 minutes

5mL
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Differentiation Media:

DMEM

HAMS F12
Heat Inactivated Horse Serum

Insulin-Selenium-Transferrin

Other Materials:
PBS
Gentamicin
TrypLE

DMSO

Forceps
Razor Blades
Scissors
Whatman paper
60 mm plate

10 cm plate
T25 Flasks
T75 Flasks
Centrifuge Tubes (15mL)
Oxygen Consumption Rates:

Seahorse XFe96 Analyzer

Seahorse XFe96 FluxPak

Gibco

Lonza
Sigma
Life
Technologies

Gibco
Sigma
Gibco

Sigma

Any
Any
Any
VWR
VWR

VWR

ThermoFisher
ThermoFisher
BioPioneer

Agilent

Agilent

10569010

12-615F
H1138
41400045

14040133
G1397
12604013

472301

21427-648

734-2318

25382-428 (CS)

156367
156499
CNT-15

Seahorse

XFe96 Analyzer
102416-100

Always add gentamicin (1:1000 by volume) prior to use; 24 mL

Always add gentamicin (1:1000 by volume) prior to use; 24 mL
1.5mL
0.5mL

Prepare as 10% DMSO in Myoblast Media for freezing cells

Instrument used to measure oxygen consumption rates read
out by acidification of the extracellular media

96-well plates for use in XFe96 Analyzer



Seahorse XF Cell Mito Stress Test
Kit
Seahorse XF Palmitate-BSA FAO

substrate

Palmitic acid
carnitine
Etomoxir

BSA

Agilent

Agilent

Sigma
Sigma
Sigma

Sigma

103015-100

102720-100

P5585-10G
C0283-5G
E1905

A7030

components may be purchased from other suppliers once assay
is established; some recommendations are listed below

components may be purchased from other suppliers once assay
is established; some recommendations are listed below

for measurement of fatty acid oxidation
for measurement of fatty acid oxidation
for measurement of fatty acid oxidation
used as control or in conjugation with palmitic acid for use in
measurement of fatty acid oxidation
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: Isolation

from Mouse Skeletal

and Differentiation
Muscle Explants

of Primary Myoblasts

Author(s):

Megan Vaughan, Katja A. Lamia

ltem 1: The Author elects to have the Materials be made available (as described at

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

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe 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 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 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 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

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 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. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE 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 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 use, 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.

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
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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 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

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 solely the
responsibility of the Author and shall be undertaken at the
Author’s 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.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before 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 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.

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 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 is required per submission.

CORRESPONDING AUTHOR
Name: . .
Kata A. Lamia
Department: o
Molecular Medicine
Institution: Scripps  Research
Title: Associate  Professor
yi AN _
Signature: MW Date: May 23, 2019
/

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

2. Fax the 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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Click here to access/download;Rebuttal
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Dear Dr. Wu,

Thank you for your assistance with improving our manuscript. We appreciate your attention to
detail and hope that our enclosed revised manuscript will meet your high standards.

Sincerely,
Katja A. Lamia

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues.

We have carefully proofread the manuscript and made a few minor corrections.

2. Please ensure that the references appear as the following: [Lastname, F.I., LastName,
F.l., LastName, F.l. 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 titles. See the example below:

Bedford, C.D., Harris, R.N., Howd, R.A., Goff, D.A., Koolpe, G.A. Quaternary salts of 2-
[(hydroxyimino)methyl]imidazole. Journal of Medicinal Chemistry. 32 (2), 493-503
(1998).

We corrected the format of the references. Thank you for your attention to detail.

3. The highlighted protocol steps are over the 2.75 page limit (including headings and
spacing). Please highlight fewer steps for filming.

We reduced the highlighting to focus on two main sections that we hope to include in the
video for the benefit of readers. They are now discontinuous to skip some standard steps in
between so that the total highlighting is less than 2.75 pages. We hope this will be
acceptable.

4. Please avoid long notes (more than 4 lines).
We have reduced all notes to 4 lines or fewer.

5. JoVE cannot publish manuscripts containing commercial language. This includes
company names of 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. Examples of commercial
language in your manuscript include Whatman, falcon, etc.

We have removed all commercial language from the main text of the manuscript and moved
all details about commercial products to the Table of Materials.

L]


https://www.editorialmanager.com/jove/download.aspx?id=1082399&guid=daf99cfe-2c1f-4e10-896a-8a5d4e468638&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1082399&guid=daf99cfe-2c1f-4e10-896a-8a5d4e468638&scheme=1

6. Please include an ethics statement before your numbered protocol steps, indicating that
the protocol follows the animal care guidelines of your institution.

We added an ethics statement before the numbered protocol steps.

7. Please use h, min, s for time units.

We changed the time units as recommended.

8. Please specify the temperature of incubator in protocol steps.

We included temperature for all incubator steps in the protocol.

9. Step 1.1: Please specify the composition of Plating media, and Coating Solution.
10. 2.1: Please specify the composition of Myoblast Media.

11. 4.1: Please specify the composition of Differentiation Media.

We now include the composition of all media within the protocol.

12. Figure 2: Please use pm instead of um.

We updated Figure 2 to correct the units as suggested. Thank you for noticing this error.



