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Effect of obesity and exercise on the expression of the novel 
myokines, Myonectin and Irisin

Metabolic dysfunction in skeletal muscle is a major contributor to the development of type 2 

diabetes. Endurance exercise training has long been established as an effective means to 

directly restore skeletal muscle glucose and lipid uptake and metabolism. However, in 

addition to the direct effects of skeletal muscle on glucose and lipids, there is renewed 

interest in the ability of skeletal muscle to coordinate metabolic activity of other tissues, such 

as adipose tissue and liver. The purpose of this study was to examine the effects of 

endurance exercise on the expression level of two novel muscle-derived secreted factors, or 

myokines, Myonectin and Fibronectin type III domain containing 5 (Fndc5), the precursor for 

Irisin. Methods: We used the diaphragm muscle from both the obese Zucker rat (OZR) and 

lean Zucker Rat (LZR) with 9 weeks of aerobic training on a motorized treadmill. We 

examined the gene expression of 12 commonly used reference genes and performed 

quantitative real-time PCR analysis on the gene expression of Myonectin and Fndc5. 

Results: Of the 12 commonly used PCR reference genes tested we were able to establish 

that Hypoxanthine phosphoribosyltransferase 1 (HPRT1) and lactate dehydrogenase A 

(Ldha) remained stable in the diaphragm muscle regardless of obesity or exercise training. 

Interestingly, we also concluded that the commonly used reference genes: beta-Actin, beta-

2-microglobulin, Non-POU domain containing, octamer-binding, Peptidylprolyl isomerase H, 

18S ribosomal rna, TATA box binding protein and Transferrin receptor were all found to be 

altered by the combination of exercise and obesity. Our study showed that the diaphragm 

muscle of the OZR had significantly higher expression levels of both myonectin and Fndc5. 

Exercise training had no effect on the expression level of Fndc5, but significantly lowered the 

gene expression of myonectin in both the LZR and OZR groups. Conclusion: Contrary to 

prior findings regarding the regulation of Fndc5 and myonectin we show that myonectin and 

Fndc5 expression are both increased in the OZR model of obesity. Further, long-term 

exercise training decreases myonectin levels, which is opposite, the effect reported with 
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short-term exercise. However, this report confirms earlier work showing that Fndc5 gene 

expression is not altered by chronic exercise.
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ठ⃚Effectठ⃚ofठ⃚obesityठ⃚andठ⃚exerciseठ⃚onठ⃚theठ⃚expressionठ⃚ofठ⃚theठ⃚novelठ⃚myokines,ठ⃚Myonectinठ⃚1 

andठ⃚Irisinठ⃚2 

ठ⃚3 
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ठ⃚11 

Metabolicठ⃚dysfunctionठ⃚inठ⃚skeletalठ⃚muscleठ⃚isठ⃚aठ⃚majorठ⃚contributorठ⃚toठ⃚theठ⃚developmentठ⃚12 

ofठ⃚ typeठ⃚ 2ठ⃚ diabetes.ठ⃚ Enduranceठ⃚ exerciseठ⃚ trainingठ⃚ hasठ⃚ longठ⃚ beenठ⃚ establishedठ⃚ asठ⃚ anठ⃚13 

effectiveठ⃚ meansठ⃚ toठ⃚ directlyठ⃚ restoreठ⃚ skeletalठ⃚ muscleठ⃚ glucoseठ⃚ andठ⃚ lipidठ⃚ uptakeठ⃚ andठ⃚14 

metabolism.ठ⃚ठ⃚However,ठ⃚inठ⃚additionठ⃚toठ⃚theठ⃚directठ⃚effectsठ⃚ofठ⃚skeletalठ⃚muscleठ⃚onठ⃚glucoseठ⃚15 

andठ⃚ lipids,ठ⃚ thereठ⃚ isठ⃚renewedठ⃚ interestठ⃚ inठ⃚ theठ⃚abilityठ⃚ofठ⃚skeletalठ⃚muscleठ⃚ toठ⃚coordinateठ⃚16 

metabolicठ⃚activityठ⃚ofठ⃚otherठ⃚tissues,ठ⃚suchठ⃚asठ⃚adiposeठ⃚tissueठ⃚andठ⃚liver.ठ⃚ठ⃚Theठ⃚purposeठ⃚ofठ⃚17 

thisठ⃚studyठ⃚wasठ⃚toठ⃚examineठ⃚theठ⃚effectsठ⃚ofठ⃚enduranceठ⃚exerciseठ⃚onठ⃚theठ⃚expressionठ⃚levelठ⃚18 

ofठ⃚ twoठ⃚ novelठ⃚ muscleૐ퀐derivedठ⃚ secretedठ⃚ factors,ठ⃚ orठ⃚ myokines,ठ⃚ Myonectinठ⃚ andठ⃚19 

Fibronectinठ⃚typeठ⃚IIIठ⃚domainठ⃚containingठ⃚5ठ⃚(Fndc5),ठ⃚theठ⃚precursorठ⃚forठ⃚Irisin.ठ⃚ठ⃚20 

Methods:ठ⃚Weठ⃚usedठ⃚theठ⃚diaphragmठ⃚muscleठ⃚fromठ⃚bothठ⃚theठ⃚obeseठ⃚Zuckerठ⃚ratठ⃚(OZR)ठ⃚andठ⃚21 

leanठ⃚Zuckerठ⃚Ratठ⃚(LZR)ठ⃚withठ⃚9ठ⃚weeksठ⃚ofठ⃚aerobicठ⃚trainingठ⃚onठ⃚aठ⃚motorizedठ⃚treadmill.ठ⃚Weठ⃚22 

examinedठ⃚theठ⃚geneठ⃚expressionठ⃚ofठ⃚12ठ⃚commonlyठ⃚usedठ⃚referenceठ⃚genesठ⃚andठ⃚performedठ⃚23 

quantitativeठ⃚realૐ퀐timeठ⃚PCRठ⃚analysisठ⃚onठ⃚theठ⃚geneठ⃚expressionठ⃚ofठ⃚Myonectinठ⃚andठ⃚Fndc5.ठ⃚ठ⃚24 

Results:ठ⃚ Ofठ⃚ theठ⃚ 12ठ⃚ commonlyठ⃚ usedठ⃚ PCRठ⃚ referenceठ⃚ genesठ⃚ testedठ⃚ weठ⃚ wereठ⃚ ableठ⃚ toठ⃚25 

establishठ⃚ thatठ⃚ Hypoxanthineठ⃚ phosphoribosyltransferaseठ⃚ 1ठ⃚ (HPRT1)ठ⃚ andठ⃚ lactateठ⃚26 

dehydrogenaseठ⃚ Aठ⃚ (Ldha)ठ⃚ remainedठ⃚ stableठ⃚ inठ⃚ theठ⃚ diaphragmठ⃚muscleठ⃚ regardlessठ⃚ ofठ⃚27 

obesityठ⃚orठ⃚ exerciseठ⃚ training.ठ⃚ ठ⃚ ठ⃚ Interestingly,ठ⃚weठ⃚alsoठ⃚ concludedठ⃚ thatठ⃚ theठ⃚ commonlyठ⃚28 

usedठ⃚ referenceठ⃚ genes:ठ⃚ betaૐ퀐Actin,ठ⃚ betaૐ퀐2ૐ퀐microglobulin,ठ⃚ Nonૐ퀐POUठ⃚ domainठ⃚29 

containing,ठ⃚octamerૐ퀐binding,ठ⃚Peptidylprolylठ⃚ isomeraseठ⃚H,ठ⃚18Sठ⃚ribosomalठ⃚rna,ठ⃚TATAठ⃚30 

boxठ⃚ bindingठ⃚ proteinठ⃚ andठ⃚Transferrinठ⃚ receptorठ⃚wereठ⃚ allठ⃚ foundठ⃚ toठ⃚ beठ⃚ alteredठ⃚ byठ⃚ theठ⃚31 

combinationठ⃚ofठ⃚exerciseठ⃚andठ⃚obesity.ठ⃚Ourठ⃚studyठ⃚showedठ⃚thatठ⃚theठ⃚diaphragmठ⃚muscleठ⃚32 

ofठ⃚theठ⃚OZRठ⃚hadठ⃚significantlyठ⃚higherठ⃚expressionठ⃚levelsठ⃚ofठ⃚bothठ⃚myonectinठ⃚andठ⃚Fndc5.ठ⃚33 

Exerciseठ⃚ trainingठ⃚ hadठ⃚ noठ⃚ effectठ⃚ onठ⃚ theठ⃚ expressionठ⃚ levelठ⃚ ofठ⃚ Fndc5,ठ⃚ butठ⃚ significantlyठ⃚34 

loweredठ⃚ theठ⃚ geneठ⃚ expressionठ⃚ ofठ⃚ myonectinठ⃚ inठ⃚ bothठ⃚ theठ⃚ LZRठ⃚ andठ⃚ OZRठ⃚ groups.ठ⃚35 

Conclusion:ठ⃚ Contraryठ⃚ toठ⃚ priorठ⃚ findingsठ⃚ regardingठ⃚ theठ⃚ regulationठ⃚ ofठ⃚ Fndc5ठ⃚ andठ⃚36 

myonectinठ⃚weठ⃚showठ⃚thatठ⃚myonectinठ⃚andठ⃚Fndc5ठ⃚expressionठ⃚areठ⃚bothठ⃚increasedठ⃚inठ⃚theठ⃚37 

OZRठ⃚modelठ⃚ ofठ⃚ obesity.ठ⃚ ठ⃚ Further,ठ⃚ longૐ퀐termठ⃚ exerciseठ⃚ trainingठ⃚ decreasesठ⃚myonectinठ⃚38 

levels,ठ⃚whichठ⃚isठ⃚opposite,ठ⃚theठ⃚effectठ⃚reportedठ⃚withठ⃚shortૐ퀐termठ⃚exercise.ठ⃚However,ठ⃚thisठ⃚39 

reportठ⃚confirmsठ⃚earlierठ⃚workठ⃚showingठ⃚thatठ⃚Fndc5ठ⃚geneठ⃚expressionठ⃚isठ⃚notठ⃚alteredठ⃚byठ⃚40 

chronicठ⃚exercise.ठ⃚41 

ठ⃚42 
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Obesityठ⃚ andठ⃚ diabetesठ⃚ areठ⃚ theठ⃚ topठ⃚ healthठ⃚ problemsठ⃚ inठ⃚ theठ⃚ developedठ⃚world,ठ⃚44 

andठ⃚majorठ⃚contributorsठ⃚toठ⃚theठ⃚developmentठ⃚ofठ⃚cardiovascularठ⃚diseaseठ⃚ठ⃚(1)ठ⃚.ठ⃚Skeletalठ⃚45 

muscleठ⃚metabolismठ⃚isठ⃚anठ⃚importantठ⃚regulatorठ⃚inठ⃚controlठ⃚ofठ⃚wholeठ⃚bodyठ⃚glucoseठ⃚andठ⃚46 

lipidठ⃚ homeostasis.ठ⃚ Further,ठ⃚ theठ⃚ reductionठ⃚ inठ⃚ insulinૐ퀐mediatedठ⃚ skeletalठ⃚ muscleठ⃚47 

glucoseठ⃚uptakeठ⃚hasठ⃚longठ⃚beenठ⃚recognizedठ⃚toठ⃚beठ⃚anठ⃚importantठ⃚underlyingठ⃚mechanismठ⃚48 

ofठ⃚typeठ⃚2ठ⃚diabetesठ⃚(2)ठ⃚.ठ⃚Lifestyleठ⃚modification,ठ⃚specificallyठ⃚increasedठ⃚physicalठ⃚activity,ठ⃚49 

hasठ⃚demonstratedठ⃚enormousठ⃚therapeuticठ⃚potentialठ⃚toठ⃚reverseठ⃚skeletalठ⃚muscleठ⃚insulinठ⃚50 

resistance.ठ⃚ठ⃚51 

Whileठ⃚theठ⃚directठ⃚roleठ⃚ofठ⃚skeletalठ⃚muscleठ⃚metabolismठ⃚inठ⃚regulatingठ⃚glucoseठ⃚andठ⃚52 

lipidठ⃚ metabolismठ⃚ isठ⃚ wellठ⃚ established,ठ⃚ theठ⃚ potentialठ⃚ endocrineૐ퀐likeठ⃚ functionsठ⃚ ofठ⃚53 

skeletalठ⃚muscleठ⃚toठ⃚influenceठ⃚glucoseठ⃚andठ⃚lipidठ⃚metabolismठ⃚inठ⃚otherठ⃚tissuesठ⃚haveठ⃚onlyठ⃚54 

recentlyठ⃚ begunठ⃚ toठ⃚ beठ⃚ investigated.ठ⃚ ठ⃚ Withठ⃚ theठ⃚ adventठ⃚ ofठ⃚ proteomics,ठ⃚ aठ⃚ numberठ⃚ ofठ⃚55 

muscleૐ퀐derivedठ⃚secretedठ⃚ factors,ठ⃚ collectivelyठ⃚calledठ⃚myokines,ठ⃚haveठ⃚beenठ⃚ identifiedठ⃚56 

(3,ठ⃚ 4)ठ⃚ .ठ⃚ ठ⃚ Interleukinठ⃚ 6ठ⃚ (ILૐ퀐6)ठ⃚ isठ⃚ theठ⃚ firstठ⃚ andठ⃚mostठ⃚wellठ⃚ studiedठ⃚myokine,ठ⃚ andठ⃚ itठ⃚ isठ⃚57 

increasedठ⃚withठ⃚exerciseठ⃚(5ૐ퀐7)ठ⃚.ठ⃚ILૐ퀐6ठ⃚actsठ⃚toठ⃚stimulateठ⃚hepaticठ⃚glucoseठ⃚productionठ⃚andठ⃚58 

enhancesठ⃚ glucoseठ⃚ uptakeठ⃚ byठ⃚ insulinૐ퀐sensitiveठ⃚ tissuesठ⃚ (8,ठ⃚ 9)ठ⃚ .ठ⃚ Theseठ⃚ studiesठ⃚ haveठ⃚59 

providedठ⃚theठ⃚firstठ⃚endocrineૐ퀐likeठ⃚ functionठ⃚ofठ⃚skeletalठ⃚muscleठ⃚andठ⃚establishedठ⃚aठ⃚ linkठ⃚60 

betweenठ⃚exerciseठ⃚ andठ⃚ systemicठ⃚metabolicठ⃚parametersठ⃚ ठ⃚ (10)ठ⃚ .ठ⃚ Inठ⃚ additionठ⃚ toठ⃚ ILૐ퀐6,ठ⃚ aठ⃚61 

largeठ⃚numberठ⃚ofठ⃚otherठ⃚muscleૐ퀐derivedठ⃚secretoryठ⃚proteinsठ⃚haveठ⃚beenठ⃚identified.ठ⃚Theठ⃚62 

purposeठ⃚ ofठ⃚ thisठ⃚ paperठ⃚wasठ⃚ toठ⃚ examineठ⃚ theठ⃚ impactठ⃚ ofठ⃚ obesityठ⃚ andठ⃚ chronicठ⃚ exerciseठ⃚63 

trainingठ⃚onठ⃚twoठ⃚ofठ⃚theseठ⃚novelठ⃚myokines:ठ⃚1)ठ⃚fibronectinठ⃚typeठ⃚IIIठ⃚domainठ⃚containingठ⃚5ठ⃚64 

(FNDC5),ठ⃚ theठ⃚ precursorठ⃚ forठ⃚ irisin,ठ⃚ andठ⃚ 2)ठ⃚ C1qठ⃚ TNFठ⃚ relatedठ⃚ Proteinठ⃚ 15,ठ⃚ hereafterठ⃚65 

referredठ⃚ toठ⃚ asठ⃚ myonectin.ठ⃚ FNDC5ठ⃚ isठ⃚ aठ⃚ membraneठ⃚ proteinठ⃚ thatठ⃚ isठ⃚ cleavedठ⃚ andठ⃚ it9sठ⃚66 

proteolyticठ⃚cleavageठ⃚productठ⃚isठ⃚secretedठ⃚asठ⃚theठ⃚hormone,ठ⃚irisinठ⃚ठ⃚(11)ठ⃚.ठ⃚Myonectinठ⃚isठ⃚aठ⃚67 

newlyठ⃚ discoveredठ⃚ proteinठ⃚ withठ⃚ aठ⃚ characteristicठ⃚ C1qठ⃚ domainठ⃚ sequenceठ⃚ sharedठ⃚ byठ⃚68 

proteinsठ⃚withinठ⃚theठ⃚novelठ⃚CTRPठ⃚proteinठ⃚familyठ⃚(12)ठ⃚ठ⃚.ठ⃚ठ⃚69 

Bothठ⃚myonectinठ⃚ andठ⃚ irisinठ⃚ haveठ⃚ beenठ⃚ linkedठ⃚ toठ⃚ improvedठ⃚metabolicठ⃚ healthठ⃚70 

outcomes.ठ⃚ Myonectinठ⃚ lowersठ⃚ circulatingठ⃚ levelsठ⃚ ofठ⃚ freeठ⃚ fattyठ⃚ acidsठ⃚ byठ⃚ increasingठ⃚71 

uptakeठ⃚inठ⃚adiposeठ⃚andठ⃚liverठ⃚tissuesठ⃚(12)ठ⃚.ठ⃚Whereas,ठ⃚elevatedठ⃚levelsठ⃚ofठ⃚irisinठ⃚resultsठ⃚inठ⃚72 

increasedठ⃚ energyठ⃚ expenditureठ⃚ inठ⃚ miceठ⃚ ठ⃚ (11)ठ⃚ .ठ⃚ Toठ⃚ date,ठ⃚ circulatingठ⃚ levelsठ⃚ ofठ⃚ bothठ⃚73 

myonectinठ⃚andठ⃚ irisinठ⃚haveठ⃚beenठ⃚ foundठ⃚toठ⃚beठ⃚downૐ퀐regulatedठ⃚withठ⃚obesityठ⃚ ठ⃚ (12ૐ퀐14)ठ⃚ठ⃚74 

andठ⃚ increasedठ⃚withठ⃚acuteठ⃚ exerciseठ⃚ ठ⃚ (11,ठ⃚12,ठ⃚15)ठ⃚ .ठ⃚ Further,ठ⃚ acuteठ⃚ exerciseठ⃚ increasesठ⃚75 

geneठ⃚ expressionठ⃚ ofठ⃚myonectin,ठ⃚ butठ⃚ notठ⃚ FNDC5ठ⃚ ठ⃚ (11,ठ⃚ 15)ठ⃚ .ठ⃚ However,ठ⃚ theठ⃚ combinedठ⃚76 

effectsठ⃚ ofठ⃚ exerciseठ⃚ andठ⃚obesityठ⃚ onठ⃚ theठ⃚ regulationठ⃚ ofठ⃚myonectinठ⃚ andठ⃚ irisinठ⃚ haveठ⃚notठ⃚77 

beenठ⃚examined.ठ⃚Thisठ⃚studyठ⃚mayठ⃚giveठ⃚cluesठ⃚toठ⃚understandingठ⃚theठ⃚mechanismठ⃚behindठ⃚78 

theठ⃚endocrineठ⃚benefitsठ⃚ofठ⃚regularठ⃚exerciseठ⃚withठ⃚obesity.ठ⃚79 

ठ⃚80 

ठ⃚81 

ठ⃚82 

ठ⃚ ठ⃚83 
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Methodsठ⃚84 

ठ⃚85 

Animals.ठ⃚ Theठ⃚ diaphragmठ⃚ musclesठ⃚ wereठ⃚ kindlyठ⃚ providedठ⃚ byठ⃚ theठ⃚ labठ⃚ ofठ⃚ Stephenठ⃚ E.ठ⃚86 

Alway,ठ⃚asठ⃚reportedठ⃚fromठ⃚aठ⃚previousठ⃚studyठ⃚ठ⃚(16,ठ⃚17)ठ⃚.ठ⃚Briefly,ठ⃚equalठ⃚numbersठ⃚ofठ⃚6ૐ퀐wkૐ퀐87 

oldठ⃚maleठ⃚Obeseठ⃚Zuckerठ⃚ratsठ⃚(OZR)ठ⃚andठ⃚leanठ⃚zuckerठ⃚ratsठ⃚(LZR)ठ⃚(Harlan,ठ⃚Indianapolis,ठ⃚88 

IN)ठ⃚wereठ⃚randomlyठ⃚assignedठ⃚toठ⃚controlठ⃚(Control,ठ⃚nठ⃚=ठ⃚10)ठ⃚orठ⃚trainingठ⃚(Exercised,ठ⃚nठ⃚=ठ⃚89 

10)ठ⃚ groups.ठ⃚ Theठ⃚ OZRठ⃚ isठ⃚ aठ⃚ geneticठ⃚ modelठ⃚ ofठ⃚ obesityठ⃚ dueठ⃚ toठ⃚ theठ⃚ presenceठ⃚ ofठ⃚ theठ⃚90 

recessiveठ⃚missenseठ⃚mutationठ⃚ (fa/fa)ठ⃚ inठ⃚ theठ⃚ leptinठ⃚ receptorठ⃚ gene,ठ⃚whereasठ⃚ theठ⃚ LZRठ⃚91 

hasठ⃚aठ⃚functioningठ⃚leptinठ⃚receptorठ⃚(Fa/faठ⃚orठ⃚Fa/Fa)ठ⃚ ठ⃚(18ૐ퀐21)ठ⃚ .ठ⃚Comparedठ⃚toठ⃚theठ⃚LZR,ठ⃚92 

theठ⃚OZRठ⃚exhibitsठ⃚severeठ⃚obesity,ठ⃚hyperphagia,ठ⃚hyperinsulinemia,ठ⃚andठ⃚hyperlipidemiaठ⃚ठ⃚93 

(18ૐ퀐21)ठ⃚.ठ⃚Animalsठ⃚wereठ⃚housedठ⃚inठ⃚pathogenૐ퀐freeठ⃚conditions,ठ⃚twoठ⃚perठ⃚cage,ठ⃚atठ⃚20322ठ⃚94 

Cठ⃚withठ⃚aठ⃚reversedठ⃚12:12ૐ퀐hठ⃚light3darkठ⃚cycle,ठ⃚andठ⃚fedठ⃚ratठ⃚chowठ⃚andठ⃚waterठ⃚adठ⃚libitumठ⃚95 

throughoutठ⃚theठ⃚studyठ⃚period.ठ⃚Allठ⃚animalठ⃚proceduresठ⃚wereठ⃚conductedठ⃚inठ⃚accordanceठ⃚96 

withठ⃚ institutionalठ⃚ guidelines,ठ⃚ andठ⃚ ethicalठ⃚ approvalठ⃚ wasठ⃚ obtainedठ⃚ fromठ⃚ theठ⃚ Animalठ⃚97 

Careठ⃚andठ⃚Useठ⃚Committeeठ⃚atठ⃚Westठ⃚Virginiaठ⃚University.ठ⃚98 

ठ⃚99 

Trainingठ⃚ Protocol.ठ⃚ LZRठ⃚ andठ⃚ OZRठ⃚ wereठ⃚ exerciseठ⃚ trainedठ⃚ byठ⃚ runningठ⃚ onठ⃚ aठ⃚ levelठ⃚100 

motorizedठ⃚rodentठ⃚treadmillठ⃚(Columbusठ⃚Instruments,ठ⃚Columbus,ठ⃚andठ⃚OH)ठ⃚5ठ⃚d/wkठ⃚forठ⃚101 

9ठ⃚wk,ठ⃚asठ⃚previouslyठ⃚reportedठ⃚ठ⃚(16,ठ⃚17)ठ⃚.ठ⃚Briefly,ठ⃚duringठ⃚theठ⃚firstठ⃚4ठ⃚wk,ठ⃚theठ⃚speedठ⃚ofठ⃚theठ⃚102 

treadmillठ⃚ andठ⃚ durationठ⃚ ofठ⃚ theठ⃚ trainingठ⃚ sessionsठ⃚ wasठ⃚ increasedठ⃚ graduallyठ⃚ fromठ⃚ aठ⃚103 

speedठ⃚ofठ⃚10ठ⃚m/minठ⃚forठ⃚10ठ⃚minठ⃚toठ⃚aठ⃚finalठ⃚runningठ⃚speedठ⃚ofठ⃚20ठ⃚m/minठ⃚forठ⃚theठ⃚OZRठ⃚andठ⃚104 

24ठ⃚ m/minठ⃚ forठ⃚ theठ⃚ LZR.ठ⃚ Duringठ⃚ theठ⃚ trainingठ⃚ sessions,ठ⃚ mildठ⃚ electricalठ⃚ shockठ⃚ wasठ⃚105 

applied,ठ⃚ ifठ⃚ necessary,ठ⃚ toठ⃚maintainठ⃚ theठ⃚ animals9ठ⃚ runningठ⃚motivation.ठ⃚ Aठ⃚ slowerठ⃚ finalठ⃚106 

runningठ⃚speedठ⃚wasठ⃚usedठ⃚inठ⃚theठ⃚OZRठ⃚groupठ⃚toठ⃚compensateठ⃚forठ⃚theठ⃚increasedठ⃚intensityठ⃚107 

ofठ⃚ exerciseठ⃚ forठ⃚ theseठ⃚ animalsठ⃚ thatठ⃚ resultedठ⃚ fromठ⃚ theirठ⃚ greaterठ⃚ bodyठ⃚ weightठ⃚ asठ⃚108 

comparedठ⃚withठ⃚LZR.ठ⃚Asठ⃚reportedठ⃚previously,ठ⃚theठ⃚workloadठ⃚wasठ⃚estimatedठ⃚basedठ⃚onठ⃚109 

theठ⃚ followingठ⃚ formula:ठ⃚Workठ⃚=ठ⃚1/2ठ⃚massठ⃚ *ठ⃚velocityठ⃚ squaredठ⃚ (Wठ⃚=ठ⃚1/2mठ⃚*ठ⃚V2).ठ⃚Theठ⃚110 

averageठ⃚ bodyठ⃚ weightठ⃚ ofठ⃚ 500ठ⃚ gठ⃚ forठ⃚ theठ⃚ OZRठ⃚ andठ⃚ 350ठ⃚ gठ⃚ forठ⃚ theठ⃚ LZRठ⃚ wereठ⃚ usedठ⃚ toठ⃚111 

calculateठ⃚ theठ⃚ treadmillठ⃚ speedsठ⃚ toठ⃚produceठ⃚ anठ⃚ approximateठ⃚workठ⃚outputठ⃚ ofठ⃚ 0.028ठ⃚ J.ठ⃚112 

Theseठ⃚ speedsठ⃚ wereठ⃚ alsoठ⃚ reliablyठ⃚ maintainedठ⃚ byठ⃚ theठ⃚ OZRठ⃚ andठ⃚ LZR,ठ⃚ withठ⃚ minimalठ⃚113 

requirementsठ⃚ forठ⃚ externalठ⃚ motivationठ⃚ byठ⃚ theठ⃚ investigators.ठ⃚ Thisठ⃚ approachठ⃚ wasठ⃚114 

successfulठ⃚asठ⃚determinedठ⃚byठ⃚similarठ⃚increasesठ⃚inठ⃚mitochondrialठ⃚proteinठ⃚contentठ⃚andठ⃚115 

activityठ⃚inठ⃚theठ⃚trainedठ⃚groupsठ⃚ठ⃚(16,ठ⃚17)ठ⃚.ठ⃚Animalsठ⃚assignedठ⃚toठ⃚theठ⃚controlठ⃚groupठ⃚wereठ⃚116 

handledठ⃚ dailyठ⃚ andठ⃚ exposedठ⃚ toठ⃚ theठ⃚ noiseठ⃚ ofठ⃚ theठ⃚ runningठ⃚ treadmillठ⃚ byठ⃚ placingठ⃚ theirठ⃚117 

cagesठ⃚nextठ⃚toठ⃚theठ⃚treadmillठ⃚duringठ⃚theठ⃚exerciseठ⃚session.ठ⃚118 

ठ⃚119 

Tissueठ⃚collection.ठ⃚Fortyૐ퀐eightठ⃚hoursठ⃚afterठ⃚ theठ⃚ lastठ⃚ trainingठ⃚sessionठ⃚andठ⃚anठ⃚overnightठ⃚120 

fastठ⃚(~16ठ⃚h),ठ⃚theठ⃚animalsठ⃚wereठ⃚anesthetizedठ⃚withठ⃚injectionsठ⃚ofठ⃚pentobarbitalठ⃚sodiumठ⃚121 

(50ठ⃚mg/kgठ⃚ ip)ठ⃚andठ⃚euthanizedठ⃚viaठ⃚ cardiacठ⃚puncture.ठ⃚Theठ⃚diaphragmठ⃚musclesठ⃚wereठ⃚122 

quicklyठ⃚ removed,ठ⃚ frozenठ⃚ immediatelyठ⃚ inठ⃚ liquidठ⃚nitrogenठ⃚ andठ⃚ storedठ⃚ atठ⃚ ठ⃚ ૐ퀐80ठ⃚Cठ⃚ untilठ⃚123 

furtherठ⃚analysis.ठ⃚ठ⃚124 

ठ⃚125 

RNAठ⃚ isolationठ⃚ andठ⃚ reverseठ⃚ transcription.ठ⃚ Totalठ⃚ RNAठ⃚ wasठ⃚ extractedठ⃚ accordingठ⃚ toठ⃚126 

standardठ⃚ procedures.ठ⃚ Briefly,ठ⃚ tissuesठ⃚ wereठ⃚ homogenizedठ⃚ inठ⃚ Trizolठ⃚ reagentठ⃚ (Lifeठ⃚127 

Technologies)ठ⃚usingठ⃚aठ⃚Kinematicaठ⃚polytronठ⃚inठ⃚threeठ⃚30ठ⃚sठ⃚bursts,ठ⃚separatedठ⃚byठ⃚10ठ⃚minठ⃚128 

incubationsठ⃚onठ⃚ice.ठ⃚Afterठ⃚centrifugationठ⃚atठ⃚13.2ठ⃚rcf,ठ⃚4ठ⃚°Cठ⃚forठ⃚5ठ⃚minठ⃚toठ⃚removeठ⃚residualठ⃚129 
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particulates,ठ⃚ phaseठ⃚ separationठ⃚ wasठ⃚ accomplishedठ⃚ usingठ⃚ 3ૐ퀐bromoૐ퀐5ૐ퀐chloropentane,ठ⃚130 

followedठ⃚byठ⃚centrifugationठ⃚ forठ⃚15ठ⃚minठ⃚atठ⃚13.2ठ⃚rcf,ठ⃚4ठ⃚°C.ठ⃚RNAठ⃚wasठ⃚precipitatedठ⃚ fromठ⃚131 

theठ⃚ aqueousठ⃚ phaseठ⃚ byठ⃚ mixingठ⃚ withठ⃚ anठ⃚ equalठ⃚ volumeठ⃚ 70%ठ⃚ ethanol,ठ⃚ andठ⃚ thenठ⃚ wasठ⃚132 

loadedठ⃚ ontoठ⃚ aठ⃚ nucleotideठ⃚ bindingठ⃚ columnठ⃚ (RNeasyठ⃚ Miniૐ퀐Kit,ठ⃚ Qiagen).ठ⃚ Onૐ퀐columnठ⃚133 

DNAठ⃚ digestionठ⃚ wasठ⃚ performedठ⃚ usingठ⃚ RNaseૐ퀐freeठ⃚ DNaseठ⃚ (Qiagen)ठ⃚ toठ⃚ eliminateठ⃚134 

residualठ⃚ genomicठ⃚DNAठ⃚ contaminationठ⃚ asठ⃚ perठ⃚ theठ⃚manufacturer9sठ⃚ instructions.ठ⃚RNAठ⃚135 

wasठ⃚ elutedठ⃚ inठ⃚ 50ठ⃚ µlठ⃚ RNaseૐ퀐freeठ⃚water;ठ⃚ purityठ⃚ (RINठ⃚ gठ⃚ 7.0)ठ⃚ andठ⃚ concentrationठ⃚wereठ⃚136 

confirmedठ⃚byठ⃚microfluidicठ⃚capillaryठ⃚electrophoresisठ⃚usingठ⃚anठ⃚Agilentठ⃚BioAnalyzer.ठ⃚1ठ⃚137 

¿gठ⃚totalठ⃚RNAठ⃚ofठ⃚eachठ⃚sampleठ⃚wasठ⃚reverseठ⃚transcribedठ⃚inठ⃚aठ⃚finalठ⃚volumeठ⃚ofठ⃚20ठ⃚¿l,ठ⃚usingठ⃚138 

GoScript®ठ⃚cDNAठ⃚synthesisठ⃚reagentsठ⃚(Promega).ठ⃚139 

ठ⃚140 

Analysisठ⃚ofठ⃚referenceठ⃚genes.ठ⃚Toठ⃚screenठ⃚forठ⃚potentialठ⃚stableठ⃚referenceठ⃚genes,ठ⃚anठ⃚aliquotठ⃚141 

1ठ⃚µlठ⃚ofठ⃚preparedठ⃚cDNAठ⃚fromठ⃚eachठ⃚animalठ⃚wasठ⃚pooledठ⃚byठ⃚groupठ⃚andठ⃚treatmentठ⃚andठ⃚theठ⃚142 

relativeठ⃚contentठ⃚ofठ⃚eachठ⃚referenceठ⃚geneठ⃚wasठ⃚determinedठ⃚byठ⃚PCRठ⃚arrayठ⃚accordingठ⃚toठ⃚143 

manufacturesठ⃚directionsठ⃚(RT2ठ⃚Profilerठ⃚PCRठ⃚Array;ठ⃚Ratठ⃚Housekeepingठ⃚Genes;ठ⃚Qiagenठ⃚144 

PARNૐ퀐000ZA).ठ⃚ Assumingठ⃚ aठ⃚ perfectठ⃚ efficientठ⃚ reaction,ठ⃚ theठ⃚ differenceठ⃚ betweenठ⃚ 1ठ⃚145 

quantificationठ⃚ cycleठ⃚ (Cq)ठ⃚ equalsठ⃚ aठ⃚ 2ૐ퀐foldठ⃚ differenceठ⃚ inठ⃚ startingठ⃚ RNAठ⃚ quantity.ठ⃚146 

Variabilityठ⃚ ofठ⃚ referenceठ⃚ genesठ⃚ wasठ⃚ deemedठ⃚ toठ⃚ beठ⃚ unacceptableठ⃚ ifठ⃚ theठ⃚ maximumठ⃚147 

differenceठ⃚ amongठ⃚ theठ⃚ fourठ⃚ groupsठ⃚ wasठ⃚ greaterठ⃚ thanठ⃚ 0.5ठ⃚ Cq.ठ⃚ Referenceठ⃚ genesठ⃚148 

examinedठ⃚areठ⃚listedठ⃚inठ⃚tableठ⃚1.ठ⃚149 

ठ⃚150 

Quantitativeठ⃚ realठ⃚ timeठ⃚ PCRठ⃚ analysis.ठ⃚ Validatedठ⃚ PCRठ⃚ primersठ⃚ forठ⃚ Myonectin,ठ⃚151 

Fndc5/irisin,ठ⃚Hprt1,ठ⃚Ldha,ठ⃚andठ⃚RN18Sठ⃚wereठ⃚purchasedठ⃚fromठ⃚SABiosciencesठ⃚(Tableठ⃚1).ठ⃚152 

Aठ⃚ 10ૐ퀐foldठ⃚ dilutionठ⃚ seriesठ⃚ ofठ⃚ DNAठ⃚ ampliconsठ⃚ generatedठ⃚ fromठ⃚ anठ⃚ untrainedठ⃚ LZRठ⃚ ratठ⃚153 

muscleठ⃚wasठ⃚employedठ⃚asठ⃚aठ⃚standardठ⃚curveठ⃚ forठ⃚eachठ⃚geneठ⃚ofठ⃚ interest,ठ⃚andठ⃚theठ⃚qPCRठ⃚154 

efficiencyठ⃚wasठ⃚determinedठ⃚forठ⃚eachठ⃚gene,ठ⃚usingठ⃚aठ⃚Bioૐ퀐Radठ⃚Cfxठ⃚thermocycler.ठ⃚Briefly,ठ⃚155 

0.5ठ⃚¿lठ⃚ofठ⃚cDNAठ⃚fromठ⃚theठ⃚reverseठ⃚transcriptionठ⃚reactionठ⃚wasठ⃚incubatedठ⃚inठ⃚appropriateठ⃚156 

mixठ⃚ (SABbiosciences)ठ⃚ forठ⃚ anठ⃚ initialठ⃚ denaturationठ⃚ atठ⃚ 94ठ⃚ °Cठ⃚ forठ⃚30ठ⃚ s,ठ⃚ followedठ⃚byठ⃚40ठ⃚157 

PCRठ⃚cyclesठ⃚eachठ⃚consistingठ⃚ofठ⃚95ठ⃚°Cठ⃚forठ⃚0ठ⃚s,ठ⃚61ठ⃚°Cठ⃚forठ⃚7ठ⃚s,ठ⃚andठ⃚72ठ⃚°Cठ⃚forठ⃚10ठ⃚s.ठ⃚Allठ⃚qRTૐ퀐158 

PCRठ⃚primersठ⃚displayedठ⃚aठ⃚coefficientठ⃚ofठ⃚correlationठ⃚greaterठ⃚thanठ⃚0.99ठ⃚andठ⃚efficienciesठ⃚159 

betweenठ⃚90%ठ⃚andठ⃚110%.ठ⃚Dataठ⃚ isठ⃚reportedठ⃚asठ⃚copyठ⃚numberठ⃚perठ⃚amountठ⃚ofठ⃚startingठ⃚160 

RNAठ⃚ (0.25ठ⃚ ngठ⃚ perठ⃚ reaction).ठ⃚ Specificityठ⃚ ofठ⃚ amplificationठ⃚ productsठ⃚ wasठ⃚ furtherठ⃚161 

confirmedठ⃚ byठ⃚ analyzingठ⃚ meltingठ⃚ curveठ⃚ profilesठ⃚ forठ⃚ primersठ⃚ andठ⃚ productsठ⃚ andठ⃚162 

subjectingठ⃚theठ⃚amplificationठ⃚productsठ⃚toठ⃚agaroseठ⃚gelठ⃚electrophoresis.ठ⃚163 

ठ⃚164 

Immunoblotठ⃚Analysis.ठ⃚Diaphragmठ⃚musclesठ⃚wereठ⃚preparedठ⃚inठ⃚lysisठ⃚bufferठ⃚(20ठ⃚mMठ⃚Trisठ⃚165 

pHठ⃚7.5,ठ⃚ 150ठ⃚mMठ⃚NaCl,ठ⃚ 1%ठ⃚Nonidetठ⃚Pૐ퀐40,ठ⃚ 0.5%ठ⃚sodiumठ⃚deoxycholate,ठ⃚ 1ठ⃚mMठ⃚EDTA,ठ⃚166 

0.1%ठ⃚SDS)ठ⃚withठ⃚proteaseठ⃚andठ⃚phosphataseठ⃚ inhibitorठ⃚cocktailsठ⃚(Sigma).ठ⃚Theठ⃚proteinठ⃚167 

concentrationठ⃚ wasठ⃚ determinedठ⃚ usingठ⃚ aठ⃚ Coomassieठ⃚ Plusठ⃚ proteinठ⃚ assayठ⃚ reagentठ⃚168 

(Thermoठ⃚Scientific).ठ⃚Forठ⃚eachठ⃚sample,ठ⃚10ठ⃚¿gठ⃚ofठ⃚proteinठ⃚wereठ⃚loadedठ⃚andठ⃚separatedठ⃚onठ⃚169 

aठ⃚SDSૐ퀐polyacrylamideठ⃚gel,ठ⃚accordingठ⃚manufacturesठ⃚directionठ⃚(BioRad).ठ⃚Theठ⃚proteinsठ⃚170 

wereठ⃚ thenठ⃚ transferredठ⃚ toठ⃚ Nitrocelluloseousठ⃚ ठ⃚ membranesठ⃚ blockedठ⃚ withठ⃚ milkठ⃚ andठ⃚171 

incubatedठ⃚ withठ⃚ Rabbitठ⃚ polyclonalठ⃚ antiૐ퀐peptideठ⃚ antibodyठ⃚ thatठ⃚ canठ⃚ recognizeठ⃚172 

myonectinठ⃚(epitopeठ⃚77ૐ퀐KQSDKGIठ⃚NSKRRSKARRૐ퀐93).ठ⃚Myonectinठ⃚antibodyठ⃚wasठ⃚kindlyठ⃚173 

providedठ⃚ byठ⃚ theठ⃚ labठ⃚ ofठ⃚ G.W.ठ⃚ Wongठ⃚ andठ⃚ hadठ⃚ beenठ⃚ usedठ⃚ previouslyठ⃚ ठ⃚ (12)ठ⃚ .ठ⃚174 

Glyceraldehydeठ⃚ 3ૐ퀐phosphateठ⃚ dehydrogenaseठ⃚ (GAPDH)ठ⃚ antibodyठ⃚ wasठ⃚ purchasedठ⃚175 
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fromठ⃚ठ⃚Novusठ⃚Biologicalsठ⃚(NB300ૐ퀐221).ठ⃚Antibodyठ⃚detectionठ⃚wasठ⃚performedठ⃚withठ⃚theठ⃚176 

appropriateठ⃚ horseradishठ⃚ perioxidaseૐ퀐conjugatedठ⃚ secondaryठ⃚ antibodies.ठ⃚177 

Visualizationsठ⃚wereठ⃚completedठ⃚withठ⃚MultiImageठ⃚IIIठ⃚FuorChemठ⃚®ठ⃚Mठ⃚(Alphaठ⃚Innotech)ठ⃚178 

andठ⃚quantificationsठ⃚wereठ⃚performedठ⃚byठ⃚Alphaviewठ⃚Softwareठ⃚(Alphaठ⃚Innotech).ठ⃚179 

ठ⃚180 

Statisticalठ⃚ analysis.ठ⃚Analysesठ⃚ wereठ⃚ performedठ⃚ usingठ⃚ GraphPadठ⃚ Prism®ठ⃚ 5ठ⃚ softwareठ⃚181 

package.ठ⃚ Student9sठ⃚Tૐ퀐testठ⃚wasठ⃚usedठ⃚ forठ⃚ comparisonsठ⃚betweenठ⃚ controlठ⃚ andठ⃚ exerciseठ⃚182 

trainedठ⃚ animalsठ⃚ withinठ⃚ theठ⃚ sameठ⃚ genotypeठ⃚ (figureठ⃚ 3).ठ⃚ Aठ⃚ oneૐ퀐wayठ⃚ ANOVAठ⃚ wasठ⃚183 

performedठ⃚whenठ⃚ comparisonsठ⃚ wereठ⃚madeठ⃚ amongठ⃚ allठ⃚ groupsठ⃚ (figureठ⃚ 2).ठ⃚ Statisticalठ⃚184 

significanceठ⃚wasठ⃚acceptedठ⃚atठ⃚Pठ⃚<ठ⃚0.05.ठ⃚Allठ⃚dataठ⃚areठ⃚givenठ⃚asठ⃚meansठ⃚±ठ⃚SE.ठ⃚Noठ⃚statisticalठ⃚185 

analysisठ⃚ wasठ⃚ performedठ⃚ onठ⃚ theठ⃚ PCRठ⃚ arrayठ⃚ dataठ⃚ ofठ⃚ pooledठ⃚ samplesठ⃚ (figureठ⃚ 1).ठ⃚ Aठ⃚186 

referenceठ⃚ geneठ⃚ wasठ⃚ deemedठ⃚ acceptableठ⃚ forठ⃚ furtherठ⃚ analysisठ⃚ ifठ⃚ theठ⃚ maximumठ⃚ Cqठ⃚187 

differenceठ⃚amongठ⃚theठ⃚pooledठ⃚samplesठ⃚fromठ⃚theठ⃚4ठ⃚groupsठ⃚wasठ⃚lessठ⃚thanठ⃚0.5.ठ⃚ठ⃚188 

ठ⃚189 

Resultsठ⃚andठ⃚discussionठ⃚190 

ठ⃚191 

Theठ⃚purposeठ⃚ofठ⃚thisठ⃚studyठ⃚wasठ⃚toठ⃚examineठ⃚theठ⃚regulationठ⃚ofठ⃚myonectinठ⃚andठ⃚FNDC5ठ⃚inठ⃚192 

skeletalठ⃚musclesठ⃚ofठ⃚aठ⃚geneticठ⃚modelठ⃚ofठ⃚obesityठ⃚andठ⃚thenठ⃚toठ⃚determineठ⃚theठ⃚combinedठ⃚193 

effectsठ⃚ ofठ⃚ obesityठ⃚ andठ⃚ exerciseठ⃚ onठ⃚ theठ⃚ regulationठ⃚ ofठ⃚ theseठ⃚ twoठ⃚ proteins.ठ⃚ ठ⃚ Toठ⃚ ourठ⃚194 

knowledge,ठ⃚ thisठ⃚ isठ⃚ theठ⃚ firstठ⃚ studyठ⃚ toठ⃚ examineठ⃚ theठ⃚ effectठ⃚ ofठ⃚ obesityठ⃚ combinedठ⃚withठ⃚195 

exerciseठ⃚ trainingठ⃚ onठ⃚ skeletalठ⃚ muscleठ⃚ geneठ⃚ expressionठ⃚ ofठ⃚ theठ⃚ novelठ⃚ myokinesठ⃚196 

myonectinठ⃚andठ⃚FNDC5.ठ⃚ठ⃚Basedठ⃚onठ⃚theठ⃚previousठ⃚literature,ठ⃚weठ⃚hypothesizedठ⃚thatठ⃚theठ⃚197 

geneठ⃚expressionठ⃚ofठ⃚bothठ⃚ofठ⃚ theseठ⃚proteinsठ⃚wouldठ⃚beठ⃚reducedठ⃚withठ⃚obesityठ⃚andठ⃚thatठ⃚198 

theठ⃚levelsठ⃚wouldठ⃚increaseठ⃚withठ⃚enduranceठ⃚exercise.ठ⃚199 

ठ⃚200 

Characterizationठ⃚ofठ⃚animals.ठ⃚Ourठ⃚goalठ⃚inठ⃚theठ⃚trainingठ⃚regimeठ⃚wasठ⃚toठ⃚attemptठ⃚toठ⃚matchठ⃚201 

finalठ⃚ workloadठ⃚ betweenठ⃚ theठ⃚ LZRठ⃚ andठ⃚ OZR.ठ⃚ ठ⃚ Thisठ⃚ approachठ⃚ wasठ⃚ successfulठ⃚ asठ⃚202 

determinedठ⃚byठ⃚similarठ⃚increasesठ⃚inठ⃚mitochondrialठ⃚proteinठ⃚contentठ⃚andठ⃚activityठ⃚inठ⃚theठ⃚203 

trainedठ⃚ groupsठ⃚ ठ⃚ (16,ठ⃚ 17)ठ⃚ .ठ⃚ Althoughठ⃚ thisठ⃚ workloadठ⃚ wasठ⃚ sufficientठ⃚ toठ⃚ lowerठ⃚ bodyठ⃚204 

weightठ⃚(658ठ⃚±ठ⃚18ठ⃚vs.ठ⃚502ठ⃚ठ⃚±ठ⃚21,ठ⃚Pठ⃚<ठ⃚0.05)ठ⃚andठ⃚fastingठ⃚insulinठ⃚levelsठ⃚(10.7ठ⃚±ठ⃚1.2ठ⃚vs.ठ⃚6.7ठ⃚ठ⃚205 

±ठ⃚1.6ठ⃚ng/dL,ठ⃚Pठ⃚<ठ⃚0.05)ठ⃚inठ⃚theठ⃚OZR,ठ⃚itठ⃚wasठ⃚notठ⃚sufficientठ⃚toठ⃚inducedठ⃚significantठ⃚changesठ⃚206 

inठ⃚theठ⃚LZRठ⃚inठ⃚theseठ⃚variables,ठ⃚asठ⃚reportedठ⃚previouslyठ⃚ठ⃚(16,ठ⃚17)ठ⃚.ठ⃚ठ⃚ठ⃚207 

ठ⃚208 

Identificationठ⃚ofठ⃚appropriateठ⃚referenceठ⃚genes.ठ⃚Ourठ⃚dataठ⃚wasठ⃚ableठ⃚toठ⃚confirmठ⃚thatठ⃚HPRT,ठ⃚209 

HSP90,ठ⃚Ldha,ठ⃚Pgk1,ठ⃚Rplp1,ठ⃚andठ⃚Sdhaठ⃚remainedठ⃚relativelyठ⃚stableठ⃚ (Cqठ⃚variabilityठ⃚ lessठ⃚210 

thanठ⃚ 0.5)ठ⃚ regardlessठ⃚ ofठ⃚ obesityठ⃚ orठ⃚ exerciseठ⃚ trainingठ⃚ (Figureठ⃚ 1).ठ⃚ ठ⃚ However,ठ⃚weठ⃚ alsoठ⃚211 

observedठ⃚thatठ⃚thereठ⃚wasठ⃚greaterठ⃚thanठ⃚1ठ⃚Cqठ⃚difference,ठ⃚amongठ⃚theठ⃚groupsठ⃚examined,ठ⃚212 

inठ⃚ geneठ⃚ expressionठ⃚ ofठ⃚ Actb,ठ⃚ B2m,ठ⃚ andठ⃚ Tfrcठ⃚ (Figureठ⃚ 1ठ⃚ andठ⃚ Tableठ⃚ 1).ठ⃚ Assumingठ⃚ anठ⃚213 

efficientठ⃚ reaction,ठ⃚ 1ठ⃚ Cqठ⃚ differenceठ⃚ representsठ⃚ anठ⃚ approximateठ⃚ 2ૐ퀐foldठ⃚ differenceठ⃚ inठ⃚214 

startingठ⃚RNAठ⃚content.ठ⃚Thisठ⃚indicatesठ⃚thatठ⃚someठ⃚commonlyठ⃚usedठ⃚referenceठ⃚genesठ⃚areठ⃚215 

effectedठ⃚byठ⃚ theठ⃚specificठ⃚ setठ⃚ofठ⃚ conditionsठ⃚describedठ⃚ inठ⃚ thisठ⃚ studyठ⃚andठ⃚ thereforeठ⃚areठ⃚216 

inappropriateठ⃚ toठ⃚useठ⃚asठ⃚referenceठ⃚genes,ठ⃚normalizingठ⃚ factorsठ⃚ thatठ⃚controlठ⃚ forठ⃚equalठ⃚217 

inputठ⃚ ofठ⃚ totalठ⃚ RNAठ⃚ whenठ⃚ performingठ⃚ relativeठ⃚ geneठ⃚ expressionठ⃚ analyses.ठ⃚ ठ⃚ Further,ठ⃚218 

theseठ⃚ dataठ⃚ highlightठ⃚ theठ⃚ importanceठ⃚ ofठ⃚ exploringठ⃚ theठ⃚ stabilityठ⃚ ofठ⃚ referenceठ⃚ genesठ⃚219 

whenठ⃚performingठ⃚qPCRठ⃚analysis.ठ⃚220 

ठ⃚221 
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Ofठ⃚theठ⃚stableठ⃚referenceठ⃚genes,ठ⃚weठ⃚performedठ⃚quantitativeठ⃚qPCRठ⃚analysisठ⃚ofठ⃚HPRTठ⃚andठ⃚222 

Ldhaठ⃚toठ⃚useठ⃚asठ⃚referenceठ⃚genesठ⃚inठ⃚ourठ⃚analysis.ठ⃚Quantitativeठ⃚qPCRठ⃚showedठ⃚thatठ⃚thereठ⃚223 

wasठ⃚noठ⃚significantठ⃚differenceठ⃚betweenठ⃚theठ⃚startingठ⃚copyठ⃚numberठ⃚ofठ⃚HPRTठ⃚andठ⃚Ldhaठ⃚224 

amongठ⃚ theठ⃚ groupsठ⃚ inठ⃚ ourठ⃚ analysisठ⃚ (Figureठ⃚ 2Dठ⃚ andठ⃚ Figureठ⃚ 2E).ठ⃚ Interestingly,ठ⃚ theठ⃚225 

referenceठ⃚ geneठ⃚ 18Sठ⃚ ribosomalठ⃚ RNAठ⃚ (RN18S)ठ⃚ alsoठ⃚ examinedठ⃚ byठ⃚ quantitativeठ⃚ PCRठ⃚226 

analysis.ठ⃚RN18Sठ⃚wasठ⃚foundठ⃚toठ⃚beठ⃚significantlyठ⃚elevatedठ⃚inठ⃚theठ⃚obeseठ⃚exercisedठ⃚groupठ⃚227 

comparedठ⃚toठ⃚allठ⃚otherठ⃚groups.ठ⃚228 

ठ⃚229 

Effectठ⃚ofठ⃚Obesityठ⃚onठ⃚Myonectinठ⃚andठ⃚Fndc5.ठ⃚ Itठ⃚ hasठ⃚ beenठ⃚ previouslyठ⃚ documentedठ⃚ thatठ⃚230 

circulatingठ⃚levelsठ⃚ofठ⃚bothठ⃚myonectinठ⃚andठ⃚irisinठ⃚areठ⃚downregulatedठ⃚withठ⃚obesityठ⃚andठ⃚231 

typeठ⃚2ठ⃚diabetesठ⃚ठ⃚(12ૐ퀐14,ठ⃚22)ठ⃚.ठ⃚Contraryठ⃚toठ⃚whatठ⃚weठ⃚expectedठ⃚fromठ⃚theठ⃚literature,ठ⃚weठ⃚232 

foundठ⃚thatठ⃚theठ⃚OZRठ⃚hadठ⃚significantlyठ⃚higherठ⃚expressionठ⃚levelsठ⃚ofठ⃚bothठ⃚myonectinठ⃚andठ⃚233 

Fndc5ठ⃚ comparedठ⃚withठ⃚ theठ⃚ LZRठ⃚ (Figureठ⃚ 2Aठ⃚ andठ⃚ 2B).ठ⃚ Thereठ⃚ areठ⃚ twoठ⃚ possibilitiesठ⃚ toठ⃚234 

explainठ⃚thisठ⃚data:ठ⃚1)ठ⃚itठ⃚isठ⃚possibleठ⃚thatठ⃚bothठ⃚FNDC5ठ⃚andठ⃚myonectinठ⃚areठ⃚regulatedठ⃚byठ⃚235 

leptin,ठ⃚asठ⃚obesityठ⃚occursठ⃚inठ⃚theठ⃚OZRठ⃚modelठ⃚dueठ⃚toठ⃚aठ⃚nonfunctioningठ⃚leptinठ⃚receptor,ठ⃚236 

anyठ⃚receptorૐ퀐mediatedठ⃚leptinठ⃚specificठ⃚regulationठ⃚wouldठ⃚beठ⃚absent;ठ⃚2)ठ⃚aठ⃚dietठ⃚highठ⃚inठ⃚237 

fatठ⃚mayठ⃚ induceठ⃚ theठ⃚ expressionठ⃚ ofठ⃚ bothठ⃚ FNDC5ठ⃚ andठ⃚myonectin.ठ⃚ Previousठ⃚workठ⃚ hasठ⃚238 

demonstratedठ⃚thatठ⃚lipidsठ⃚canठ⃚increaseठ⃚myonectinठ⃚expressionठ⃚bothठ⃚inठ⃚vivoठ⃚andठ⃚inठ⃚vitroठ⃚ठ⃚239 

(12)ठ⃚.ठ⃚ ठ⃚Inठ⃚theठ⃚OZRठ⃚modelठ⃚ofठ⃚obesity,ठ⃚animalsठ⃚areठ⃚fedठ⃚aठ⃚chowठ⃚dietठ⃚andठ⃚becomeठ⃚obeseठ⃚240 

dueठ⃚ toठ⃚ excessiveठ⃚ caloricठ⃚ intakeठ⃚ ठ⃚ (18ૐ퀐21)ठ⃚ .ठ⃚ Nevertheless,ठ⃚ thisठ⃚ findingठ⃚ mayठ⃚ beठ⃚241 

serendipitousठ⃚ asठ⃚ theseठ⃚ myokinesठ⃚ haveठ⃚ yetठ⃚ toठ⃚ beठ⃚ examinedठ⃚ inठ⃚ aठ⃚ modelठ⃚ withठ⃚242 

dysfunctionalठ⃚leptinठ⃚signaling.ठ⃚Theseठ⃚observationsठ⃚deserveठ⃚moreठ⃚extensiveठ⃚analysisठ⃚243 

thanठ⃚wasठ⃚possibleठ⃚withinठ⃚theठ⃚scopeठ⃚ofठ⃚theठ⃚currentठ⃚study.ठ⃚244 

ठ⃚245 

Theठ⃚combinedठ⃚effectsठ⃚ofठ⃚Obesityठ⃚andठ⃚exerciseठ⃚trainingठ⃚onठ⃚Myonectinठ⃚expression.ठ⃚ Itठ⃚hasठ⃚246 

beenठ⃚ previouslyठ⃚ documentedठ⃚ thatठ⃚ shortૐ퀐termठ⃚ exerciseठ⃚ exposureठ⃚ increasesठ⃚ geneठ⃚247 

expressionठ⃚ ofठ⃚myonectinठ⃚ ठ⃚ (12)ठ⃚ .ठ⃚ Althoughठ⃚myonectinठ⃚ expressionठ⃚ hadठ⃚ notठ⃚ yetठ⃚ beenठ⃚248 

examinedठ⃚afterठ⃚longૐ퀐termठ⃚exerciseठ⃚exposure,ठ⃚weठ⃚wereठ⃚surprisedठ⃚toठ⃚findठ⃚thatठ⃚chronicठ⃚249 

exerciseठ⃚ reducedठ⃚ myonectinठ⃚ expressionठ⃚ regardlessठ⃚ ofठ⃚ obesityठ⃚ statusठ⃚ (figureठ⃚ 2A).ठ⃚250 

Becauseठ⃚ourठ⃚ findingsठ⃚wereठ⃚contraryठ⃚ toठ⃚whatठ⃚weठ⃚anticipated,ठ⃚weठ⃚alsoठ⃚examinedठ⃚theठ⃚251 

muscleठ⃚ proteinठ⃚ contentठ⃚ ofठ⃚ myonectinठ⃚ (figureठ⃚ 3).ठ⃚ Theseठ⃚ resultsठ⃚ wereठ⃚ evenठ⃚ moreठ⃚252 

confounding,ठ⃚since,ठ⃚althoughठ⃚myonectinठ⃚geneठ⃚expressionठ⃚wasठ⃚reducedठ⃚withठ⃚exercise,ठ⃚253 

myonectinठ⃚ proteinठ⃚ contentठ⃚ wasठ⃚ elevatedठ⃚ withठ⃚ exercise,ठ⃚ regardlessठ⃚ ofठ⃚ obesity.ठ⃚254 

Unfortunately,ठ⃚ serumठ⃚ samplesठ⃚ wereठ⃚ noठ⃚ longerठ⃚ availableठ⃚ fromठ⃚ theseठ⃚ animalsठ⃚ toठ⃚255 

determineठ⃚theठ⃚changesठ⃚toठ⃚circulatingठ⃚myonectinठ⃚levels.ठ⃚However,ठ⃚theseठ⃚dataठ⃚suggestठ⃚256 

thatठ⃚myonectinठ⃚mayठ⃚actठ⃚inठ⃚anठ⃚autocrineठ⃚fashionठ⃚toठ⃚regulatedठ⃚it9sठ⃚ownठ⃚expression,ठ⃚asठ⃚257 

hasठ⃚beenठ⃚notedठ⃚recentlyठ⃚forठ⃚irisinठ⃚ठ⃚(23)ठ⃚ठ⃚andठ⃚forठ⃚otherठ⃚myokinesठ⃚suchठ⃚asठ⃚ILૐ퀐6ठ⃚ठ⃚(24)ठ⃚.ठ⃚258 

ठ⃚259 

Theठ⃚ combinedठ⃚ effectsठ⃚ ofठ⃚ Obesityठ⃚ andठ⃚ exerciseठ⃚ trainingठ⃚ onठ⃚ Fndc5ठ⃚ geneठ⃚ expression.ठ⃚260 

Accordingठ⃚ toठ⃚ theठ⃚ literatureठ⃚ neitherठ⃚ acuteठ⃚ norठ⃚ chronicठ⃚ exerciseठ⃚ altersठ⃚ FNDC5ठ⃚ geneठ⃚261 

expressionठ⃚ ठ⃚ (11,ठ⃚ 15)ठ⃚ .ठ⃚ Fndc5ठ⃚ isठ⃚ theठ⃚precursorठ⃚ forठ⃚ Irisin,ठ⃚ andठ⃚ itठ⃚ hasठ⃚beenठ⃚ suggestedठ⃚262 

thatठ⃚ exerciseठ⃚ causesठ⃚ cleavageठ⃚ ofठ⃚ Fndc5,ठ⃚ releasingठ⃚ irisinठ⃚ andठ⃚ drivingठ⃚ theठ⃚ exerciseૐ퀐263 

inducedठ⃚ 8browning9ठ⃚ ofठ⃚ whiteठ⃚ adiposeठ⃚ tissueठ⃚ ठ⃚ (11,ठ⃚ 25)ठ⃚ .ठ⃚ Thisठ⃚ indicatesठ⃚ thatठ⃚ Fndc5ठ⃚264 

levelsठ⃚mayठ⃚notठ⃚beठ⃚directlyठ⃚regulatedठ⃚byठ⃚exercise.ठ⃚However,ठ⃚becauseठ⃚Fncd5ठ⃚levelsठ⃚areठ⃚265 

reducedठ⃚ withठ⃚ obesityठ⃚ andठ⃚ insulinठ⃚ resistanceठ⃚ weठ⃚ expectedठ⃚ toठ⃚ seeठ⃚ aठ⃚ restorationठ⃚ ofठ⃚266 

Fndc5ठ⃚levelsठ⃚withठ⃚exerciseठ⃚trainingठ⃚inठ⃚theठ⃚insulinठ⃚resistantठ⃚obeseठ⃚OZR.ठ⃚Althoughठ⃚weठ⃚267 
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confirmedठ⃚ thatठ⃚ exerciseठ⃚ didठ⃚ notठ⃚ effectठ⃚ Fndc5ठ⃚ geneठ⃚ expression,ठ⃚ contraryठ⃚ toठ⃚ theठ⃚268 

literatureठ⃚weठ⃚foundठ⃚thatठ⃚Fndc5ठ⃚mRNAठ⃚levelsठ⃚wereठ⃚elevatedठ⃚ inठ⃚theठ⃚OZRठ⃚(figureठ⃚3B).ठ⃚269 

Asठ⃚statedठ⃚earlier,ठ⃚thisठ⃚findingठ⃚indicatesठ⃚thatठ⃚Fndc5ठ⃚mayठ⃚beठ⃚regulatedठ⃚byठ⃚leptinठ⃚orठ⃚byठ⃚270 

dietaryठ⃚fatठ⃚content.ठ⃚271 

ठ⃚272 

Conclusion.ठ⃚ Bothठ⃚ myonectinठ⃚ andठ⃚ irisinठ⃚ haveठ⃚ beenठ⃚ linkedठ⃚ toठ⃚ improvedठ⃚ metabolicठ⃚273 

healthठ⃚ outcomes.ठ⃚ Myonectinठ⃚ coordinatesठ⃚ lipidठ⃚ homeostasisठ⃚ inठ⃚ liverठ⃚ andठ⃚ adiposeठ⃚274 

tissueठ⃚ withठ⃚ theठ⃚ metabolicठ⃚ demandsठ⃚ ofठ⃚ skeletalठ⃚ musclesठ⃚ ठ⃚ (12)ठ⃚ ,ठ⃚ whereas,ठ⃚ irisinठ⃚275 

increasesठ⃚energyठ⃚expenditureठ⃚inठ⃚miceठ⃚throughठ⃚theठ⃚browningठ⃚ofठ⃚whiteठ⃚adiposeठ⃚tissueठ⃚ठ⃚276 

(11)ठ⃚ .ठ⃚ Toठ⃚ date,ठ⃚ theठ⃚ combinedठ⃚ effectsठ⃚ ofठ⃚ exerciseठ⃚ andठ⃚ obesityठ⃚ onठ⃚ theठ⃚ regulationठ⃚ ofठ⃚277 

myonectinठ⃚ andठ⃚ irisinठ⃚ haveठ⃚ notठ⃚ beenठ⃚ examined.ठ⃚ Thisठ⃚ studyठ⃚ showsठ⃚ thatठ⃚ inठ⃚ theठ⃚ OZRठ⃚278 

bothठ⃚ myonectinठ⃚ andठ⃚ Fndc5ठ⃚ geneठ⃚ expressionठ⃚ areठ⃚ elevated.ठ⃚ Further,ठ⃚ contraryठ⃚ toठ⃚279 

previousठ⃚findings,ठ⃚myonectinठ⃚geneठ⃚expressionठ⃚wasठ⃚negativelyठ⃚regulatedठ⃚byठ⃚exercise,ठ⃚280 

regardlessठ⃚ofठ⃚obesity.ठ⃚Theठ⃚findingsठ⃚ofठ⃚thisठ⃚studyठ⃚indicateठ⃚leptinठ⃚signalingठ⃚andठ⃚highठ⃚fatठ⃚281 

dietठ⃚asठ⃚aठ⃚potentialठ⃚novelठ⃚mechanismठ⃚ inठ⃚ theठ⃚ regulationठ⃚ofठ⃚ theseठ⃚proteins,ठ⃚ andठ⃚ theseठ⃚282 

possibilitiesठ⃚ warrantठ⃚ futureठ⃚ study.ठ⃚ Unfortunately,ठ⃚ serumठ⃚ samplesठ⃚ wereठ⃚ noठ⃚ longerठ⃚283 

availableठ⃚ toठ⃚analyzeठ⃚ theठ⃚combinedठ⃚effectठ⃚ofठ⃚exerciseठ⃚andठ⃚obesityठ⃚onठ⃚ theठ⃚circulatingठ⃚284 

levelsठ⃚ofठ⃚theseठ⃚novelठ⃚myokines.ठ⃚Circulatingठ⃚levelsठ⃚ofठ⃚theseठ⃚myokinesठ⃚shouldठ⃚alsoठ⃚beठ⃚285 

examinedठ⃚inठ⃚aठ⃚leptinठ⃚deficientठ⃚model.ठ⃚286 

ठ⃚287 

ठ⃚288 

ठ⃚289 
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Tableठ⃚ 1:ठ⃚ Ratठ⃚ Housekeepingठ⃚ Genes;ठ⃚ Qiagenठ⃚ PARNૐ퀐000ZA.ठ⃚ Variabilityठ⃚ ofठ⃚ referenceठ⃚295 

genesठ⃚wasठ⃚deemedठ⃚ toठ⃚ beठ⃚unacceptableठ⃚ ifठ⃚ theठ⃚maximumठ⃚differenceठ⃚ amongठ⃚ theठ⃚ fourठ⃚296 

groupsठ⃚wasठ⃚greaterठ⃚thanठ⃚0.5ठ⃚Cq.ठ⃚Referenceठ⃚genesठ⃚examinedठ⃚areठ⃚listedठ⃚inठ⃚tableठ⃚1.ठ⃚Cq,ठ⃚297 

quantificationठ⃚cycle.ठ⃚298 

ठ⃚299 

ठ⃚300 

Geneठ⃚Nameठ⃚ Abbreviationठ⃚
Maximumठ⃚Cqठ⃚

Differenceठ⃚

Actin,ठ⃚betaठ⃚ Actbठ⃚ 1.4ठ⃚

Betaૐ퀐2ठ⃚microglobulinठ⃚ठ⃚ B2mठ⃚ 1.0ठ⃚

Hypoxanthineठ⃚

phosphoribosyltransferaseठ⃚1ठ⃚
Hprt1ठ⃚ .5ठ⃚

Heatठ⃚shockठ⃚proteinठ⃚90ठ⃚alphaठ⃚ठ⃚ Hsp90ठ⃚ .49ठ⃚

Lactateठ⃚dehydrogenaseठ⃚Aठ⃚ Ldhaठ⃚ .19ठ⃚

Nonૐ퀐POUठ⃚domainठ⃚containingठ⃚ Nonoठ⃚ .78ठ⃚

Phosphoglycerateठ⃚kinaseठ⃚1ठ⃚ Pgk1ठ⃚ .36ठ⃚

Peptidylprolylठ⃚isomeraseठ⃚Hठ⃚ठ⃚ Ppihठ⃚ .61ठ⃚

RPLP1ठ⃚ribosomalठ⃚protein,ठ⃚large,ठ⃚P1ठ⃚ Rplp1ठ⃚ .44ठ⃚

Succinateठ⃚dehydrogenaseठ⃚complex,ठ⃚

subunitठ⃚Aठ⃚ठ⃚
Sdhaठ⃚ .33ठ⃚

TATAठ⃚boxठ⃚bindingठ⃚proteinठ⃚ठ⃚ Tbpठ⃚ .85ठ⃚

Transferrinठ⃚receptorठ⃚ठ⃚ Tfrcठ⃚ 1.13ठ⃚

ठ⃚301 

ठ⃚302 

ठ⃚ ठ⃚303 
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Tableठ⃚2ठ⃚304 

ठ⃚305 

Geneठ⃚Nameठ⃚ Abbreviationठ⃚ Accessionठ⃚#ठ⃚
Catalogठ⃚

numberठ⃚

Hypoxanthineठ⃚

phosphoribosyltransferaseठ⃚1ठ⃚
Hprt1ठ⃚ NM_012583.2ठ⃚ PPR42247Fठ⃚

18Sठ⃚ribosomalठ⃚RNAठ⃚ RN18Sठ⃚ NR_046237.1ठ⃚ PPR72042Aठ⃚

Lactateठ⃚dehydrogenaseठ⃚Aठ⃚ Ldhaठ⃚ NM_017025ठ⃚ PPR56603ठ⃚

Myonectin;ठ⃚C1qठ⃚TNFठ⃚Relatedठ⃚

Proteinठ⃚15;ठ⃚Familyठ⃚withठ⃚

sequenceठ⃚similarityठ⃚132,ठ⃚

memberठ⃚Bठ⃚

Myonectinठ⃚ XM_001060107.2ठ⃚ PPR68386Aठ⃚

Fibronectinठ⃚typeठ⃚IIIठ⃚domainૐ퀐

containingठ⃚proteinठ⃚5;ठ⃚alsoठ⃚

knownठ⃚asठ⃚irisinठ⃚

Irisinठ⃚ XM_001060505.2ठ⃚ PPR46702Aठ⃚

ठ⃚306 

ठ⃚307 

ठ⃚ ठ⃚308 
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Figureठ⃚1ठ⃚309 

ठ⃚310 

ठ⃚311 
ठ⃚312 

Figureठ⃚ 1.ठ⃚ Referenceठ⃚ Geneठ⃚ array.ठ⃚ Toठ⃚ screenठ⃚ referenceठ⃚ genesठ⃚ forठ⃚ relativeठ⃚ stabilityठ⃚313 

pooledठ⃚ cDNAठ⃚ forठ⃚ eachठ⃚ groupठ⃚wasठ⃚ examinedठ⃚ toठ⃚ determineठ⃚ theठ⃚ Cqठ⃚ numberठ⃚ byठ⃚ PCRठ⃚314 

arrayठ⃚ (RT2ठ⃚ Profilerठ⃚ PCRठ⃚ Array;ठ⃚ Ratठ⃚ Housekeepingठ⃚ Genes;ठ⃚ Qiagenठ⃚ PARNૐ퀐000ZA).ठ⃚315 

Abbreviations:ठ⃚Cq,ठ⃚quantificationठ⃚cycle;ठ⃚LZR,ठ⃚Leanठ⃚Zuckerठ⃚Rat;ठ⃚OZR,ठ⃚Obeseठ⃚Zuckerठ⃚316 

Rat;ठ⃚ ET,ठ⃚ Exerciseठ⃚ trained;ठ⃚ Actb,ठ⃚ ठ⃚ Actin,ठ⃚ beta;ठ⃚ B2m,ठ⃚ Betaૐ퀐2ठ⃚ microglobulin;ठ⃚ Hprt1,ठ⃚317 

Hypoxanthineठ⃚ phosphoribosyltransferaseठ⃚ 1;ठ⃚ Hsp90,ठ⃚ Heatठ⃚ shockठ⃚ proteinठ⃚ 90ठ⃚ alphaठ⃚318 

(cytosolic),ठ⃚ classठ⃚ Bठ⃚ memberठ⃚ 1;ठ⃚ Ldha,ठ⃚ Lactateठ⃚ dehydrogenaseठ⃚ A;ठ⃚ Nono,ठ⃚ Nonૐ퀐POUठ⃚319 

domainठ⃚ containing,ठ⃚ octamerૐ퀐binding;ठ⃚ Pgk1,ठ⃚ Phosphoglycerateठ⃚ kinaseठ⃚ 1;ठ⃚ Ppih,ठ⃚320 

Peptidylprolylठ⃚ isomeraseठ⃚ Hठ⃚ (cyclophilinठ⃚ H);ठ⃚ Rplp1,ठ⃚ Ribosomalठ⃚ protein,ठ⃚ large,ठ⃚ P1;ठ⃚321 

Sdha,ठ⃚ Succinateठ⃚ dehydrogenaseठ⃚ complex,ठ⃚ subunitठ⃚ A,ठ⃚ flavoproteinठ⃚ (Fp);ठ⃚ Tbp,ठ⃚ TATAठ⃚322 

boxठ⃚bindingठ⃚protein;ठ⃚Tfrc,ठ⃚Transferrinठ⃚receptor.ठ⃚323 

ठ⃚ ठ⃚324 
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Figureठ⃚2ठ⃚325 

ठ⃚326 

ठ⃚327 
ठ⃚328 

Figureठ⃚ 2:ठ⃚ Quantitativeठ⃚ RNAठ⃚ analysis.ठ⃚ Validatedठ⃚ PCRठ⃚ primersठ⃚ forठ⃚ Myonectin,ठ⃚329 

Fndc5/irisin,ठ⃚Hprt1,ठ⃚Ldha,ठ⃚andठ⃚RN18Sठ⃚wereठ⃚purchaseठ⃚fromठ⃚SABiosciencesठ⃚(Tableठ⃚1).ठ⃚330 

Aठ⃚standardठ⃚curveठ⃚wasठ⃚generatedठ⃚fromठ⃚10ૐ퀐foldठ⃚dilutionठ⃚seriesठ⃚ofठ⃚DNAठ⃚ampliconsठ⃚forठ⃚331 

eachठ⃚ geneठ⃚ ofठ⃚ interest.ठ⃚ Allठ⃚ qRTૐ퀐PCRठ⃚ primersठ⃚ displayedठ⃚ aठ⃚ coefficientठ⃚ ofठ⃚ correlationठ⃚332 

greaterठ⃚thanठ⃚0.99ठ⃚andठ⃚efficienciesठ⃚betweenठ⃚90%ठ⃚andठ⃚110%.ठ⃚Dataठ⃚isठ⃚reportedठ⃚asठ⃚copyठ⃚333 

numberठ⃚perठ⃚amountठ⃚ofठ⃚ startingठ⃚RNA.ठ⃚Theठ⃚mainठ⃚effectsठ⃚ofठ⃚obesityठ⃚ (OZRठ⃚xठ⃚LZR)ठ⃚andठ⃚334 

exerciseठ⃚ interactionठ⃚(obesityठ⃚xठ⃚exercise)ठ⃚ inठ⃚ theseठ⃚animalsठ⃚wereठ⃚analyzedठ⃚byठ⃚aठ⃚ twoૐ퀐335 

wayठ⃚ANOVA.ठ⃚Dataठ⃚areठ⃚presentedठ⃚asठ⃚meansठ⃚±ठ⃚SE.ठ⃚*p<0.05,ठ⃚dataठ⃚significantlyठ⃚differentठ⃚336 

betweenठ⃚ controlठ⃚ andठ⃚ exercisedठ⃚ groups.ठ⃚ **p<0.05,ठ⃚ dataठ⃚ fromठ⃚ OZRठ⃚ animalsठ⃚ wasठ⃚337 

significantठ⃚differentठ⃚fromठ⃚theठ⃚LZRठ⃚animals.ठ⃚ठ⃚338 

ठ⃚339 

ठ⃚340 

ठ⃚ ठ⃚341 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.410v1 | CC-BY 4.0 Open Access | received: 10 Jun 2014, published: 10 Jun 2014

P
re
P
ri
n
ts



 12 

Figureठ⃚3:ठ⃚342 

ठ⃚343 

ठ⃚344 

ठ⃚345 

ठ⃚346 

ठ⃚347 

ठ⃚348 

ठ⃚349 

ठ⃚350 

ठ⃚351 

ठ⃚352 

ठ⃚353 

ठ⃚354 

ठ⃚355 

ठ⃚356 

ठ⃚357 

ठ⃚358 

ठ⃚359 

ठ⃚360 

ठ⃚361 

ठ⃚362 

ठ⃚363 

ठ⃚364 

ठ⃚365 

ठ⃚366 

ठ⃚367 

ठ⃚368 

ठ⃚369 

ठ⃚370 

ठ⃚371 

ठ⃚372 

ठ⃚373 

ठ⃚374 

ठ⃚375 

ठ⃚376 

Figureठ⃚3:ठ⃚Myonectin/CTRP15ठ⃚contentठ⃚wasठ⃚examinedठ⃚inठ⃚theठ⃚ratठ⃚diaphragmठ⃚muscleठ⃚ofठ⃚377 

theठ⃚maleठ⃚ leanठ⃚ zuckerठ⃚ (LZR)ठ⃚ andठ⃚ obeseठ⃚ zuckerठ⃚ ratsठ⃚ (OZR).ठ⃚ Exercisedठ⃚ animalsठ⃚wereठ⃚378 

trainedठ⃚onठ⃚aठ⃚motorizedठ⃚treadmillठ⃚ forठ⃚12ठ⃚wk.ठ⃚Controlठ⃚ (animalsठ⃚wereठ⃚exposedठ⃚toठ⃚ theठ⃚379 

similarठ⃚environmentठ⃚(positionedठ⃚nextठ⃚toठ⃚theठ⃚treadmill)ठ⃚butठ⃚wereठ⃚notठ⃚exercised.ठ⃚Theठ⃚380 

insetsठ⃚showठ⃚representativeठ⃚Westernठ⃚blotsठ⃚ forठ⃚Myonectinठ⃚andठ⃚GAPDH.ठ⃚Theठ⃚dataठ⃚areठ⃚381 

expressedठ⃚inठ⃚arbitraryठ⃚unitsठ⃚withठ⃚valuesठ⃚normalizedठ⃚toठ⃚meanठ⃚controlठ⃚value.ठ⃚ठ⃚382 

ठ⃚ ठ⃚383 
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