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Glycolysis 

 

 

1) Glucose                                                   G.6.P 

  

 

 

 

2) G 6.P                                F.6.P        (the reaction is reversible because 

the energy is equal on sides (equilibrium) so if the level of G.6.P 

increases or exceeds the F.6.P the G 6.P is converted to F.6.P and vice 

versa). 

3) F.6.P then phosphorylated and converted to fructose1,6 –diphosphate 

(F.1,6 diphosphate or F.1,6 bis phosphate), by action of 

phosphofructokinase which need energy so ATP        ADP and also Mg
+2

 

and Mn
+2

 are needed 

 

F.6.P.                               F.1,6 diphosphate        -, it continue  

                                                                            until Goes to pyruvate or  

                                                                             lactate 

 

                                   

                  -Its regulatory enzyme (allostericenzyme), at  

                         Low level of ATP and the  

                                                                       cell needs energy, the 

                                                                        enzyme is activated, but at 

                                                                       high level of ATP the  

                                                                    enzyme is inhibited, high level 

of citrate and long  

                                                                  chain fatty acid also inhibited  

                                                                 Phosphofructokinase enzyme 
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4) F.1,6 diphosphate now split into 2 triose: glyceraldyde-3-phosphate 

and dihydroxy aceton phosphate, the reaction is reversible carried out by 

aldolase  

                                                                   

 

F.1,6 diphosphate                                   glyceraldeyde-3-phosphate  

 

 

                        Dihydroxy aceton phosphate 

                                                                     

 -dihydroxy aceton phosphate is metabolised in glycolysis unless its 

converted to glyceraldehyde-3 -phosphate by phosphotriose  isomerase 

(This reaction is reversible) 

 

 -Two molecules of glyceraldeyde-3-phosphate is formed, molecule from 

cleavage of F.1,6 diphosphate and other from dihydroxy aceton 

phosphate, so from this point the next reactions will be for 2 molecules 

Dihydroxy aceton phosphate may be converted into glycerol and F.A. 

Glycerol can be oxidized to give dihydroxy aceton phosphate, while fatty 

acids are oxidised to acetyl COA which enters Citric acid cycle 

For example, when someone eats any rice, he will be a fat due to 

accumulation of fat, rice is a carbohydrate which is converted into 

glycerol and F.A and stored as fat. During fasting fat is changed into 

glycerol and F.A to supply energy by conversion to aceton dihydroxy 

phosphate (point of junction with fat metabolism) 

 

Serum Aldolase level 

It’s important for the diagnosis of some diseases, its level elevated by 

primary diseases of muscle fitness as muscular dystrophy or 

polymyocytosis, as aldolas found in the intercellular spaces of the muscle 

cells, any damage for these cells due to a certain disease result in an 

increase in aldolase level. It’s elevated also by secondary myopathy due 

to nerve diseases as polymylitis, polyneuritis and multiple sclerosis 

because destruction of nerves affects the muscles which supplied and this 

elevates aldolase level 

 

Aldolase 
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5) glyceraldeyde-3-phosphate is converted into glyceric acid 1,3 

diphosphate by the action of glyceraldehyde 3 phosphate dehydrogenase. 

The reaction is reversible and involves the conversion of NAD
+ 

into 

NADH, the removal of hydrogen (oxidation) causes dehydrogenation and 

we have also energy released in the form of Pi group, glyceric acid 1,3 

diphosphate high energy compound which can be given with this Pi 

group to ADP and convert it into ATP as in the next step 

 

 

glyceraldeyde-3-phosphate                                         glyceric acid  

1,3 diphosphate 

 

 

glyceraldehyde 3 phosphate dehydrogenase enzyme made of 4 subunits 

contains sulfhydro group, it is inhibited by mercury (Hg), iodoacetate and 

arsenate 

 

How does NAD work?  

 

The active form NAD
+ 

draws 2 hydrogen atoms, one of them attached to 

NAD
+ 

and the other will loss an electron causing the NAD
+
 to be 

neutrilized and this hydrogen atom will be positively charged because it 

loses an electron the NAD
+ 

as result will be NADH. H
+
 

NADH. H
+ 

can be reoxidized by converting pyruvic acid into lactic acid, 

for this reason, glycolysis is an anaerobic oxidation process because it 

does not need energy due to the action of NAD. 

 

5) Fate of 1,3 diphosphoglyceric acid: During glycolysis the 1,3 

diphosphoglyceric acid enters two pathways 

 

a. 1,3 diphosphoglyceric acid + 2ADP                     3-phosphoglyceric 

acid +2ATP 

 

1,3 diphosphoglyceric acid has a high energy can be given to ADP 

and with Pi group of 2 molecules of ATP will form and then 

conversion of 3 phosphoglyceric into 2-phosphoglyceric by 

NAD+ 
NADH+H 

Pi 

Phosphoglceric kinase 

glyceraldehyde 3 phosphate 

dehydrogenase 
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phosphoglyceric mutase and then continue glycolysis. The 

reaction is reversible (no loss of energy) 

 

 

b.  1,3 diphosphoglyceric    acid                  2,3 diphosphoglyceric 

acid 

Production of 2,3 diphosphophate glyceric acid by glycolysis by a 

specific mutase and this found in RBC along the normal glycolysis. 

Large amount of 2,3 diphosphoglyceric acid are produced in 

human RBC, it plays an important role in regulation of oxygen 

binding and release by Hb. It lowers the oxygen tension in RBC 

and thus causes release of O2 to tissue (no energy was produced). 

 

7) Following conversion of 1,3 diphosphoglyceric acid into glyceric acid 

3 phosphate, the latest is converted into glyceric acid 2 phosphate by 

mutase (mutase mean mutarotation changes the position of 

phosphate group) 

                        

Glyceric acid 3 phosphate                                  Glyceric acid 2 phosphate 

 

8) Glyceric acid 2 phosphate loss H2O molecule in a reversible reaction 

and no loss of energy to give phosphoenol pyruvate which has energy can 

be given to ADP to form ATP in an irreversible reaction to form pyruvic 

acid.  

 

Glyceric acid 2 phosphate                                     Phosphoenol pyruvate  

 

9) Phosphoenol pyruvate has high energy (1200 cal) can be given to ADP 

to form ATP in an irreversible reaction to form pyruvic acid 

 

Phosphoenol pyruvate                                   Pyruvate  

 

Puruvate kinase 

Enolase 

diphosphoglyceric 

acid mutase 

mutase 

Mg
+2

,  

Mn
+2

 

ATP 
ADP 
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10) In absence of oxygen pyruvic acid converted into lactic acid by action 

of lactic acid dehydrogenase enzyme and the NADH the reaction gives up 

NAD
 + 

which enters the cycle again and used for conversion of 

glyceraldeyde-3-phosphate into glyceric acid 1,3 diphosphate. In 

presence of oxygen, pyruvate continues in the mitochondria and burned 

into CO2, H2O and ATP 

 

        Pyruvate                                                     Lactate                

 

 

 

 

Glyceraldeyde-3-phosphate                                     Glyceric acid 1, 3 

diphosphate 

 

                                                                 

 

Puruvic acid Kinase 

Its irreversible enzyme under physiological condition and it is regulatory 

enzyme, it require Mg
++

, Mn
++

, Thus it will form complex before bind to 

substrate this enzyme is activated by by fructose 1,6 diphosphate and 

phosphoenolpyruvate 

 It is activated by presence of high concentration of fructose 1,6 

diphosphate and the reaction will continuous forward and also 

activated by a high level of phosphoenol pyruvate 

 It is inhibited by the presence of high level of ATP, pyruvic acid, 

citrate, alanine (alanine is converted into puruvate). 

 

It is 3
rd

 mechanism of regulation, thus mechanism of regulation 

involve: 

i)  Regulation of hexokinase in the converting of glucose into 

glucose-6-phosphate 

ii) Regulation phosphofructokinase in the converting of fructose-6-

phosphate into 1,6 diphosphate 

Lactate dehydrogenase 

NAD+ 

NADH + H+ 



biochemistry                    Dr. Anwar J almzaiel                                 3Lec: 
 

6 
 

iii) Regulation of pyruvate kinase in the formation of pyruvate 

 

Biological lesion for pyruvic kinase deficiency 

The deficiency of pyruvic acid kinase is classified (in RBC) as 

congenital non spherocytic haemocytic anaemia, it leads to low 

ATP production in RBC and its prematurated death. The lysis of 

RBC decreases with an increase in glucose and ATP. By the action 

of autosomal recessive genes, the enzyme is absent in RBC 

heterozygous which carry half the normal amount of the enzyme, 

this is treated by increase the glucose level and ATP level in RBC 

 

Lactic acid dehydrogenase 

It converts pyruvic acid to lactic acid which involves reoxidation of 

NADH formed in oxidation of glyceraldeyde 3 phosphate. LDH 

exists in the body as an isoenzyme in the intracellular compartment 

of pH= 8.6 and molecular weight=130000. It acts as isoenzyme 

(has different net charge and migrate to different regions in electric 

field). There are 2 types of this enzymes existing in the tissue and 

each of them contains sulfahydryl group-SH 

These 2 types are: 

1- HLDH: produced in heart 

2- MLDH: produced in liver and skeletal muscle 

 

These 2 will form 5 active enzymes each contain 4subunits 

LDH 

isoenzyme 

  Heart RBC Skeletal 

muscle 

Liver 

LDH1 HHHH H4 60 42 4 2 

LDH2 HHHM H3M 33 44 7 6 

LDH3 HHMM H2M2 70 10 17 13 

LDH4 HMMM HM3 Trace<1 4 16 13 

LDH5 MMMM M4 Trace<1 Trace 56 64 
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Tissue contains mixture of these isoenzymes, M subunits are more 

susceptible to high temperature and other denaturating agents than H 

subunits, treatment of sample with denaturating agents will destroy M4 

and M3H and loss of LDH activity upon heating has been used as an 

index of relative isoenzyme activities. 

LDH enzyme is an intracellular enzyme, it’s found in the membrane, if 

there is any damage in cell permeability or destruction, the serum LDH 

level is elevated and the pattern of isoenzyme is induction of the tissue 

damage. 

In myocardial infarction               LDH increases (LDH1, LDH2) within 

27 hours after attack; its level is induction of extensive of attack. On 

recovery it starts to reduce. 

In muscle damage, atrophy, liver damage or liver diseases (LDH4 and 

LDH5) are increased, while levels of (LDH2, and LDH3) are elevated in 

lung diseases or damage, leukemia and viral infection involving lung. 

Heart muscle works under aerobic condition has primarily isoenzyme 

made up of 1 subunit (H) so tissue produce very little lactate because : 

 Pyruvic acid formed in glycolysis is oxidised by heart tissue into 

CO2, H2O and ATP 

to maintain heart mechanical work. This happens because lactate 

inhibits (H) isoenzyme of LDH as result the enzyme is used to 

convert lactate into pyruvate in heart cell  

  

Treatment Source of activity 

Untreated serum LDH1-LDH5 

Serum heat to 57 C
° 

LDH1-LDH4 

Serum heat 65 C
°
  LDH1 
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Lactate                                   

LDH, H1 type 

Energy to 

continue 

mechanical work 

of hart 

Immediately used by 

heart 

Pyruvate +CO2+ATP 


