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ProteinsProteins andand amino amino acidsacids

�� ProteinsProteins

�� thethe most most importantimportant biologicalbiological compoundscompounds
neededneeded for for lifelife

�� actact as as thethe structuralstructural materialsmaterials in in humanshumans

�� EnzymesEnzymes are are proteinsproteins thatthat catalyzecatalyze thethe body's body's 
chemicalchemical reactionsreactions..

�� makemake upup musclesmuscles thatthat aidaid in in movementmovement..

�� Amino Amino acidsacids

�� ProteinsProteins are are mademade upup ofof chainschains ofof amino amino 
acidsacids..

�� anan amine amine groupgroup ((--NHNH
22) ) bondedbonded to a to a carboncarbon

atom atom thatthat isis bondedbonded to a to a carboxyliccarboxylic acidacid
groupgroup ((--COOH)COOH)





Amino Amino acidsacids cancan bondbond togethertogether by by 

peptide peptide bondbond



Amino Amino acidsacids (AA)(AA)

�� 20 amino 20 amino acidsacids in in thethe naturenature

�� ClassificationClassification ofof amino amino acidsacids

�� EssentialEssential AAAA -- methioninemethionine, , leucineleucine, , isoleucineisoleucine, , lysinelysine, , 
phenylalaninephenylalanine,  ,  threoninethreonine, , tryptophantryptophan, , andand valinevaline

�� ConditionallyConditionally essentialessential AA AA -- histidine, histidine, argininearginine ((requiredrequired
for for infantsinfants))

�� NonesentialNonesential AA AA –– glycine, glycine, asparticaspartic acidacid, , asparagineasparagine, , 
proline, proline, glutamineglutamine, , glutamicglutamic acidacid, cysteine, , cysteine, tyrosinetyrosine, , 
serineserine, , alaninealanine, , hydroxyprolinehydroxyproline



DigestionDigestion andand absorptionabsorption ofof proteinprotein

�� DigestionDigestion

�� TheThe stomachstomach

�� HydrochloricHydrochloric acidacid, pepsine, pepsine

�� ProteinsProteins =>=> polypetidespolypetides, amino , amino acidsacids

�� TheThe smallsmall intestineintestine

�� pancreaticpancreatic andand intestinalintestinal proteasesproteases

�� Polypeptide Polypeptide =>=> oligopeptidesoligopeptides, , tripeptidestripeptides, , dipeptidesdipeptides, amino , amino 
acidsacids

�� PeptidasePeptidase

�� TripeptidesTripeptides andand dipeptidesdipeptides =>=> amino amino acidsacids

�� AbsorptionAbsorption

�� SpecificSpecific carrierscarriers transport AAtransport AA



RolesRoles ofof proteinsproteins in in thethe body body 

�� As a As a buildingbuilding materialmaterial

�� As As enzymesenzymes

�� As As hormoneshormones

�� As As regulatorregulator ofof fluid fluid 
balancebalance

�� As As acidacid--base base regulatorsregulators

�� As As transporterstransporters

�� As As antibodiesantibodies

�� As a As a sourcesource ofof energyenergy
andand glucoseglucose



Protein Protein metabolismmetabolism
�� Protein Protein turnoverturnover andand thethe amino amino acidacid poolpool

�� proteinsproteins are are beingbeing mademade andand brokenbroken downdown

�� NitrogenNitrogen balancebalance

�� Positive Positive –– growinggrowing infantsinfants, , childrenschildrens, , pregnantpregnant womenwomen

�� Negative Negative –– peoplepeople whowho are are starvingstarving oror sufferingsuffering severe severe 
stress stress 

�� UsingUsing AA to AA to makemake proteinsproteins, , nonessentialnonessential AAAA

�� UsingUsing AA to AA to makemake otherother compoundscompounds

�� TyrosineTyrosine →→ nneurotransmitterseurotransmitters -- norepinephrinenorepinephrine, pigment melanin, , pigment melanin, 
hormon hormon thyroxinthyroxin, , precursorprecursor for for thethe vitamin  vitamin  niacinniacin

�� UsingUsing AA for AA for energyenergy

�� GlucoseGlucose, , fattyfatty acidacid isis limited limited =>=> amino amino acidsacids
are are sourcesource ofof energyenergy

�� DeaminationDeamination AAAA

�� BrokenBroken downdown AA (AA (sourcesource ofof energyenergy))

=>=> strippedstripped ofof theirtheir nitrogennitrogen--containingcontaining
amino amino groupsgroups (NH(NH

22))

ammoniaammonia =>=> urea urea 

�� UsingUsing AA to AA to makemake fatfat

�� IfIf a a personperson eateat a lot a lot ofof protein protein =>=> convertconvert to to fatfat
andand storestore



ProteinsProteins in in foodfood andand theirtheir qualityquality

�� SourceSource ofof proteinprotein
�� AnimalAnimal sourcesource –– meatmeat, , fishfish, , milkmilk andand dairydairy productsproducts, , eggegg

�� PlantPlant sourcesource –– lentilslentils, , legumeslegumes, , nutsnuts, , wholewhole grainsgrains, , vegetablesvegetables

�� LimitingLimiting AA AA 
�� e.g. e.g. lysinelysine in in grainsgrains, , methioninemethionine in in legumeslegumes

�� CompleteComplete proteinprotein

= = animalanimal protein protein –– containscontains allall esentialesential AAAA

�� BiologicalBiological valuevalue (BV)(BV)
�� A A measuremeasure ofof protein protein qualityquality

�� TheThe amountamount ofof protein protein nitrogennitrogen thatthat isis retainedretained fromfrom a a givengiven
amountamount ofof protein protein nitrogennitrogen absorbedabsorbed

�� BV BV eggegg 100, 100, meatmeat 92 92 –– 92, 92, fishfish 9494--96, 96, legumeslegumes 7575--80, 80, grainsgrains 7070



RDA RDA ofof protein protein 

�� 12 12 –– 15 % 15 % energyenergy

�� Diet 2000 Diet 2000 kcalkcal = 300 = 300 kcalkcal fromfrom protein = 75 gprotein = 75 g

1,51,5ChildrenChildren athleteathlete

1,4 1,4 –– 1,81,8StrengthStrength athleteathlete

1,2 1,2 --1,41,4EnduranceEndurance athleteathlete

0,80,8AdultAdult

0,8 0,8 –– 0,90,915 15 -- 1818

1,01,01111-- 14 14 

Protein RDA (g/kg)Protein RDA (g/kg)AgeAge



ApproximateApproximate protein protein contentcontent ofof variousvarious foodsfoods

00SugarSugar, , oiloil

22Apple 1Apple 1

11CarrotsCarrots 2 c2 c

11BananaBanana

22BreadBread 1 1 sliceslice

33Po1 Po1 medtatomedtato 11

88PeanutPeanut butterbutter (1 (1 tbstbs))

66EggEgg 1 1 largelarge

77CheddarCheddar cheese1 cheese1 ozoz

88MilkMilk 1 c1 c

1717OystersOysters 3 3 ozoz

2121CodCod 3 3 ozoz

2828PorkPork 3 3 ozoz

2828BeefBeef 3 3 ozoz

Protein (g)Protein (g)FoodFood



MetabolismMetabolism ofof amino amino acidsacids andand

protein  protein  duringduring exerciseexercise

�� Amino Amino acidacid x not x not sourcesource ofof energyenergy

�� HormonesHormones influenceinfluence musclemuscle protein protein turnoverturnover
�� InfluenceInfluence synthesissynthesis, , breakdownbreakdown oror bothboth

�� AnabolicAnabolic -- synthesissynthesis

�� CatabolicCatabolic –– breakdownbreakdown

�� Single Single exerciseexercise boutbout modifymodify thethe amountamount ofof
circulatingcirculating levelslevels ofof hormoneshormones

�� GrowthGrowth hormone, tyrosin hormone, tyrosin ↑↑



HormonesHormones influenceinfluence musclemuscle protein protein 

turnoverturnover

�� InsulinInsulin

�� ReleaseRelease isis stimulatedstimulated by by elevatedelevated blodblod glucoseglucose andand
lessless potentlypotently by by elevationelevation ofof AAAA

�� PromotePromote uptakeuptake ofof AA to AA to cellscells ((skeletalskeletal musclemuscle))

�� PromotePromote a a synthesissynthesis ofof protein, protein, limitinglimiting breakbreak
downdown

�� DuringDuring exerciseexercise isis releaserelease ofof insulin insulin bluntedblunted
((greatergreater glycogenglycogen andand fatfat breakdownbreakdown))

�� EnduranceEndurance exerciseexercise -- more AA more AA availableavailable for for 
gluconeogenesisgluconeogenesis



HormonesHormones influenceinfluence musclemuscle protein protein 

turnoverturnover

�� CortisolCortisol
�� ReleasedReleased by by thethe adrenaladrenal glandgland duringduring physiologicalphysiological oror
nutritionalnutritional stressstress

�� Stress hormoneStress hormone

�� IncreaseIncrease energyenergy nutrientnutrient availailityavailaility –– breakdownbreakdown proteinprotein

�� Vary in level Vary in level duringduring exerciseexercise (intensity, (intensity, durationduration))

�� GrowthGrowth hormone (GH)hormone (GH)
�� IncreaseIncrease duringduring exerciseexercise, , remainremain elevatedelevated for for somesome timetime
afterwardafterward

�� IncreaseIncrease level level ofof AA AA afterafter protein protein richrich mealmeal =>=> ↑↑ GHGH

�� ↑↑ GH GH =>=> ↑↑ AA AA uptakeuptake to to musclemuscle cellscells, protein , protein synthesissynthesis



HormonesHormones influenceinfluence musclemuscle protein protein 

turnoverturnover

�� InsulineInsuline--likelike growthgrowth factorfactor 1 (IGF1 (IGF--1)1)

�� AnabolicAnabolic efectefect ofof GH GH isis mediatedmediated withwith IGFIGF--11

�� IfIf IGFIGF--1 1 isis ↓↓ andand GH GH isis ↑↑ = = inhibitedinhibited protein protein synthesissynthesis

�� TestosteroneTestosterone

�� PromoterPromoter ofof protein protein synthesissynthesis in in musclemuscle

�� EnhanceEnhance utilizationutilization ofof AA for protein AA for protein synthesissynthesis

�� Level Level ofof testosterone testosterone ↑↑ = = resistanceresistance andand enduranceendurance

trainingtraining



ResistanceResistance exerciseexercise (RE)(RE)

�� Protein Protein synthesissynthesis
�� unchangedunchanged oror reducedreduced duringduring RERE

�� IncreaseIncrease for for severalseveral hourshours afterafter RERE

�� Protein Protein breakdownbreakdown
�� Not Not occuroccur duringduring RERE

�� May May increaseincrease afterafter RERE

�� AA AA oxidationoxidation
�� Not Not enhancedenhanced duringduring RERE

�� ConsumptionConsumption ofof a a carbohydratecarbohydrate andand protein protein mealmeal afterafter RE RE 

=>=> minimizeminimize protein protein breakdownbreakdown

=>=> maximizemaximize protein protein synthesissynthesis



EnduranceEndurance exerciseexercise (EE)(EE)

�� Protein Protein synthesissynthesis
�� unchangedunchanged oror reducedreduced duringduring EEEE

�� Protein Protein breakdownbreakdown
�� cancan occuroccur duringduring higherhigher intensity, intensity, longerlonger durationduration EEEE

�� AA AA oxidationoxidation
�� CanCan occuroccur duringduring prolongedprolonged moderatemoderate to to higherhigher intensity intensity 
submaximalsubmaximal EEEE

�� ConsumptionConsumption ofof carbohydratecarbohydrate andand protein protein mealmeal afterafter
EEEE

=>=> minimizeminimize protein protein breakdownbreakdown

=>=> maximizemaximize protein protein synthesissynthesis



Protein Protein intakeintake ofof athletesathletes

�� EnduranceEndurance athleteathlete 1,2 1,2 -- 1,4 g/kg1,4 g/kg

�� StrengthStrength athleteathlete 1,4 1,4 –– 1,8 g/kg1,8 g/kg

�� TimingTiming andand compositioncomposition ofof mealmeal -- postexercisepostexercise
�� CarbohydratesCarbohydrates –– fuelfuel andand increaseincrease thethe uptakeuptake ofof AAAA

�� AA AA –– allowsallows for for anan influxinflux intointo musclemuscle cellscells, protein , protein synthesissynthesis

�� AfterAfter trainingtraining
�� 0,5 g protein per kg + 1,5 g 0,5 g protein per kg + 1,5 g carbohydratescarbohydrates per kg per kg 

�� WeightWeight trainingtraining -- atat lest 135 g lest 135 g ofof carbcarb. . andand 45 g 45 g ofof protein for a 90 kg  protein for a 90 kg  weightweight
trainertrainer

�� EnduranceEndurance trainingtraining –– atat leastleast 105 g 105 g ofof carbcarb. . andand 35 g 35 g ofof protein  for a 73 kg protein  for a 73 kg 
enduranceendurance athleteathlete

= 560 = 560 –– 720 720 kcalkcal (1/5 (1/5 –– 1/6 1/6 dailydaily energyenergy needsneeds))

�� AfterAfter 33--4hour  4hour  eateat againagain

=>=> MaximiseMaximise positive positive efectefect ofof exerciseexercise on on musclemuscle protein protein turnoverturnover



Protein Protein intakeintake ofof athletesathletes

�� TimingTiming andand compositioncomposition ofof mealmeal –– duringduring exerciseexercise

�� CarbohydrateCarbohydrate consumptionconsumption (e.g. Sport (e.g. Sport drinksdrinks) ) –– support support betterbetter recoveryrecovery

andand adaptationadaptation

�� NumberNumber ofof mealsmeals

�� NumerousNumerous smallersmaller mealsmeals overover thethe wakingwaking hourshours

= more = more consistentconsistent influenceinfluence on insulin level on insulin level 

= = minimizeminimize cataboliccatabolic periodsperiods betweenbetween mealsmeals

= more = more consistentconsistent availabilityavailability essentialessential AA = more AA = more desirabledesirable

influenceinfluence on protein on protein synthesissynthesis

�� 5 5 –– 6 6 mealmeal duringduring a a dayday

�� AfterAfter exerciseexercise approximatelyapproximately 40 g protein40 g protein

�� EachEach otherother mealmeal 15 15 –– 20 g 20 g ofof proteinprotein


