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CC – 7: Unit-II Biochemistry of Carbohydrates 

Sub unit: 2.3 

 

Hexose Monophosphate Shunt (HMP Shunt) 

 

HMP shunt is also called as pentose phosphate pathway or phosphogluconate pathway. It 

is an alternative pathway to glycolysis and TCA cycle.  HMP shunt is more anabolic, as it is 

concerned with the biosynthesis of NADPH and pentoses. 

 

Location: The enzymes for HMP shunt are located in the cytosol of cells. HMP shunt pathway is 

very little active in highly glycolytic tissue, like skeletal muscle and non-lactating mammary 

gland, but, it is highly active in the liver, adipose tissue, erythrocytes, adrenal gland, testis and 

lactating mammary gland. Most of these are dependent on the supply of NADPH. 

 

Reactions: The reactions of HMP shunt consists of two phases – (i) Oxidative phase, and 

                                                                                                                  (ii) Non-oxidative phase. 

Oxidative phase:  

In this phase:- 

(i) Glucose 6-phosphate dehydrogenase oxidizes glucose 6-phosphate irreversibly to 6-

phosphoconolactone with the help of NADP which is reduced to NADPH.  

(ii) Gluconolactone hydrolase hydrolyzes 6-phosphoconolactone irreversibly to 6-

phosphogluconate. 

(iii) 6-phosphogluconate dehydrogenase next oxidizes 6-phosphogluconate irreversibly to 3-

keto-6-phosphogluconate reducing NADP to NADPH. The enzyme then decarboxylates 

3-keto-6-phosphogluconate to produce ribulose 5-phosphate. 

 

Non-oxidative phase:- 

 

The early reaction of this phase isomerizes ribulase to ribose 5-phosphate, which is used 

in synthesizing nucleotide. Later steps convert ribulose and ribose phosphate into fructose 6-

phosphate and glyceraldehyde 3-phosphate. 
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(i) Phosphopentose isomerase isomerizes ribulose 5-phosphate into ribose 5- 

phosphate. 

(ii) Phosphopentose 3-epimerase at the same time isomerizes ribulose 5-phosphate into 

xylulose 5-phosphate. 
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(iii) Transketolase transfers C2 group from a ketose (xylulose 5-phosphate) to an aldose 

(ribose 5-phosphate) changing them to glyceraldehyde 3-phosphate and 

sedoheptulose 7-phosphate. 

(iv) Transaldolase transfer carbon from a ketose (sedoheptulose 7-phosphate to an 

aldose (glyceraldehyde 3-phosphate), changing them to erythrose 4-phosphate and 

fructose 6-phoaphate. 

(v) Transketolase transfer carbon of another xylulose 5-phosphate to the erythrose 4-

phosphate produced in the reaction, changing them to glyceraldehyde 3-phosphate 

and fructose 6-phosphate. 

Thus, three glucose 6-phosphate molecules are changed into one ribose 5-phosphate and 

two xylulose 5-phosphate molecules, whose interactions finally yield one glyceraldehyde 3-

phosphate and two fructose 6-phosphate molecules. 

 

Significance: 

(i) HMP shunt is a unique pathway, generating important products, like pentose and NADPH 

which are needed for the biosynthetic reactions and various other functions. 

(ii) This pathway utilizes NADP+ instead of NAD+ and contributes little to ATP production, so it 

is less active in muscles which require more energy. 

(iii) Pathway generates NADPH which is utilized as electron donor in synthesis of fatty acids, 

steroids, cholesterol etc. so it is more active in liver, testis, adipocytes etc. 

(iv) The rate of this pathway increased in leucocytes during phagocytosis, NADPH generated is 

utilized by NADPH oxidase in producing superoxide radicals for destroying phagocytized 

materials. 

(v) In erythrocytes, NADPH generated by this pathway is utilized by glutathione reductase in 

reducing oxidized glutathione. 
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(vi) Pathway synthesis ribose 5-phosphate used in incorporating ribose into nucleotides and 

nucleic acids. 

(vii) In this pathway, pentose (ribose and xylulose) are converted to glyceraldehyde 3- 

phosphate and fructose 6-phosphate to undergo either glycolysis or gluconeogenesis. 

(viii) Xylulose 5-phosphate of this pathway regulates the rate of glycolysis and gluconeogenesis 

by activating phosphoprotein phosphatase.  
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