Glycolysis Reactions

Glycolysis is the sequence of reactions that converts glucose into pyruvate with the concomitant production of a relatively small amount of ATP. Glycolysis can be carried out anerobically (in the absence of oxygen) and is thus an especially important pathway for organisms that can ferment sugars. For example, glycolysis is the pathway utilized by yeast to produce the alcohol found in beer. Glycolysis also serves as a source of raw materials for the synthesis of other compounds. For example, 3 phosphoglycerate can be converted into serine, while pyruvate can be aerobically degraded by the Krebs or TCA cycle to produce much larger amounts of ATP. 



There are 5 important types of reactions that occur in glycolysis: 

1. phosphoryl transfer: a phosphoryl group is transferred from ATP to a glycolytic intermediate, or from the intermediate to ADP, by a kinase. 

2. isomerization: the conversion of a ketose to an aldose, or vice versa, by an isomerase. 

3. aldol cleavage: the splitting of a carbon-carbon bond in a reversal of an aldol condensation by an aldolase.

4. oxidative phosphorylation – aldehyde group is oxidized to a carboxylic acid with the addition of inorganic phosphate to yield a high energy phosphate bond. This occurs with the reduction of NAD+ to NADH

5. phosphoryl shift: a phosphoryl group is shifted from one oxygen atom to another within a molecule by a mutase. 

6. dehydration: the removal of water by a dehydratase.
REACTIONS 1-4 (next page) are the Energy Input phase of glycolysis ( requires 2 ATP’s

REACTIONS 5-10 are the Energy producing phase of glycolysis ( 4 ATP’s + 2 NADH

Net yield : 2 ATP’s + 2 NADH (1.5 ATP/NADH) = 5 ATP’s / glucose
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description of glycolysis and enzymes :  http://web.indstate.edu/thcme/mwking/glycolysis.html#intro 
IMPRORTANT METABOLIC CO-FACTORS & ASSOCIATED VITAMINS

	Co-factors and reactions
	Type of reaction
	Vitamin

	NAD+  +  H+  ( NADH  reduction 


           (
      oxidation
	Oxidation/reduction of carbonyls
	niacin

	FAD +  H2  ( FADH2    reduction 


       (

     oxidation
	Oxidation/reduction of C=C
	Riboflavin (B2)

	AcetylCoASH (AcCoASH) ( AcCoAS-     +   H+
	Conjugation (replacement reaction)
	pantothenic acid 


Carbohydrate metabolism requires hydrolysis of the glycoside bonds to produce glucose, maltodextrins and maltose

ATP produced directly and indirectly from glycolysis.

· Directly from substrate level phosphorylation.

· Indirectly from NADH via the electron transport chain.

Each NADH from glycolysis produces 1.5 ATP (UsuallyNADH yields 2.5 ATP)

Glycolysis uses 2 ATP and produces 4 ATP and 2 NADH for each glucose molecule.

Net yield is 2 ATP + 2NADH (3 ATP) for total ATP production of 5 ATP per glucose molecule.

Each pyruvate produces 1 acetylCoA and 1 NADH (2.5 ATP) x 2 pyruvate = 1 acetylCoA + 5 ATP

Each acetylCoA produces 1ATP + 1 FADH2 (1.5 ATP) + 3 NADH (2.5 ATP) x 2 acetylCoA = 20 ATP   

GLUCOSE UTIMATELY PRODUCES 30 ATP's

Phase 1 :    6 carbon phase (energy using phase – uses up 2 ATP’s)
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PHOSPHORYLATION






(at carbon #6)

                                                                         hexokinase

D-glucose






D-glucose-6-phosphate
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ISOMERIZATION





(carbonyl from carbon #1





to carbon #2)

                                                         phosphoglucoisomerase

D-glucose-6-phosphate




D-fructose-6-phosphate

[image: image4.wmf]C

C

C

H

2

O

P

C

C

C

H

2

O

P

O

O

H

H

H

O

H

O

H

H

C

H

2

O

H

C

C

H

2

O

P

O

C

C

H

2

O

P

O

H

H

C

O

H

Rxn 4

1

2

3

4

5

6

1

2

3

4

5

6


      

                                                          PHOSPHORYLATION







(at carbon #1)

                                                                                       phosphofructokinase
      D-fructose-6-phosphate





D-fructose-1,6-bisphosphate

[image: image5.wmf]C

C

H

2

O

P

O

H

H

C

O

H

C

C

H

2

O

P

O

H

H

C

O

O

P

Rxn 

6

+

+

NAD

+

NADH

+

H

+

P

i

1

2

3

1

2

3


[image: image6.wmf]C

C

H

2

O

P

O

H

H

C

O

O

P

C

H

2

O

P

O

H

H

C

O

O

Rxn 7

+

ADP

ATP

+

1

2

3

1

2

3








                  dihydroxyacetone phosphate

                                                                                                                                                                     Rxn 5           

                                                                                                                                                                     ISOMERIZATION




REVERSE ALDOL CONDENSATION                                                          triose phosphate
                                                                                                                                                                      isomerase



(bond between C3 and C4 breaks. C3




  becomes CH2OH and C4 becomes CHO)
                                             fructose-1,6-bisphosphate aldolase
        D-fructose-1,6-bisphosphate



    D-glyceraldehyde-3-phosphate

Phase 2:   Is the 3 carbon phase (energy generating phase – produces 4 ATP’s and 2 NADH)
This goes through two cycles. One cycle for each glyceraldehyde-3-phosphate that derives from glucose
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 OXIDATIVE PHOSPHORYLATION




 (oxidation of C1 and phosphorylation

D-glyceraldehyde-3-phosphate
of C1)

                  D-1,3-bisphosphoglycerate

                                                        glyceraldehyde-3-phosphate dehydrogenase
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SUBSTRATE LEVEL PHOSPHORYLATION




(transfer of P from C1 to ADP)

                                                                         phosphoglycerate kinase
D-1,3-bisphosphoglycerate





D-3-phosphoglycerate
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                                                                   ISOMERIZATION





          (transfer of P from





            C3 to C2)

D-3-phosphoglycerate

phosphoglycero mutase

D-2-phosphoglycerate
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DEHYDRATION




(loss of H2O from



   C2 and C3)

          D-2-phosphoglycerate

phosphoenolpyruvate
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SUBSTRATE LEVEL PHOSPHORYLATION



(P transferred from C2 to ADP)

                                             pyruvate kinase
Phosphoenolpyruvate




    enol pyruvate


          pyruvate


















10





9





8





� EMBED ISISServer  ���





� EMBED ISISServer  ���





� EMBED ISISServer  ���





� EMBED ISISServer  ���





� EMBED ISISServer  ���





� EMBED ISISServer  ���





� EMBED ISISServer  ���





� EMBED ISISServer  ���





� EMBED ISISServer  ���








[image: image15.wmf]C

C

C

H

2

O

P

C

C

C

H

2

O

P

O

O

H

H

H

O

H

O

H

H

C

H

2

O

H

C

C

H

2

O

P

O

C

C

H

2

O

P

O

H

H

C

O

H

Rxn 4

1

2

3

4

5

6

1

2

3

4

5

6

[image: image16.wmf]C

C

C

H

2

O

H

C

C

C

H

2

O

P

O

O

H

H

H

O

H

O

H

H

C

C

C

H

2

O

P

C

C

C

H

2

O

P

O

O

H

H

H

O

H

O

H

H

Rxn 3

+

ATP

+

ADP

1

2

3

4

5

6

1

2

3

4

5

6

[image: image17.wmf]C

C

C

C

C

H

2

O

P

C

O

H

H

H

O

H

H

O

H

O

H

H

O

H

C

C

C

H

2

O

H

C

C

C

H

2

O

P

O

O

H

H

H

O

H

O

H

H

Rxn 2

1

2

3

4

5

6

1

2

3

4

5

6

[image: image18.wmf]C

C

C

C

C

H

2

O

H

C

H

O

O

H

H

H

O

H

H

O

H

O

H

H

C

C

C

C

C

H

2

O

P

C

H

O

O

H

H

H

O

H

H

O

H

O

H

H

+

ATP

+

ADP

Rxn 1

1

2

3

4

5

6

1

2

3

4

5

6

_1151140736

_1151141453

_1266914796

_1266914840

_1151141383

_1151140769

_1151140418

_1151140688

_1151140353

