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New findings
What is the central question of this study?

e Sestrin_and p62 are stress inducible proteins involved in many cellular processes,
including/suppressing oxidative stress and regulating autophagy. It is unclear how

acute.and chronic resistance exercise affects these priotbisan skeletal muscle

What is thesmainsfinding and its importance?

e This study shows that2 h postexercise, phosphorylation of p82% was
downregulated, while there was a mobility shift of Sestrin2, indicative of increased
phosphofylation. Bth Sestrin2 and p6%*®are transiently regulated, and may be
functionally involved in the adaptive regulatory mechanisms elicitednbgnse

resistance exercise in human skeletal muscle.

Abstract
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Sestrins (12, 3) are a family of stressducible proteins capable of attenugtioxidative

stress, regulating metabolism and stimulating autophagy. Sequesto§o®2glis also a
stressinducible multifunctional protein acig as a signalling hub for oxidative stress and
selective autophagylt is unclear whether Sestrin and p8%° are regulated acutely or
chronically by resistance exercisetraining in human skeletal muscle. Therefore, the acute
and chronic effects of resistance exercise on Sestrin and p62 in human skeletal muscle were
examinedthrough two studiedn Study 1, nine active men (22.1 = 2.2 years) performed a
bout of singleleg strength exercises and muscle biopsies were collected before, 2, 24 and 48
h after exercise. In Study 2, ten active men (21.3 £ 1.9 years) strength trained fok§Z2vee
days per week)/and biopsies were collected pre and post trakuuaigly, 2 h postexercise,
phosphorylatiofiof p62™**was downregulated, while there wamability shift of Sestrin2,
indicative of increased phosphorylation. W&ostexercise, the protein expression of both
Sestrinl and total p62 increased. Chronic exercise had no impact on thergen&in
expression_of Sestrin2/8r p62, but Sestrinl protein was upregulated. These findings
demonstrated an inverse relationship between Sestrin2 and p62 phosphorylationradter a s
bout of resistance exercise, indicating they are transiently regulated. Contrangeks of
resistance trainingcreasd protein expression of Sestrinl, suggesting that despite the strong
sequence homology of the Sestrin family, they difeerentially regulated in response to

acute resistance exerciaed chronic resistance training.

I ntroduction

Physical activity, particularly resistance exercise (RE), is an intense muscle stressor that
stimulates adaptive regulation of numerous nutrient and antioxseasitive pathwaydEgan

& Zierath,.2013). Although mechanisms regulating muscle protein synthesis have been well
studied (Dreyer€t al., 2006), the complex signalling pathways regulating autophagy in
response tRE (Fry et al., 2012)and REinduced oxidative streg§akir-Atabeket al., 2015)

remains elusive.

Sestrirs‘are a family of stressnducible proteis that havemulti-functional roles including
attenuating oxidative stress regulating mammalian target of rapamycin complex 1
(mTORC1)and stimulating autophagifee et al., 2013) Mammals have three Sestrin genes
(SESN1/2/3) that are regulated differentiyWhereasSestrinl and 2 are regulated by p53,
Sestrin3 is regulated by forkhead box O (FOXO) (Parmigiani & Budanov, 2846lyir2
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showsintrinsic oxidoreductase activitfBudanovet al., 2004); howeverit was later shown
thatthis is not requiredor its antioxidanfunctioning(Woo et al., 2009) In circumstances of
increased oxidative stress, Sestrinl and 2 prevent reactive oxygen species (ROS)
accunulation byinducing selectiveautophagic degradation of Kellike ECH-associated
protein (Keapl); amhibitor of the nuclear factor (erythroiderived 2)like 2 (Nrf2), thereby
upregulatingNrf2-dependent antioxidant gene transcript{@ae et al., 2013) Sestrin2 has
alsobeen proposed as a leucine serfBarmigianiet al., 2014; Wolfsoret al., 2016)andin

vitro analysis has identified as a phosphoprotein, which in response to leucine deprivation,
is phosphorylated and interactsth GTPaseactivating protein activity towards Rags 2
(GATOR2)to_inhibit mTORC1 activation(Kim et al., 2015; Kimballet al., 2016) Sestrin3
however,istupregulated ithe skeletal muscle aype 2 diabetic patienfdNascimentcet al.,
2013) andmaintairs insulin sensitivity in overfed micesia protein khase B(Tao et al.,
2015).

p62 is astressinducible protein involved in oxidative stressd autophagic clearance of
polyubiquitinated proteinKatsuragiet al., 2015) Autophagyis an ewlutionarily conserved
processthat recycls protein aggregates and malfunciiay organelles. Macroautophagy,
microautophagy and chapesmediated autophagy are the three main forms of autophagy
(Tanida, 2011). p62plays an important role inselective maaautophagic protein
degradationlt binds to ubiquitinated proteins and microtubaksociated notein 1 light
chain 3 (LC3), allowingit to recruit these proteins to autophagosomes, which fuse with
lysosomes. for proteindegradation (Lamark et al., 2009) It has been shown that
phosphorylation, of p62 at Serine 403 Ser403 plays a critical role in selective
macrautophagy becausghosphoryléing p62°¢™ stabilisesthe associatiorbetween p62
and ubiquiinated proteinwhich enablesefficient autophagosom#&rmation (Matsumotoet

al., 2011):

Included in.the.complex functionality of Sestrin2 is its interaction with(p&et al., 2014)
In vitro, Sestrin2 associates with p62 and thiclike protein kinase 1 (ULK1)forming a
complex that<induces ULK1 to phosphoryla2°®“® (Ro et al., 2014) Phosphorylated
p62>¢%anhances its binding affinity tdeapl(Matsumotoet al., 2011), therby initiating
autophagosome formation around the cargdsch ultimately leads tgelectiveautophagic
degradationof Keapl hencefreeing Nrf2 and enabling its translocatioto the nucleus to

upregulate antioxidant gene expresdie@himuraet al., 2013).
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118  Sestrins aralsocritical regulators of muscle agjiMBudanowet al., 2010) Genetic ablation
119 of Drosophila Sestrin (dSesn)induces thesarly onset of skeletal muscle degeneration and
120 accumulated defective mitochond(laee et al., 2010) Resistance training (RT3 one of the
121  most important strategies to prevent muscle wadt8gachisGomaret al., 2011)however,
122 no studies*have assessed the effects of RBastrinin human To date, there ionly

123  evidence gkbndurance exercisecreasing the protein expressions of Sestrin2 andi®use
124  skeletal musclevhich occurs in conjunction with an increase in autophagy et al., 2015;

125 Lenhareetgal., 2017) Whether the three mammalian Sestrin proteins differentially control
126  skeletal muscle function and which plays a more importantamlaumanmuscle healths

127  unclear Similarly, it remainsunknownwhether Sestrimnd p63°%

are regulated acutely or
128 chronically’by RE andRT respectivelyn humanskeletal muscle. Thereforthis study ained

129  to measuriow'acuteRE affectsSestrir2 and p62°°"*° phosphorylation anégxamined the
130 effectsof RE on the protein andnRNA expression ofSestrin paralogsSeparately the
131 chronic effects of 12 weeks of Rdn Sestrin protein and gene expression were also

132 investigated.
133 Materialsand Method
134  Ethics Approval

135 All participants were informed of theequirements and potential risks of the studies prior
136  providing their written informed consent. The experimental procedures adherde to t
137 standardsgset by the latest version of the Declaration of Helsinki and weoxeappy the

138 Human Research Ethics Camitee of The University of Queensland.
139
140 Sudy Design

141  Subjects’inthis study were a subset of a larger(fRabertset al., 2015) In both studies, all

142  participants hadyat least 12 months of experience in strength training and were familiar with
143  all exercissused in the studie$n the acute study,me physicallyactivetrainedmen (22.1 £

144 2.2 years old) completed a baftsingleleg strength exercis® repetitions maximum (RM)

145  strengthof unilateral knee extension (71 = 12.0 kg) and unila#ésaleg press (299 + 44.8

146  kg) for both legsvas assessed3ldays prior to experimentakercise boutAt the same time

147  familiarisation for the singleleg squats and walking lungexercisewas performed. On the
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day of the trial, the RE bounhcluded six sets of45° leg pressand knee extensioret
8,8,10,12,10 and 10 RM, atiaree sets aofingle-leg squatandwalking lunges at 1RM.

In the chronic studytentrainedmen (21.3 = 1.9 years old) participated in awkkk lower

body resistancdraining programmewith training twice a weekseparated by 7B. Muscle
strength for_training load prescription was assessed4l@ays before the first training
sessionBilateral 45 leg press (348 = 80 kg), knee extension (88 + 9 kg) and knee flexion
(75 = 11 kg)-ARMs were determined. For the training sessibie,|lbads were set tmclude
fatigue at8,,10.and 12 RM and weights for walking lunges correspondadptoportion of

each participant’'s prgaining body mas§PTBM) (79.2 £ 4.4kg) Each training session was
approximately™45 min and includeik sets o#45° leg pressat 8,8,10,12,10,10 RMndthree

sets ofknee/extensiorand flexionat 12 RM. Three sets of walking lunges were also
performed..with. week 1 to 3 having 20% of PTBM, and an additiondg5added
progressively. every 3 weeks. Additionaltiiree sets of plyometrics exercises comprising of
countermovement drop jumps, slow eccentric squat jumps, split lunge jumps and
countermovement box jumps were performed at 50% of lunge Indabth studies, after
each exercise session, participants completed active recovery by cycling on a stationary

bicycle at a low, seléelected intensity for 10 min.

To control for posexercise diet,n the acute studyparticipants consumed a standiaed
meal 2h-before: the prexercise biopsy and consumed §0f whey protein before the
recovery period. The participants then fasted until theb®psy, after whichhey consumed
another 30gw=ofswhey protein. Mscles biopsies from theastus lateralis were collected
before,2, 24, and 4& postexercise In the chronic study, biopsies were collectetl days
before the first training session and pwatning biopsies were collected76days after the
last training sessiom afastedstate All muscle samples were snap frozen in liquid nitrogen

and stored a80°C until further analysis.

Western blotting

25 mg of muscle biopsies were homogenised with RIPA lysis buffer (Millipore, T@mec
CA, USA) with added Halt' protease and phosphatase inhibitor cocktail (Thermo Scientific,
MA, USA). After centrifugation, supernatants were collected and total protgicentration
was determined using the PiefeBCA Protein Assay Kit (Thermo Scientific).Equal
amounts of prain were boiled in Laemmli buffer at 95 for 5 min.20 pg of protein was
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separated by SDBAGE and transferred to PVDF membranes {Bau Laboratories, Inc.,
CA) using the semidry TrarBlot Turbo™ device (BioRad). Membranes were incubated
with the following primary antibodies, total p62, Sestrinl and 3 (Abcam, ab56416, ab103121
and ab97792 respectively), Sestrin2 (ProteinTech, 1a78B8) and p62°® (GeneTex,
GTX1282171)(all"at 1:1,000 dilution, except Sestrinl which is at 1: 100) overnight and the
appropriate  arfiabbit or antimouse secondary antibodies (Jackson ImmunoResearch
Laboratories, PA) linked to horseradish peroxidase (1:10,000) for 1 h at room temgerat
The membranes were exposed on a ChemiDoc image devicdR@Bjousing enhanced
chemiluminescence reagent (ECL Select kit; GE Healthcare Ltd., Little Chalfont, UK). Bands
were quantified using ImageJ software (NIH, Bethesda, MDgstern blot data was
normalsedto the housekeeping protein GAPDH (Abcam, ab36840) (1: 10,000).

Sestrin2 Electrophoretic Mobility

To allow for._resolution of Sestrin2 into multiple electrophoretic forms as previously
demonstrated=in (Kimball et al., 2016) samples were electrophoresed through 8%
polyacrylamidesgels (acrylamid@s-acrylamide, 19:1)When human embryonic kidney cells
(HEK293).were incubated in compdanedium, Sestrin2 separated into three bands: o, p and

y. Howevergwhen incubated in leucine deficient medium, there was a mobility shift of the
protein, resulting in the appearance of a slower migrating 6 band (Kimball et al., 2016) To
provide evidence that the multiple electrophoretic bands represented differgutiqiytated

forms of Sestrin2Kimball et al treateddamples with lambda protein phosphatase, which led
to a shiftiin the migration of Sestrin2 into a single band, suggesting additional bands
representednultiply phosphorylated forms of the qiein Mass spectrometry analysis of
immuroprecipitates of endogenous Sestrin2 further confirmed it as a phosphoproteireas thre
phosphorylation'sites: Thr232, Ser249 and Ser279 were identifiadball et al., 2016) In

the present study, to measure the intensity of Sestrin2 phosphorylation, the abundiaace of
slowest migratings-form of Sestrin2was taken asphosphorylation It is known that
phosphorylationresults in the protein migrating at a higher, apparent molecular mass
(Wegener & Jones, 1984; Peck, 200B)tal Sestrin2 protein was recorded as the expression

of all forms of Sestrin2 (3, vy, p and a-form).

RNA extraction and quantitative real-time PCR
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Following the manufacturer’s instructions from the AlIFtdpNA/RNA/MIRNA Universal

Kit (QIAGEN GmbH, Hilden, Germany}ptal RNA was extracted from 2@g of muscle
biopsies. 150(hg of input RNA was then usddr cDNA synthesis using HigRapacity
RNA-to-cDNA™ kit (Life Technologies, CarlsbadCA). Messenger RNA (mRNA) was
measured by"RPCR on a LightCycler 480 Il (Roche Applied Science, Penzberg, Germany)
using SYBR Green | Master Mix (Roche Applied Scigndarget mRNAs wereSESN1,
SESN2, SESN3 andp62. Primers were designed using BLAST softw@fe et al., 2012)with
sequences in Table 1. Relative fold changes were determined using ‘e @ethod
(Schmittgen, &,Livak, 2008). Teaompare the basal expression levels of the different Sestrin
paralogs, 2" was used The geometric mean of three reference genes was used for
normalisation(Vandesompelet al., 2002) The recently proposed human reference genes
(Eisenberg & Levanon, 2013ghromosome 1 open reading frame 43lqrf43), charged
multivesicular bedy protein 2AQHMP2A) and ER membrane protein complex subunit 7

(EMC7) were identified as the least variable and used as reference(fehlkesl)

Satistical analysis

To measure_differences across time in the acute study, one way repeated measures ANOVA
wasperformedusing SigmaPlot (Systat 218 Software Inc., San Jos#nHSidak posthocs

were used where appropriate to compgaustexercise values toaseline with significance set

at P < 0.05. For the chronic study, tim#etences wereconducted using pairedStudent’st

test. To compare the basal differences of all three Sestims,way ANOVA was usedll

values are presented as meaBEM.
Results
Acute Exercise

Sestrin2 phosphotylation (assessed by the mobility shift of the 6-band) was higher B after
exercise(p<0.001) (Fig 1A) whereashe phosphorylation 0p62°*“*was reduced 2 after
exercise’(P<0.001) (Fig 1E). No difference was observed in the total protein expression of
Sestrin2(Fig 1B)] but itsmRNA expression(SESN2) increagd 2h postexercise (P=0.015)

(Fig 2A). There were na@hangesn the mMRNA expressions o8ESN1, SESN3 and p62 (Fig

2B-D), and protein expression of Sestrin3 (Fig 1D). However, the protein expression of
Sestrinland total p62ncreased 4& postexercise (p=0.02&nd p=0.031 respectivglyFig
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1C, F). BasalmRNA expression ofSESN1 was significantly more abundatitan SESN2
(p<0.001)or SESN3 (p=0.043).SESN3 wasalsomore abundant thaBESN2 (p=0.043) (Fig
3A).

Chronic Exercise

The phosphorylation states of Sestrin2 and p62 were unchéoiguing RT (Fig 4A, E).
Also nochanges irprotein andmRNA expressions of Sestrindestrin3and total p62vere
observed(Fig 4B, D, F). However, Sestrinprotein wasincreasedwvith RT (p=0.026)(Fig
4C). Similaryterthe acute study, prior to training, the mRNA expressioSESN1 was
significantly more abundant thaBESN2 (p<0.001).SESN3 was also more abundant than
SESN2 (P=0.09 (Fig 3B).

Discussion

The present study confirmed the role of Sestrin2 ggh@sphoproteinRo et al., 2014;
Kimball et al.,.2016; Nikonoroveet al., 2017)and extended previous findings to show it is
responsive,to acute R&E human skeletal muscl&here was an electrophoretic mobility shift
resulting in“increased abundance of a slower migraitbgnd of Sestrin2indicative of
increased phasphorylatioacutely following RE Mirroring the time course of increased
Sestrin2 phosphorylation, p&2***phosphorylation was transiently downregulateitbwing

RE. After 12 weeks ofRT, restingtotal protein abundance and basal phosphorylation of
Sestrin2 and p62avere unaltered. However, there was increased SestrinJprotein
abundancgsuggesting thalespite the strong sequence homology of the Sestrin family, they

aredifferentially requlatedn response to RE arilT.

Effect of Acute Exercise

Following RE, mRNA expression &ESN2 increased b postexercise. Exposure of primary
human myotubes to reactive oxygen spe(ie®?) for 6 h also increased mRNA expression
of SESN2 (Nascimentoet al., 2013) Although RE is primarily an anabolic stimulus, it has
been shown to be a potent inducer of acute oxidative gtPesstowet al., 2017) Sestrins
protect cells from oxidative stress and cellular damag#easrepression upregulaledROS
production andnduced genetic instabilittKopnin et al., 2007) The upregulation c8ESN2
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273  postexercise may be an adaptation to protect skeletal muscle cellsk@mise induced

274  oxidative stress.

275 There waslsoan increasin the relative amount of Sestrin2 present iniibaviers-bandat

276 2 h, returning tgpre-exerciseevels by24 h.Sestrin2 has been proposed as a leucine sensor
277  (Parmigianiet al., 2014; Wolfsoret al., 2016) In HEK293 increasedeucine concentrations
278 in the mediaresulted in a reduction of the relative amount of the 6-band, which promoted
279 mTORGI .activation, as assessed by an increase in phosphorylation of p70¥88K1
280 (Kimball et al.,.2016) In this study, participants consumed @g@f whey protein before the
281 recovery period. A reduction of thé&-band should be expectedpwever no inverse
282 relationship™“between Sestringhosphorylationand mTORC1 activation wasbserved.

283  Conversely, the| intensity of the &-band increased and p70S6R® was highly

284  phosphorylated. h postexerciseas demonstrated previous(iRobertset al., 2015). The

285 discrepancy.could be due to different tissue types and stimuli, as exercise is an intense muscle
286  stressor thataffects multipleathways(Egan & Zierath, 2013)Further, there is limited
287 evidence demonstratiragtion ofleucineon Sestrin function in cells other than HEK293 and
288 mouse fibroblast@Chantranupongt al., 2014; Parmigianét al., 2014; Wolfsoret al., 2016)

289  Thus,the ndure of Sestrin2 leucine sengmopertiess still under debatéLeeet al., 2016;

290 Saxtonet al,2016). Thereforefuture studies shouldim to separate feedingr exercise

291  stimuli withthe aim of providing more insight to the possitneivo functioning ofSestrin2

292  phosphorylation.

293 In contrast'to=Sestrin2 phosphorylatigr62**"**® phosphorylation was repressech2ost
294  exercise Underin vitro conditions, the association betweeSestrin2 p62 and ULK1
295 promotes UtKImediated p6Z"™° phosphorylation, resulting in selective degradation of
296  polyubiquitinated cargos, such as Keafilatsumoto et al., 2011; Roet al., 2014)
297 Degradation of Keapallows Nrf2 to be translocatetb the nucleus to upregulate antioxidant
298 gene expressioffichimura et al., 2013) The acute postxercise dephosphorylation of
299 p62°*"%phserved in the current study could be suggestive of diminishiegitin-mediated
300 selective maeroautophagic protein degradatfamther, in agreement with the current study,
301 RE has been shown to upreguladtal p62, 24 and 48 following exercisg Ogbornet al.,
302 2015) indicating that acute RE might be suppressimagrautophagy, as p62 accumulates
303 when autophagy is inhibitedMizushima et al., 2010) Additionally, by measuring the
304 conversion of cytosolic microtubulessociated protein (LC3B-1) to the autophagosomal

305 membraneassociated form, LC38, a marker of enhanced autophagy, it was demonstrated
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306 thatmacrautophagy was depressed in both young and old adults following an acute bout of
307 RE(Glynnetal., 2010; Fryet al., 2012).

308 p62 has been found to be induced at the transcriptional level by ROS under celluar stres
309 (Jainet al., 2010), therefor¢o evaluate theole of Sestrin2 and p62 in regulating oxidative
310 stress future_studies should explore oxidative stress marke€espl degradationNrf2

311 upregulatiorand'antioxidant respons@s exercise influenceswultiple pathways, the@resent
312 data dees.hneallow for strong mechanistic conclusi®nmegarding the role ofSestrin2
313 phosphorylationin regulating p62°*™°® phosphorylation and its implication imedox

314 homeostasis and selectivautophagy. De to limited awilable muscle tissues, o
315 immunoprecipitatioranalysesvere not undertakemakingit unclear whether there was a
316 functionalassociation between Sestrin2 and p62thermore, a limitatioof the studywas a
317 lack of contrelfor feedingt the24 and 48 h biopsies collections, which could have affected
318 the result_observeat these time pointsFuture studiesshould investigatethe physical
319 association"between Sestrin2 and p62 eontrol for feeding at all time point$he present
320 study demonsated that dllowing RE a clear inverse relationship between the
321  phosphorylation status of Sestrin2 and $62%exists,andthey are transiently regulated after

322 RE, which may play a role in cellular adaptatiomninman skeletal muscle.
323
324  Effect of Chronic Exercise

325  Skeletal muscle. is sensitive to both acute and chronic stresses associated with RE and RT.
326 The mechanisms associated witie acute transientresponse to RE might be different
327 compared tesehronic adaptatiarich are measured in the rested state, since these responses
328 are influenced by multiple factors including frequency of exercise, recoveirydpand

329 training history of individualgAbernethyet al., 1994) Literature on the relationship of

330 Sestrin and exercise is limited. The current understanding is a single boutln€ agercise

331 increased Sestrin2 protein in miieenhareet al., 2017), whilelongterm endurance exercise

332 increasedhe protein expression of Sestrin2 and 3 and basal level of muscle autdpitagy

333 et al., 2015) In this study longterm RT for 12 weeksdid not alterthe protein or mRNA

334  expression ofSestrin2 3 and total p62or the basalphosphorylation stas of Sestrin2 and

335 p62°°™° This could be due to the use of different exercise protocol, diffeeentmodes of

336  exerciseproduce distinct myofite adapdtions while RT increases strength and musfikee

337 crosssectional areaendurance exercise improves oxidative metabolism by increasing
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mitochondrial conteneand capillary densitiegWilkinson et al., 2008) Interestingly, the
protein expression of Sestrinl increased sicguittly following RT and also 4& following
RE. However, direct comparison between the acute and chronic effects on Sestrinl cannot be
made, sincdasting biopsies were collecteh the present chronic study while in theute

study,biopsies'were collected in the fed state.

In agreement with a previous studypngparedwith Sestrin2 and 3, Sestrinl more
abundantlyexpressed in skeletal mus¢kReeterst al., 2003) Slencing of Sestrinl in human
embryonic fibroblasts inhibited cell proliferation and accelerated cell senescence due to
excess RQS production (Budarei\al., 2004). Moreover, studies from drosophila and mouse
models provided a connection between Sestrins and muscle growth, as knockout of Sestrin
resulted in muscle degeneratiiree et al., 2010) Additionally, silencing Sestrin3 in human
myotubes jincreased myostatin expression, which is a negative regulator of musdle grow
(Nascimenteet.al., 2013) Recruited subjectdemonstrated an increased in both strength and
muscle mass™after 12 weeks of traini(igobertset al., 2015) Taken together these
observations=suggest otential link between Sestrinhnd theregulaton of cell growth

which warrantsurther investigatiorto clarify the distinct roles played by each Sestrin family

members in human skeletal muscle.

Conclusion

Sestrin and, p62 are multifunctional proteins involved in many cellular processlesling
suppressing”oxidative stressiTORC1 andautophagy regulatiofKatsuragiet al., 2015;
Parmigiani“&»Budanov, 2016). The presentlyss demonstratethat while Sestrin family
members share considerable sequence homology, each is regulated independspiynser
to RE Sestrin3 was not affected by R&hereaslongterm traininginduced the protein
expression of Sestrinln response to RE, there wagransientmobility shift of Sestrin2
indicative of incteased phosphorylatiodirroring this responsep62°*™°® phosphorylation
was downregulated. It appearsitiboth Sestrin2 and p&2are transiently regulate@nd
may be functionally involved in the adaptive regulatory mechanisms elicited bgnhum

skeletal muscle after intense RE.
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Tablel. mRNA=sequences. Forward and reverse sequences of analysed genes.

Gene Sequence

CHMP2A (Forward) CGCTATGTGCGCAAGTTTGT
CHMP2A (Rever se) GGGGCAACTTCAGCTGTCTG
Clorf43(Ferward) CTATGGGACAGGGGTCTTTGG
Clorf43 (Reverse) TTTGGCTGCTGACTGGTGAT
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EMC?7 (Forward) GGGCTGGACAGACTTTCTAATG

EMCY7 (Reverse) CTCCATTTCCCGTCTCATGTCAG
SESN1 (Forward) TTTCGTGTCCAGGACTATTGC
SESN1 (Reverse) ACTGTCCCACATCTGGATAAAGG
SESN2 (Forward) CAACCTCTTCTGGAGGCACTT
SESN2 (Rever se) CCTGCTCAGGAGTCAGGTCA
SESN3 (Forward) CAGGCAGCAACTTTGGGATTGT
SESN3 (Reverse) AGACGCCTCTTCATCTTCCCTT
p62 (Forward) GAATCAGCTTCTGGTCCATCGG
p62 (Reverse) GCTTCTTTTCCCTCCGTGCT

571

572  Figure 1. Effects of Acute Resistance Exercise on Sestrin and p62 protein. The relative

573  abundance ofiSestrin2 in 6-form (A); total Sestrin2 protein (B); Sestrinl protein (C); Sestrin3

574  protein (D); phosphorylation status of p82°(E); and total p62 protein (F) following acute

575 resistance exercise. Representative western blots (G). Data are expressed as fold change from

576 restand error bars represent SEM. *P<0.05 and *P<O8QEspective baseline samples.
577

578 Figure 2. Effects of Acute Resistance Exercise on mRNA expression. The mRNA
579  expressin of SESN2 (A); SESN1 (B); SESN3 (C); andp62 (D). Data are expressed as fold
580 change from rest and error bars represent SEM. *P<@.08spective baseline samples.

581
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Figure 3. Basal expression of Sestrin paralogs. The basal mRNA expression S£3\1, 2, 3

in the acute (A) and chronic (B) study. Data are expressed as means + SEM. *** difference
betweenSESN1 and SESN2 P<0.001, # difference betwe&&SN1 and SESN3 P<0.05 and @
difference betweeBESN3 andSESN2 P<0.05.

Figure 4. Effeetsof:Chronic Resistance Exercise on Sestrin and p62 protein. The relative
abundance of Sestrin2 in 3-form (A); total Sestrin2 protein (B); Sestrinl protein (C); Sestrin3
protein (D): phosphorylation status of p82°%(E); and total p62 protein (F). Representative
wedern blots (G). Data are expressed as fold change from rest and error bars represent SEM.

*P<0.05vs.respective baseline samples.

This article is protected by copyright. All rights reserved



¥ ol g

o C o.dn

- ' &

[ =1

EE ] ¢ _:. —

EE ] '-.TT B — 1 - ! esinn?

ap T ¥ i [

i_ - =

il
la
: 1 - iy

i — LN T |

Virmich i 1] —|
j F || —— — GEIT RS
: A - - e | opfree
- - 4 a 2 —
e ¥ -
i:; i"' - - '."- Tkl piid
By 3 .
g aca 1. 1
. . — — - 00
[ o ] ] = i . 24 F
Thee i 51 Thoe dbarss
Tiree "ol

phy2_13526_f1.tif

This article is protected by copyright. All rights reserved



-]
. W

g g B == 1
»
r. ne =r
L i5 H
1 ::
= AJi- "
Lo B E
LR
nil 1 rd
| fl ’ Lt 1 T
Trm Vi) Timedlaan)
C D
15 L%
; =1=u i ;m
g:‘: 3
E; $ 14- ] : i
in-— — Lgd— - - —
L ] ka ar i = o
Time Howu ) Time ez

phy2_13526_f2.tif

This article is protected by copyright. All rights reserved



»

-
(=]
-3
[

a
©
=]
L=
L

=]
(-]

= PSS N
o

a )
Ex
BE
=

Ralative Basal
o

—

LN alE N R SESHT SESHI SESM3

phy2_13526_f3.tif

Eelalve Easal
mMRANA EXcression

L= ]

i
mREMA

-

L
=

This article is protected by copyright. All rights reserved



‘ml EE

]

E k.,
on
7o
a0
T
e ¥ i

phy2_13526_f4.tif

This article is protected by copyright. All rights reserved



