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Abstract

Primary myaoblasts are undifferentiated proliferating precursors of skeletal muscle. They can be
cultured and studied as muscle precursors or induced to differentiate into later stages of muscle
development. The protocol provided here describes a robust method for the isolation and culture of
a highly proliferative population of myoblast cells from young adult mouse skeletal muscle
explants. These cells are useful for the study of the metabolic properties of skeletal muscle of
different mouse models, as well as in other downstream applications such as transfection with
exogenous DNA or transduction with viral expression vectors. The level of differentiation and
metabolic profile of these cells depends on the length of exposure, and composition of the media
used to induce myoblast differentiation. These methods provide a robust system for the study of
mouse muscle cell metabolism ex vivo. Importantly, unlike in vivo models, the methods described
here provide a cell population that can be expanded and studied with high levels of reproducibility.

SUMMARY:

Myablasts are proliferating precursor cells that differentiate to form polynucleated myotubes and
eventually skeletal muscle myofibers. Here, we present a protocol for efficient isolation and
culture of primary myoblasts from young adult mouse skeletal muscles. The method enables
molecular, genetic, and metabolic studies of muscle cells in culture.
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INTRODUCTION:

While often cited as an indication of overall metabolic health, multiple studies have shown
that body mass index (BMI) in older adults is not consistently associated with higher risk of
mortality. To date, the only factor shown to be consistent with reduced mortality in this
population is increased muscle mass!. Muscle tissue represents one of the largest sources of
insulin-sensitive cells in the body, and is therefore critical in the maintenance of overall
metabolic homeostasis2. Activation of skeletal muscle tissue via exercise is associated with
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increases in both local insulin sensitivity and overall metabolic health3. While in vivo
models are essential for studying muscle 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.

Myablasts 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®8, requiring several animals for larger scale studies. Also, most widely used
methods for culturing myaoblasts 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 ug/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

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
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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 °C incubator. 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 =95% 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.

3.3 Aspirate the media from PO myoblast T25 flasks. Rinse the cells briefly with 2 mL of
warm PBS/gentamicin. Aspirate PBS from the flask.

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.
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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 myablasts to become more than 50%-60% confluent, as this would
cause them to start differentiating and lose prolifaterive capacity.

3.11For additional passages, use trypsin. Passaging twice with PBS yields >95% myaoblasts;
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 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 uL of coating solution per well. Centrifuge the plates at 58 x
g for 1 min to remove any bubbles.
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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 pL 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 pL 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 myablasts 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 L 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.
Myablasts 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 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).

J Viis Exp. Author manuscript; available in PMC 2020 October 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vaughan and Lamia

Page 7

DISCUSSION:

Skeletal muscle is vital for the establishment and maintenance of metabolic homeostasis®.
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 exercisel?, and alterations to metabolism resulting from diseases such as
diabetes4. 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?15.16_ 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 myaoblasts 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 yields a significantly
larger population of stem cells for further experimental manipulation. Further, this method
has been validated as yielding differentiated myotubes that express markers of mature
muscle cells1’, and exhibit normal physiology, such as circadian rhythms1? and mitogen
activated protein kinase (MAPK) signal transduction?8.

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