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Catabolism of proteins, fats, and 

carbohydrates in the three stages of 

cellular respiration

Stage 1: oxidation of fatty acids, glucose,

and some amino acids yields acetyl-CoA. 

Stage 2: oxidation of acetyl groups in the 

citric acid cycle includes four steps in 

which electrons are abstracted. 

Stage 3: electrons carried by

NADH+H+ and FADH2 are funneled 

into a chain of mitochondrialelectron 

carriers 

the respiratory chain ultimately reducing 

O2 to H2O.This electron flow drives the 

production of ATP.





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

-Glycolytic intermediates are phosphorylated / glycolytic  

intermediates can’t leave the cells.

-Most glycolytic enzymes 

require Mg2+ for activity. 
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1.    HEXOKINASE OR GLUCOKINASE ?



1. Regulation of HEXOKINASE IV 

(GLUCOKINASE) by sequestration in the LIVER 

nucleus



2. ALLOSTERIC REGULATION OF PFK-1

Fru-2,6-BP

INSULIN

F-15-15 5th



2. HORMONAL REGULATION OF PFK-2
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3. REGULATION OF PYRUVATE KINASE
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Glucagon, ephinephrin :

GLYCOLYSIS (LIVER)

ephinephrin
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insulin

GLYCOLYSIS 

(MUSCLE, ADIPOSE, LIVER)

HORMONAL REGULATION OF GLYCOLYSIS
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GLUCONEOGENESIS
LIVER



GLUCONEOGENESIS

LIVER

F-15-11



GLUCONEOGENESIS
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GLUCONEOGENESIS

LIVER
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Glucose-6-P(-)
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GLYCOGEN SYNTHESIS 

AND 

DEGRADATION



Structure of glycogen



Synthesis of glycogen Muscle, liver: 

(hexokinase, glucokinase)

D-glucose + ATP → D-glucose-6-phosphate + ADP

(phosphoglucomutase)

glucose-6-phosphate  glucose-1-phosphate 

(UDP-glucose pyrophosphorylase)

glucose-1-phosphate + UTP → UDP-glucose + PPi

(Glycogen synthase)

(Gycogenin)

(Branchig enzyme)







DEGRADATION
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oligo (1→6) to

(1→4)

glucatransferase

Pi and PLP

DEGRADATION
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calmodulin
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Glycogen phosphorylase of liver as a 

glucose sensor
DEGRADATION
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Effect of GSK3 on glycogen synthase activity
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Glycogen-targeting protein GM

F-15-40 5th







F-15-
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Regulation of 

carbohydrate 

metabolism in 

the hepatocyte

F-15-41 5th
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Although insulin and glucagon play important roles in regulating the 

response of cells to nutrients, cells also respond to carbohydrates through 

transcriptional regulation by the glucose responsive transcription factor 

ChREBP. ChREBP, carbohydrate responsive element binding protein, is a 

transcription factor that is activated by high levels of carbohydrates and 

repressed by cAMP. The activation of ChREBP by elevated carbohydrate 

levels increases the activity of genes involved in glucose metabolism such 

as pyruvate kinase, a rate-limiting enzyme in glycolysis, increasing the 

overall rate of utilization of carbohydrates. Excess carbohydrates also 

increase the transcription of genes that convert carbohydrates to 

triglycerides in the liver for storage in adipose tissue. cAMP regulates 

ChREBP activity by activating PKA, which phosphorylates ChREBP. 

Phosphorylation of ChREBP at ser(196) inactivates nuclear import and 

phosphorylation at Thr(666) prevents DNA binding by ChREBP. A metabolite 

of glucose activates protein phosphatase PP2A that then dephosphorylates 

both sites on ChREBP in response to increased glucose levels and 

increases ChREBP activity. Other pathways also regulate ChREBP activity 

and response to nutrients. High fat diets repress ChREBP activation by 

increasing AMP in liver cells, activating the AMP kinase. Phosphorylation of 

ChREBP by AMP kinase inactivates ChREBP and blocks glucose induction 

of ChREBP, linking dietary fatty acids to the regulation of carbohydrate 

metabolism. 



Glycogen storage disorders

(Glycogenosis)

• 12 different disorders

• defects in the enzymes or regulation of 
glycogen synthesis or breakdown

• Pathological glycogen accumulation in the 
liver, heart and skeletal muscle, kidney

• Hypoglycemia is the leading symptom in each 
type

• Definitive diagnosis: tissue biopsy



Glycogen storage disorders (Glycogenosis)
T 15-1



CORI and ALANIN CYCLE



CORI 

CYCLE

ALANINE 

CYCLE

NH3

6

2

TCA

2



Fructose metabolism



F 14-10

Only in 

the liver



Fructose intolerance(Fructosaemia)
– Deficiency of Fructose-1-P aldolase enzyme (Aldolase B) 

(incidence: 1:20000)

– Fr-1-P accumulation in the liver

– decreased Pi and ATP levels

– Inhibition of glycolysis, glycogenolysis and gluconeogenesis

– Lactic acidosis+ hypoglycemia

– Vomiting, liver malfunction, in severe cases liver and kidney 
failure

– Treatment: dietary fructose (and cane-sugar) restriction

Fructosuria
- essentially benign condition, follows autosomal 

recessive inheritance
- deficiency of hepatic fructokinase enzyme
- as fructose can not be broken down it is excreted in 

the urine



GALACTOSE METABOLISM



GALACTOSEMIAS:

Phospho –

glucomutase

Glu-6-P GLYCOLYSIS

GALACTOSE METABOLISM

F 14-12



GALK

GALT

GALE

ALDOSE         REDUCTASE

NADPH+H+

NADP+

GALACTOSEMIAS:





Lactose intolerance

(Milk sugar intolerance)

Required enzyme:
ß-galactosidase = lactase

Symptoms:
- Osmotic diarrhea
- Abdominal discomfort, bloating, 
flatulence

It is NOT milk protein allergy!
(Adverse immune reaction to one or 
more of the milk proteins)

Treatment:
-Lactose reduced diet
-enzymatic lactase supplementation 
as intestine soluble capsules (pure 
enzyme or bacteria)
-Adaptation



Fate of glycerol in liver

F 17-4



Pentose Phosphate 

Pathway



Pentose Phosphate Pathway

lens, cornea



Fates of pentoses
(bone marrow, skin, intestinal mucosa)

• RNA

• DNA

• NTP

• NADH/NADPH

• FADH2

• CoA



Oxidative phase

ketose

aldose

inhibit



6 pentoses 5 hexoses

Non-oxidative phase

TPP



Role of NADPH+H+ and glutathione in protecting cells against ROS

B 14-4







Red blood cells with Heinz-bodies in G6PDH deficiency

Heinz-bodies

(haemoglobin denatured 

by oxidative stress)



Wernicke-Korsakoff Syndrome

• mutation in the transketolase gene

• decreased affinity to TPP

• Thiamine deficiency results in - severe memory loss 

- mental confusion 

- partial paralysis



Malaria vs. falafel

Fava beans (falafel) antimalarial drug

ROS

GSH

NADPH



PYRUVATE METABOLISM



Pyruvate Dehydorgenase



REGULATION of PDH



Pyruvate dehydrogenase complex deficiency:

- follows X-linked inheritance pattern, incidence 1:1.000.000
-heterozygous females commonly manifest severe symptoms, 
equally  
prevalent in both males and females

- several mutations can cause PDC deficiency leading to a broad 
range of 
symptoms

→ lactic acidosis, central nervous system symptoms
- In case of decreased TPP affinity of PDC → B1 vitamine
-Diagnosis: enzyme activity assay
- BERI-BERI  lack of thyamine-PP (TPP)



Thank you for your attention


