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First, I would like to begin by demonstrating that I have a grasp of the problem proposed by the 
Origin of Information Technology Prize. At first glance, it does seem true that no natural codes 
exist. All codes are, in one way or another, derived from living organisms, and in particular from 
DNA. In order to see if this is actually true, we need to find a suitable definition of what a code is. 
Claude Shannon’s Theory of information defines what a code is in terms of a communication 
system. In his theory, an input is converted into a code by an encoder and is subsequently converted 
into an output by a decoder. The exact nature of the code depends on the type of encoder and 
decoder that are used. The decoder must be able to read the code that is produced by the encoder. 
Examples of this phenomenon include, brains, computer processors and thermostats. However, 
none of these are an instance of a natural code. All of the examples that I gave depend directly or 
indirectly on the existence of DNA.  

 

If a natural coding system were to exist, what it would it be like? As your criteria make clear, it 
would be “a purely chemical process that will generate, transmit and receive a simple code--a 
process by which chemicals self-organize into a code without benefit of designer.” As per 
Shannon’s definition, a natural code is also dependent on the existence of a natural encoder and a 
natural decoder. At a minimum, at least 3 parts must exist in order for an input to be converted to 
an output. The encoder must be able to convert an input into a code. The code must then travel 
from the encoder to the decoder. Then the decoder must convert the code into an output. This 
sequence of events must occur reliably in order to maintain the fidelity of the code.  

 

Now we must determine what can be considered natural. In the criteria, it is explicitly stated that 
the process must be purely chemical. However, as a premise, DNA cannot be used as the starting 
point from which a natural code arises. What other chemicals are left that can form the basis of a 
natural code? From analyzing stars, we know that certain elements (hydrogen, helium, carbon, 
nitrogen, oxygen and iron) are formed naturally inside of stars. These stars then explode in a 
supernova, which produces an even wider variety of elements (silicon, sulfur, chlorine, argon, 
sodium, potassium, calcium, scandium, titanium, vanadium, chromium, manganese, iron, cobalt, 
and nickel). From the Miller-Urey experiment, we know that simple organic compounds 
(specifically amino acids) can be produced from inorganic material. Organic compounds include, 
nucleic acids, proteins, carbohydrates and lipids. As per the rules of the prize, we will eliminate 
nucleic acids from consideration. Now we are left with proteins, carbohydrates and lipids as 
possible starting materials for a natural code. Because the Miller-Urey experiment only produced 
amino acids, we can be sure that proteins, which are polymers of amino acids, are natural 



compounds. The rest of this proposal will discuss how proteins in particular can, on their own, act 
as a natural encoder, natural code and natural decoder.   

 

Prions are a type of protein which are known to self-replicate (Stanley Prusiner). When a prion 
physically interacts with another protein, it can induce the second protein to become a prion (figure 
1.). In order to avoid confusion, I will call the protein that is not yet a prion, a pre-prion. Although 
the prion and the pre-prion may have the same sequence of amino acids, they will differ in their 3-
dimensional shape. The ability of the prion to induce this change is inherent to its 3-dimensional 
shape and is thermodynamically favorable. If the prion had a different 3-dimensional shape, the 
reaction would not be thermodynamically favorable and the prion would not be able to induce the 
change. In addition, if the shape of the pre-prion were different, it would be unable to undergo this 
conversion. Although prions may be relevant to the development of certain diseases (Creutzfeldt-
Jakob Disease), they do not inherently constitute a code. However, it is possible to modify a prion 
in a natural way so that it would be capable of producing a code.  

 

Recently, medications have been developed that are able to inhibit the self-replicating action of 
prions (New Inhibitors of Scrapie-Associated Prion Protein Formation in a Library of 2,000 Drugs 
and Natural Products). These medications bind directly to the prion and prevent the prion from 
inducing pre-prions to become prions. This means that prions contain specific sites that will 
modulate its ability to self-replicate. When that site is not bound to the medication, the prion is 
capable of self-replication. When the site is bound to the medication, self-replicating activity of 
the prion will be inhibited. For clarity, the medication will subsequently be referred to as a prion 
inhibitor. It is possible to attach the prion inhibitor directly to the prion in such a way that it will 
inhibit the self-replicating action of other prions, but will not inhibit its own self-replicating 
activity (figure 2.). In this way, dimer formation between two prions is required in order to inhibit 
the self-replicating activity (figure 3.). In addition, it is possible for the prion inhibitor domain to 
only be exposed when the protein is folded into a prion, but be buried inside the protein when it is 
not folded into a prion (figure 1). In figure 1, the prion inhibitor is inside the curved part of the 
pre-prion protein, where is remains nonfunctional. When the pre-prion is induced to become a 
prion, the prion inhibitor domain is then exposed. The exposed prion inhibitor domain is able to 
combine with another prion to form a dimer. The prion-inhibitor dimer inhibits the self-replicating 
activity of the prion and thus prevents the production of additional prions. 

 

The pre-prion binding site and the prion inhibitor binding site on the prion are capable of having 
different affinities for their target. If the affinity of the self-replicating binding site is higher than 
that of the inhibitor binding site, then the ratio of prions to pre-prions will be high. If the inhibitor 
binding site has a higher affinity, then the ratio of prions to pre-prions will be low. This is because 
the self-replicating action of the prion will be fully inhibited at fairly low concentrations of the 



prion inhibitor. By modifying the affinity of the binding sites, the ratio of prion to pre-prions can 
be manipulated. After a certain amount of time, the system that consists of the prion and the pre-
prion will reach an equilibrium. If that equilibrium is disturbed, the system will oppose that shift 
and will eventually return to its equilibrium set point. For example, if the concentration of prions 
in the solution increases, there will be more self-replication sites available. The abundance of self-
replication sites will convert pre-prions into prions. As the concentration of prions in the solution 
increases, the concentration of prion inhibitors exhibits a proportional increase as well. At a certain 
concentration of prion inhibitors, the self-replicating activity of prions will cease and the system 
will return to its set point.  

 

Although the system that I have described is not very complex, it operates in the same manner as 
a thermostat. A thermostat is able to measure the amount of heat in a room. When there is too 
much heat, the thermostat prevents the furnace from producing more heat. When the temperature 
of the room decreases below the set point, the thermostat is able to signal the furnace to produce 
more heat.   

 

In Shannon’s terms: 

The temperature of the room is the input. (Input) 

The thermostat encodes the temperature of the room into electricity. (Encoder) 

The electricity travels to the furnace, where it is decoded by the furnace. (Code) 

The electricity is a signal for the furnace to stop producing heat. (Decoder) 

The heat production of the furnace is the output. (Output) 

 

In the natural system that I have proposed: 

The concentration of the pre-prion is the input. (Input) 

The prion encodes the unfolded protein into a prion inhibitor. (Encoder) 

The prion inhibitor then travels to another prion to form a prion-inhibitor dimer. (Code) 

The prion inhibitor is a signal for the prion to stop producing more prions. (Decoder) 

The self-replicating activity of the prion is the output. (Output) 

 

Code:  

0:  Concentration of pre-pion is at or below set point => No prion  

1: Concentration of pre-prion is above set point => Prion  



Although my submission is simple, it does fulfill the criteria of the challenge. It is possible that 
this process is patentable, but I doubt that it would be immediately useful. There are simpler ways 
to create a steady state concentration. However, the real value of this solution comes from its 
ability to explain the origin of life.  No one has yet been able to create an artificial system that 
anyone would consider to be alive. But what exactly does one need to do in order to be alive? In 
order for a thing to be alive, it must have the ability to reproduce itself. You might give the 
objection that post-reproductive organisms are still alive. I agree that they are alive, but it is 
because they are able to reproduce portions of their own bodies, not entire new organisms. The 
cells in their body will die, but they still have the ability to replace those dead cells with living 
ones. Once the organism can no longer replace dead cells with living cells, the organism as a whole 
can be considered dead. Even a seed has the potential to replace dead cells with living cells, but a 
dead body cannot produce more living cells. In this way, a living organism does not need to be 
able to produce offspring to be considered alive, but it must be able to reproduce its own cells.  

 

Prions may be the first step in this process. By their nature, they are able to reproduce themselves. 
Whole organisms undergo fundamentally the same process, but have made it more complicated 
and specialized. A mechanism similar to that of prions could have been used by early cells to 
maintain a concentration of molecules inside the cell that is compatible with life (self-replication). 
Too few molecules of a certain type would prevent self-replication (death), while too many 
molecules would also prevent self-replication (death). In addition, it is easy to see how to increase 
the complexity of this system.  By adding prions of different types, different molecules could be 
concentrated in a cell. Compartmentalization of concentrated molecules could lead to the creation 
of an entire living organism. From one perspective, the essence of evolution is a specialization and 
amplification of the prion self-replication mechanism. Organisms have found more and more 
complex ways to replicate themselves. The process started out when one molecule directly bumped 
into another and produced two of the same type. Now, whole organisms produce specialized cells 
(gametes) which can reproduce entire organisms. But the end-result of this process of self-
replication is still essentially the same. Although not a criteria of the prize, the process by which 
whole organisms replicate would certainly be patentable.



 

 

 

 

 

 

 

Figure 1. Mechanism of prion self-replication. 

Figure 2. Formation of prion-inhibitor dimer. 

Figure 3. Inhibition of prion self-replication. 
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