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Regeneration of Cofactors for
Enzyme Biocatalysis

RAyan D. Woodyer, Tyler W. Johannes and Huimin Zhao

1. INTRODUCTION

Industrial biocatalytic processes continue to become iIncreasingly common as interest in the arca multplies
{(Faber 2000, Koeller & Wong 2001, Schnud et al. 2001, Schoemaker ¢t al. 2003), This imerest 1s dnven
by recent advances in genomacs and genetic engincenng coupled with the need for more selective, safer, and
cleaner reactions, Eneymes as catalysts meet many of the necds of industnal processes. However, most of
the biocatalysts i current use are himited o cofactor-independent enzymes such as hydrolases, which
perform relatively simple chemustry (Faber 2000).  In contrast, cofactor-dependent enzymes, such as
oxidoreductases and iransferases, can perform more complex chemisiry, Many of these resctions are
symhetically useful, Forexample, mootimamide adenine dinucleotide AN A D dependent oxidoreductases catalyze
the asymmetric reduction of carbonyl groups to alcohols and amines (Stewan 2001, Li et al. 2002) and
acetyl-Coenzyme A-dependent (AcCoA) synthetases eatalyee asymmetric carbon-carbon bond formation
{(Patel et al. 1986, Ouyvang et al. 19D, Jossek & Stembuchel 1998, Satoh e al. 2003). However, becase
these enzymes use cofactors, they have seen linde use in large-scale applications,

Cofactors such as NAD aml AcCoA are low molecular weight compounds that are essential for many
enzymatic reactions. Some cofactors such as adenosylcobalamin, pyrdoxal phosphate, biotin, and
favins are tightly bound to the enzymes and are self-regencrating in most cases. However, other
cofactors such as pyndine dinucleotides (NAINPHH)) and nucleoside tnphosphates (NTPs) act more
like cosubsirates, They are loosely bound (K, = pA-mM) and act as functional group ransfer agenis,
and therefore are consumed in stoichiometnic amounis (Chenauli et al. 1988), The limited use of
enzyme-cofactor reactions in industry stems from the high cost of cofactors, which ranges from 3300
mmel for NAD, o several orders of magnitude more expensive for cofactors such as AcCoA and 3-
phosploadenosine-5'-phosphosul Gue (PAPS). Thas high cost prohibits stoichiometric addinon of colactors,
<0 they must be regenerated in sire for any large-scale reaction. Cofactor regeneration can also dnve
the reaction to completion, simplify product isolation, and allow the removal of inhibitory cofactor by-
products, further reducing the cost of synthesis (Chenault et al. 1988). Vanous methodologies of
colactor regeneration have been developed 10 allow the use of catalytic amounts of colactors (Chenaule
& Whitesides 1987, Chenault et al. 1988, Wong & Whatesides 1994, Koeller & Wong 20001, van der
Donk & Zhao 2003, Zhao & van der Donk 2003) and many are described in this chapter.

In order for cofactor regeneration to be economical and practical, several requirements must be met,
First and foremost, the total turnover number (TTN) or the total number of moles of product formed
pier male of cofactor during the course of a complete reaction must be high (Chenault & Whitesides
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Product Information A MOTHER RAPPID FOR GUYS, PUREXPRESSION EXPRESSION WATERMAN. Purified necessary for the translation of E. coli. With nuclease and protease mother activity, the Purexpress system preserves the integrity of DNA and RNA models/complexes and results in modification and degradation free proteins. Transcript and
translation is performed in a reactions of one step and require the mixture of only two tubes. With the results available within hours, Purexpress saves valuable laboratory time and is ideal for high performance technologies. Purexpress Quotes Figure 1: Expression of protein using the in vitro Purexpressa® 25 a®L protein kit reactions containing 250
ng model DNA and 20 units rnase inhibitor were incubated at 37 & ° C per ° C 2 hours. 2.5 ®1 of each reactions was analyzed by SDS-Page using a 10-A & A A 4 € 20%. The red dot indicates the protein of interest. Marker m is the protein staircase (neb #p7703). Figure 2: 35S-Methionine incorporation allows for the view of protein by autoradiogreal
reactions of 25 &®1 containing 250 ng of model DNA, 20 units rnase inhibitor and 2 4® L 35S-MET were incubated at 37 ° C for 2 hours. 2.5 4®1 of each reactions was analyzed by SDS-Page, the gel was fixed for 10 minutes, dry for 2 hours to 80 ° C and exposed to x-ray movies for 5 hours a- 80 A ° C. Figure 3: Reversane and Purexpress Purification
Diagram of Santesis and Purification Figure 4: Expression and Reverse DHFR (A) and T4 DNA (B) Reaa Purexpress 125 a®L Purexpress were performed according to the recommendations in the follow -up manual. The samples were analyzed in a 10% 20% Tris Glycine gel and stained with colomassie blue. Note that in both cases the desired
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