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Utilization of pyruvate

Berg, Tymoczko, Stryer: Biochemistry

Lactate-DH



The „anaerobic fate“ of pyruvate



Cell transformation is accompanied 
by a switch to ATP generation 
via glycolysis. Thus assuring cellular
energy homeostasis under hypoxic
conditions. Consequently glucose 
transporters and glycolytic enzymes
are overproduced in tumours. 

p53: tumor suppressor protein;
protects cells against unrestrained
growth; is most frequently mutated
gene (> 50%) in human cancer.

High rate of glycolysis in tumors suggests targets for chemotherapy and facilitates diagnosis



The high rate of glycolysis in tumor cells is used in diagnosis  

Phosphorylation of 18F-labelled 2FdG by hexokinase traps the FdG in cells as 
6-phosphoFdG, which can be detected by positron emission from 18F.
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Detection of cancerous tissue by positron emission tomography (PET)



Gluconeogenesis

7 glycolytic enzymes catalyze   
the transformation of non-carbohydrate
metabolites including lactate, pyruvate, 
glycerol, amino acids into glucose.

Glycolysis

3 energy consuming bypass 
reactions are the prize
for an independent regulation
of the two opposing pathways

Lehninger Principles of Biochemistry
Nelson & Cox



Glucose 6-phosphatase is active at the lumen of the ER



Conversion of pyruvate into PEP is mediated by oxaloacetate



Biotin is the prosthetic group of pyruvate carboxylase
(Vitamin B7/Vitamin H)

Biochemistry. Voet & Voet

The biotin-streptavidin system is the strongest 
noncovalent biological interaction known, 
having a dissociation constant, K(d), in the 
order of 4x10(-14) M. 



Two-phase reaction mechanism of pyruvate carboxylase

Biochemistry. Voet & Voet



Biochemistry. Voet & Voet

The reaction mechanism of PEPCK



Alternative paths 
from pyruvate to PEP

Note: 
Carboxylation of  pyruvate 
occurs in the mitochondrion

The relative importance of the 2 pathways
depends on the availability of pyruvate or 
lactate and the cytosolic requirements for 
NADH for gluconeogenesis.





The Cori Cycle: Metabolic cooperation between skeletal muscle and liver

Anaerobic utilization of 
pyruvate converted to 
lactate (acidic). At pH 
7.35 lactate 
disassociates to 
carboxylate anion, 
lactate and H+. 
The lactate and H+ are 
transported out of the 
cell, diffuse into the 
blood and can cause 
lactic acidosis.
But most lactate is taken 
up by the liver and heart 
muscle and oxidized back 
to pyruvate.

Liver – picks up 
the lactate 
made in the 
muscle

Muscle – under 
anaerobic 
conditions 
makes lactate



Sum of glycolysis:
Glucose + 2NAD+ + 2ADP + 2Pi 2pyruvate + 2NADH + 2H+ +2ATP + 2H2O
2ATP + 2GTP + 4H2O  2ADP + 2GDP + 4Pi   Prize for independent regulation



The allosteric modulation of key enzymes of Gluconeogenesis and Glycolysis

Citrate

AMP

Gluconeogenesis Glycolysis

Biochemie u. Pathobiochemie.
Löffler & Petrides

Glucokinase = Hexokinase IV



Coordinated transcriptional regulation of Gluconeogenesis and Glycolysis 
by insulin and cAMP in liver

Gluconeogenesis Glycolysis 

Biochemie u. Pathobiochemie.
Löffler & Petrides

(Glucagon)

(Glucagon)



Hormonal Regulation of Gene Expression
Regulation of glycolysis by allosteric activation or 
inhibition, or the phosphorylation/ 
dephosphorylation of rate-limiting enzymes, is 
short term, i.e., min or h. 
Slower, and more profound, hormonal influences 
on [enzyme protein] synthesized result in 10-20-
fold increases in enzyme activity over h to days. 
Current focus is on glycolysis, reciprocal changes 
also occur in the rate-limiting enzymes of 
gluconeogenesis (synthesis of glucose). 
Regular consumption of carbohydrate-rich meals 
or administration of insulin initiates increase in
glucokinase, phosphofructokinase, and pyruvate 
kinase in liver reflecting increases in gene 
transcription, and increased enzyme synthesis. 
High activity of these 3 enzymes favors conversion 
of glucose to pyruvate.
Conversely, gene transcription and synthesis of 
glucokinase, PFK, and pyruvate kinase are 
decreased when plasma glucagon is high and 
insulin is low, as seen in fasting or diabetes.



A Ras independent pathway activates Protein Kinase B 

Insulin activates PKB via PI-3 kinase

Lodish et al. Molecular Biology of the Cell 


