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Lecture 16 

Chapter 27:  Protein Metabolism 
Section 1-3 

Protein 
Metabolism 

Amino Acid Synthesis 
in Plants 

  Higher plants and most 
microorganisms can 
synthesize all of their amino 
acids from CO2, H2O, 
inorganic salts and energy 
from the sun 
–  The processes of nitrogen 

fixation and nitrate assimilation 
are required to provide the amino 
groups 

–  The amino group is always 
transferred first to glutamate then 
passed on to the α-keto acid 
analog of the amino acids 
through a transamination reaction 

  Mammals can only synthesize 10 of the 
20 amino acids 
–  Essential Amino Acids are amino acids 

that must be obtained in the diet 
  These are amino acids whose α-keto acid 

skeleton cannot be made 
–  Nonessential Amino Acids are amino 

acids that can be synthesized by the 
organism 
  These are amino acids whose α-keto acid 

skeleton can be made and then 
transaminated 

  Excess dietary amino acids cannot be 
stored for future use (or excreted) instead 
they are converted to common metabolic 
intermediates  

Amino Acid Synthesis in Mammals 

Essential Nonessential 

Lysine Glycine 

Leucine Alanine 

Isoleucine Serine 

Methionine Tyrosine 

Threonine Cysteine 

Tryptophan Aspartate 

Valine Asparagine 

Phenyalanine Glutamate 

Histidine Glutamine 

Arginine Proline 

  As a rule essential AA contain carbon chains or aromatic 
rings that do not resemble intermediates in carbohydrate 
or lipid metabolism 

  The inability to synthesize these AA does not result from a 
lack of nitrogen but from the organisms ability to make the 
correct carbon skeleton 

Amino Acid Pool 
  The bloodstream is a 

repository for amino acids 
  Amino acids enter this pool 

from 
–  Dietary proteins that have been 

digested and absorbed into the 
bloodstream 

–  The body can produce AA by 
breaking down protein in tissue 

–  The body can synthesize the AA 
from other intermediates 

  Amino Acids are removed to 
make new protein or provide 
energy 
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Food Proteins 

Amino 
Acid Pool 

Tissue Proteins 

Synthesis & 
Degradation 

Digestion & 
Absorption 

Amino Acid derivates 
(such as heme & 
nucleotides) 

Ammonia 

Urea 

Urea cycle 

Pyruvate Acetyl-CoA 

Carbon Skeleton 

Glucose 

Transamination 
& Deamination 

Gluconeogenesis 

Energy ATP Fatty Acids 
Ketone bodies 

Krebs Cycle/ ETC 

Protein Synthesis 
  The peptides and proteins in our body are in a 

state of dynamic equilibrium 
–  Old protein is being hydrolyzed 
–  New protein is being synthesized 

  The amino acids necessary to make new protein 
come from 
–  Protein we eat and digest 
–  The breakdown of old protein 

  Some amount of amino acids are catabolized 
and the nitrogen is eliminated from the body 

Protein Turnover 

  The turnover rate is the amount of protein degraded over 
time of a particular protein, it is usually expressed as half-
life 
–  Examples: 

  Liver and blood plasma proteins have half-lives of 2-10 days 
  Muscle proteins have have lives of ~ 6 months 
  Hair protein does not have a half-life 

  The half lives of enzymes vary widely from 10min to 6hr 
depending on their importance and the cell in which they 
function 

Half life 

Nitrogen Equilibrium 
  Under normal conditions an individual’s intake of dietary 

nitrogen is equal to loss in feces, urine and sweat 

  Positive nitrogen balance results when intake exceeds 
excretion because tissue is being synthesized 
–  Periods of growth, pregnancy, recovery from disease 

  Negative nitrogen balance results when intake is less 
than nitrogen need 
–  Inadequate intake of protein, fever, infection, surgery, disease, a 

diet that is deficient in any one of the essential amino acids 
–  These factors accelerate tissue protein breakdown 

Sources of Protein 
  Cells need the right amount of each type of amino 

acids to synthesize the proteins they need 

  If particular amino acids are missing, necessary protein 
can not be synthesized or the cell will breakdown other 
protein to obtain the necessary amino acids 

  Complete protein sources supply all the essential 
amino acids in the right quantities for growth and repair 
of body tissue 
–  Example: Casein, the protein in milk  

  Incomplete protein sources lack an adequate amount 
of one or more essential AA 
–  Example: Zein, the protein in corn is deficient in lysine 
–  Consuming a variety of food sources provides all AA  

Amino Acid & Protein Supplements 

  The FDA states that it is dangerous for consumers to ingest large 
amounts of any one amino acid because an imbalance can be 
created 

  Some extreme endurance athletes may need a little more than 
the recommended daily allowance  
–  Since nearly all Americans are already eating 50% more protein 

than they need, these athletes might not need that much more  

  Muscles are built through exercise not by eating excess protein 
–  When a muscle contracts against a resistance, creatine is released, 

stimulating the production of myosin thus building muscle 

  Muscle shrinks due to inactivity, they do not turn into fat    
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Amino Acid Catabolism 

  The first step of amino acid catabolism is cleaving the protein 
into component amino acids 

Digestion 

Amino acids 

Gluconeogenesis Pathway 

  The ultimate fate of the amino acids depends on the 
requirement of the organism/cell 

Fatty Acid Synthesis 

Krebs Cycle for Energy  
Production 

Protein Synthesis 

Removal of the Amino Group  

  In order to enter the various 
pathways the amino group is 
removed from the carbon 
skeleton, producing the α-keto 
acid 

  Glucogenic amino acids - 
are AA that can form any of 
the intermediates in glucose 
metabolism (gluconeogenesis) 

  Ketogenic amino acids - are 
AA that give rise to acetyl-CoA 
or acetoacetyl-CoA (can be 
used to synthesize ketone 
bodies) 

Threonine 

Transamination Reaction 

  Is an exchange of an amino group between an AA 
and an α-keto acid 

H3N-CH-COO-  +  C-COO-             C-COO-  +  H3N-CH-COO- 
O O 

CH2 

COO- 

CH2 

COO- 
Aspartate Oxaloacetate 

CH2 
CH2 COO- 

αα-Ketoglutarate 

CH2 

COO- 
Glutamate 

Glutamate-oxaloacetate 
Transaminase (GOT) 

CH2 

+ + 

Clinically Important Transaminases 

H3N-CH-COO-  +  C-COO-             C-COO-  +  H3N-CH-COO- 
O O 

CH3 CH2 

COO- 
Alanine Pyruvate 

CH3 

αα-Ketoglutarate 

CH2 

COO- 
Glutamate 

Glutamate-Pyruvate  
Transaminase (GPT) 

CH2 CH2 

High levels of GOT indicate a heart attack 

High levels indicate liver damage 

High blood plasma levels of certain transaminase are indicative of 
disease 

+ + 

  In the ultimate oxidation of an AA the final amino acceptor is α-
ketoglutarate producing glutamate 

  Glutamate can then undergo oxidative deamination producing 
ammonia and α-ketoglutarate  

  This reaction occurs primarily in the mitochondria of liver cells 
the ammonia is converted to urea and is excreted in the urine 

Oxidative Deamination Reaction 

Alanine Pyruvate αα-ketoglutarate + + Glutamate 

Oxidative 
Deamination 

Transamination 

αα-ketoglutarate NH4
+ + 

Short Term Nitrogen Storage 
  Excess protein is not stored in living organisms 
  The body stores small amounts of nitrogen in the form of glutamine 
  Glutamine is present in many tissues and in the blood and serves 

to temporarily store and transport nitrogen  
  In the liver and kidneys the amide group of glutamine can be used 

to synthesize purines, pyrimidines, porphyrins and creatine 

H3N-CH-COO- 

CH2 
CH2 
C 

Glutamate Ammonia Glutamine 

+  NH4
+ 

ATP ADP 

Synthetase 

O -O 

H3N-CH-COO- 

CH2 
CH2 
C 

O H2N 

+  H2O 

+ 
+ 
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Excreting Excess Nitrogen 

  Organisms have different ways of excreting ammonia as 
nitrogenous waste 
–  Most vertebrates and adult amphibia excrete ammonia as urea 

in urine 
–  Birds, reptiles, and insects convert ammonia to uric acid 
–  All marine organisms excrete free ammonia 

  In mammals urea is formed from a series of reactions 
known as the urea cycle, which occurs in the matrix of 
the mitochondria in liver cells 

Urea Cycle 

Extensive liver damage or 
a genetic defect in an 
enzyme in the urea cycle 
results in high levels of 
ammonia and the patient 
exhibits tremors, slurred 
speech, and blurred 
vision 

Transport of Urea 

  Urea is transported by the bloodstream to the kidneys 
and eliminated in the urine 

  The kidneys filters ~100 L of blood/day 
  The normal individual excretes ~1.5 L of H2O 

containing 30g of urea 
  A long term decrease in urea excretion is indicative of 

liver and/ kidney disease 

Questions???? 


