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S1I Results and Discussion

Chemoenzymatic application of Ela as well as of Elo and E. coli Elo via enzymatic carboligation
reactions

The utility of ThDP-dependent enzymes in asymmetric synthesis of a-hydroxy ketones as precursors for
fine chemicals in the pharmaceutical industry has been extensively studied and reviewed over the recent
decades [1-9]. More recent application of the ThDP-dependent carboligases is found in biocatalytic
cascade reactions (so called biocatalytic cascade strategy) [10,11]. Considering the broad substrate
specificity of the Ela, it could be effectively employed in chemoenzymatic synthesis of 2-oxohexandioic,
2-oxoheptandioic, 2-oxohexanoic and 2-oxoheptanoic acids as presented in Scheme S1. In general, the
title compounds could be synthesized from the one-carbon shorter homologue via a three steps synthetic
route. The key to the novel application is the reaction of the 2-oxo acid with the first E1 component (Elo
or Ela) of the corresponding 2-oxo acid dehydrogenase complex (all E1°s are ThDP-dependent enzymes),
shortening the carbon chain by one carbon atom via decarboxylation to the Ela-ThDP-bound enamine
intermediate, which then undergoes a carboligation reaction with glyoxylate, increasing the chain length
by two carbon atoms, yielding a 2-hydroxy-3-oxoalkanoic acid. In the second step, the 3-oxo group could

be reduced by NaBH4 yielding a 2,3-dihydroxy-alkanoic acid; the latter in the third step is dehydrated to

an alkenoic acid, expected to be formed by initial abstraction of the C2a-proton, followed by loss of the
3-hydroxyl group. The dehydration creates an enol that on spontaneous ketonization yields the 2-oxo acid
product. Two recombinant enzymes, the human Elo and Ela in the authors’ laboratories, and the E. coli
Elo earlier engineered in the authors’ laboratories [12, 13] provide the enzymes required for the first step.
Plausible extension of the method includes the following:

(1) Creation of a large variety of 3-(alkyl, aryl)-amino-2-hydroxy-alkanoic mono and diacids via reductive
amination of the ketone produced in step one.

(i1) Conversion of novel 2-oxo acids to the CoA thiolesters with one fewer CH) group using the enzymes
in the authors’ laboratories.
(ii1) Creation of 2-oxoadipic acid and 2-oxopimelic acid semialdehyde intermediates (afforded by the

ability of the Ela (Elo)-ThDP-bound enamine intermediate to undergo carboligation reactions with both



glyoxylate and its ethyl ester, rendering it DIBALH reducible) which can be used for further chain
elongation via aldol-type condensation leading to both even and odd- carbon fatty acid derivatives/mimics.
We further emphasize that the initial enzymatic carboligation leads to the introduction of a chiral a-ketol
(observed and its stereochemistry assigned according to a well-characterized CD band at 278 nm), while
chiral reducing agents are available for the reductive amination reactions, thereby creating the possibility
of generating all four diastereomeric products, so crucial in pharmaceutical research for identification of

the active stereoisomer.



Homologation of 2-oxo acids via carboligation and its synthetic applications
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Scheme S1. Potential chemoenzymatic application of Ela via carboligation
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Figure S1. SDS-PAGE of the fractions of human Ela eluted after affinity chromatography
using a Ni column.
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