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Atrogin-1 regulation in human and mouse skeletal myotubes
R.J. Sefanetti and A.P. Russell, Centre for Physical Activity and Nutrition Research, School of Exercise and
Nutrition Sciences, Deakin University, 221 Burwood Highway, Burwood, VIC 3125, Australia.

Atrogin-1, an E3 ubiquitin ligase, is increased in numerous models of muscleyasrapls seen as a
potential therapeutic target to combat muscle wasting. Whilegu® rodent studies i@ wnsistently shawn
that under catabolic conditions, Atrogin-1 igutated by FOXO transcription factors, studies in atrophic human
skeletal muscle do not support a dominant role oK®. Our aim was to identify potential transcriptional
regulators of Atrogin-1 in human and mouse myotubes. Human primary and C2C12 myotubes were infected
with a c-MyC, C/EBR or APARd adenovirus for 48 h. Atrogin-1 mRNevds were increased by 72% and
decreased by 52% with PPARd and C/BRRer-expression, respeetlly. mRNA analysis in human myotubes
is in progress. At the proteinvid there was a 74% and 46% increase in Atrogin-1 with C&E®Br-expression
in mouse and human myotubes, respelsti -MyC and PRRd over-expression increased Atrogin-1 protein by
46% and 62% in mouse myotubes respelsti while in human myotubes infection with c-MyC andAiRel
decreased Atrogin-1 proteinvids by 23% and 26% respedly. These preliminary results suggest that
Atrogin-1 may be transcriptionally regulated by factors other than FoXO, and further highlight that Atrogin-1
regulation is species dependent. Future studies will determine direct transcriptopiataes of Atrogin-lvia
luciferase assays.
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NDRGZ2, a novel player in the control of skeletal muscle mass?
V.C. Foletta and A.P. Russell, Centre for Physical Activity and Nutrition Research, School of Exercise and
Nutrition Sciences, Deakin University, 221 Burwood Highway, VIC 3125, Australia.

The N-myc devnstream-rgulated genes (NDRG1-4) represent a family of moleculesdirtio cell
growth, differentiation and stress (Meloteal,, 2010); havever, how they function and their protein partners
are poorly described. Recentlye identified that the knockdown of NDRGZefted myoblast proliferation and
differentiation (llettaet al., 2009). In addition, we identified that NDRG2 expression increased markedly with
muscle differentiation and that its gengression increased also following treatment with catabolic agents, and
conversely decreased underypertrophic conditions in myotubes. Furthermore, the profile of NDRG2 gene
expression closely matched the mRIdrofiles of the E3 ligases atrogin-1/MAFbx and MuRF&y kegulators
of the ubiquitin proteasome pathway and skeletal muscle mass. This outcome suggests that these three genes ¢
regulated by related factors and thatytimay have @wnnected roles during changes in muscle mass. Here, we
sought to characterize further the potential relationship of these molecules in differentiated muscle cells.

Protein synthesis and degradation as measurédyrosine incorporation and release, respelytj was
assessed in mouse C2C12 myotubes following the knaeckdd NDRG2 protein beels by siRM\ under basal,

10 nM insulin and 1uM dexamethasone treatments. Co-immunoprecipitation analyses/epéxpressed
NDRGZ2, atrogin-1 and MuRF1 proteins in C2C12 myoblasts in the presence or absence of the proteasome
inhibitor MG132 also were performed.

A 20% increase in insulin-mediated protein synthgs#® (1) was found in myotubes lacking NDRG2
although no déct on protein degradation was measured. Co-immunoprecipitation analysesveddedran
ability of NDRG2 to interact with both atrogin-1 and MuRF1. Maezpthe interaction between NDRG2 and
atrogin-1 was enhanced by pM M G132, but not for the NDRG2 and MuRF1 interaction, suggesting that the
inhibition of atrogin-1 activity may promote NDRG2-atrogin-1 binding.

These data pxide corroboratie evidence of a relationship between NDRG2 and the ubiquitin
proteasome regulators, atrogin-1 and MuRF1, and that NDRG2 may also impact on the conttdtalf sk
muscle mass. Currenflye ae characterising the signaling patdys through which NDRG2 may affect protein
synthesis. These studies will help provide greater insight into the complecular mechanisms gerning
muscle mass regulation.

Melotte V, Qu X, Ongenaert M, van Criekinge Vde Bruine AR Baldwin HS and van Engeland M. (2010).
FASEB Journal 24:1-14

Foetta VC, Prior M, Stupka N, CayeK, Segd DH, Jones, S, Swinton C, Martin S, Cameron-Smith D and
Walder KR. (2009)Journal of Physiology 587: 1619-34.
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Multiple cell types express myokines following intense resistance exercise

PA. Della Gatta,! J. Peake,? A.P. Garnham! and D. Cameron-Smith,* 1School of Exercise and Nutrition
Sciences, Deakin University, 221 Burwood Hwy, Burwood, VIC 3125, Australia and School of Human
Movement Sudies, The University of Queensland, & Lucia, QLD 4072, Australia.

Optimal repair of skeletal muscle foling injury requires a significant and well orchestrated
inflammatory response. The infiltration of leaites, and particularly monocytes/macrophages, in the
hours/days following injury is a critical component in the repair of skeletal muscle (Creizd,@009; Koh &
Pizza, 2009). These cells are not only responsible for the clearance of cellular delalsptihe release of
factors that help to control the myogenic program of stem cells (Chazalig 2009). While the appearance
and functions of these cellsueabeen widely ivestigated, the factors that are responsible for the recruitment
and chemotaxis of lewkytes into skeletal muscle are still somewhat unknown. Our aim wasesdigate the
effect of a single bout of resistancgercise on the expression and localization of 2 major chemoattacti
factors, monocyte chemoattractant protein 1 (MCP-1) and interleukin 8 (IL-8).

Eight young males (22+D.2yr) completed three sets of resistanaaise for the Ig muscles (lg press,
leg extension and squat).wb sts consisted of 8-12 repetitions at 80% 1-RM, whereas in the final set the
subjects gercised until exhaustion. Muscle biopsies were obtained bef@reise, and 2, 4 and 24 h after
exacise. Expression of MCP-1 and IL-8 was analyz&al Multiplex analysis (protein) and PCR (gene).
Immunohistochemistry was used to establish localization.

Large increases in both gene and proteipression of MCP-1 and IL-8 were evident 2 h faflog
exacise completion, returning to restingréks by 24 h. Neither factor was patent within the cytoplasm of
myofibres following gercise. MCP-1 was localized predominately to Pax7 and CD68 ymsibnonucleated
cells, but not strictly confined to these cell types. The digtab of IL-8 immunoreactivity was different to that
of MCP-1 and seemed to be in close proximity to collagen IV expressing cells.

Both MCP-1 and IL-8 hze keen identified as major regulators of muscle mediatedytek recruitment
in vitro (Chazaudkt al., 2003; Peterson & Pizza, 2009). The present study indicated that both factors increased
dramatically in response to a single bout of resistareeiee, which is in accordance with previous literature
(Niemanet al., 2004; Hubalet al., 2008). The localization of these factors within a variety of cell types, and the
contrasting pattern of expression, suggest a cotmgid multifaceted response occurs within the muscular
microenvironment to regulate inflammation and muscular repair in response to resistesise.e

Chazaud B, Brigitte M, acoub-Yussef H, Arnold L, Gherardi R, Sonnet C, Lafuste P & Chreti@(09).
Dual and beneficial roles of macrophages during skeletal musgémeamtion.Exercise and Sport
Sciences Reviews 37, 18-22.

Chazaud B, Sonnet C, LafusteBassez G, Rimaniol AC, Poron Authier FJ, Dreyfus R & Gherardi RK.

(2003). Satellite cells attract monocytes and use macrophages as a support to escape apoptosis ar
enhance muscle growtbournal of Cell Biology 163, 1133-1143.

Hubal MJ, Chen TC, Thompson PD & Clarkson PM. (2008). Inflammatory gene changes associated with the
repeated-bout #fct. American Journal of Physiology. Regulatory, Integrated and Comparative
Physiolopgy 294, R1628-1637.

Koh TJ & PFzza FX. (2009). Do inflammatory cells influence skeletal musgleettrophy?Frontiers in
Bioscience (Elite Ed) 1, 60-71.

Nieman DC, Davis JM, Brown VA, Henson DA, DuenkL, Utter AC, Vinci DM, Downs ME Smith JC,

Carson J, Brown A, McAnulty SR & McAnulty LS. (2004). Influence of carbohydrate ingestion on
immune changes after 2 h of intergsiesistance traininglournal of Applied Physiology 96, 1292-1298.

Peterson JM & Pizza FX. (2009). Cytokines detifrom cultured skletal muscle cells after mechanical strain

promote neutrophil chemotaxis in vitdmurnal of Applied Physiology 106, 130-137.
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PGC-1a and PGC-1f regulate protein synthesisin C2C12 myotubes

E.L. Brown, P. Sepulveda, C.R. Wright, R. Show and A.P. Russell, Centre for Physical Activity and Nutrition
Research, School of Exercise and Nutrition Sciences, Deakin University, 221 Burwood Highway, Burwood, VIC
3125, Australia.

Skeletal muscle atroghis characterised by increased rates of protein degradation and/or decreased rates
of protein synthesis. @vexpression of peroxisome proliferatactivated receptol co-actvator-1a (PGC-1n)
or PGC-J can attenuate muscle atrgptend this has been attrited to a decrease in proteingdsdation
(Brault, Jespersen & Goldberg, 2010; Saerdal., 2006).

This study inestigated the role of PGCed and PGC-pB in protein synthesis in C2C12 myotubes.
Myotubes were infected with GFPGC-1a, or PGC-13 adenairuses, and protein synthesis was measured at
basal leels and with dexamethasone treatment, by the ept&lRH]-tyrosine.

PGC-Tn or PGC-PB overexpression resulted in a 25-28% increase in protein synthesiani2¢hasone
decreased protein synthesis by 15% in the GFP-infected myotubesvddooverexpression of PGCH or
PGC-B was ale to preent the dexamethasone-induced decreaseatment with LY294, an inhibitor of
PI3K/Akt, did not preent the PGC-t& or PGC-J driven increase in protein synthesis. This effect was therefore
independent of Akt, a major kinase/dtved in muscle growth.

Another potential mechanism for the PG&-4nd PGC-[ driven increase in protein synthesis may be
via their regulation of microRNs (miRNAs). The expression of miR-1 and miR-133a twRNAs that are
thought to play a role in muscleygertroply, were devnregulated by PGC-d or PGC-J overexpression.
Further studies will determine if theseawniRNAs are iwolved in the regulation of protein synthesis with
PGC-In and PGC-p overexpression.

Brault JJ, Jespersen JG & GoldipéylL. (2010) Peroxisome proliferatactivated receptoy coactvator 1o or
1B overexpression inhibits muscle proteingtadation, induction of ubiquitin ligases, and disuse airoph
Journal of Biological Chemistry 285, 19460-71.

Sandri M, Lin J, Handschin C, Yang,Wrary ZP, Lecker SH, Goldbay AL & Spiegelman BM. (2006).
PGC-lalpha protects skeletal muscle from atyopy suppressing FoxO3 action and atrggpecific
gene transcriptiorProceedings of the National Academy of Sciences USA 103, 16260-16265.
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Properties and amounts of heat shock proteinsin skeletal muscle
N.T. Larkins, R.M. Murphy and G.D. Lamb, Department of Zoology, La Trobe University, VIC 3086, Australia.

Heat shock proteins (HSP) are considered to be important in protecting and maintaining cellular
homeostasis by binding to partially denatured proteins and acting as molecular chapdBeagstallin,
HSP25 and HSP72 are thought to protesst ®mponents in skeletal muscle such as SERCA pumps or actin. In
the present stugdye havemeasured the amounts, diffusibility and eatton characteristics of these proteins in
fast-twitch extensor digitorumlongus) and predominantly slow-twitctsfleus) fibres from rat skeletal muscle.

Male Long-Exans hooded rats (6-8 months old) were sacrificed using a letrdbee of isoflurane with
approzal of the La Trobe Uniersity Animal Ethics Committee, and tleztensor digitorum longus (EDL) and
soleus (SOL) muscles were excised. Muscles were either used for obtaining skinned fibre segments or
homogenized and the entire muscle homogenate analysed using a quemigstern blotting techniqueoT
determine the absolute amountsodd-crystallin, HSP25 and HSP72 in unstressed muscle, known amounts of
pure HSP25, HSP72 anmB-crystallin were run on 8stern blots alongside or with the muscle homogenates
samples (Murph et al., 2009) (se€Table). From these measurementB-crystallin is almost 29 times more
expressed compared to HSP72 drkB time more than HSP25 in SOL muscle. These measurements of the
absolute amounts of HSPs presenteginsight into the importance afB-crystallin as well as the binding
limitations and physiological function of Hsps in skeletal muscle.

To measure diusibility, individual fibore sgments were mechanically skinned, removing theaserf
membrane and allowing proteins to diffuse out of the fibre and into the bathing solution. The skinned fibre
sggment and the matched bathing solution were run on Western Blots andftiséititfy of aB-crystallin,
HSP25 and HSP72 could be determined.

In unstressed muscle between 50 — 90% of HSP25, HSP7&8Bxaedystallin appeared in the bathing
solution within 10 min, indicating these proteins are broadly in rapid equilibrium with the cytoplasm in
quiescent fibres. When a muscle wapased to a potent oxided sress of 10 mM HO, whilst pinned at room
temperature, or bubbled with 95%, & an eleated temperaturel31°C) for more than 1 houthe difusibility
of aB-crystallin, HSP25 and HSP72 remained the same as that of an unstressed muscle.

Diffusibility was also imestigated after a muscle was heated to 40°C for 30 min whilst pinned under
parafin oil. HSP25 andaB-crystallin became almost completely bound within the fibre, whereas HSP72
shaved no change in diffusibility from that of an unstressed muscleel#o when the temperature was raised
to 45°C, HSP72 was no longer diffusible and became bound within the fibre. Whendibentefrom a 40°C
heated muscle were washed in the presence of 10 mM B8H25 andxB-crystallin remained bound and did
not became difisible, indicating the bonds between HSP2&Brcrystallin and the target site was not a simple
disulfide bond.

Amount
(umol/kg musclet SEM)
EDL SOL
HSP72 1.6 0.0 4.3+ 0.1
HSP25 2.8:0.3 8.9+ 1.3

oB-crystallin @ 3.3+ 0.8 123.9+16.7

Murphy RM, Larkins NT, Mollica JR Beard NA, Lamb GD. (2009ournal of Physiology 587(2): 443-60.
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Knockdown of STARS altersprotein synthesis and degradation
M.A. Wallace and A.P. Russell, Centre for Physical Activity and Nutrition Research, School of Exercise and
Nutrition Sciences, Deakin University, 221 Burwood Hwy, Burwood, VIC 3125, Australia.

Background and Aim: Striated muscle aetitor of Rho signalling (SARS) is a muscle specific actin-
binding protein (Arakgt al., 2002). e haverecently shown that STARS is up-regulatedypédrtrophied human
skeletal muscle following resistanceeecise and is decreased following atrophy-stimulating detraining (Lamon
et al., 2009). STARS mRN is aso reduced in sarcopenic mice (Sakuehal., 2008). These studies suggest
that STARS may be wolved in skeletal muscle protein synthesis and/or degradatiamvhothis has not been
determined. Therefore, the aim of this studgswio establish the role of STARS in protein synthesis and
degradation in C2C12 myotubes.

Methods: STARS over-expression and knockdm in C2C12 myotubes was acked using adenwiral
infection and siRNK transfection, respeetly. Myotubes were also treated with insulin (100nM) to promote
protein synthesis or dexamethasone (DEX)uU{MP to promote protein degradation. Protein synthesis and
degradation was determined by the amount of radio-labé&Hetyrosine incorporation into and release from the
myotubes, respewoily.

Results: STARS over-expression did not influence basal protein synthesis gradation, nor did it
influence insulin stimulated or dexamethasone attenuated protein synthesesetiénockdavn of STARS
significantly reduced basal and insulin stimulated protein synthesis by 2&Hditionally, knockdavn of
STARS significantly increased basal and dexamethasone-induced protgedateon by 20% and 50%,
respectiely.

Conclusion: These observations shidhat STARS is necessary to maintain the fine balance between basal
protein synthesis and degradation. Furthermore, a reduction in STARS reduces the influence of anabolic stimuli
and enhances the effect of catabolic stimuli. A minimum amountARSTmay be required to sustain a health
level of protein turnwer.

Arai A, Spencer JA, Olson EN(2002). STARS, a striated muscle gaatior of Rho signaling and serum
response factor-dependent transcriptitmornal of Biological Chemistry 277: 24453-24459.

Lamon S, Wallace MA, Léger B, Russell AR009). Regulation of STARS and its downstreargdty suggest
a rovd pathway involved in human skeletal musclggertroply and atroply. Journal of Physiology 587:
1795-1803.

Sakuma K, Akiho M, Nakashima H, Akima Ha¥uhara M. (2008). Age-related reductions in expression of
serum response factor and myocardin-related transcriptotorf A in mouse skeletal muscles.
Biochimica et biophysica Acta. 1782(7-8): 453-61.
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