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Abstract: D-amino acid oxidase, branched-chain amino acid aminotransferase and excess L-glutamate are
used to convert racemic mixtares o the L-form enantiomer in high chemical and optical yields for a number
of both common and non-biological amino acids.

Stereoselective procedures for the synthesis of amino acids have been developed which are suitable for
the chiral introduction of each of the four groups attached to the alpha carbon.! For many applications these
chiral syntheses offer a clear advantage over racemic procedures only whea sufficiently high enantiomeric
purity is obtained so as to obviate the need for an often laborious resolution procedure. On the other hand,
racemic syntheses generally utilize simpler and more readily available starting materials. This is particularly
relevant for isotopic labeling syntheses since the initial form of the isotope often strongly circumscribes the
practical synthetic pathways. Development of a straightforward means to convert the undesired (usually D-
form) to the desired (usually L~-form) enantiomer would serve to overcome the dominant limitation of racemic
amino acid synthetic procedures, We report a one-pot enantiomeric conversion system in which the
intermediate a-oxo acid, generated via D-amino acid oxidase, is converted in situ to the corresponding L-
form amino acid.

Several studies have generated L-amino acids from the corresponding a-oxo acids either directly or via a
coupled system using NAD(P)H dependent glutamate,2 malate or leucine + formate® dehydrogenases.
These redox-coupled systems exhibit a limited substrate range. More importantly they are restricted by the
chemical instability of NAD(P)H, particularly in the presence of oxygen. With the exception of a 100 tmot
enantiomeric conversion of D,L-methiotiine using the leucine dehydrogenase,* these redox enzyme
procedures have made use of the independently generated a-oxo acids.

The oxygen sensitivity of redox enzyme catalyzed enantiomeric conversion has been circumvented for
cyclic imino acids® by making use of inorganic reductants. D-proline and D-pipecolic acid are excellent
substrates for the porcine D-amino acid oxidase.® Since sodium borohydride does not significantly inhibit
this enzyme,” it can be used to reduce the protonated iminium group formed so as to regenerate the amino
acid, 50% of the time as the desired L-form. Unfortunately, the decreased hydrolytic stability of the
intermediate imine renders this approach far less fruitful for acyclic amino acids.’
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‘We have examined the comparatively oxygen insensitive E. coli branched-chain amino acid
aminotransferase as a means of converting the intermediate a-oxo acids to the L-form amino acids as
illustrated in Scheme 1. Genetic studies® indicated a rather broad specificity for the E. coli branched-chain
amino acid aminotransferase which prompted our cloning and overexpression of the corresponding gene.”
The initial biochemical studies™10 suggest the specificity of the aminotransferase is nearly as broad as that of
the widely studied oxidase.5
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Having circumvented the dehydrogenase-driven reaction, an alternate means is required to shift the
equilibrium toward the desired L-amino acid. We have found quite useful the simple expedient of adding an
excess of the physiological amine donor L-glutamate. Monosodium glutamate is soluble to above 0.5 M. We
observed negligible inhibition of either the oxidase or transaminase reaction under these conditions. Cost is
of limited concern as due to its use in the food additive industry, L-glutamate is produced at a level of 5x105
tons/year at a cost of around $6/g.!! The only practical problem is the need to remove the 10-fold excess of
L-glutamate standardly used in these reactions. However, the negative charge on the sidechain makes the
separation of glutamate from the neutral amino acids straightforward via ion exchange chromatography.

Table 1. Oxidase-Aminotransferase Enantiomeric Conversion Yields

D,L Amino Acid Scale [(BCAT] [oxidase) yield
(mmoles) (U/mi) (U/ml) (gram-%)

Valine 10 0.025 0.1 1.05 (90%) 99.1
Leucine 10 0.025 0 1.14 (87%) 99.6
Isoleucine 10 0.05 0.2 1.14 (87%) 96.7
Methionine (72hr) 10 0.025 0.1 1.07 (72%) 99.5
Methionine (24hr) 10 0.075 0.3 1.34 (90%) >99.8
Dnincbuyae S 025 03 Suoim 907
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Allylglycine 5 0.25 02 035 (61%) 98.5



The first six entries of Table 1!2 indicate the results for several standard amino acids. Enantiomeric
excesses of approximately 99% were obtained as determined by HPLC analysis of the 2,4-dinitrophenyl-5-
L-alanige amide derivatives (ic. Marfey's reagent).!> The exception is "D,L isoleucine” which is in fact a
mixture of all four isomers at the & and B positions. The reduced enantiomeric purity of this product
presumably reflects the lower activity of the D-amino acid oxidase on D-alloisoleucine as compared to D-
isoleucine. In all cases the residual D-form amino acid is a reflection of the amount of D-amino acid oxidase
used. The amount of oxidase can be increased when higher enantiomeric purity is required. With the
exception of methionine, the recovered yields for the three day protocol are approximately 90%. In this case
it was suspected that instability of the intermediate o-oxo acid might have contributed to the reduced yield for
methionine. A one day methionine experiment was conducted using a 3-fold increase in the amount of
oxidase and aminotransferase and a 90% yield was obtained.

Further experiments were conducted to examine the utility of this enantiomeric conversion system for the
production of nonstandard amino acids since efficient enzymatic catalysis is often limited to the nawral
biological substrates. For both 2-aminobutyric acid and 2-amino-4-pentenoic acid (allylglycine) there is
approximately a hundred-fold price differential between the racemic and the pure L-form. 2-Amino-4-
pentenoic acid (allylglycine) offers a particularly interesting case. Marcotte and Walsh!4 have shown that the
D-amino acid oxidase product 2-iminium-4-pentenoate rapidiy tautomerizes to the potent noncovalent
inhibitor 2-amino-2,4-pentadienoate as illustrated in Scheme 2. Even if the initial iminium intermediate
hydrolyzes to the 2-oxo form, an analogous tautomerization yields the strongly inhibitory 2-hydroxy-2,4-
pentadienoate. By directly coupling this D-amino acid oxidase reaction to transamination, conversion to the
desired L-amino acid successfully competes for the intermediate 2-oxo acid. As a result the oxidase enzyme
is more efficiently utilized. Furthermore, since less 2-amino-2,4-pentadienoate and 2-hydroxy-2,4-
pentadienoate is formed, less of the sample undergoes the additional irreversible rearrangement to the fully
conjugated molecules. 4

H T |'l H H H
H)c—!:-?--ﬁ-ucoo- —-H‘ca—é—]-— -—Coo —‘H:C-J’"‘I"“f—cw
H H’ ? H

H NH,* H NH;* NH,

H ||1 H H T H
H:C-L—lf—i-m - H:C-L—-T—-li—coc’ —-‘H:C—é—é—?—cw
H H NHg* H #H O H OH

Scheme 2



32

The case of allylglycine illustrates the general advantage of directly coupling the oxidase reaction with
transamination in onder to minimize the accumulation of the intermediate o-oxo acids. Although the degree of
inhibition is strongly dependent on the a-oxo acid in question (fortunately a-oxoglutarate is a veryJoor
inhibitor'%), a Kj of 1-5 mM is observed for a number of the common a-oxoacids. 'S The KM values for the
amino acids used in this study similarly lie near 1 mM.16

This coupled oxidase-aminotransferase system is quite robust in terms of consistently high product
yields. This enantiomeric conversion system is amenable to substantially larger scale reactions than have
been reported here. Porcine D-amino acid oxidase is already widely used commercially and the amount of E.
coli branched-chain amino acid aminotransferase used in the ten millimole valine reaction presents less than
0.05% of that obtained from a standard 10 liter fermenter culture. Initial studies indicate that the substrate
range can be significantly broadened. It should be noted that only one equivalent of L-glutamate is consumed
for each equivalent of D-amino acid converted. The chromatographic isolation procedure allows for direct
recycling of the remaining L-glutamate as warranted.
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