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Abstract

The selective preparation of the four stereoisomers ofb-methylphenylalanine (Mphe) from mixtures of the four stereoiso-
mers ofN-carbamoyl-b-methylphenylalanine (NCMphe) withN-carbamoyl amino acid amidohydrolases (carbamoylases) was
developed.d-Carbamoylase specifically hydrolyzedthreo-d-NCMphe with a little side activity towarderythro-d-NCMphe,
thusthreo-d-Mphe was produced with high optical purity from a mixture of the four stereoisomers of NCMphe.l-Carbamoylase
specifically producedthreo-l-Mphe from a mixture of the four stereoisomers of NCMphe. Theerythro-d-Mphe was obtained
fromerythro-dl-NCMphe which was prepared through diastereomer resolution by separative crystallization of benzoyl Mphe
with a little side activity ofd-carbamoylase towarderythro-d-NCMphe and the remainingerythro-l-NCMphe was chemically
hydrolyzed toerythro-l-Mphe. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Recently N-carbamoyl-d-a-amino acid amidohy-
drolase (d-carbamoylase) andN-carbamoyl-l-a-amino
acid amidohydrolase (l-carbamoylase) were found to
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recognize the configuration of not only thea-carbon
but also theb-carbon ofa-amino acids [1,2]. These
features are useful for the stereospecific synthesis
of a,b-diastereomeric amino acids which have four
stereoisomers and thus are difficult to synthesize
selectively by means of conventional organic and
enzymatic methods.

b-Methylphenylalanine (Mphe) is one sucha,b-
diastereomeric amino acid and is found among some
microbial secondary metabolites. As summarized in
Fig. 1d-carbamoylase specifically hydrolyzesthreo-d-
N-carbamoyl-b-methylphenylalanine (NCMphe) with
a little side activity towarderythro-d-NCMphe and
l-carbamoylase specifically hydrolyzesthreo-l-NCM-
phe in a mixture of the four stereoisomers of NCM-
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Fig. 1. Stereoselectivity of carbamoylases as to NCMphe stereoisomers.

phe. In this study the characteristics of these carbamo-
ylases were applied to the practical preparation of
each stereoisomer of Mphe from mixtures of the four
stereosiomers. Fig. 2 summarizes the strategy for
the separative preparation of Mphe isomers with the
carbamoylases.Thethreo-d-Mphe can be obtained
through the hydrolysis of a mixture of the four stereo-
isomers of NCMphe byd-carbamoylase. Thethreo-

Fig. 2. Strategy for the separative preparation of Mphe stereoisomers with carbamoylases.

l-Mphe can be obtained through the hydrolysis of
the same mixture byl-carbamoylase. Theerythro-d-
Mphe can be obtained with the side activity ofd-carba-
moylase towarderythro-d-NCMphe fromerythro-dl-
NCMphe which is obtained by separative crystalliza-
tion of benzoyl Mphe and successive debenzoylation
and carbamoylation. Chemical hydrolysis of the re-
mainingerythro-l-NCMphe leads toerythro-l-Mphe.
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2. Materials and methods

2.1. Chemicals

A mixture of the four stereoisomers of Mphe was
synthesized according to the method described pre-
viously [3].The erythro-dl-Mphe was obtained by
separative crystalization of benzoyl Mphe and suc-
cesssive debenzoylation [3]. The molar ratios of the
erythro-l, threo-l, erythro-d and threo-d isomers in
Mphe anderythro-dl-Mphe were 27/23/27/23 and
48/2/48/2, respectively.N-Carbamoyl derivatives of
amino acids were synthesized by the method of Nyc
and Mitchell [5].

2.2. Microorganisms, culture conditions and enzyme
preparation

The partially purified enzyme fraction fromBlas-
tobactersp. A17p-4 AKU 990 [6] and washed cells
of Alcaligenes xylosoxidansA35 AKU 110 [7] (AKU
Culture Collection, Faculty of Agriculture, Kyoto Uni-
versity) were used as the sources ofd-carbamoylase
and l-carbamoylase, respectively.Blastobacter sp.
was cultivated in medium comprising 0.1% (w/v)
KH2PO4, 0.1% K2HPO4, 0.03% MgSO4·7H2O,
0.03% FeSO4·7H2O, 0.3% yeast extract, 0.3% meat
extract, 1.0% glycerol, 0.2% peptone and 0.15% uracil
(pH 7.0) at 28◦C for 7 days as described previously [6].
d-Carbamoylase was partially purified from a cell-free
extract ofBlastobactersp. through DEAE-Sephacel
column chromatography as described previously [6,8].
A. xylosoxidanswas cultivated in medium comp-
rising 0.1% (w/v) KH2PO4, 0.1% K2HPO4, 0.03%
MgSO4·7H2O, 0.1% yeast extract, 1.0% glycerol,
1.0% NH4Cl and 0.15%N-carbamoyl-l-leucine (pH
7.0) at 28◦C for 1 day. Washed cells ofA. xylosoxi-
danswere prepared as described previously [2].

2.3. Reaction conditions for threo-d-Mphe
production withd-carbamoylase from a mixture of
the four stereoisomers of NCMphe

The reaction mixture comprised of 5 ml, 50 mg
(45 mM) NCMphe (mixture of the four stereoisomers),
200 mM potassium phosphate buffer (pH 7.0) and
partially purifiedd-carbamoylase (10 U). The reaction

was carried out at 30◦C. Aliquots of the reaction mix-
ture were taken and used to monitor the reaction. After
the reaction the Mphe produced was isolated with a
Sep-Pak Plus C18 cartridge using 3% (v/v) methanol
as the mobile phase and then used for analysis.

2.4. Reaction conditions for threo-l-Mphe
production withl-carbamoylase from a mixture of
the four stereoisomers of NCMphe

The reaction mixture comprised of 5 ml, 50 mg
(45 mM) NCMphe (mixture of the four stereoiso-
mers), 200 mM Tris–HCl (pH 7.4) and 500 mg
washed cells ofA. xylosoxidans(corresponding to
20 U l-carbamoylase). The reaction was carried out
at 30◦C. Aliquots of the reaction mixture were taken
and used to monitor the reaction. After the reac-
tion the reaction mixture was centrifuged (3500 rpm,
10 min) and the Mphe produced in the supernatant
was isolated by Sep-Pak cartridge chromatography as
described above and then used for analysis.

2.5. Reaction conditions for erythro-d-Mphe and
erythro-l-Mphe production withd-carbamoylase and
chemical hydrolysis from erythro-dl-NCMphe

The reaction mixture comprised of 5 ml, 50 mg
(45 mM) erythro-dl-NCMphe, 200 mM potassium
phosphate buffer (pH 7.0) and partially purified
d-carbamoylase (100 U). The reaction was carried out
at 30◦C. Aliquots of the reaction mixture were taken
and used to monitor the reaction. After the reaction
was completed the Mphe produced and NCMphe
remaining were isolated by Sep-Pak cartridge chro-
matography as described above. The isolated Mphe
was directly used for analysis and NCMphe was
further chemically hydrolyzed toerythro-l-Mphe by
treatment with nitrous acid [9] and purified with a
Sep-Pak cartridge and then used for analysis.

3. Analytical methods

Quantitative analysis of the four stereoisomers of
Mphe was performed by the method of Buck and
Krummen [10] after derivatization witho-phthalalde-
hyde andN-acetyl-l-cysteine. Analysis was performed
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by high-performance liquid chromatography (HPLC)
with a Shim-pack CLC-ODS(M) column, 4.6 ×
250 mm (Shimadzu, Japan) and a fluorescence detec-
tor as described previously [1]. Enantiomeric purity
was expressed as % enantiomer excess (e.e.) for both
thea-carbon (Ca) and theb-carbon (Cb). Thee.e.(%)
for Ca was expressed as the absolute value obtained
with the formula 100× [(d-l)/(d + l)]. The e.e.(%)
for Cb was expressed as the absolute value obtained
with the formula 100× [(threo− erythro)/(threo+
erythro)]. Quantitative analysis ofthreo-dl- and
erythro-dl-NCMphe was performed by HPLC with a
Cosmosil 5C18-AR column (4.6 × 250 mm Nacalai,
Tesque, Japan) and 35% methanol (pH 2.5) as the
mobile phase, as described previously [2].

4. Results

4.1. threo-d-Mphe production withd-carbamoylase
from a mixture of the four stereoisomers of NCMphe

NCMphe hydrolysis by theBlastobacterd-carba-
moylase is shown in Fig. 3. The enzyme preferentially
hydrolyzedthreo-d-NCMphe with very little activity
toward erythro-d-NCMphe. After 50 h the reaction
was stopped andthreo-d-Mphe (9.7 mg) was isolated
(molar yield, 19.4%;e.e.for Ca, >99%;e.e.for Cb,
89.9%).

Fig. 3. NCMphe hydrolysis by theBlastobacter sp. d-carba-
moylase. The reaction was carried out under the conditions given
in Section 2. (d), threo-d-Mphe; (s), erythro-d-Mphe; (h), sum
of threo-d- and threo-l-NCMphe; (1), sum of erythro-d- and
erythro-l-NCMphe.

Fig. 4. NCMphe hydrolysis byA. xylosoxidanscells containing
l-carbamoylase. The reaction was carried out under the conditions
given in Section 2. (d), threo-l-Mphe; (s), erythro-l-Mphe; (h),
sum ofthreo-d- andthreo-l-NCMphe; (1), sum oferythro-d- and
erythro-l-NCMphe.

4.2. threo-l-Mphe production withl-carbamoylase
from a mixture of the four stereoisomers of NCMphe

NCMphe hydrolysis byA. xylosoxidanscells is
shown in Fig. 4. The cells stereospecifically hydro-
lyzed threo-l-NCMphe. After 23 h the reaction was
stopped andthreo-l-Mphe (9.5 mg) was isolated
(molar yield, 19.0%;e.e.for Ca, >99%;e.e.for Cb,
>99%).

Fig. 5. Hydrolysis of erythro-dl-NCMphe by theBlastobacter
sp.d-carbamoylase. The reaction was carried out under the condi-
tions given in Section 2. (d), erythro-d-Mphe; (s), threo-d-Mphe;
(h), sum ofthreo-d- andthreo-l-NCMphe; (1), sum oferythro-d-
and erythro-l-NCMphe.
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4.3. erythro-d-Mphe and erythro-l-Mphe production
with d-carbamoylase and chemical hydrolysis from
erythro-dl-NCMphe

Hydrolysis oferythro-dl-NCMphe by thed-carba-
moylase is shown in Fig. 5. After 170 h the reac-
tion was stopped anderythro-d-Mphe (15.7 mg) was
isolated (molar yield, 39.0%;e.e. for Ca, >99%;
e.e.for Cb, 91%). Theerythro-l-NCMphe (23.2 mg,
46.4% yield) isolated from the reaction mixture was
then treated with nitrous acid anderythro-l-Mphe
(14.9 mg) was isolated (molar yield, 29.8%;e.e. for
Ca, 88.6%;e.e.for Cb, 92.4%).

5. Discussion

All stereoisomers of Mphe were obtained with con-
siderably high enantiomeric purity and in practically
high yields. These stereoisomers are practically useful
for the synthesis of some microbial secondary metabo-
lites. Bottromycin a peptide antibiotic discovered in
the fermentation broth ofStreptomyces bottropensis
[3] and AK-toxin I a host-specific phytotoxic metabo-
lite produced by theAlternaria alternataJapanese pear
pathotype [4] contain Mphe as a component.

The present study is a good example of the
use of enzymes for the stereoselective synthesis of
a,b-diastereomeric amino acids. The other reported
examples are the use of threonine aldolases for the
stereospecific synthesis ofa,b-diastereomeric amino
acids. However, threonine aldolases are only useful
for amino acids with a hydroxy-group at theb-carbon
[11–13], i.e. not for those without a hydroxy-group

like Mphe. The present results show the potential of
carbamoylases which react with a wider range of sub-
strates [14] for the stereoselective synthesis of a vari-
ety of a,b-diastereomeric amino acids.
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