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Abstract: This work focuses on the expression
of a previously uncharacterized alcohol
dehydrogenase (ADH) enzyme and its use In
asymmetric carbonyl reduction chemistry.
Initially, we describe the expression system and
purification of the protein. Homogeneous
protein has been examined for substrate
specificity across a battery of carbonyl
compounds, of variable structures. Finally, we
describe the application of the enzyme to
asymmetric carbonyl reduction, to produce
highly enantiomerically enriched synthetic
building blocks of note. For this application,
conditions are described In which glucose
serves as the terminal reductant,
thermodynamically driving the process. In this
way, one Is harnessing biorenewable redox
equivalents for asymmetric synthesis.
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C. acetobutylicum contains a 192-kb megaplasmid in addition to a
3.94-Mb chromosome. This megaplasmid (above) contains genes
responsible for solventogenic properties that are of interest in biofuel
research!. Figure was generate using Microbial Genome Viewer?.
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Homology model of CaADH*. Model is based
off of 1XG5 (Human Putative DH, 2NWQ
(P aeruginosa DH), and 2NPF (A aquifex DH).
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Fig 2. Relative rates of reduction for various substrates tested on CaADH. Rates were determined at pH 7.0 and at a
substrate concentration of 10 mM. 5% DMSO was present to solubilize substrates. Rates are reported as a
percentage relative to the reduction rate of benzaldehyde.
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Important Note: Substrate decomposition was observed under neutral
or basic pH, so acidic conditions must be used to preserve yield (pH
6.5)- This dictated a study of cofactor regeneration under acidic pH

Taxane Targets

Taxanes are a class of therapeutics that display anti-mitotic
activity. Taxol, an extract from the Pacific Yew, has the
longest running history of Taxane theraperutics. Due to the
detrimental effects of bark extraction, semi-synthetic routes
to Taxol analogs were employed. Taxotere utilizes the 10-
deacetylbaccatin core from the leaves and needles of the
Yew family — a process both renewable and readily
availablel.

The described CaADH has the abillity to reduce an a-
chloro-f3-ketoester to the corresponding hydroxyester
(above left). This reduced product can be converted and
Installed as the phenylisoserine side chain of the taxane
class?. e
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Fig 1. SDS-PAGE (12%) of CaADH purification

Fraction Units/mL* Total Units mg/mL Total mg Units/mg Yield Pur Factor
Crude 38.5 463.1 19.7 236.4 1.95 1
Final 32.1 321.5 0.56 5.6 58.1 70% 30

* - Units defined as ymoles of benzaldehyde reduced per minute
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Conclusions: A new ADH enzyme from Clostridium
acetobutylicum (CaADH) was expressed, purified
and characterized. In addition to displaying high
activity for aromatic aldehyde reduction, CaADH,
showed a general abllity to reduce w-keto esters,
bearing that same aroyl moiety. A general
preference for formation of D-hydroxy esters was
seen, leading to valuable a-, - and y-hydroxy ester
building blocks In 90-99% ee. Expanding on this
trend, successful DYRKR entry into the syn a-
chloro-D-B-hydroxy ester building block for Taxol

Use of Clostridium acetobutylicum ADH
(CaADH) for value added synthesis using
cellulose derived terminal reductants

Potential Bi0o-Cellulos|C Feelng INtO Cofactor
Regeneration Systems

*Biocatalysts are increasingly being used as the
asymmetric catalyst of choice for many organic
transformations
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Some enzymes (ADH’S) require exogeneous
cofactor (NAD(P)H) addition for activity

. . . \m\ and Taxotere was achieved (95% de; 99% ee)
.COfaCtor IS tOO eXpenS|Ve tO be Used 1N Cellglecﬁé?st%%hka When Coupled Wlth a bIOmaSS derlved COfaCtOr

—

stoichiometric amounts as terminal reductant regeneration system (e.g. glucose), these

transformations represent a highly value added
application of biorenewable reducing equivalents.
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e Through coupling reactions, other economical,
biological molecules can be used as terminal
reductants (see biomass .ethanol. and glucose)
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