
 

Types of MetabolicReactions

Metabolismsumtotal ofall chemical reactions in cells
Catabolic involvesthebreakdown of largermoleculesintosmallerones fooddigestion
Anabolic involvesproduction of largermoleculesfromsmaller reactants

Metabolicpathway reactionslinked together A B GD initialsubstrateintermediates

endproduct

Hydrolysis waterreactswithmolecules breaking thebonds thatlinkthemtogether
A Bt H2O A OH H B

Splitting of adisaccharideinto twomonosaccharides hydrolysis ofsucrose

sucrose H2O glucose fructose

Condensationjoiningtogether of two ormoremolecules toform a largeroneand

water is generatedas aproduct

A OHt H B A B tH2O

Phosphorylationaddition of a phosphategroupwith a phosphatebond

Atp A P Pi inorganicphosphate

ATPsynthesisrequiresphosphorylation to ADP

ADP Di ATP H2O waterwasproducedsothereactionisalsocondensation

Dephosphorylation removal of aphosphategroup

A p AtPi
Oxidation reductionreaction anyreaction ofasubstancewithoxygen reactions

that removeelectrons froman atomormolecule oxidation and then the electron

mustbeacceptedbyanotheratom1molecule reduction



Sl acceptedbyanother atom1mole e ti D
A B F AB the represents theelectron

Oxidation ofglucosetowater andcarbondioxide

Cattzoa t602 6CO2t 6H2O
Oxidative phosphorylation electronsarefullyremovedfrompairs of hydrogen
Atoms causing it to becomepositivelycharged hydrogenions Ht

Hz 2Htt 2e Oxidation 2Htt2e Hz reduction

removal or addition of hydrogenatoms
HA BH A B t2h

Metabolic Reactions Energy

Exergonicreaction releasesenergy reactants products energy always
proceeds spontaneously on itsownwoutenergybeingputin in the Orrward direction

Endergonicreaction requires energy do notgoforwardspontaneously only
whenenergy is put into it instead theyspontaneouslygo in reverse
Chemical equilibrium reachedwhen theenergylevels of the reactant and

productare equal
quantityofsoluteConcentration unitution Tithers AS the concentration of molecules

increases so doestheenergy of the solution

Lawof mass action aA t bB F CCtDD a balancedequation the

equilibrium constant for this reaction can bemeasured as K EIE
when K L the reactantsand productscontainequalenergy no net

reaction when K 1 it's anexergonicreaction net to the right i when
KL1 it's an endergonicreaction net to the left

an increase in theconcentration ofreactantspushes a reactionforward



n i cease n the n non au s Dun s o ead n wad
Activationenergy thedifferencebetweentheenergy in the transition state

highenergyintermediateconversion of reactantsbreakingdown intoproducts

And theenergy ofeither the reactantsorproducts

Activationenergy barrier when thetransitionstatehasgreaterpotential energy

than eitherof theproducts or reactant

Reaction Rates
Ratehowfast achemicalreaction consumesreactants and generates products
Factorsaffectingreaction rates

reactant product concentration ifreactant'sconcentrationincreases relative

to the products the net rate will increase in the forwarddirectionf viseversa
Temperature proportional relationship

Heightof activationbarrier inverselyproportional bc the minimumenergy

required for a successful collision is reduced

Enzymes in chemical reactions

enzymes biomolecules usuallyproteins thatactascatalysts substances that increase

reactionrates

To catalyze a reaction enzymebonds to a substrate reactant molecule
Et S T E S f P t E Eos enzyme substrate complex9 A

Bindingstep catalyticstep

theenzymeis neitherconsumed noraltered and can act on a new substrate

Substratespecificity only if a substratecan fit into an enzyme's activation

site cantheenzymecatalyze the reaction

Cofactorst Coenzymes



Cofacto Coenzyme

cofactors nonprotein essentialcomponentsof anenzyme metalions orvitamins

coenzymes vitaminderivedcofactors thatparticipate in thereactions Can

dissociatefrom 1enzymeandbindtoanother toparticipateinmorethan 1 reaction

Factors affecting Enzymecatalyzedreaction rates

catalyticrate howmanyproduct
molecules it cangenerate in a setamountoftime

rate ofanenzymaticreactionincreases astheenzyme'scatalytic rate increases

2substrateconcentration enzymecatalyzedreaction rate increasesassubstrate

concentrationincreasesbasedonthelawofmass actionPercentsaturation proportion

of time thattheactivesite is occupied
3
Enzymeconcentrationproportionalto reactionrate

4 Affinitymeasure ofhowtightly substrate moleculesbind to an enzymesactivesite
Proportional toreaction rate

Regulationofenzymeactivity
AllostericRegulation bindingof a modulator effectormolecule at the regulatory

site on the enzyme eitheractivatesorinhibitsthe reactionrates reversible
enzymea

CovelentRegulation enzymesactivatinginhibitingotherenzymes memifffmegrom
Enzymeiwaltered

Feedbackinhibitation enzymes activity is regulatedby
Eng Y entbond

catalyzesbreakage

ofcoveientbonds

theenzymesendproduct no more recycling so lessisproduced
Feedforward Activationspeedsupreactions

ATP Energy Exchange

Cellsharnessesenergythat'sreleased in exergonicreactions tosynthesizeATD

fromADPand aphosphate ADP Ptenergy ATPfttho
ATPsynthesis occurs in two basicprocesses



htt syn s o cu n bas processes

Substrate levelphosphorylationphosphategroup is transferredfrom a

metabolicintermediate X toADP X Pt ADP ATP

OxidativePhosphorylation ADPbindswith a free inorganicphosphate
Requires e transportsystemin the mitochondriaandoxygen ADPtP ATP

Whencellsneedenergy ATPis brokendown throughhydrolysis ATPftho ADPPitenergy

Glucose Oxidation
Glycolysistakesplacein thecytosol

eachglucosemolecule 6carbons breaksdowninto twomolecules ofpyruvate

2 ATPmolecules and2 molecules of NADH

glucose 2hADTt 2ADDt 217 2pyruvate t 2NADHt 2Htt 2ATP

TheKrebs Cycleoccurs in the mitochondrialmatrix

pyruvatefromglycolosisenters the mitochondrialmatrix is convertedto

acetyl CoA the linkingsteptothe Krebscycle

G e
Glycolysis

Pyruvate
coz finkingstepnn.is

MFyixrateITocitrateToxaloacetate

TAD
Mtf RESULTS ADH

6MADH cozIMAX 2FADHz LalpnaKetoglucarateT2GTP coz
4CO2

FumTate succinylCOA
y LTGTPTnDHMQH.ee SUCCinate

OxidativePhosphorylation in the inner mitochondrial membrane

involves 2 simotaneousprocesses

NADH HtandFADHzrelease electrons into the e transportchain
2Released e movethroughthe chainbyoxidation reduction reactions that
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releaseenergy used tomove hydrogenionsacrossinnermitochondrial

membrane tocreate a concentration gradientthatstoresthe releasedenergy
3Storedenergy is releasedwhenionshowthroughATPsynthase ATPisproduced
4 releasedelectronsandprotons frmwater as an endproduct

HIttitt

qtr q
Ht Htt

TIME.IE FItHt

µpp ATPFEET
electrons

Cori Cycle Glucosecatabolismwithoutoxygen
lactate dehydrogenase LDHenzyme canconvertpyruvate to lactate allowsfor

an alternativepathway of glycolysisand ATPsynthesis

pyruvate NADH Ht s lactate t NAD

Energy storage

Glycogenesis storageofabundantglucoseasglycogen

GlycogenOlysisglucosebeingreplenishedbybreakdown ofglycogen
Glyconeogenesisprocessofsynthesizingnewglucosemoleculesfrom

noncarbohydrates

glycerol breakingdown oftriglycerides lactate aminoacids breakdown of

proteins Occursmainly in the liver

Fatmetabolism
Adiposetissue containsfatcells main storagedepot forfats

Lipolysis fat breakdown separation of fattyacids from the glycerol
glycerol enters glycolysispathway then goes to the Krebscycle

fattyacids are catabolized toacetyl CoAthrough beta oxidation



fattyacids are catabolized L acetyl Con IhOgh beta Md 70
Ketoneswhentriglycerides are brokendown forenergy at a higher ratethan

neededB ctheyareacids it canaltertheacidbasebalance stateof ketoacidosis

Protein Metabolism

proteolysisproteinsbrokendown into amino acid Aminoacids aredeaminated

an aminogroupfMHz isremoved andamonia MHz is produced

Essentail nutrient anybiomoleculenecessaryfor bodilyfunctionsthatcan't be

synthesizedincells have to be obtainedfromdietarysources


