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Abstract  
On many scales of living systems, only relatively few building blocks are used. For example, 

out of more than 100 chemical elements, only six are mainly used. Only four nucleobases 

appear in DNA, and the number of encoded amino acids is relatively small in view of the 

enormous number of possible chemical structures of side chains.  

This study combines biology and mathematics, showing that a relatively simple question from 

molecular biology can lead to complicated mathematics. The question is how to calculate the 

number of theoretically possible aliphatic amino acids, xn, as a function of the number, n, of 

carbon atoms in the side chain. We use a graph-theoretical description of the molecular 

structure (Fig. 1).  

 

 
 
Figure 1. Schematic picture of the structure of aliphatic amino acids. Three dots stand for a tree 
subgraph. The minimum case is that only an H atom is attached. 
 
The presented calculation is based on earlier results from theoretical chemistry concerning 

alkyl compounds [2,3]. The following recurrence formula with initialization x0 = 1 can be used 

[4]: 
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The sequence xn increases very rapidly: 1, 1, 1, 2, 4, 8, 17, 39, 89, 211, 507, ... Otter [5] 

calculated the asymptotic behaviour of xn to be 

 

 2/32.81546 0.5178760~ −⋅⋅ nx n
n .  

 
We show that, from relatively small n values on, this approximation is very reliable [1].  

We examine which of the theoretically possible structures really occur in living organisms. 

Proteinogenic aliphatic amino acids include glycine (n = 0), alanine (n = 1), valine (n = 2), 

leucine, isoleucine and methionine (n = 4) [1]. Several other aliphatic amino acids are used 

for other physiological purposes, for example, 2-amino butanoic acid (n = 2) for chemical 

communication in Globodera rostochiensis [6]. L-norvaline (n = 3) is an anti-inflammatory 

arginase inhibitor in humans [7]. L-norleucine (n = 4) is a metabolite in orchid plants [8]. 

Moreover, we consider aliphatic amino acids for a less strict definition allowing sulfur, 

nitrogen and oxygen atoms in the side chain [1].  

The results are in agreement with a general phenomenon found in biology: Usually, only a 

small number of molecules are chosen as building blocks to assemble an inconceivable 

number of different macromolecules as proteins. Thus, natural biological complexity arises 

from the multifarious combination of building blocks. 
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