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Abstract
The objective of this study was to opti-

mize a methodology in which muscle ex-
tracts from animals treated with growth
agents are added to growth media and
then applied to muscle cell cultures to de-
termine effects of growth agents on indi-
rect cellular protein degradation. Experi-
ments were designed as a 2 × 2 × 2 × 2
factorial arrangement of cell type (C2C12

myoblasts or primary bovine muscle cell
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cultures), growth medium [(Dulbecco’s
Modified Eagle’s Medium (DMEM)or
skeletal muscle cell basal medium
(SKBM)], muscle extract medium [pot-
assium phosphate buffer (KPB) or pre-
rigor extraction buffer], and β-adrenergic
agonist treatments of the bovine (control
or treated) to determine differences in cel-
lular protein degradation. There was a
treatment media × β-adrenergic agonist
treatment × cell type interaction (P <
0.0001). C2C12 myoblasts with the β-ad-
renergic agonist in DMEM media had
less protein degradation than controls in
DMEM (P < 0.05). Primary bovine mus-
cle cell cultures treated with the β-adren-
ergic agonist treatment in DMEM media
had greater protein degradation than did
controls in DMEM (P < 0.05). However,
primary bovine muscle cell cultures
treated with the β-adrenergic agonist
treatment in SKBM media had reduced
protein degradation than did controls in
SKBM (P < 0.05). There was a treatment
media × β-adrenergic agonist treatment ×
muscle cell extraction buffer interaction
(P = 0.04). The β-agonist treatment de-

creased protein degradation when muscle
samples were extracted with KPB or pre-
rigor extraction buffer and made with
SKBM culture media (P < 0.05). The re-
sults indicated SKBM and C2C12 my-
oblasts had the most consistent differ-
ences for showing relative β-adrenergic
agonist treatment effects on indirect pro-
tein degradation.
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Introduction
Muscle protein turnover is a ratio

dependent on both protein synthesis
and protein degradation. Muscle pro-
tein degradation has been measured
by constant infusion with radiola-
beled tracers (Mulvaney et al., 1985;
Zhang et al., 1996), flood administer-
ing or injection of radioactively-la-
beled compounds to live animals (Lor-
enzen et al., 2000), and perfusion of
tissue sections with radiolabeled trac-
ers (Ward and Buttery, 1979). Meth-
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ods employed to measure protein
turnover in livestock are typically ex-
pensive and time consuming due to
enormous isotope and animal costs
(Skjaerlund et al., 1988). Also, a num-
ber of methods used to measure pro-
tein turnover are only able to mea-
sure either protein synthesis or degra-
dation rates in a single study. Thus, a
rapid method that allows researchers
to determine treatment effects on rela-
tive indirect protein synthesis and
degradation rates simultaneously in
bovine would be highly beneficial.
Another report from this laboratory
discusses the measurement of protein
synthesis using muscle extracts from
bovine treated with pharmaceutical
agents (Montgomery et al., 2006).
Herein a similar method to measure
protein degradation is discussed. Be-
cause both methods utilize the same
muscle extracts, cell culture system,
and supplies, experimental outcomes
of treated animals can be determined
for either protein synthesis, protein
degradation or both simultaneously.
Thus, an in vitro incubation system is
employed using muscle extracts from
treated animals that are added to
growth media and applied to cell cul-
tures to screen for relative changes
that occur in vivo in response to hor-
monal, pharmaceutical, or physiologi-
cal treatments. The results listed indi-
cate how cell culture conditions can
be optimized for determining relative
treatment differences in protein degra-
dation. However, the methods dis-
cussed demonstrated only indirect ef-
fects on protein degradation, and fur-
ther studies will be needed to
determine exactly how each individ-
ual compound being tested directly af-
fects muscle protein degradation.

Materials and Methods
Chemicals. Amino acid mixture L-

[14C(U)] (NEC-445E) was obtained
from Perkin Elmer Life and Analytical
Sciences, Inc. (Wellesley, MA). Dulbec-
co’s Modified Eagle’s Medium
(DMEM) and gentamycin sulfate
were purchased from Invitrogen
Corp. (Carlsbad, CA). Fetal bovine se-

rum (FBS) was purchased from At-
lanta Biologicals (Nocross, GA). Skele-
tal muscle cell basal medium (SKBM)
was purchased from BioWhittaker
(Walkersville, MD). RPMI-1640 cell
culture media and antibiotic and anti-
mycotic (penicillin, 100 U/mL; strep-
tomycin, 100 µg/mL) were purchased
from Sigma Chemical Corp. (Saint
Louis, MO). Protein concentration de-
termination was made using a pro-
tein assay kit from Bio-Rad Labora-
tories (Hercules, CA). All other chemi-
cals and reagents were of analytical
grade and were readily available from
commercial sources.

Animals and Muscle Sample Prep-
arations. Steers from a control group
of cattle (n = 10) and from a treated
group (n = 10) fed a diet with a com-
mercially available β-adrenergic ago-
nist compound for 30 d were har-
vested at a commercial processing
plant after a 5-d withdrawal; muscle
samples were collected and prepared
as described elsewhere (Montgomery
et al., 2006). From each animal, two
10-g muscle samples were collected: 1
sample was extracted in 30 mL of ice-
cold 0.01 M potassium phosphate
buffer (KPB, pH 7.4), and the other
sample was extracted in 30 mL of ice-
cold prerigor extraction buffer (50
mM Tris, 10 mM EDTA, pH 8.3). Tis-
sue samples were homogenized for 45
sec and centrifuged for 30 min at
40,000 × g, prepared as elsewhere de-
scribed (Montgomery et al., 2006),
and the protein concentration deter-
mined according to Layne (1957).

Treatment Media. Two different
cell culture media preparations were
made for each of the 20 animals and
extraction buffers. In a 15-mL conical
vial, muscle extract was added at a
level of 400 µg protein/mL into treat-
ment media consisting of SKBM with
15% FBS, 1% penicillin and strepto-
mycin, and 0.1% gentamycin (vol/
vol) The muscle extract averaged ap-
proximately 10% of the final level in
media. In a second 15-mL conical
vial, muscle extract was added at a
level of 400 µg protein/mL into treat-
ment media consisting of DMEM
with 15% FBS, 1% penicillin and

streptomycin, and 0.1% gentamycin
(vol/vol) The treatment media were
then filter sterilized through a 0.22
µM filter and stored at 4°C until ap-
plication to cell cultures.

Isolation and Culture of Primary
Bovine Muscle Cell Cultures. Pri-
mary bovine muscle cell cultures
were isolated and cultured as outlined
in detail by Kerth (1999) and Pollard
et al. (2001). Primary bovine muscle
cell cultures were prepared following
procedures outlined by Hembree et
al. (1991) as adapted by Montgomery
et al. (2002).

To test for fibroblast contamina-
tion, primary bovine muscle cultures
were grown in DMEM in 6-cm petri
dishes at a density of 15,000 cells/
cm2. At approximately 80% conflu-
ency the DMEM media was replaced
with fusion media, which consisted
of the DMEM and antibiotics as de-
scribed above and 2% (vol/vol) horse
serum. Fibroblast contamination was
presumed low because 60 to 80% of
the nuclei fused to form myotubes
when incubated in fusion media for
8 d.

Cell Cultures. C2C12 myoblasts
(CRL-1772) were purchased from
American Type Culture Collection
(ATCC; Manassas, VA). C2C12 my-
oblasts and primary bovine muscle
cell cultures were thawed from liquid
nitrogen storage and transferred to
DMEM growth media (media con-
taining 15% FBS, 1% penicillin and
streptomycin, and 0.1% gentamycin;
vol/vol) and placed into 75-cm2

canted neck tissue cell culture flasks
and incubated in a culture incubator
(37°C, humidified environment, 5%
CO2, 95% air). Cell cultures were
grown to approximately 80% conflu-
ence in the cell culture flasks and sub-
cultured. Cells were added to 24-well
culture plates at a density of 2,500
cells/cm2 in 1 mL of growth media
and incubated in a culture incubator
for approximately 48 h until they
reached 60 to 70% confluence.

Protein Degradation Assay. The
procedure for determining the rate of
protein degradation as measured by a
pulse-chase uptake of labeled amino
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