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Who? 
Frances Arnold, along with George Smith 
and Gregory Winter, were awarded the 2018 
Nobel Prize in Chemistry. Half of the the 
Prize was given to Arnold for the creation of 
directed evolution of enzymes to create new 
enzymes, and the other half of the Prize was 
given to Smith and Winter for creating a 
technology (phage display). All three of 
these scientists were able to apply the 
theory evolution in the laboratory setting. 
However, Arnold’s technique has 
transformed protein engineering and is used 
in research strategies in chemical 
industries.[1]

Preface
To understand what Frances Arnold did and why she won a Nobel 
Prize, one must first know a few basic biological terms and what 
they do. To begin with, one must have a basic understanding of 
what Darwinian evolution means. Most people are familiar with 
Charles Darwin’s theory of evolution and his study on finches. His 
theory is evolution through natural selection or “survival of the 
fittest.” Any living organism will evolve to better survive. 

Additionally, one must understand what enzymes are and what they 
do. An enzyme is some natural catalyst, which increases the 
reaction rate of a chemical reaction.[2] Enzymes are proteins, and 
proteins are made up of only about twenty different kinds of amino 
acids.[3] Enzymes are naturally made by living organisms, for the 
purpose of speeding up chemical reactions that are necessary for 
life. However, enzymes have not naturally evolved in a way that is 
useful to chemists now. For example, enzymes do not naturally 
evolve to catalyze chemical reactions needed to produce renewable 
fuels, such as biofuel.[1] 
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The Main Idea
How can enzymes help with new problems in today’s world if they are 
not naturally made? In nature, enzymes evolve over millions of years, 
but we need a way to shorten this time to months or possibly weeks.[4] 
Nature is innovative but takes time, and we have a limited ability to 
design and create new enzymes.[5] Frances Arnold has found a way to 
direct the evolution of enzymes (and proteins) by using biological 
processes that are known to drive natural selection in a shorter amount 
of time. Since there are limited means on making new enzymes, Arnold 
uses known enzymes that have similar properties to the ones needed, 
but she evolves them in a laboratory setting in a shorter amount of time 
than it would naturally happen. She found a way to evolve enzymes in 
a laboratory setting instead of waiting for nature to produce enzymes 
that could be useful in certain chemical reactions. Loosely using 
Darwin’s theory, Arnold found a way to engineer enzymes by directing 
their evolutionary process in vitro (meaning in lab).[1] In nature, 
mutations, recombinations, and selection are used to evolve enzymes 
to carry out biological tasks. Arnold was able to manipulate and adjust 
enzymes to work under wanted conditions instead of conditions they 
naturally evolve in.[1] She also limited the possibilities and chose 
mutations that would increase activity for those 
specific reactions. In nature, enzymes 
that adapt and reproduce overcome 
those that are less useful, agile, and 
fertile.[6] This process is shown in                      
Figure 2. Mutations are introduced 
during diversification, and the     
enzymes that are best suited,               
are then selected from the pool.          
Then the cycle keeps going. By    
picking and choosing a specific                    
variant, we can evolve certain   
enzymes for specific reactions.

In summary, Frances Arnold created the directed evolution of enzymes. 
This process requires using valuable mutations to fast track evolution, 
resulting in a pool of variants from which the most useful ones are 
selected. It allows for chemists to evolve enzymes in lab that are used to 
catalyze specific reactions to help solve today’s problems. Presently, we 
can see Arnold’s idea being put to work to help solve one of humankind's 
major issues concerning the environment, by creating enzymes to make 
biofuels and plastics that are more environmentally friendly.[1] Arnold is 
also a co-founder of a few companies that use the idea of directed 
evolution. One company, Gevo, Inc., makes carbon- neutral biofuels, and 
another company, Provivi, creates biopesticides that are safe for the 
environment.[7] Another example is the creation of a chemical substance, 
lipases, which is put in laundry detergents to break down fats. Hopefully, 
Arnold’s idea will continue to help chemists create chemical substances 
that are better for the environment.


