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Abstract
Peptidyl-tRNA hydrolase 2 (PTRH2) regulates integrin-mediated pro-survival and apoptotic signaling. PTRH2 is critical in
muscle development and regulates myogenic differentiation. In humans a biallelic mutation in the PTRH2 gene causes
infantile-onset multisystem disease with progressive muscle weakness. We report here that the Ptrh2 knockout mouse model
recapitulates the progressive congenital muscle pathology observed in patients. Ptrh2 null mice demonstrate multiple degen-
erating and regenerating muscle fibers, increased central nuclei, elevated creatine kinase activity and endomysial fibrosis.
This progressive muscle pathology resembles the muscular dystrophy phenotype in humans and mice lacking the a7 integ-
rin. We demonstrate that in normal muscle Ptrh2 associates in a complex with the a7b1 integrin at the sarcolemma and Ptrh2
expression is decreased in a7 integrin null muscle. Furthermore, Ptrh2 expression is altered in skeletal muscle of classical con-
genital muscular dystrophy mouse models. Ptrh2 levels were up-regulated in dystrophin deficient mdx muscle, which correl-
ates with the elevated levels of the a7b1 integrin observed in mdx muscle and Duchenne muscular dystrophy patients.
Similar to the a7 integrin, Ptrh2 expression was decreased in laminin-a2 dyW null gastrocnemius muscle. Our data establishes
a PTRH2 mutation as a novel driver of congenital muscle degeneration and identifies a potential novel target to treat muscle
myopathies.

Introduction

Integrins are ab heterodimeric cell surface receptors that link
the cytoskeleton to the underlying extracellular matrix (ECM)
and activate downstream signaling pathways necessary for nor-
mal development and skeletal muscle function. In muscle,

integrins play a critical role in the pathogenesis of muscular
dystrophies (1). Muscular dystrophies are a group of genetic dis-
eases that result in progressive muscle degeneration, functional
disability and premature patient death (1). For example, loss
of or mutations within the laminin binding a7 integrin gene
cause a congenital muscular dystrophy with delayed motor
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milestones in humans and mice (2,3). Moreover, a skeletal
muscle-specific knockout mouse model of the downstream a7
integrin effector serine/threonine integrin-linked kinase (ILK)
results in a phenotype similar to the a7 integrin null mice (4) sug-
gesting that integrin effector proteins play key roles in the
pathogenesis of muscle myopathies. Not all genetic mutations
that cause muscle myopathies have been identified.

PTRH2 (also called BIT1; Bit-1) functions on an integrin-
mediated signal transduction pathway to regulate cell survival
and apoptosis (5–7). In cells attached to the ECM, PTRH2 associ-
ates in a complex with focal adhesion kinase (FAK) and acti-
vates a pro-survival PI3K-AKT-NFjB-bcl-2 pathway (6). Loss of
integrin-mediated attachment, on the other hand, promotes the
association of PTRH2 with a pro-apoptotic Groucho-TLE com-
plex and induces apoptosis (5).

Using whole exome sequencing, we recently identified a
homozygous nonsense mutation in the PTRH2 gene in two sib-
lings of a consanguineous Turkish family (8). Both patients de-
veloped a progressive congenital myopathy with delayed motor
milestones and distal muscle weakness and wasting. Patients
were unable to roll from prone to supine until 8 (male II.1) or 12
(female II.4) months of age and did not walk or sit without as-
sistance until 18 (II.1) or 36 (II.4) months compared to healthy
aged-matched controls at 5, 5 and 10 months of age respect-
ively. Recently, at 15 years-of-age, the older and more severely
affected female patient was no longer mobile and became
wheelchair dependent due to muscle weakness and ataxia (8).
These findings point to a PTRH2 mutation as a novel driver in
progressive human congenital muscle degeneration with
delayed motor milestones.

Similar to the patients, Ptrh2 null mice appear healthy at
birth, however, they develop a runting syndrome and die within
the first two weeks of life. At this early age, the primary pheno-
type is muscle weakness and epaxial muscle fiber diameters are
smaller in the Ptrh2 null mice (9), suggesting impaired or
delayed muscle development. Indeed, Ptrh2 null mice exhibit a
myopathy with hypotrophic myofibers (10).

We report here that the Ptrh2 knockout mice recapitulate the
muscle degeneration identified in patients with a PTRH2 gene
mutation. The mice develop a postnatal progressive muscle
pathology with multiple degenerating and regenerating muscle
fibers, increased central nuclei, elevated creatine kinase activity
and endomysial fibrosis. Moreover, PTRH2 expression is differ-
entially regulated in skeletal muscle of mouse models for con-
genital muscular dystrophy.

Results
Ptrh2 null mice develop congenital progressive muscle
pathology

Similar to the human phenotype (8), Ptrh2 null mice did not ex-
hibit any muscle weakness at birth, but became progressively
weaker within the first week. By postnatal day 7 (P7; Fig. 1A)
these mice were unable to right themselves, displayed severe
joint contractures, could no longer walk and all the mice died by
P10 (Fig. 1B; Supplementary Video S1).

Ptrh2 null mice present with muscle damage

To determine the pathology underlying Ptrh2 loss in skeletal
muscle, we examined H&E-stained cryosections of gastrocne-
mius muscle from Ptrh2 null mice and age-matched littermate
controls at P7. We detected severe myopathic changes typical of

muscular dystrophies, including centrally nucleated fibers (Fig.
1C) in triceps, tibialis anterior and gastrocnemius skeletal
muscle, elevated creatine kinase activity (Fig. 1D), increased
fiber size variation (Fig. 1E) and endomysial fibrosis (Fig. 1F and
G) in the null mice. Evans blue dye (EBD) uptake (11,12), a meas-
ure of sarcolemmal defects, revealed multiple damaged myofib-
ers in the gastrocnemius muscle of Ptrh2 null mice, while no
myofibers were EBD positive in control littermates (Fig. 1H and
I). Active regeneration was observed in Ptrh2 null skeletal
muscle by the presence of muscle fiber clusters expressing em-
bryonic myosin heavy chain (eMyHC), which is a marker of re-
generation (13). There was a significant increase in myofibers
expressing eMyHC in Ptrh2 null muscle compared to age-
matched littermate controls (Fig. 1J). Muscle regeneration in the
null mice was further supported by a significant increase of cen-
trally located nuclei (approximately 15%), an indication of newly
formed muscle fibers (4) and by a 10-fold increase in myofibers
with diameters below 10 lm (Fig. 1C and E). Taken together,
these data demonstrate the presence of small regenerating
fibers by P7 in the Ptrh2 nulls. Furthermore, creatine kinase ac-
tivity, which is a marker of muscle damage, was significantly
increased in the null mice at P7 (Fig. 1D) supporting the occur-
rence of muscle damage at this early age.

Ptrh2 associates with a7b1 integrin in skeletal muscle

Because Ptrh2 functions on an integrin regulated pathway and the
Ptrh2 null mouse phenotype described here is similar to that of a7
integrin null mice that develop congenital muscular dystrophy
with delayed motor milestones, (3,14,15) we next examined
whether Ptrh2 was in a complex with the a7b1 integrin. Indeed,
Ptrh2 localized to the sarcolemma of myofibrils and co-localized
with the muscle-specific a7B integrin in WT gastrocnemius
muscle (Fig. 2A). To further test that Ptrh2 and a7B integrin are in
a complex, we immunoprecipitated Ptrh2 from the gastrocnemius
muscle lysate and examined for co-precipitation of the a7B integ-
rin by immunoblotting. The a7B integrin was detected in Ptrh2
immunoprecipitates, and in reciprocal co-immunoprecipitations
Ptrh2 was detected in a7B integrin immunoprecipitates (Fig. 2B
and C). Ptrh2 did not co-immunoprecipitate with either the alpha
5 or beta 1 integrin (Fig. 2D). Taken together, Ptrh2 and the
muscle-specific a7B integrin associate in a complex in skeletal
muscle.

We next examined whether loss of Ptrh2 altered a7 integrin ex-
pression and localization in skeletal muscle. Immunofluorescence
and Western blot analysis demonstrated a significant decrease in
a7 integrin protein expression in Ptrh2 null gastrocnemius muscle
(Fig. 3A and B), suggesting that Ptrh2 positively regulates a7 integ-
rin expression. In contrast, laminin a2 (a ligand for the a7 integrin)
expression was similar in Ptrh2 null and WT skeletal muscle
(Supplementary Material, Fig. S1), indicating Ptrh2 is not involved
in laminin matrix deposition in the basal lamina of muscle at P7.
Moreover, at P7 Ptrh2 null muscle showed no increase in inflam-
matory cell infiltrate as measured by CD4 and CD11 immunofluor-
escence (Supplementary Material, Fig. S2).

Integrin-mediated signaling is decreased in Ptrh2 null
mice

We previously reported that Ptrh2 provides a protective func-
tion by activating a FAK-PI3K-AKT pro-survival pathway (6).
Indeed, the a7b1 integrin relays a similar pro-survival effect by
activating AKT (16). We analyzed gastrocnemius muscle from
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Ptrh2 and integrin a7 null mice and found that pAKT/AKT levels
were decreased in both null mouse models (Fig. 3C). Taken to-
gether, these findings suggest that Ptrh2 may function, at least
in part, as a cytoplasmic effector of a7b1 integrin pro-survival
signaling in muscle.

Ptrh2 expression is altered in mouse models of
muscular dystrophy

Because we observed that mutant PTRH2 causes distal muscle
pathology in patients and mice, Ptrh2 and the a7 integrin asso-
ciate in a complex and loss of the a7 integrin promotes muscu-
lar dystrophy in humans and mice (3,4), we next examined the
Ptrh2 expression in classical mouse models of muscular dystro-
phy including a7 integrin deficient, laminin-a2 dyW null and

dystrophin deficient mdx mice. Ptrh2 and pAKT/AKT expression
was decreased in both a7 deficient and laminin-a2 dyW nulls
(Fig. 4A and B) but increased in mdx mice (Fig. 4B), suggesting
that Ptrh2 may play an important role in these muscle
pathologies.

Discussion
Muscle disease occurs when the ECM-integrin-cytoskeleton
complex is disrupted, thereby altering downstream pro-survival
signals. Our data demonstrate that Ptrh2 associates in a com-
plex with the a7b1 integrin at the sarcolemma, as determined
by co-localization studies and co-immunoprecipitation experi-
ments. Thus, in skeletal muscle, Ptrh2 is localized at sites of
integrin signaling. PTRH2 is a regulator of myogenic differenti-
ation and loss of PTRH2 expression promotes early muscle

Figure 1. Ptrh2 null mice demonstrate progressive skeletal muscle pathology at P7. (A) Ptrh2 KO mice exhibit severe joint contractures at P7 compared to wild-type (WT)

littermates. (B) The viability of ptrh2 KO mice (n¼25) is severely reduced compared with wild-type (n¼25). All Ptrh2 KO died at 7-10 days. (C) Quantitation of centrally-

located nuclei in triceps, tibialis anterior and gastrocnemius skeletal muscle at P7 (n¼3 per genotype and muscle type; 1,000 myofibers/animal; *P<0.01; **P<0.001).

(D) Quantitation of creatine kinase levels in WT and Ptrh2 KO gastrocnemius muscle at P7 (n¼4 per genotype, **P<0.001). Creatine kinase detects severe muscle dam-

age. (E) Myofibers� 10 lm diameter were increased in Ptrh2 KO gastrocnemius muscle compared to WT (n¼8 per genotype; 1000 myofibers/animal, ***P<0.0001) indi-

cating a significant increase in small regenerating fibers. (F) Increased endomysial fibrosis in gastrocnemius muscle (arrows) as determined by Trichrome staining in

Ptrh2 KO mice compared to WT (longitudinal sections; bar 50 lm.) (G) Quantitation of Trichrome staining demonstrated a significant increase of fibrosis in the Ptrh2 KO

mice compared to aged matched littermate controls at P7. (n¼4 per genotype, *P<0.01). (H,I) Ptrh2 KO mice had reduced sarcolemmal integrity as determined by the

uptake of Evans blue dye (red stain; arrows) in gastrocnemius muscle compared to WT (n¼4 per genotype; 1,500 myofibers/animal; *P<0.01). Myofibers were counter-

stained with Oregon Green-488-conjugated WGA (green; bar 50 lm). (I) Increased eMyHC expression in Ptrh2 KO mouse gastrocnemius muscle compared to age-

matched WT littermates at P7 (n¼4 per genotype; ***P<0.0001).
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differentiation (10). In humans, mutations in the PTRH2 gene
cause progressive congenital muscle weakness resulting in the
most affected patients being wheelchair bound by age 15 (8).
Ptrh2 is localized, in part, at the plasma membrane and associ-
ates in a complex with FAK to activate a PI3K-AKT-pro-survival
signaling pathway in cancer and endothelial cells (6). Indeed,
patient fibroblasts with a homozygous deletion in the PTRH2

gene are sensitive to stress-induced apoptosis suggesting that
PTRH2 expression is important in promoting cell survival during
tissue development (8).

The a7b1 integrin is involved in muscle cell survival and acti-
vates a pro-survival AKT pathway when re-expressed in dys-
trophic muscle (16). Similar to earlier in vitro findings that
PTRH2 blocks staurosporine-induced apoptosis (6), a7 integrin
expression prevents staurosporine-induced apoptosis in myo-
blasts in vitro (17). We demonstrate here that pAKT signaling is
reduced in skeletal muscle of Ptrh2 and a7 integrin null mice. We
further show that loss of Ptrh2 expression decreases a7 integrin
expression but not laminin. Taken together, these findings sug-
gest Ptrh2 may function as an a7 cytoplasmic effector in skeletal
muscle.

Deletion of ILK, a known cytoplasmic effector of the a7 integ-
rin, induces a mild muscular dystrophy similar to the a7 integrin
null phenotype (4), establishing a7 integrin-mediated signals as
essential for normal muscle development and function. Our data
points to a critical role for Ptrh2-mediated signaling in muscle
cell development and function. The skeletal muscle phenotype of
the Ptrh2 null mouse is more severe than that of the a7 integrin
null mice and resembles, in severity, the dystrophin and a7 integ-
rin double knockout mice (mdx/a7-/-;) (18). These mice develop
early-onset muscular dystrophy with fibrosis and die at 2–4
weeks of age (18) whereas the Ptrh2 null mice develop severe
muscle pathology and die by day 10. The lack of Ptrh2-mediated
signaling induces a more severe phenotype compared to a7 integ-
rin nulls as detected by the presence of muscle regeneration, cen-
tral nuclei, elevated creatine kinase activity and endomysial
fibrosis at P7. Skeletal muscle from the a7 nulls present with ap-
proximately 2% central nuclei. Ptrh2 nulls present with approxi-
mately 15% central nuclei as examined in triceps, tibialis anterior
and gastrocnemius skeletal muscle. This observed increase in
central nuclei is similar to the mdx/a7 nulls, which demonstrate
approximately 15% central nuclei in the tibialis anterior muscle
(18). Moreover, we observe a higher number of eMyHC positive
fibers from day 7 Ptrh2 null skeletal muscle compared with
eMyHC positive fibers from 3 week old alpha 7 null skeletal
muscle. eMyHC is expressed during normal muscle development
in the embryo and transiently during muscle repair after birth.
The observed increase in eMyHC may be due, in part, to the find-
ing that loss of PTRH2 expression promotes early skeletal muscle
differentiation and that Ptrh2 null myoblasts prematurely express
muscle-specific proteins (10). Nevertheless, the eMyHC expres-
sion in postnatal skeletal muscle is a gauge for active muscle re-
generation and we observe increased eMyHC positive fibers in
the Ptrh2 null skeletal muscle. To address this further, we also
evaluated creatine kinase activity, which is a marker of muscle
damage. Creatine kinase activity was significantly increased in
the Ptrh2 null mice at P7 further supporting the occurrence of
muscle damage at this early age.

This data indicates loss of Ptrh2 expression in muscle alters
the normal myofiber regenerative process. Interestingly, we
found skeletal muscle from dystrophin deficient mdx mice up-
regulate Ptrh2 levels, which correlate with elevated levels of the
a7b1 integrin observed in mdx muscle and Duchenne muscular
dystrophy (DMD) patients (19). Similar to the a7 integrin, Ptrh2
expression was decreased in laminin-a2 dyW null gastrocne-
mius muscle. These findings point to a key role for PTRH2 in
DMD and merosin deficient congenital muscular dystrophy
(MDC1A) disease progression.

In humans, a mutation in the PTRH2 gene promotes a similar
phenotype as mutations in the a7 integrin gene both of which
result in progressive congenital muscle degeneration with
delayed motor milestones. Our data points to a new complex
whereby Ptrh2 associates with the a7 integrin and functions to
regulate pro-survival signaling pathways in skeletal muscle.
Further studies are required to delineate the precise role PTRH2
plays in muscle disease. Identification of PTRH2 as a novel gene
in human muscle pathologies may provide a potential new
therapeutic target for these fatal muscle diseases.

Materials and Methods
PTRH2 null mice

All animals received care in compliance with the principles of
laboratory animal care and use formulated by the Institutional

Figure 2. Ptrh2 associates in a complex with the a7B integrin in skeletal muscle.

(A) Ptrh2 co-localizes with the muscle-specific a7B integrin at the sarcolemma of

myofibrils in gastrocnemius muscle of WT mice as examined by immunofluor-

escence microscopy. Arrows indicate co-localization of Ptrh2 and a7 integrin

that is displayed in yellow in the merged image. Nuclei were stained with DAPI

(blue). Immunofluorescence magnification 63x. (B) Ptrh2 and a7B integrin co-

immunoprecipitate in WT gastrocnemius muscle. Gastrocnemius muscle was

collected, lysed and immunoprecipitated (IP) with anti-Ptrh2, anti-a7B integrin

antibodies or pre-immune serum as a control. Control and immunoprecipitates

were analyzed by immunoblotting (IB) with either anti-a7B integrin (left) or anti-

Ptrh2 antibody (right). Lower images are of 2% input lysate based on overall pro-

tein content immunoblotted with anti-a7B (left) or anti-Ptrh2 (right) antibodies.

(C) Efficiency of antibodies used for IPs in gastrocnemius muscle that was col-

lected, lysed and immunoprecipitated (IP) with anti-Ptrh2, anti-a7B integrin

antibodies or pre-immune serum as a control. Control and immunoprecipitates

were analyzed by immunoblotting (IB) with either anti-a7B integrin or anti-Ptrh2

antibody. Lysate of 2% input based on overall protein content was immunoblot-

ted with anti-a7B or anti-Ptrh2 antibodies. (D) Ptrh2 does not co-immunoprecipi-

tate with a5 or b1 integrin. Gastrocnemius muscle was collected, lysed and

immunoprecipitated (IP) with anti-Ptrh2, anti-a5, anti-b1 integrin antibodies or

pre-immune serum as a control. Control and immunoprecipitates were ana-

lyzed by immunoblotting (IB) with either anti-a5 or anti-Ptrh2 antibodies. Lysate

of 2% input based on overall protein content was immunoblotted with anti-a5

integrin or anti-Ptrh2 antibodies. Data shown in A–D are representative of three

independent experiments.
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Animal Care & Use Committee (USA). The generation of PTRH2

null mice inbred in a black 6 pure strain genetic background
that die by P10 have been described previously (9).

Hematoxylin and eosin staining

For histological studies paraformaldehyde fixed, paraffin
embedded sections were stained with Hematoxylin and Eosin
(H&E) as described (18). Briefly, gastrocnemius muscles were cyro-
sectioned and 10-lm sections were placed on Surgipath micro-
scope slides. Tissue sections were fixed in ice-cold 95% ethanol
followed by 70% ethanol and re-hydrated in water. Tissue sections
were then stained with Gill’s hematoxylin (Fisher Scientific, Fair
Lawn, NJ), rinsed in water and stained with eosin (Sigma-Aldrich,

St Louis, MO), rinsed and mounted with DePeX medium (electron
Microscopy Sciences, Washington, PA).

Centrally located nuclei from gastrocnemius skeletal muscle
were counted at 63X magnification by bright-field microscopy.
The number of central nuclei per muscle fiber was determined
by counting 1000 muscle fibers each for triceps, tibialis anterior
and gastrocnemius muscle per animal. The percentage of cen-
tral nuclei was expressed as the number of central nuclei/total
number of fibers counted. At least three animals from each
genotype were analyzed (wild type, Ptrh2-/-).

Immunofluorescence

Gastrocnemius muscles were embedded in Tissue-TEK Optimal
Cutting temperature compound (Sakura Finetek USA Inc.,

Figure 3. a7 integrin expression is decreased in Ptrh2 null skeletal muscle. (A) Immunofluorescence and Western blot (B) of the a7 integrin showed reduced protein lev-

els in gastrocnemius muscle in Pthr2 null (Ptrh2-/-) mice at P7 compared to WT littermate controls (n¼ 3 per genotype for immunoblots and immunofluorescence; bar

10 lm). (C) Western blot analysis of the gastrocnemius muscle lysate indicated that Ptrh2 and pAKT/tAKT are decreased in Ptrh2-/- and a7-/-mice compared to WT (n¼3

per genotype for immunoblots and immunofluorescence; **P<0.001). Data shown in A–C are representative of three independent experiments.

Figure 4. Ptrh2 is differentially expressed in mouse models of congenital muscular dystrophy. (A) Ptrh2 immunofluorescence was lower in a7 integrin and laminin-a2

dyW null gastrocnemius muscle compared to WT. The absence of Ptrh2 expression was confirmed in Ptrh2-/- mice (n¼3 per genotype; bar 10 lm). (B) Western blot ana-

lysis demonstrated that Ptrh2 and pAKT/tAKT levels were increased in mdx (right panel) and decreased in laminin-a2 dyW null (left panel) gastrocnemius muscle com-

pared to WT (n¼3 per genotype; **P<0.001, ***P<0.0001). Tubulin was used as a loading control. Data shown in A and B are representative of three independent

experiments.
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Torrance, CA) as described (18). Ten-lm sections were cut using
a Leica MC1850 cryostat and placed onto Surgipath microscope
slides (Surgipath Medical Industries, Richmond, IL). Integrin a7
was detected with anti-CA5.5 rat monoclonal antibody (Sierra
Biosource, Morgan Hill, CA) followed by FITC-anti-rat secondary
(see the Supplementary Appendix). PTRH2 was detected by rab-
bit polyclonal anti-Ptrh2 antibody (developed at Washington
Biotechnology Columbia, MD using the PTRH2 amino acid se-
quence GPADLIDKVTAGHLKL;(6). Laminin-a2 chain was de-
tected with a rabbit anti-a2G polyclonal antibody. Slides were
mounted using Vectashield with DAPI (Vector Laboratories) and
visualized using a Zeiss Axioskop 2 Plus fluorescent microscope
and images were captured using a Zeiss AxioCam HRc digital
camera with Axiovision 4.1 software.

Central nuclei from tibialis anterior and triceps muscle were
determined from embedded tissue that was sectioned into 10
micron thick sections using a cryosectioner. Sections were incu-
bated in 1X PBS for 5 mins to reconstitute tissue and then for 10
mins in 1:100 wheat germ agglutinin – alexa 647 conjugated (to
delineate muscle fibers), washed 2 min three times with 1X PBS,
mounted in Vectashield containing DAPI stain (stains nuclei)
and imaged using confocal microscope. Central nuclei were
counted as nuclei located in the center of muscle fibers (more
than one nuclei per fiber is only counted as one CLN fiber) and
averaged to the total fiber number. The number of central nuclei
per muscle fiber was determined by counting 1000 muscle fibers
each muscle type per animal. The percentage of central nuclei
was expressed as the number of central nuclei/total number of
fibers counted. At least three animals from each genotype were
analyzed (wild type, Ptrh2-/-).

Embryonic myosin heavy chain

Embryonic myosin heavy chain (eMyHC) was used in immuno-
fluorescence experiments to measure muscle regeneration.
Immunofluorescence was performed on 10-lm sections from
the gastrocnemius muscle from day 7 PTRH2 null mice and wild
type littermate controls with an anti-eMyHC antibody (FL.652,
Developmental Studies Hybridoma Bank, University of Iowa IA).
The primary antibody was detected with a FITC-conjugated
mouse secondary antibody. Myofibers were incubated with
rhodamine labeled WGA to outline the myofibers. Multiple adja-
cent sections were analyzed with twenty random, non-
overlapping microscopic fields that were counted per animal at
630X magnification using a Zeiss Axioskop 2 Plus fluorescent
microscope and images were captured using a Zeiss AxioCam
HRc digital camera with Axiovision 4.1 software. Data were re-
ported as percent of eMYHC-positive fibers.

Creatine kinase activity assay

Gastrocnemius muscle from WT and Ptrh2-/- null mice was iso-
lated, washed with PBS and weighed (1 mg of muscle was lysed
in 5ul 50mM potassium phosphate lysis buffer and sonicated).
Creatine kinase activity was quantitated as per the kit protocol
(MAK 116; Sigma Aldrich, St Louis, MO).

Western blotting

The gastrocnemius muscle from day 7 after birth (P7) was
ground in liquid nitrogen. Protein was extracted in 200 mM
octyl-b-D-glucopyranoside (Sigma Aldrich, St Louis, MO), 50 mM
Tris-HCL pH 7.4, 150 mM NaCl, 1mM CaCl2, ImM MgCl2, 2mM

PMSF and a 1:200 dilution of Protease Inhibitor Cocktail Set III
(Calbiochem, EMD Biosciences, San Diego, CA). For the detection
the a7 integrin: protein was quantified by Bradford assay and
80 lg of total protein were separated on 8%% SDS-PAGE gels
under non-reduced conditions, and transferred to nitrocellulose
membranes. Membranes were blocked in Odyssey Blocking buf-
fer (LiCor Biosciences, Lincoln, NE) that was diluted 1:1 in
phosphate-buffered saline (PBS). The a7 integrin was detected
with a rabbit anti-a7A (a2 345) polyclonal antibody and an Alexa
Fluor 680-coupled goat anti-rabbit IgG (Molecular Probes,
Eugene OR) to detect primary antibodies.

For the detection of PTRH2, pAKT, tAKT, tubulin: 30 lg total
protein was separated on a 4–12% SDS-PAGE gel under reducing
conditions and transferred to nitrocellulose membranes.
Membranes were blocked in the Odyssey Blocking buffer and
incubated with either anti-PTRH2 (developed at Washington
Biotech), anti-AKT or anti-phospho-AKT (Cell Signaling) or anti-
microtubulin (BioLegend) for 2 h. Membranes were washed and
incubated with Li-Cor secondary antibodies (ant-rabbit IR 800
CW and anti-mouse IR 680 CW; Li-Cor) for 1 h. Immunoblots
were analyzed via Odyssey software, provided with the Li-Cor
system.

Statistical analysis

All statistical analyses were performed using GraphPad Prism 6
software. Averaged data are reported as the mean 6 the stand-
ard error of the mean. Individually reported data points were re-
ported as mean 6 standard deviation. Comparison of two
groups was performed using a Student’s t-test and between
multiple groups using one-way analysis of variance with a
Bonferroni post-test with P< 0.05 considered statistically
significant.

Supplementary Material
Supplementary Material is available at HMG online.
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