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Abstract

Mitochondrial dysfunctions a pathological feature obuchenne musculatystrophy(DMD)
a debilitatingand fatalneuromuscular disorder characterised by progressmesclewasting
and weaknesaMitochondria are aource of cellular ATivolved in C& regulation and
apoptotic signalling Ameliorating aberrant mitochondrial function has therapeutic
potential for reducing DMD disease severityhedystrophicmdxmouse exhilis peak
muscle damage at 228d which stabilises after 8 weekfe amino acidaurineis
implicated inmitochondrial health and functigrwith endogenousoncentrationdow when
measured during the cycle peakmuscledamagein mdxmice.Using wholesoleus and EDL
muscle homogenatesom 28 and 70d mdxmice there wasio changen native state
mitochondrial complexes usindug Native-PAGENADH:ubiquinone oxidotdictase
subunitA9 (NDUFAYprotein abundancavas lower in soleus muscle of 28 and 7@dix
mice and EDinuscleof 70 dmdxmicecompared tassame muscles iWT (C57BL10/ScSn)
animals There vere age dependanincreasein both NDUFA%rotein abundance and
citrate synthase actity in soleus muscleof mdxand WT miceThere wasio change in
abundance of mitochondrial dynamics proteimsitofusin 2 (Mfn2) and mitochondrial
dynamics protein 49yiD49. Taurine administration essentially did not affect any
measurements of mitochondri&€ollectvely thesefindings suggesnitochondrial content
and dynamics are not reduced in thedxmouse regardless of disease severity. We also
elucidate that taurine affords no significabpénefit to mitochondrial content or dynamias

the mdxmouse ateither 28 or 70 d.

Abbreviations Blue native polyacrylamide gel electrophorg8&NPAGE); bovine serum
albumin (BSA); citrate synthase (CS); cytochrome C oxidase subunit IV (COX 1V); Days (d);
Development Studies Hybridoma Bank (DSHB); Duchenne muscular dystrophy (DMD);
extensor digitorum longus (EDL); mitochondrial ATP production rate (MAPR); mitochondrial
dynamics protein 49 (MiD49); mitofusin 2 (Mfn2); NADH:ubiquinone oxidotreductase
subunitA9 (NDUFAD9); oxidative phosphorylation (OXPHOS); phosphate buffered saline
(PBS)phosphate bufferedaline with 0.025% Tween (PBS®&active oxygen species (B
sarcoplasmic reticulum (SFEHRcalcium ATPase (SERCA); standard deviation (SD); taurine
(tau); Trisbuffered, salineTween (TBST); Wild type (WT, C57/BL10ScSn)
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Introduction

DuchenneVluscular DystrophyDMD)is a debilitating progressivend ultimatelyfatal

neuromuscular disordeaffectingapproximately 1:3600 live male birtl§S). Caused by the

absence of thgrotein dystrophinand the subsequent weakening of the sarcolemara

influx of extracellular Caprecedesmyofibre necrosisind subsequentlprogressive muscle
wastingand weakness with agé). The dystrophin deficienhdxmouse is a well

established animal model of DMAMd exhibits many of the pathophysiological symptoms
associated with the disordgfl2)X /8§ } ev[S8U Z}A A EU /£E% E] v % E}PE
wasting and weakness but rathexhibits an age deperuaht disease severity, peaking at-21

28 (d)ays at which time it most closely mimics the severity of DMD, before undergoing

successful muscle regeneration and stabilising into adulthood (> 8 w&2ks)

The structural hypothesis for damage in DMD is centred on tHise@ay and is widely
recognised to precede many of the patholcajifeatures seen with DMQ). Intracellular
Cd"is continuously sequestered into the specialised membrane bound store, the
sarcoplasmic reticulurtSR) by the S&alciumATPase (SERCa&)d hence has a reliance on
ATPsupplyfor continued function Afurther key aspect of dystrophic muscle is the
increased requirement for muscle regeneration as the tissue attempts to repair itself, and

this is anothewsignificantATP consuming pathway in the cell.

Mitochondriaare thesource of cellular energy, producing ATP through a series of five
multimeric enzyme complexes termed oxidative phosphoryla(@XPHO3)nd play an
important role in most cellsThe functionof each of these complexés dependent on the
efficient assemblpf up to 45 different proteins into a single complex (e.g. complE0)).
The application oblue native polyacrylamide gel electrophoresis {BAGEllows these
complexes tdoe visualisedNot only critical to the production afellular energy via
OXPHOS, mitochondria are ategulators of C& homeostasis, a source of reactive oxygen
species (ROS) production and act as a regulator of apoptotic sigr{dllibg) Mitochondrial
dysfunction haveen suspected to be an important pathogenic feature in Duchenne
musculardystrophy(18, 23) Potential mechaisms of this contributioould be a result of

the sustained increase in cytosolic?0a dystrophic musclexertinga C&" overloadon the

3| Page



89
90

01
92
03
94
95
96
97
08
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

116
117
118

mitochondrial transition porevhicheventuaesin apoptosis(8) and aconsequen

decreased ability to produce ATP

It has been suggested that mitochondria could be a therapeutic target for reducing the
severity of symptoms in DMD patien®0). Resting ATP conterdf dystrophic musclevas
reported to be~50% of that seen in a healthy coh(2t 6) This could be due to a
decreased ability to produce A& analyses a$olatedor enrichedmitochondrial
preparationsdemonstrated a reduction in mitochondrial ATP production rate (MAPR)
OXPHO#g&apacityin the mdxmouse(18, 30, 32)The decline in ATP could also be due to the
increased rate of ATP consumption, for such processes as driving the increased SERCA
activity necessary to try and maintain®aomeostasis and/oincreasedmuscle

regeneration.

While not completely understoqdt has further been suggested that theduced

bioenergetic statupresented by the reduced ATPdgstrophicmuscle may be attributable

to morphologicall}compromised mitochondria, such as becoming swollen, which alters
mitochondrid function (23). Necessary for mitochondrial fusiomitofusin 2 (Mfn2) is
responsible for the maintenance of healthy mitochondrial function, fusing together
damaged mitochodria that would otherwise contribute to excess ROS production and
subsequent muscle damag@3). Mfn2 was increased in the EDL and diaphragm of the
utrophin- dystrophindeficientmouse(29), although it is not known if this is altered in
muscle from thdessseverely affecteandxmouse Whilst studiesnvestigating

mitochondrial dynamics previoushave examined different proteins involved in
mitochondrial fission, such as Fisl and Opal, these proteins are also involved in the fission
of other organelles, suchs peroxisomes and so it is not possible to relate findings
specifically to mitochondrié21). Recentlymitochondrial dynamics protein 48iD49 and
MiD51 were identified as mitochondrial specific proteins for fission, involved in recruiting
Drpl to the outer mitochondrial membrang1). MiD49 has only recently been described in

skeletal muscl€39)and whether it is altered in dystrophic muscle is not known.

Taurine isan amino acid found ubiquitously &l mammalian cellgand whilst not classified
as essentiahas extensively been characterised as vital for heatthgcle function and

development(9, 16) Dystrophin deficiency has been shown to impact taurine metabolism
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(34). In themdxmouselimb muscletaurine levels have been found to be reduced both
before and during the onset of severe dystropathology-281), before returning to
endogenous levels as the pathology stabilises into adulti{@dd) (11, 22) The availability
of sufficient taurine both before and during these critistdges is therefore an area of
interest for the potential attenuation of the dystrophic pathology shown in g mouse.
Taurine deficiency has been studied using a tauriaesporterknockout mouse where
intramuscular taurine is almost abnt(37). Such studies demonstrate pathological
symptoms indicative of those seen with dystrophin deficiency, ingigalhat taurinehas a
role inmitochondrial functiorand energy productioandmayserve as a regulator of
mitochondrial protein synthesis, eahcethe activity of the electra transport chain and
protectthe mitochondria against excessiROJyeneration(14, 15, 17)Of importance to
clinical outcomesstudiesadministeringtaurine viawhole bodysupplementationor by
applyingdirectly to muscle preparations have founceftective at improvingnuscle health
andor force developmen(3, 7, 10, 35)Taurine deficiency has also been linkedell
damageassociatedvith increasedoxidative stres¢l5, 17) One inteesting point is that in
cardiomyocyts of ratsdepleted of taurine byeta-alanine,the activity of mitochondrial
complex! and I, and thus the electron transport chaiwas suppresse(lL7). This was
supported by arapparent decrease in thebundance of complex | subunits ND5 and ND6
albeit in fractionated samples whigiltesents problems as the total mitbondrial pool was

not assesse@39).

Tobetter understand the impact aliseaseseverity and the potential of taurine as a
substance of therapeutic benefit @MDwe investigate markers of mitochondrial
content, activity and dynamida the mdxmouseduring both peak (28 d) and stable (70 d)
pathology using the same mice we ded®d in a recent papg3). Using whte muscle
homogenates weénvestigatel mitochondrial complexes in their native state BWPAGE
complex subunits NDUFA@Nnd COX I\As protein indicators of mitochondrial content,
citrate synthase (CS) as a measure of both mitochondrial content and gdheity
abundance of fusion and fission protejihdfn2 and MiD49respectivelyas markers of
mitochondrial dynamicand visualisednitochondrial distribution and abundance through

confocal immunohistochemistry.
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Materials & Methods

Animals and supplementation.

All procedures in this study were approved by the La Trobe Uniyémsimal Ethics
Committee (approval numbers2-31,13-48). Only male mice were useslith n=35mdxand
n=24 wild-type (WT, C57/BL10Sc@&mimalsin total. Experimental animals were bred at the
La Trobe Animal Research and Teaching Facility using breeding pairs obtained from the
Animal Resource Cent(@/estern Australia, Australialhe offspring of WT anahdxmice

had access to standard rat chow, wagef libitumand were utilised for experimentation at
either 28 +1 or 70 £1 day$ age.Maximum litter size grown to maturity was 6 males. There
was nosignificant difference between body weights of each age group at the age of
experimentation(3). Mdx taurine (tau) breeders and subsequent offspring were
supplemented withcontinuous access taurine (2.5% wt/vol) enriched drinking water,

with breeders beginning supplementation at least tweeks prior to matingThis dosage of
supplementation has been demonstrated previously to elevate skeletal muscle taurine

contentin mdxmice(3).
Muscle dissection

Mice were anesthetised with an intraperitoneal injection of Nembutal (Sodium
Pentobarbitone) and kept unresponsiteetactile stimuliwhile theextensor digitorum
longus(EDI) and soleusmuscleswvere excised blotted clean on filter paper (Whatman No.1)
and weighed, before beingnap frozen in liquid nitroge\ll muscles were stored a80°C

until analysisMice werethen killed by cardiac excision.
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Western Blotting

Frozen transverse EDL asmleuscryosections were taken from the midpoint (~30 x 10 um
28 d animals, ~20 x 10 pm 70 d animals) and immediately placed ety low[C& ']
intracellularrelaxingphysiological buffer containingn(mM): 129 K, 36 N4, 1 free Mg*

(10.3 total M@"), 90 HEPES, 50 EGTA, 8 ATP, 10 CP, pH 7.10, and an osmolalitg@f 295
mosmotkg-H,O?). Thesections werahen diluted 2:1 with3X SDSolution(0.125M Tris

HCJ 10% glycerol, 4% SDM4urea, 10% mercaptoethanol and 0.001% bromophenol blue,
pH 6.8) and kept abom temperature for a further 30 minutes, vortexed at five minute

intervals and stored a80°C until analysed.

Aliquots of each EDL asdleussamplewere pooled together and used to create a

calibration curve for that respective muscle that was run on every gel, allowing comparisons
of whole muscle homogenates across ¢@ls, 27) Total protein from each sample was

initially separated on 4.5% gradient Criterion TGX Stain Free gels (BioRad, Hercules, CA)
and following UV activation using a Stain Free Imager (BioRad)efts#ies of the total
laneswere obtained (mage lab software v 5.2, BioRad) arsgd to ensure equal loading for

subsequent western blotting.

Western blotting was performed to determine the protein abundancenatbchondrial
proteinsCOX IWDUFA9Mfn2 and MiD49The western blotting protocol wasmilar to

that described previousl{26). Briefly,a similaramount of protein from skeletal muscle
samples was separated orl%% gradient Criterion TGX Stain Free gels (BioRad, Hercules,
CA) Fior to transfer gels were imaged with a Stain Free Imager (BioRad) for total protein
which wasguantified for each sample using Image lab software (v 5.2, BjoRallowing

this, using a wet transfer protocol, protein was transferred onto a nitrocellulose membrane
at 100V for 30 min. Following transfer the gel was imaged again and the membrane
incubated in Pierce Miseolution(Pierce, Rockford, IL) for ~fin andthen blocked in 5%
skim milk powder in 1% Trimuffered, salineTween (TBST) for A2at room temperature.
Following blockingmembranes were incubated in primary antibodies overnight at 4°C and 2
h at room temgrature. Antibody details and dilutionsytochrome C oxidase subunit IV
(COX Irabbit polyclonal, 1:1000, #4844elCSgnalling, NADH:ubiquinone

oxidotreductae subunit ASNDUFA9rabbit polyclonal1:1000, Min2 (rabbit polyclonal,
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1:500), MiD49 (rabbipolyclona) 1:500, se€28, 31) Mdx mice were probed for dystrophin

(mouse monoclonal, 1:500, MANDYS1 clone, B@¥elopment Studies Hybridoma Bank

(DSHB), lowa, OH, U3& confirm the absence of this proteiAll antibodies weraill
diluted in 1% bovine serum albumin (BSA) in phosphate buffered saline (PBS) with 0.025%

Tween (PBST).

After washingmembranes were incubated with a secondary antibody (goatmotise IgG
or IgM, goat antrabbit IgG, HRP conjugatelig0,000) and nsed in TBST. Bands were

visualized using West Femto chemiluminescent substrate (ThermoScientific, [landSA)

images takerand densitometry performed using Image Lab software (BioRé&@) positions

of molecular mass markers were captured under whgat, and then chemiluminescent

imaging was takewithout moving the membranel otal protein and specificrptein

densities were each expressed relative to their respective calibration curves and

subsequently each protein was normalised to the total pmoteontent(27). Data was then

expressed relative to the average of the 28 d WT on a giveiRgplesentative blots for

figures have been created by superimposing blots on top of the molecular makema

with black lines indicating non congruamages from the same probe.

Citrate Synthase Activity Assay

For determination of citrate synthase (CS) activity, muscle was accurately weigh2d (

mg) and homogenised (5 xs5with 5 min on ice between bursts) at 20:1 in buffer
containing 70 mM suosse, 220 mM Bnannitol, 10 mM HEPES (pH 7.4), 1 mM EGTA.

Measurements were made in whole muscle preparations in duplicate or triplicate. Placed
H(( EBU idiihiebis (B( A[A
nitrobenzoic acid) (DNTB,5 mg.mL* made in Tris buffer) and 10 pL of acetglA (6 mg.mL

into a reference cuvette was: 826 of 0.1D d&E]-

! made in Tris buffer). The cuvette was placed in a spectrophotometer (LKN Novaspec II

Pharmacia Biotech, Swedeand the machine was zeroed at 412 nm. Into individual

cuvettes containinghe same components as the reference cuvette, 15 pL of homogenate

was added in addition to 50 L of oxaloacetate (6.1 mg.made in Tris buffer) to initiate

the reaction. Absorbance was recorded at 412nm every 15s for a total of 150 s. The change

in absoE

\Y

E

JvPe ~4

ee A (E

%0} %38
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regression used to determine the slope of the response. The slope between 30 and 90 s

was used to calculate CS activity, which is presented asmndig™.

Blue Native ARGEBNPAGE)

To assess rhitochondrialcomplexesvere presentn their entiretywe investigated
mitochondrial complexes utilising BNAGESamples were cryeectioned and placetnh Na
EGTAsolution (described in whole muscle homogenate section) with 1% FXifd® 30 x
10 pum 28 d animals, ~20 x 10 um 70 d animalOm pL buffer)10 puL of each sample were
diluted 1:1 in solubilising solution (20M BisTris pH 7.0, 56hM NaCl, 10% glgool, 0.5%
}Ju e¢] ¢« A]J8Z 1 R> }( 0o} JvP C ~fA9 }}u -anjinoegaproid afidj uD x
100mM BisTris pH 7.0). Samples were loaded ontd326 native polyacryhide gels
(Novex, Invitrogen) Gels were run for 10 min at 100V, 10 min at 400/ ad5 min at
400V, with a change of buffer between the second and third run. Follosépgration
protein was transferred to PVDF membrane for 2 h at 100V. Membranes were stained
(Coomassie blue G, 50%ethanol 10%acetic acigl, destained (50%nethanol 10%acetic
acid) and blocked for 2 h using 5% skim milk in TBST. Following blocking, the OXPHOS
antibody cocktail (Mouse, 1:1008bcan) was applied and methodology from here to
imaging is as described for Western blotting. Following imaging the renggaoirtions of
the samples were diluted 1:2 in 3x SDS loading buffer and run ekbé&odStairFree

denaturing gel fothe total protein used for quantification of each complex

Immunohistochemistryconfocalmicroscopy

To visualise COX IV and identifitochondria in tissue sections;ansverse cryosections-(8
il ..us A E uS (E}u SZ u] %}]vsS }(mastles arnd mountedoop »
positively charged microscope slides (Lomb Scientiicyogctions were left at room
temperature for ~10 min, thethe fixative (4% paraformdéhyde in PBS; PFA) added 30
min. Afterwardscryosections werevashed(3 x 10 min in PBSfollowed by immunobuffer
(50 mM glycine, 0.033% saponin, 0.25% BSA, 0.05% sodium azdl@)cubaton for 2

hours. COX IV antibod$:100, same source as western blottingjjuted in immunobuffer

9| Page



262
263
264
265
266
267
268
269
270
271
272
273
274
275

276

277
278
279
280
281

wasaddedand sectionsncubated overnight at room temperature in airtight, saturated
container. &ctions were washed with immunobuffe@3x10 mn), before secondary
antibody (1:2000 in immunobffer, Donkey antrabbit Alexis 488 (#cam, ab150061)vas
addedandsectionsincubated for 2 hours at room temperatur&ctions werethen washed

in immunobuffer 0 min) before addingDAPI (1:1000n immunobuffer, 2 min for
visualizig nuclei. A negative control slide was obtained by following the above steps with
the omission of primary antibody, where immunobuffer was used during that incubation
step. Sections were finallyashed(2 x 10 min PBS) before beingr-dried, anda covesslip
carefully applied with a drop of ProLong Diamond Antifade Mountant (Thermo Fisher,
P36961), and the coverslipealed with nail polish. lkorescently labelled samples were
stored in the dark at20¥. Imageswere all taken at the same magnification wighZeiss
780 confocallaserscanning microscopéZeiss AxioObserver Z1, Carl Zeiss Microscopy,

Oberkochen, Germany).

Statistics

All data are presented as rar* standard deviation (SDComparisons betweerlevant
groups was performed using@neway ANOVA of variance, witHolm ] | [%o }-*&}
v 0 C.-Alb statistical analysis was performed using GraphPad Prism v 6. Significance was

set at p < 0.05.
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Results
Mitochondrial complexl, I, IV and \Abundances

The abundance of mitochondrial complexes were assessed UNHRAB Evith duplicae
measurements of each sampMo difference in the abundances tre apparentmigratiors
of complexes |, II, IV or V were found in the soleus muscle omMffand mdxTaumice (Fig
1).

NDUFASNd COX I\protein.

In soleus musclehe mitochondrial marker associated with compleXQUFA9was
decreased by approximately 50%nmixmice at both 28 ad 70 d compared tage
matchedWTmice (Fig A). 70 dndxtau mice exhibited an approximate 50% increase in
NDUFA%®rotein abundance when compared to timedxgroup, this increase wasot
observedbetween28 dmdxand mdxtau supplemented micé-ig2A). NDUFA@bundance
was elevated significantly with age in both the WT amdkgroups (Fig 2). EDLNDUFA9
protein abundance was reduced in 28mdlxmice when compared to the WT, with no
further differences observed witNDUFA®rotein abundance between groups (F28).
There was no differens@n soleusor EDLCOX I\protein abunances between any groups
(Fig D).

Citrate synthase activity.

The enzyme citrate synthase is a validated biomarker for mitochondrial density in skeletal muscle,
and CS activity is widelised as measure of oxidative capa¢itp)andtherebywas used in the

current study Therewas an agepecific effect on@eusCSactivity, with 70 d old WTmdx

and mdxtau miceall exhibitingmore thantwo-fold increaserelative to the 28 d animals

from the same grougFig ). There wre no group specific differensen EDLCSactivity at
either 28 0r70 d (Fig B). There was approximately 20% less CS activ idmdx
comparedwith WTmice, with no further difference observeal between groups or ages (Fig
3B).
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Mitochondrial dynamics Mfn2 and MiD49 proteins.

There vere no difference observed inthe abundance oMfn2 and MiD49 proteis in either

soleus or EDL muscles in amgup (Fig}).

Immunohistochemistry

Mitochondrialabundancéollowingimmunostainingvas visualised usingpnfocal
microscopy Staining of muscle sections wi@0OXV antibodyrevealed a qualitatively
similar abundance of mitochondria across all treatment tyf)@g. 5)asobservedby

western blot analysi§Fig. 2) Therewas no discenble difference in staining intensity
between he EDL and solemsusclesof 28 d mice but there washeterogeneity of COK/
staining intensity observed between muscle fibres. Presumably greatet\C&X

therefore mitochondria, is present in the slowiteh oxidative fibres while a lesser intensity

is presentedn the more glycolytic fast twitch fibers.

DAPI stain revealea higher abundance of centralisegyonucleiand infiltration ofother
nuclei inboth EDL and soleus muscles of 2&akmice, which were present to a lesser
extent inmdxtau treatedand WTmice (Fig5). This trend was not obseed in the soleus

muscle of 7@ mice(Fig.5).

12| Page



326

327
328
329
330

331
332
333
334
335
336
337
338
339
340

341
342
343
344
345
346
347
348
349
350
351
352
353
354
355

Discussion

The currentstudy providesmuscle specifimsights intathe effect of ageon mitochondriain
wild-type andthe mdxmouse model of DMDOt also addresses whether the benefits of
taurine suppementation on muscle functio(8) are due to changes in mitochondrial

content or activity.

We investigated the abundance of whatetochondrialrespiratorycompleesl, I, IV and V

in their native state by BNPAGEnNd found no differences in the abundances or the relative
migration of these complexes between WT andxmice in either 28 d animalg/henthe
dystrophic phenotype would be active and the most damage occurring, or during stable
stages of muscle damage at 7QRidg B). The examination of mitochondrial complexes by
BN-PAGHas the advantage of providing information abawtt only complex abutiance

but the formation of individuatomplexes Each complegonsists ohumerous individual
proteins,e.g. complex | has 45 subunits and migrates at ~1,000 kDa when contairfiidlg its
complement of protein subunit¢38). These data suggesiat at least the majority of the

subunits assembled for a given complex, are similar between phenotype and ages.

Given that no differences were seen in mitochondrial complexes, we then went on to
examine two importantarkers of mitochondrial compleabundance by western blotting
using calibration curves and small sample amounts, which provide the most quantitative
approach(27). The proteinNDUFASs one of the45 subunits thatomprise mammalian
complex 24)and has been used previously as a marker of both complex abundance and
total mitochondrial conten{39). Interestingly, there was ~twold lessNDUFA®roteinin
soleus muse frommdxmice at both 28 and 78 compared with WT mice (Fig\R In EDL
muscle this was only seen in 70 d anin{&ig B). In soleus muscles from both WT amdix
mice there was ~twdold increase iINDUFA@bundances with age (Fid\R Given that
NDUFAQ9 is an ~36 kDa protein, then on its own, it would not be expected to be observed as
a difference in the migration or thebundance of théotal Complex bn BNPAGEWhilst
NDUFA%s part ofComplexlit is unclear if a change in adundance wouléffect overall
mitochondrial function(24). However the decrease in NDUFA9 protein abundance found
here does coincide with reports ofcgficiency in Complelfunctionthat wasapparentin

muscle frommdxcompared with WT animal82). It was pleasing that the mitochondrial
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yields were reported in that paper avdorth due consideration was the low mitochondrial
yields(10-18%) and a difference in the yieldstweenmuscle frommdxand WT micg32).
Interestingly, in cardiac muscle froomdxmice cardiomyocytes have been shown to exhibit
altered mitochondrial activity thatvas not evident athe level of isolated mitochondria,
suggesting the problem exists on a cellular as opposed to organellg3é&yebuch studies
highlight the importance of investigating mitochondrial function in the context of its role
within the cell as well as in isolatioAn important and novel aspect of our study is the use
of whole musa forall ourbiochemical analyes includingBNPAGEwestern blotting ad
CSactivity. Studies undertaking mitochondrial research involgagtrifugation of tissue
samples may be underestimating mitochondrial contentieaentlyWyckelsma et a(39)
identified approximately 1@0% of mitochondria are discardeaid, very importantly, the
yields were different when measuring different mitochondrial proteins and different
samples were used\further and more detailed description of the issues associated with
guantitative assessment following fractionation of tissue are reportetMoyphy and Lamb
(27).

Oursecondprotein marker of mitochondriahbundancevasCOX IVhas been established
asbeingessentiafor complex IV (Cytochrome oxidase) functio20). We found no
difference in the protein abundance GOX \Nbetweenmdxand WTgroups in both soleus
and EDImuscleat both agegFig D). This, in combination with BRAGE data, suggests that
Complex IV is not altered in dystrophic muscle, or as a consequence Quadigative
visualisation of COX throughconfocalmicroscopyfurther confirmed these results,
revealing no appreciable difference between muscle sypgeand tau treatment(Fig 5).
There was however fibre specific heterogeneity in the intensity of Cl¥Xwith greater
intensityobserved irpresumablytype | slow twitch oxidative fibres as opposed to glycolytic

type 1l fibres (Fig 5).

Shown to be strongly associated with mitochondrial content dredability of the
mitochondria to produce ATRXidativecapacity (19), we alsoinvestigated CS activitg
muscles from thendxand WT animals at both age®/e found nochange in CS activity
when comparingoleusmusclefrom mdxand WTmice, eitherat 28 or 70d (Fig 3). When

the effect of age was examined in soleus muscEs activity was increasetivo-fold in
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386 both mdxand WTmice70 dmicecompared tatheir respective28 dmice (Hg 3).

387 Interestingly thisage specific increase wassimilarmagnitudeto that observedn NDUFA9
388 protein abundance (Figh). Whilst it is tempting to speculatidat the NDUFA®rotein

389 abundance igither responding toor driving theage dependenincreasean oxidative

390 capacityof Gmplex lin soleus musclat cannot explain the decreased NDUFA9 protein
391 abundance seeim soleus musclef mdxcompared with WT mice. i$ clear thatfurther

392 studies are required to elucidate the reason behind the age related changeS activity

393 This is the first worko investigatethe abundance othe mitochondrialspecificdynamics

394 proteing Mfn2 andMiD49, in whole skeletal muscle from themdxmouse.There wereno

395 differencesin protein abundancgof either Mfn2 or MiD49across bothsoleusand EDL

396 musclesand acrosgroups (Fig 4) Based on the previously published suggestion that total
397 oxidative capacity (measured as MAPR and OXPHOS) may be reduckanice, we had
398 thought mitochondrial dynamics would be increasddvas surprisingtherefore,to see

399 that there was no evidence of alterembundancen Mfn2 or MiD49in the mdxmouse

400 during28 d wherethe period wherepeak muscular damageccursand muscle turnover is
401 high.Interestingly, a recent studyeported aseveraifold increase in the abundance of M2n
402 in the EDL muscle of 8 week old utrophiystrophin deficient mous€9). The utrophin

403 dystrophin deficient mousenodelcannot be directly compared with the less severdx

404 mouse model becauseéixperiences a more severe phenotype of muscle damagese
405 dataprovide evidencehoweverthat Mfn2can be upregulatechia compensatory capacity
406 in response to eitheincreased mitochondrial damage or energy demémat was not seen
407 in the present studyThat study also found an increase in D(@Q), althoughgiven that

408 Drpl is involved witlthe fission of peroxisomes as well as mitochondtiamits the

409 interpretation of that finding in relation specifically to mitochondi&le have recently

410 reported both Mfn2 and MiD4% be increased in muscle from aged compared with young

411 adults, further supporting the dynamic response of these prot€a®s.

412  Previously we identified that taurine supplementation was effectivaereasing strength
413 and improving the histological profile of thiialis anteriormuscle ilmdxmice during the
414 peak damage period of 28uilising thesamemice andireatmentregime as the present

415 study(3). In the current study we investigateghether the beneficiakéffects of taurine
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416 were associated with an increasenrarkers ofoxidative capacityr mitochondrial

417 abundanceVisualisation of nuclaising fluorescent DAPI stainingyealed taurine tdhave a
418 seemingly beneficial effect on the visible health of EDL and soiessles of 28 dhdx

419 taurine treated miceas sea with hematoxylin and eosistaining(3). However, whilean

420 increase iMNNDUFA%®rotein abundance was observed in thedthdxtau mouse when

421 compared to the norsupplementedndxmouse there was no effect of taurine on any other
422 measure of mibchondrial content oactivity. While aur current data suggestbhat taurine
423 affords no mitochondrial adaptation in thedxmouse ateither 28 or 70 d of ageit remains
424  that complexl activity can be selectively impaired without detectable changes in complex
425 content or mitochondrial volume/densitysubsequently @ossible mechanism for

426 functional improvement with tauringsupplementationcould be a reduction ithe

427 impairment ofelectron transport secondary to an antioxidant effect at compl€k). Itis

428 therebynot whollyconclusivan the current studythat taurine supplementation did not

429 elicit some mitochondrial adaptatiowhich requires further invegjation Future studies

430 shouldassess mitochondrial functian situandinclude highresolution respirometrywhile
431 ultrastructural mitochondrial reticular comparison woubé of interestto support or refute

432  the relevance of absolute measures of Mfn2ldiiD49 for mitochondrial dynamics.
433 Conclusion

434  Our assessment of mitochondria using an array of approache® 8, western blotting
435 confocal microscopgnd CS activity) suggest there is no reason to believe that

436  mitochondrial content is reduced mdxmouse, at either 28 d wirepeak damage is

437 occurring, or at 70 d when the muscle is stabilidacbrder to further elucidate this, there is
438 anabsolute needor future functionalmitochondriaassays to be undertaken whole

439 muscle preparations, wherthe entire mitochondrial pool areepresented.
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Figure Legends

Figure 1. Nave statecomplex abundance inadeus muscle of 28 and 70 d Wihdx and
mdxtau mice.(A) DC}e]v (E}u §Z "8 ]Jv &E P oU Jv}m]A }( 3}5 0 %ol
Representative blot of Blue Native PAGE using OXPHOS cocktail a(iitittmiy). (B)

Complex, Il, IV and \bundance normalised to the average of the 28 d \Wdm 28 d

(solid symbols) and 70 d (open symbols) WT (ciratedy(triangles) andndxtau (squares)

mice. One way ANOVA with Hoir]

[+ %ade danalyses between relevant groups. Data

presented as dat points surrounding means + SD, n indicated by number of symbols.

Figure 2 Mitochondrial protein abundance isoleusand EDImusclesof 28 and 70 d WT,

mdx and mdxtau mice.Shown for each panel is the myosin from the Stain Free gel,

indicative of totalprotein {op), the representative Western blot proteim{iddle), and

guantification of proteirabundancelfottom) from 28 d (solid symbols) and 70 d (open

symbols) WT (circlegndx(triangles) andndxtau (squares) miceNDUFA9N soleugA) and
EDL(B)and COX IVh soleugC)and EDI(D), each expressextlative to the 28 d WT One

way ANOVA with Hola |

I [+ %ade dnalyses between relevant groups. Data presented

as data points surrounding means = SD, n indicated by number of symbols. Lines ognnecti

different bars indicate significance at p<0.0672 7 %o D1 Xii1iX
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Figure 5.Confocal microscopy imaging of mitochondréand nuclei in28 d and 70 d wild
type, mdx and mdx taurine mice Transverse sections of EDL and soleus muscles from 28
and 70 d WTmdx and mdx tau mice shown at 408 magnificationby confocal laser
scanning microscopeNuclei are stained blu@API) mitochondria are stained green (COX
IV protein). Greater intensity of coloequates to greater abundance of COX Fiber
outlines are evident. Scale bars =01m. Experiments repeated on = 4animals forall

groups.
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