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General scheme of 
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1. Glycolysis

2. Citric acid cycle

3. Oxidative 

phosphorylation



Major pathways of glucose utilization
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GLYCOLYSIS

- Glycolysis is an almost universal central pathway of glucose

catabolism, the pathway with the largest flux of carbon in most

cells.

- Glycolysis takes place inside the cytoplasm of the cell.

- It is the most important or the only energy production pathway of

several cell types (e.g. erythrocytes, cornea, brain, partially the

cells of retina, kidney medulla, sperm).

- It produces ATP even under anaerobic conditions.

- The glycolytic enzymes are almost identical in every organism

(from yeast to human).

- Glycolytic intermediates are phosphorylated (glycolytic

intermediates can’t leave the cells: negative charge, lack of

transporters, concentration gradient)

- Most glycolytic enzymes require Mg2+ for activity.
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Name Present Insulin

GLUT 1 Erythrocytes, brain - neurons,

muscle, adipocyte

independent

GLUT 2 Renal tubular, pancreatic β

cells, liver, small intestinal

epithelial cells

independent

GLUT 3 Brain - neurons independent

GLUT 4 Muscle, adipocytes dependent

GLUT 5 Small intestinal, testis, kidney

(fructose)

independent

Glucose transporter



Hexokinase I, II, III – general distribution, e.g. muscle (not specific

for glucose; it is inhibited by G-6-P)

Hexokinase IV = glucokinase – in parenchyma cells of liver

(specific for glucose; it is not affected by G-6-P)
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Regulation of hexokinase IV/glucokinase
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PFK-1 is a regulated step
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PFK-1 is a regulated step
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The essential role of inorganic phosphate (Pi) 

macroerg
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mono-iodoacetate



macroerg
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Substrate-level phosphorylation

(outside of the mitochondrion), 

reversible



Irreversible and 

regulated:
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glucagon

insuline
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The energy balance of glycolysis

Glucose + 2 NAD+  2 pyruvate + 2 NADH + 2 H+ g’° = -146 kJ/mol

2 ADP + 2 Pi  2 ATP + 2 H2O G’° = +61 kJ/mol

Overall equation for aerob conditions:

Glucose + 2 NAD+ + 2 ADP + 2 Pi 

2 pyruvate + 2 NADH + 2 H+ + 2 ATP + 2 H2O

g’° = -146 kJ/mol + 61 kJ/mol = -85 kJ/mol

This is only a small part of energy that can be gained from a glucose 

molecule (see the TCA-cycle).

Overall equation for anaerob conditions:

Glucose +  2 ADP + 2 Pi  2 lactate +  2 ATP + 2 H2O
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Anaerob conditions
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Cori-cycle

Gerty Cori and Carl Cori
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The irreversible steps of glycolysis 

hexokinase

pyruvate kinase

phosphofructo-

kinase 1

G = G° + RT ln Q
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Glucose-6-phosphatase
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• The inner mitochondrial 
membrane is selectively 
permeable: for malate, PEP, and 
pyruvate it is permeable, while 
oxaloacetate cannot escape.

• Oxaloacetate can be utilized in 
the citric acid cycle (Kreb’s cycle) 
if needed.

• Oxaloacetate can be converted 
to PEP or malate to allow 
transport to cytosol for 
gluconeogenesis.

First Gluconeogenic Steps



The overall reaction catalysed by pyruvate 
dehydrogenase complex
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Oxidative decarboxylation of pyruvate
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Pyruvate

dehydrogenase

E1

Dihydrolipoyl

transacetylase

E2

Dihydrolipoyl

dehydrogenase

E3



The complex regulation of pyruvate dehydrogenase 
complex (PDH)
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Albert Szent-Györgyi

1893-1986

University of Szeged,

Hungary, Prize in 1937

Hans Adolf Krebs

1900-1981

University of Sheffield,

England, Prize in 1953

Crucial contribution

by A. Szent-Györgyi, Franz Knoop

and Carl Martius in 1935

Postulation of 

TCA cycle by H.A.Krebs

in 1937
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Reactions of the 

citric acid cycle



Regulation of 

metabolite flow from 

the PDC through the 

citric acid cycle

33



General scheme of 

biological oxidation

1. Glycolysis

2. Citric acid cycle

3. Oxidative 

phosphorylation


