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OBJECTIVE: The overall goal of this research is to develop strategies for the evolution 
of novel functions in proteins. The main objective of this project has been to realize the 
functional expression of eukaryotic peroxidases in facile recombinant hosts (bacteria and 
yeast), which is a prerequisite to tailoring these enzymes for industrial and Naval 
applications. We have improved the folding and expression of horseradish peroxidase in 
recombinant hosts by directed evolution. 

APPROACH: When expressed in the recombinant organisms such as E. coli or yeast, 
these enzymes often fail to fold into the active form. Instead, the polypeptides 
accumulate in inactive aggregates. We have sought to improve the folding and 
expression of horseradish in recombinant hosts by modifying its sequences using 
"directed evolution". Our goal is to search systematically for mutations in the genes that 
can facilitate folding of the polypeptides in the recombinant host environments, without 
compromising catalytic activity. 

ACCOMPLISHMENTS: We developed a high throughput screen for HRP activity in 
complex media and used this to identify HRP mutants that are functionally expressed in 
both bacteria (E. coli) and yeast (S. cerevisiae). Through three rounds of directed 
evolution by random point mutagenesis and screening, we obtained a 40-fold increase in 
total HRP activity in the S. cerevisiae culture supernatant compared to wild type, as 
measured on ABTS (2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid). Genes from 
wild type and two high-activity clones were expressed in P. pastoris, where the total 
ABTS activity reached 6000 units/L in shake flasks. The mutants show up to 5.4-fold 
higher specific activity towards ABTS and 2.3-fold higher towards guaiacol.   Similar 
results have been obtained in E. coli, from which the enzyme is also secreted into the 
medium. E. co/7-expressed HRP was also used to screen large libraries of cytochrome 
P450 mutants by combining the P450-catalyzed hydroxylation with a peroxidase- 
catalyzed oxidative coupling reaction in vivo. 

CONCLUSIONS: It had been reported that horseradish peroxidase (HRP), a 
glycosylated heme peroxidase, fails to express in active form in E. coli and yeast. We 
proposed that we could find mutations in the HRP gene or regulatory elements that allow 
functional expression of this enzyme.   We have shown this to be the case. 

SIGNIFICANCE: Peroxidases are useful enzymes for organic synthesis, bioremediation 
and biosensor applications.   However, the naturally-occurring enzymes exhibit properties 
that limit their practical applications, including sensitivity to peroxide, poor stability and 
low activity towards nonnatural substrates or in nonnatural environments.   We have 
succeeded in expressing HRP in bacterial and yeast hosts suitable for directed evolution. 
These systems will now allow us to optimize HRP for specific anDlications by directed 
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evolution. We have also clearly demonstrated that these, and presumably other, enzymes 
can indeed be expressed in E. coli and yeast. 

PATENT INFORMATION: 

Filed U.S. patent application "Expression of Functional Eukaryotic Proteins, Ser. No. 
09/247,232, February 9, 1999. Filed continuation-in-part March 27, 2000. 

AWARD INFORMATION: Frances Arnold was elected to National Academy of 
Engineering, January 2000. Jeffrey Moore, a former Ph.D. student in this group, was 
awarded a major international biotechnology prize, the Lonza Centenary Biotechnology 
Prize, for his work in this laboratory on directed enzyme evolution, June 1998. 
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