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Thepentosephosphatepathway(alsocalledthephosphogluconatepathwayandthe
hexosemonophosphateshunt)isametabolicpathwayparalleltoglycolysis.It
generatesNADPHandpentoses(5-carbonsugars)aswellasribose5-phosphate,a
precursorforthesynthesisofNucleotides.Whilethepentosephosphatepathwaydoes
involveoxidationofglucose,itsprimaryroleisanabolicratherthancatabolic.The
pathwayisespeciallyimportantinredbloodcells(erythrocytes).

Therearetwodistinctphasesinthepathway.Thefirstistheoxidativephase,inwhich
NADPHisgenerated,andthesecondisthenon-oxidativesynthesisof5-carbonsugars.
Formostorganisms,thepentosephosphatepathwaytakesplaceinthecytosol;in
plants,moststepstakeplaceinplastids.[1]

Similartoglycolysis,thepentosephosphatepathwayappearstohaveaveryancient
evolutionaryorigin.Thereactionsofthispathwayaremostlyenzyme-catalyzedin
moderncells,however,theyalsooccurnon-enzymaticallyunderconditionsthat
replicatethoseoftheArcheanocean,andarecatalyzedbymetalions,particularly
ferrousions(Fe(II)).[2]Thissuggeststhattheoriginsofthepathwaycoulddatebackto
theprebioticworld.

Theprimaryresultsofthepathwayare:

 Thegenerationofreducingequivalents,intheform ofNADPH,usedinreductive
biosynthesisreactionswithincells(e.g.fattyacidsynthesis).

 Productionofribose5-phosphate(R5P),usedinthesynthesisofnucleotidesand
nucleicacids.

 Productionoferythrose4-phosphate(E4P)usedinthesynthesisofaromatic
aminoacids.

Aromaticaminoacids,inturn,areprecursorsformanybiosyntheticpathways,including
thelignininwood.[citationneeded]

Dietarypentosesugarsderivedfrom thedigestionofnucleicacidsmaybemetabolized
throughthepentosephosphatepathway,andthecarbonskeletonsofdietary
carbohydratesmaybeconvertedintoglycolytic/gluconeogenicintermediates.



Inmammals,thePPPoccursexclusivelyinthecytoplasm.Inhumans,itisfoundtobe
mostactiveintheliver,mammaryglands,andadrenalcortex.[citationneeded]ThePPPisone
ofthethreemainwaysthebodycreatesmoleculeswithreducingpower,accountingfor
approximately60%ofNADPHproductioninhumans.[citationneeded]

OneoftheusesofNADPHinthecellistopreventoxidativestress.Itreduces
glutathioneviaglutathionereductase,whichconvertsreactiveH2O2intoH2Oby
glutathioneperoxidase.Ifabsent,theH2O2wouldbeconvertedtohydroxylfreeradicals
byFentonchemistry,whichcanattackthecell.Erythrocytes,forexample,generatea
largeamountofNADPHthroughthepentosephosphatepathwaytouseinthereduction
ofglutathione.

Hydrogenperoxideisalsogeneratedforphagocytesinaprocessoftenreferredtoasa
respiratoryburst.[3]

Phases

Oxidativephase

Inthisphase,twomoleculesofNADP+arereducedtoNADPH,utilizingtheenergyfrom
theconversionofglucose-6-phosphateintoribulose5-phosphate.

Oxidativephaseofpentosephosphatepathway.

Glucose-6-phosphate (1), 6-phosphoglucono-δ-lactone (2), 6-phosphogluconate (3), ribulose 5-

phosphate (4)

Theentiresetofreactionscanbesummarizedasfollows:

Reactants Products Enzyme Description

Glucose6-

phosphate+

NADP+

→6-

phosphoglucono-δ-

lactone+NADPH

glucose6-phosphate

dehydrogenase

Dehydrogenation.The

hydroxyloncarbon1of

glucose6-phosphateturns

intoacarbonyl,generating

alactone,and,inthe

process,NADPHis

generated.



6-phosphoglucono-

δ-lactone+H2O

→6-

phosphogluconate

+H+

6-

phosphogluconolactonase
Hydrolysis

6-

phosphogluconate

+NADP+

→ribulose5-

phosphate+

NADPH+CO2

6-phosphogluconate

dehydrogenase

Oxidativedecarboxylation.

NADP+istheelectron

acceptor,generating

anothermoleculeof

NADPH,aCO2,and

ribulose5-phosphate.

Theoverallreactionforthisprocessis:

Glucose6-phosphate+2NADP++H2O→ribulose5-phosphate+2NADPH+2H++CO2

Non-oxidativephase

Thepentosephosphatepathway'snonoxidativephase

Reactants Products Enzymes

ribulose5-phosphate →ribose5-phosphate
Ribose-5-phosphate

isomerase

ribulose5-phosphate →xylulose5-phosphate
Ribulose5-Phosphate

3-Epimerase

xylulose5-phosphate+ribose5-

phosphate

→glyceraldehyde3-phosphate+

sedoheptulose7-phosphate
transketolase



sedoheptulose7-phosphate+

glyceraldehyde3-phosphate

→erythrose4-phosphate+fructose

6-phosphate
transaldolase

xylulose5-phosphate+erythrose4

-phosphate

→glyceraldehyde3-phosphate+

fructose6-phosphate
transketolase

Netreaction:3ribulose-5-phosphate→1ribose-5-phosphate+2xylulose-5-phosphate
→2fructose-6-phosphate+glyceraldehyde-3-phosphate


