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Figure 1. The structure of 

DNA. 

So, we are almost to the point where we can study protein 
synthesis.  While this content is unusual for incorporation into 
the study of exercise physiology, it is no less warranted than 
the study of glycolysis, or of the phosphagen energy system.  
This is because preservation of lean body mass is an 
important performance and health benefit of exercise training, 
and lean body mass is dependent on the synthesis and 
preservation of muscle protein.  Perhaps the bias away from 
teaching protein synthesis biochemistry to students in 
Exercise Science is because most early research on the 
energetics of exercise was very much based on carbohydrate 
catabolism.  To this extent, our field has been fixated on the 
early work of A.V. Hill for far too long, and the content we 
teach and research we do has been, and perhaps 
excessively so, influenced by a fascination with muscle 
glycogen, blood glucose, and the non-protein RER table.  It is 
time to move on, and there are careers of research awaiting 
those who are game to investigate the added and changing 
roles of exercise on acute and long term protein synthesis 
and degradation as humans age. 

 
This is the last Topic needed prior to the explanation of 
protein synthesis, which is intimately connected to the 
nucleus and its many connected membranous structures.  
The added piece of this puzzle that you need understand is 
how base sequences in DNA (Figure 1) and RNA are 
interpreted by the cell for specific amino acids used in protein 
synthesis.  For example, yes we now know the functions of 
DNA and RNA, but how does this biochemistry lead to 
specific codes for specific amino acids?  The answers came 
within a decade after Rosalind Franklin, James Watson 
and Francis Crick elucidated the structure of DNA. 
 
The telling research question in this process was provided by 
Francis Crick; How do the 4 purine and pyrimidine bases 
of the nucleotides of DNA and RNA (Figure 2) code for the 
20 different amino acids?  While Crick did not provide all the 
answers to this question, application of simple math led 
scientists in the right direction. For example, coding based 
on a sequence of 2 nucleotide bases could only yield 42 
bases (=16).  This is not enough for the 20 amino acids.  
However, a sequence of three bases would yield a possible 

64 (43=64) base sequences, which was more than enough for the 20 amino acids.  
Subsequent work proved that the genetic code comprised sequences of 3 bases, called 
codons, connected together in a linear sequence without any additional genetic content 
signaling the start or end of each codon (Figure 3). 
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                              Figure 2. Structures of the RNA nucleotide and component bases. 

 

By 1966, research had clearly identified the base triplet (codon) codes for all 20 amino 
acids, and these are presented in Figure 4.  Notice that many amino acids have more 
than 1 codon, revealing a considerable extent of degeneracy, while also explaining the 
numeric difference between 20 amino acids and 64 possible codons.  However, despite 
the degeneracy of the code, it is important to recognize that the code is specific 
because no codon produces more than 1 amino acid.  In addition, notice that for all the 
amino acids with multiple codons, the first two bases are always he same, indicating 
that the first two bases of the codon provide the amino acid specificity.  Finally, some 
codons do not code for amino acids at all, but serve regulatory functions.  Note that the 
codon AUG signals the start of a protein sequence, but when located within a sequence 
it codes for the amino acid methionine.  Conversely, UAA, UAG and UGA function as 
indicators to stop the protein synthesis. 
 

 
 

Figure 3. Examples of base sequences revealing multiple 3-base codons. 
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Congratulations, you are now ready to study protein synthesis! 

 
 

Glossary Words 
 
DNA is the abbreviation for deoxyribonucleic acid. 
 
RNA is the abbreviation for ribonucleic acid. 
 
Rosalind Franklin was the female nuclear scientist responsible for the discovery that 
DNA must have a double helical structure. 
 
James Watson was an American scientist, who in collaboration with Francis Crick, 
elucidated the detailed double helical and base-pair structure of DNA. 
 
Francis Crink was a British scientist, who in collaboration with James Watson, 
elucidated the detailed double helical and base-pair structure of DNA. 
 
purine is a sub-class of the nitrogenous bases that comprise DNA and RNA and consist 

 
 
Figure 4. The codons for the twenty amino acids. 
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of adenine and guanine. 
 
pyrimidine bases are a sub-class of the nitrogenous bases that comprise DNA and 
RNA, and consist of thymine, cytosine and uracil. 
. 
nucleotides are the nucleic acids DNA and RNA. 
 
codons are the three nucleotide sequences that code for a single amino acid. 
 

 
 


