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Engineering Meets Evolution



• Born born July 25, 1956 
• She is the daughter of Josephine Inman (née Routheau) 

and nuclear physicist William Howard Arnold, and the 
granddaughter of Lieutenant General William Howard 
Arnold. Grew up in Pittsburgh suburb of Edgewood. 

• As a high schooler, she hitchhiked to Washington, D.C., to 
protest the Vietnam War and lived on her own, working as 
a cocktail waitress at a local jazz club and a cab driver. 

• The same independence that drove Arnold to move out of 
her childhood home as a teenager also led to a large 
volume of absences from school and low grades. In spite 
of this, she made near perfect scores on standardized 
tests and was determined to attend Princeton University 

• B.S., Princeton University, 1979; Ph.D., University of 
California, 1985. 

• Visiting Associate, Caltech, 1986; Assistant Professor of 
Chemical Engineering, 1987-92; Associate Professor, 
1992-96; Professor, 1996-99; Professor of Chemical 
Engineering and Biochemistry, 1999-2000. 

• Linus Pauling Professor of Chemical Engineering, 
Bioengineering and Biochemistry 2000-;. 

• In 2018, she was co-awarded the Nobel Prize in 
Chemistry "for the directed evolution of enzymes”

Frances  Arnold

Director

Donna and Benjamin M. 
Rosen Bioengineering Center 
Director, Rosen 
Bioengineering Center, 2013-

(picture from her faculty 
page)



Arnold: Biographical Tidbits
• Father was an experimental physicist who received his PhD from 

Princeton in 1955 at the age of 24 and helped design the pressurized 
water reactor technology needed to make cheap nuclear power come true. 

• In 9th grad (1969) began hitchhiking to anti-war protests in Washington 
DC 

• Started undergrad in engineering in 1974, when the first women were 
graduating (Princeton only began accepting them in 1969). 

• With a degree in mechanical engineering and the Carter administration’s 
emphasis on clean, renewable energy sources, took first ‘real’ job (1979–
1980) at a new national laboratory, the Solar Energy Research Institute 
(now NREL) in Golden, Colorado. 

• With the election of Ronald Reagan as President of the United States, the 
future for passive solar heating and cooling seemed somewhat limited. … 
and headed west to start graduate studies at the University of California, 
Berkeley.  Chemical engineering. 

• Allan Wilson introduced her to molecular evolution of protein sequences.   
• Met Jay Bailey, a world-renowned biochemical engineering professor at 

Caltech … and married in 1987, in Macatawa

nobelprize.org/.../biographical/ 

https://www.nobelprize.org/prizes/chemistry/2018/arnold/biographical/


How Enzymes are Made

        Codon Table 
DNA->RNA->amino acid



Nuts and Bolts of Enzymes: How are they Made and Do Stuff

By Kep17 - Own work, CC BY-SA 4.0

By Thomas Shafee - Own work, CC BY 4.0

By Thomas Shafee - Own work, CC BY 4.0 

https://commons.wikimedia.org/w/index.php?curid=87932134
https://commons.wikimedia.org/w/index.php?curid=38738689
https://commons.wikimedia.org/w/index.php?curid=45801557


Enzyme ActivityBy Thomas Shafee - Own work, CC BY 4.0 

https://commons.wikimedia.org/w/index.php?curid=47436421


Enzyme ActivityBy Thomas Shafee - Own work, CC BY 4.0 
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https://commons.wikimedia.org/w/index.php?curid=47436421


Arnold: Directed Evolution

Subtilisin E expression by colonies of 
bacteria produce “halos” of casein 
processing 

converts suc-Ala-Ala-Pro-Phe-p-
nitroanilide (sAAAPF-pna) for 
quantitative data 

using error-prone PCR to introduce 
mutations in DNA (misbalanced dATP)



Arnold: Directed Evolution



Arnold: Directed Evolution



Arnold: Directed Evolution

Sequential rounds of mutagenesis and 
screening have yielded a variant (PC3) 
that hydrolyzes a peptide substrate 256 
times more efficiently than wild-type 
subtilisin in 60% dimethylformamide 
(DMF). 

Starting with a variant containing four 
effective amino acid substitutions … 
found an additional 6. 

PC3 subtilisin is 130 times more 
efficient than wild-type subtilisin E in 
40% DMF.  
 



Arnold: Directed Evolution

(10M is what the last paper developed)



Arnold: Directed Evolution

selecting for higher temperature activity

Thermitase differs from subtilisin E at 157 amino acid positions.  
However, only eight amino acid substitutions were sufficient to convert subtilisin E into an enzyme equally thermostable.  



Arnold: Directed Evolution



Arnold: Directed Evolution
Homolog Shuffling  aka Molecular Breeding 
invented by Stemmer 1994



Arnold: Directed Evolution



Arnold: Directed Evolution
Cytochrome P450 

-superfamily of enzymes containing heme as 
a cofactor that mostly, but not exclusively, function 
as monooxygenases 
-In mammals, these proteins oxidize steroids, fatty 
acids, and xenobiotics, and are important for 
the clearance of various compounds, as well as for 
hormone synthesis and breakdown 
-In plants, these proteins are important for the 
biosynthesis of defensive compounds, fatty acids, 
and hormones



Arnold: Directed Evolution
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Arnold: Directed Evolution
• Instead of producing pharmaceuticals, plastics and other 

chemicals using traditional chemistry, which often requires 
strong solvents, heavy metals and corrosive acids, her 
idea was to use the chemical tools of life: enzymes. They 
catalyse the chemical reactions that occur in the Earth’s 
organisms and, if she learned to design new enzymes, she 
could fundamentally change chemistry. 

• Her research group has developed enzymes that 
transform simple sugars to isobutanol, an energy-rich 
substance that can be used for the production of both 
biofuels and greener plastics. 

• Arnold and co-workers changed the activity of cytochrome 
P450 to catalyse a set of reactions for which no specific 
enzyme was previously available, for example, 
cyclopropanation. (Cytochrome P450BM3)



Arnold: Directed Evolution
• Arnold and co-workers started from a cytochrome P411 

variant that performs azide reduction about 100 times 
more efficiently than nitrene transfer to sulphide. Using 
directed evolution they produced an enzyme variant that 
instead efficiently promotes the desired nitrene transfer 
process. 

• Arnold and co-workers evolved a multi-enzyme pathway 
for carotenoid production in E. coli.  

• Her lab also showed how whole-cell biocatalysts can be 
developed for the production of valuable chemicals by 
using directed evolution to enable the production of L-
methionine in E. coli. 

• Directed evolution of enzymes has become a highly 
efficient protocol for development of biocatalysts with high 
specificity, limited side reactions and tolerance of diverse 
reaction conditions.



Directed Evolution Applications

Radley, E., Davidson, J., Foster, J., Obexer, R., Bell, E. L., & 
Green, A. P. (2023). Engineering enzymes for environmental 
sustainability. Angewandte Chemie International Edition, 62(52), 
e202309305.



Directed Evolution Applications

Hoose, A., Vellacott, R., Storch, M., Freemont, P. S., & Ryadnov, 
M. G. (2023). DNA synthesis technologies to close the gene 
writing gap. Nature Reviews Chemistry, 7(3), 144-161.

de novo synthesis of specific DNA oligoes

TdT : terminal deoxynucleotidyl transferase 
  
- DNA polymerase that is template 

independent 
- in other words can add nucleotides to end



Hero of Evolution 2024

Frances Arnold at Caltech in 2021 by Christopher Michel
By Cmichel67 - Own work, CC BY-SA 4.0, 

https://commons.wikimedia.org/w/index.php?curid=125897099

https://commons.wikimedia.org/w/index.php?curid=125897099

