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ABSTRACTS 
These descriptions are meant to serve as succinct, accurate descriptions of the proposed work when separated from the rest of the application. 

The project objective and technical abstract are used to select reviewers. Do not include proprietary information. The non-technical abstract will be 
used for public information or program promotion, only if funded. Use only single-spaced text; project objective and two abstracts combined 
are limited to one page total.  

PROJECT OBJECTIVE: (Provide a 1-2 sentence, non-technical description of the project’s overall objectives and key milestones.)     
This proposal aims at developing encapsulated biocatalysts to perform light-driven selective insertion of 
an oxygen atom into a substrate unactivated C-H bond with enhanced activity and stability. Such 
system will find applications in biotechnology in the light-driven synthesis of hydroxylated products.  
 

TECHNICAL ABSTRACT: (State the application’s broad, long-term objectives and specific aims for expert reviewers)  
Cytochromes P450 are a superfamily of heme-thiolate monooxygenases, found in almost all living 
organisms that play an important role in the biosynthesis and biodegradation of endogenous compounds. 
The P450 reaction is the introduction of an oxygen atom, derived from molecular oxygen, into a substrate 
unactivated carbon center. The mechanism involves the reductive scission of the O-O bond at the iron 
center, leading to the formation of a highly oxidative heme radical ferryl species, known as Compound I.  
The long-term goal of this research is to develop hybrid P450 heme domain enzymes that selectively 
hydroxylate C-H bonds in various substrates upon light activation with enhanced activity and stability 
compared to the current available systems. This proposal is based on an innovative approach 
consisting of replacing the electron provider, P450 reductase, with a photosensitizer Ru(II) diimine 
complex covalently attached to the heme domain. The two main advantages of using such 
photosensitizer compared to current approaches are: 1) visible light initiation of the electron transfer 
process and 2) faster and better controlled electron injection to the heme site. The proposed system 
should result in enhanced activity of the hybrid enzymes by improving the reductive electron transfer 
steps between the heme and the photosensitizer, thereby minimizing the rapid protein deactivation due to 
uncoupled reactions and the generation of reactive oxygen species. Our preliminary results are evidence 
that the novel hybrid enzymes can oxidize long chain fatty acids under constant visible light irradiation. 
The first aim of this proposal is to optimize the conditions of substrate hydroxylation by the first generation 
of hybrid enzymes and compare the rates and turnover numbers with the current systems. In the second 
aim, the developed hybrid enzymes will be encapsulated into alginate-based macrocapsules in order to 
improve their stability as well as the ease of enzyme recovery. These approaches are aimed at 
overcoming the current challenges (poor protein stability and activity) hampering the extensive use of 
P450 enzymes in biotechnological applications. 

 
NON-TECHNICAL ABSTRACT: (State in layman's terms the application’s broad, long-term objectives and specific aims, making reference 

to the potential public benefits of the project.) 
The specific and selective insertion of an oxygen atom into an unactivated C-H bond remains one of the 
most challenging reactions in organic chemistry. Nature has evolved enzymes into finely tuned 
biocatalysts capable of performing such reaction utilizing molecular dioxygen and reducing equivalents. 
Cytochromes P450 are a unique superfamily of heme-thiolate proteins that catalyze the insertion of an 
oxygen atom, derived from molecular dioxygen, into a C-H bond of a variety of organic substrates, often 
with high degrees of regio- and stereoselectivity. Recent interests in these proteins arise from the desire 
to harness their synthetic potential. However, the slow electron delivery to the active site and the rapid 
protein deactivation due to reactive oxygen species have hampered the use of P450 systems as efficient 
biocatalysts in biotechnological applications. 
We propose to develop novel hybrid P450 enzymes capable of selectively inserting an oxygen atom into 
unactivated C-H bonds upon light activation. This hybrid enzyme is composed of a photosensitizer 
covalently attached to a P450 heme domain mutant. Our preliminary results are evidence that the novel 
hybrid enzymes can oxidize long chain fatty acids under constant visible light irradiation. Our first aim will 
focus on optimizing the conditions for the photocatalytic reactions. In our second aim, we will investigate 
the encapsulation of the hybrid enzymes into macrocapsules to improve their stability and the reusability 
of the hybrid enzymes, a proven cost effective advantage for biotechnological applications. 




