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Amino acids (AAs)

• AAs are NOT stored in the body

• AAs sources are: diet, de novo synthesis or protein degradation

• AA metabolism overview: 

1. α-amino group removal by transamination then oxidative deamination 
(N leaves the body as urea, ammonia or other compounds)

2. The resulting α-keto acids are converted to energy producing 
intemediates

3. Intermediate metabolism to CO2, water, glucose, fatty acids, or ketone 
bodies 

The metabolic processes have to keep harmony between amino acid pool 
and protein turn over                 



Sources and fates of amino acids

• The AA pool is small ~about 90–100 g of AAs

• The amount of protein in the body is about 12 kg in a 
70-kg man.

• Normally, the amount of AAs in the AA pool is 
balanced by the output (constant amount)

• The amino acid pool is in a steady state, and the 
individual is in nitrogen balance.



Amino Acid Pool

• AA sources:

1. Endogenous (body) protein 
degradation

2. Exogenous (dietary) protein digestion

3. Nonessential amino acids synthesized 
from metabolic intermediates



Amino Acid Pool Depletion Routes

• AAs are depleted by 3 routes:

• 1) Synthesis of body protein

• 2) AAs consumed as precursors of nitrogen-
containing small molecules

• 3) Conversion of AAs to glucose, glycogen, fatty 
acids, ketone bodies, or CO2 + H2O



• Protein turnover is the process in which the rate of protein synthesis is 
sufficient to replace the degraded protein.

• Each day, 300–400 g of body protein is hydrolyzed and resynthesized

• In healthy adults, the total amount of protein in the body remains 
constant.

Protein Turnover



Rate of turnover

• Turnover varies widely for individual proteins. 

• Short-lived proteins such as many regulatory proteins and misfolded proteins, are 
rapidly degraded, t1/2 is min-hours

• Most proteins are long-lived proteins (t1/2 days to weeks)

• Structural proteins, such as collagen, are metabolically stable (t1/2 months or years).



What affects the half life of a protein?

The nature of the N-terminal residue.

A. Proteins with Ser at the N-terminus are long-lived (t1/2 is > 20 hrs)

B. Proteins with Asp at the N-terminus have a t1/2 of only 3 minutes

C. Proteins rich in sequences containing Pro, Glu, Ser, and Thr (PEST 

sequences) are rapidly degraded (short t1/2).



• For many proteins, regulation of synthesis determines the [protein in 
the cell] and protein degradation is minor

• For other proteins, the rate of synthesis is constitutive, or relatively 
constant, and [protein in the cells] is controlled by selective 
degradation.

Modes of expression and the rate of turnover



Chemical signals for protein degradation

How are proteins tagged for degradation?

By chemical alterations such as oxidation or ubiquitin tagging



Protein degradation

Two major enzyme systems are responsible for degrading damaged or 

unneeded proteins: 



Protein degradation
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1. The ATP-independent degradative enzyme 

system of the lysosome

Lysosomal enzymes (acid hydrolases) 

degrade primarily:

A. Extracellular proteins, such as plasma 

proteins, by endocytosis

A. Cell-surface membrane proteins by 

receptor-mediated endocytosis.



Protein degradation

2. The ATP-dependent ubiquitin-proteasome system of the cytosol

mainly endogenous proteins (proteins that were synthesized within the 

cell)



Ubiquitin-proteasome proteolytic 
pathway

Ubiquitin (Ub) is a small, globular, non-enzymic protein.

Ubiquitination of the target substrate is linking the α-carboxyl 

group of the C-terminal Gly of ubiquitin to the ε-amino group of 

a Lys on the protein substrate by a three-step, enzyme-catalyzed, 

ATP-dependent process.

Several Ub units are added to generate a polyubiquitin chain. 



Ubiquitin-proteasome proteolytic pathway
A proteasome is a large, barrel-shaped, macromolecular, 

proteolytic complex that recognizes Ub-protein 

The proteasome unfolds, deubiquitinates and cuts the 

target protein into fragments that are then further 

degraded to amino acids.

Protein degradation by the ubiquitin-

proteasome complex requires energy 

(ATP)

Simple hydrolysis by proteolytic 

enzymes does not require energy



Clinical Application: HPV and cervical 
carcinoma
• HPV encodes E3 enzyme

• P53 is ubiquitinated and degraded

• 90% of cervical cancer 



DIGESTION OF DIETARY PROTEINS

70–100 g/day in the American diet 

Proteins are too large to be absorbed by the intestine.

Protein digestion begins in the stomach

Stomach secretes the gastric juice that contains hydrochloric 

acid and the proenzyme, pepsinogen.



Digestion of proteins by gastric secretion

1. Hydrochloric acid: pH 2–3 to hydrolyze proteins.

HCl is secreted by the parietal cells

HCl functions:

A. kills some bacteria

B. denatures proteins to make them more susceptible to subsequent hydrolysis by proteases.

2. Pepsin: acid-stable endopeptidase

- Is secreted by the chief cells of the stomach as an inactive zymogen (or proenzyme), pepsinogen.

-Pepsinogen is activated to pepsin, either by HCl, or autocatalytically by other activated pepsin molecules.

-Pepsin releases peptides and a few free amino acids from dietary proteins.



Release of zymogens: The release and activation of the pancreatic zymogens is 

mediated by the secretion of cholecystokinin and secretin (two polypeptide 

hormones of the GIT)

Zymogen activation : Enteropeptidase (enterokinase)— the luminal

surface of intestinal mucosal cells converts the pancreatic zymogen trypsinogen

to trypsin (removal of a hexapeptide from the N-terminus of trypsinogen)

Trypsin subsequently converts other trypsinogen molecules to trypsin 

Trypsin is the common activator of all pancreatic zymogens 

Digestion of proteins by pancreatic enzymes
in small intestine



Digestion of proteins by pancreatic enzymes 
in small intestine

Large polypeptides produced in the stomach are further cleaved to oligopeptides and 

amino acids by a group of pancreatic proteases.

Enzyme specificity: Each of these enzymes has a different specificity for the 

amino acid R-groups adjacent to the susceptible peptide bond 

Serine endopeptidases Exopeptidases



Digestion of oligopeptides by enzymes of 
the small intestine

Aminopeptidase at the luminal surface of the intestine

Aminopeptidase is an exopeptidase that repeatedly cleaves the 

N-terminal residue from oligopeptides to produce smaller 

peptides and free AAs.



Absorption of amino acids and small peptides

Free AAs are absorbed into the enterocytes by a Na+-linked 

secondary transport system at the apical membrane. 

Di- and tri –peptides are absorbed by a H+-linked transport 

system.

The peptides are hydrolyzed in the cytosol to AAs

AAs are released into the portal system by facilitated diffusion. 

AAs are either metabolized by the liver or released into the general 

circulation. 

Branched-chain amino acids are not metabolized by the liver, but 

are sent from the liver to muscle via the blood
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Clinical Hint: Abnormalities in protein 
digestion and Celiac disease

Pancreatic secretion deficiency due to chronic pancreatitis, cystic 

fibrosis, or surgical removal of the pancreas, results in incomplete  

fat and protein digestion.

Symptoms: abnormal appearance of lipids (steatorrhea), and 

undigested protein in the feces.

Celiac disease (celiac sprue) is a disease of malabsorption

resulting from immune-mediated damage to the small intestine in 

response to ingestion of gluten (or gliadin produced from gluten), 

a protein found in wheat, barley and rye.



TRANSPORT OF AMINO ACIDS INTO CELLS

[Free AAs in the extracellular fluids] <<< [Free AAs within the cells] 

Different transport systems have overlapping specificities for different AAs

AA transport systems:

The small intestine and the proximal tubule of the kidney 

One system uptakes cystine and the dibasic amino acids, ornithine, arginine, and lysine 

(represented as “COAL”).

Defects in the transport of tryptophan (and other neutral amino acids) results in Hartnup

disorder and pellagra-like dermatologic and neurologic symptoms.



Clinical Hint: Cystinuria

Inherited disorder

The most common genetic error of amino acid transport. 

1 in 7,000 individuals 

The COAL carrier system is defective, and all four amino acids 

appear in the urine. 

Clinical signs and symptoms: 

- Precipitation of cystine to form kidney stones (calculi)

Oral hydration is important for the treatment of this disorder. 


