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Stereochemistry of the Hydrogen Removal at Position 3 in the Enzymic
Synthesis of L-Threonine from O-Phospho-L-homoserine

By CLaubio FUGANTI
(Istituto di Chimica del Politecnico, 20133 Milano, Italy)

Summary Experiments with (3R)- and (35)-[3-*H; U-1C]-
O-phospho-L-homoserine, {la) and (1b), show that the
conversion into L-threonine (2) effected by yeast enzyme
proceeds with loss of the 3-pro-S and retention of the
3-pro-R hydrogen atoms.

THE biological synthesis! of the amino acid L-threonine (2)
proceeds from O-phospho-L-homoserine (1) according to

equation (1). This transformation, catalysed by a pyrid-
oxal phosphate (PLP)? dependent enzyme, formally involves
non-hydrolytic removal of the phosphate group, accom-
panied by the addition of a hydroxy group to give L-threo-
nine (2). We here describe the stereochemical analysis of
the transformation indicated in equation (1), using homo-
serine samples asymmetrically labelled with isotopic hydro-
gen in the 3-position.?:¢
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(3R)-[3-*H]-L-Homoserine was prepared from [&-*H]
cinnamic acid, as reported for the deuteriated series.*> This
material, mixed with [U-1C]-L-homoserine, was converted®
into (3R)-[3-3H; U-4C]-O-phospho-L-homoserine (1a), with-
out tritium loss. The procedure® used in the synthesis of
(3S)-[3-2H]-L-homoserine could not be applied in the scaled-
down tritium work, therefore (35)-[3-3H]-D,L-homoserine
was prepared as follows. Reduction of [¢-*H]cinnamalde-
hyde with fermenting baker’s yeast yielded [2-3H]-3-
phenylpropanol, which, on the basis of studies in the
deuteriated series,® should contain ca. 909, of the 2S-isomer.
This asymmetrically labelled material was converted,
according to the described procedures,® into (3S)-[3-3H]-
p,L-homoserine, mixed with [U-14C]-L-homoserine, and
transformed into [3-°H; U-4C}-O-phospho-L-homoserine,
containing ca. 909% of the (3S)-isomer (1b), using yeast
homoserine kinase, which is specific for the L-isomer.”

Conversion of the two asymmetrically labelled samples
(1a) and (1b) into r-threonine (2) was achieved using a
55%, (NH,),SO, saturation protein fraction from baker’s
yeast in 0-5 M glycylglycine—-KOH buffer, pH 7-3, at 35 °C.
The L-threonine (2) formed in the enzymic reaction from the
(3R)-isomer (1a), and isolated after dilution with inactive
material, showed ca. 959, tritium retention. The following

(5)
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experiments show that the ®H in the biosynthetic sample
was present at position 3 of (2). Metaperiodate oxidation
of labelled (2) gave acetaldehyde (bearing hydrogen atoms
at positions 3 and 4) which was isolated as the dimedone
derivative, with the same molar 3H specific activity as the
starting material, whereas Kuhn-Roth oxidation gave
acetic acid (hydrogen atoms at position 4) devoid of tritium
activity.

Enzymic conversion of the (3S)-isomer (1b) into (2)
occurred with ca. 859 tritium loss, a value which corres-
ponds to almost complete loss of the 3-pro-S hydrogen atom
of (1), if we take into account the optical purity of the
precursor. Lack of material did not allow degradation,
therefore further work is needed, possibly with material of
better optical purity, in order to clarify the possible occur-
rence® of an intramolecular hydrogen shift to the 4-position
of (2).

The results may have the following mechanistic implica-
tion. The key intermediate in the PLP-dependent enzymic
reaction is thought? to be the Schiff base formed by enzyme-
bound PLP with (1), which is expected to have either
conformation (3a) or (3b). The two conformations should
have the following common features: (i) the C,~H, Cg—-H,
and C,-OPO;H, o bonds must be perpendicular to the
extended 7 system in order to optimize orbital interactions
in the bond breaking and making processes, and (ii) H, and
one of the stereoheterotopic 8 hydrogen atoms must be
located on the same side of the plane of the enzyme-bound
PLP ring in order to allow a single base to be used in the
proton removal.’® The present results, showing the loss of
the B pro-S hydrogen atom (HA), point to a pathway
starting from (3a) rather than (3b), and continuing via the
imine (4) and the enamine (5), which eliminates the y-sub-
stituent together with a proton, to give the vinylglycine
derivative (6). The latter picks up a proton from the
y-methylene group yielding the FE-aminocrotonate (7),

6) 7y
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which, upon water addition, possibly assisted by the same reactions and with the general view!® on the significance of
basic group A, gives rise, eventually, to L-threonine (2) with  enzyme stereospecificity.

overall retention of configuration. The last feature is in

agreement with other results'! in the same set of enzymic (Received, 21st November 1978; Com. 1257.)
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