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D-Amino acids and their derivatives are important commercial and ACL46 oligonucleotidesEcarI-SpH fragment of the amplified
products with applications in feed supplements, medicine, cosmetics,PCR product in the size of 1380 bp was extracted from agarose
and as building blocks for compounds with biological or physi- gel and ligated with pUC18, and then used to transfé&ncoli
ological activities. Many enzymes are hitherto used for the JM109 cells. A transformart. coli IM109/pACL60 showed the
production ofb-amino acids.Recent examples include the dynamic  activity of ACL racemase. The plasmid pACL60 was extracted from
kinetic resolution of hydantoins in an industrial scale with hydan- E. coliJM109/pACL60, and the inserted fragment was determined
toinase (EC 3. 5. 2. 2) in combination wilrcarbamoylp-amino to be identical with the reported DNA sequeriée.
acid amidohydrolase (EC 3. 5. 1. Z7and of racemidN-acyl-amino The ACL racemase was purified froB coli IM109/pACL60
acids withN-acyl-o-amino acid amidohydrolase (EC 3. 5. 1.44) by heat treatment and DEAE-Toyopearl 650M, Butyl-Toyopearl
in combination withN-acyl-amino acid racemase (EC 4. 2. 1¢-).  650M, Superdex 200 HR, and MonoQ HR column chromatogra-
Asymmetric synthesis fronu-keto acids has been also achieved phies?® The final preparation gave a single band on SIPRGE.
with p-amino acid aminotransferase (EC 2. 6. 1. 21) and other The substrate specificity of the ACL racemase was examined with

enzymes. cyclic amino caprolactams, together with new substrates amino acid
We have reported the discoveries, properties, and structures ofamides and peptidésThe enzyme acted broadly on various amino
new enzymesp-aminopeptidase (DAP; EC 3. 4. 11. 18)amino acid amides, such as2-aminobutyric acid amide-alanine amide,
acid amidase (EC 3. 5. 1. -), and alkalimepeptidase from L-threonine amide,-norvaline amide,-norleucine amide,-leucine
Ochrobactrum anthropiC1-38, O. anthropi SV3, andBacillus amide,L-methionine amidel-serine amide, and-phenylalanine

cereusDF4-B, respectively:1° Thesep-stereospecific hydrolases  amide?? Kinetic parameters for the two- andL-isomers of amino
can be applied to kinetic resolution of racemic amino acid amides acid amides (alanine amide and 2-aminobutyric acid amide) and
to yield p-amino acids. By this rout®-amino acid may be prepared  L-ACL were obtained from LineweaveBurk plots. TheK, values

in three steps from an aldehy&feThe amino acids can only be  for L-ACL and p- and L-2-aminobutyric acid amide ano- and
obtained in 50% vyield since the enzyme accepts one of the L-alanine amide were calculated to be 10, 3.5, 1.1, 3.4, and 2.5
D-enantiomers as a substrate. If amino acid amide racemase werenM, respectively. Th&/ma.x values toward -ACL andp- andL-2-
used together with thesestereospecific hydrolases, the remaining aminobutyric acid amide anot andc-alanine amide were shown
L-amino acid amide could be racemized andamino acid amide to be 440, 49, 16, 12, and &&8nol/(min mg protein), respectively.
would be completely hydrolyzed to formramino acid. It would Figure 1 shows the time course of racemization reaction of 40 mM
also be possible to synthesizamino acids when amino acid amide  L-alanine amide using the ACL racemase. After 2-alanine amide

racemase is used withstereospecific hydrolases. was completely racemized by the reactiof2-Aminobutyric acid

We discovered amino acid amide racemizing activitgiamino- amide was also completely racemized by the same reaction
e-caprolactam (ACL) racemase (EC 5. 1. 1. 15) fréwhromo- condition (data not shown).
bacter obaeSoda et al. reported that the substrates for ACL race-  These results clearly show that amino acid amides were race-
mase are only ACLg-amino9d-valerolactam, and-amino$-thia- mized by ACL racemase. On the other hand, no racemizing activity

e-caprolactam, but the enzyme does not act on tryptophan amidewas observed with the dipeptides or amino acid derivatives, such
or leucine amidé?-16 After completing our studies, we noticed as L-alanylp-alanine,p-alanyl4i-alanine,L-alanylglycine,L-phe-
thata-H-amino acid amide racemizing activities frokgrobacte- nylglycine, orL-alanine methylester.

rium rhizogenes Arthrobacter nicotianag and Ochrobactrum We previously reported the-stereospecific hydrolysis ab-
anthropi and some of the gene sequences were described in a receramino acid amides by DAP fror®. anthropiC1-38. DAP gene
patentl” However, it does not mention that ACL racemase catalyzes (dap) of O. anthropiC1-38 was cloned ift. coli JIM109, and an

the racemization of amino acid amides. We here demonstrate theexpression plasmid, pDAP1, was constructed. DAP was purified
result of a construction of an efficient system to prodoeamino from E. coli JIM109/pDAP1 harboring thedap gene for b-

acid fromL-amino acid amide by a combination of ACL racemase aminopeptidase as described previol§g§/The final preparation
and p-aminopeptidase. This is the first report of the enzymatic gave a single band on SB®AGE.

synthesis of stoichiometric amountsmfimino acid from.-amino The enzymatic production af-amino acid fromL-amino acid
acid amide by a combination of a new amino acid racemizing amide has been demonstrated by use of ACL racemase Aom
enzyme and-stereospecific amino acid amide hydrolase. obaeand DAP fromO. anthropiC1-38 by one-pot reaction. When

Forty-six oligonucleotides were designed on the basis of nucle- DAP and ACL racemase were used at the same time, 45 mM
otide sequence ok. obaeACL racemase gene, the open reading L-alanine amide was completely convertedbtalanine after 7 h
frame of which is composed of 1305 nucleotides (435 amino acid and the final yield ofb-amino acid was more than 99.7%.
residues). The oligonucleotides were configured complementary to  These results show that it has been possible to construct an
overlap by 20 nucleotideé$;!® combined, and assembled in PCR. efficient system to produag-amino acid fronpL-amino acid amide
The ACL racemase gene was amplified by using combinations of by the ACL racemase armstereospecific hydrolase. The strategy
the two outside primers, the first and the last oligonucleotide (ACL1 from pL-amino acid amides to-amino acids could be applicable
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Figure 1. Enzymatic racemization af-alanine amide and-alanine amide
by ACL racemase. The reaction mixture (2.0 mL) contained 290! of

KPB (pH 7.0), 4 nmol pyridoxal phosphate, g@tnol of L-alanine amide,
and 2.7 nmol (136:g, 47.6 units) of ACL racemase at 3G and pH 7.0.

The reaction was followed by HPLC at the point shown in the graghic.

Symbols: @), p-alanine amide;@®), L-alanine amide.
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Figure 2. Production ofp-alanine fromr-alanine amide. The reaction
mixture (2.0 mL) containing 20@mol of KPB (pH 7.0), 4 nmol pyridoxal
phosphate, 9@mol of L-alanine amide, 1.35 nmol (68y, 23.8 units) of
ACL racemase, and 46 pmol (54, 2.2 units) of DAP at 30C and pH
7.02426 Symbols: (), p-alanine amide; @), L-alanine amide; ),
p-alanine.

to manyp-amino acids. The production ofamino acid could also
be performed in our system that is fed with-amino acid amides,
containing ACL racemase andstereospecific hydrolase.

Supporting Information Available: The SDS-PAGE of purified

ACL racemase and DAP are shown in Figure S1 (PDF). HPLC
analytical data for all compounds are in Figure S2 (PDF). This material

is available free of charge via the Internet at http://pubs.acs.org.

References
(1) Asano, Y.; Libbehisen, T. T.J. Biosci. Bioeng200Q 89, 295-306.

(2) Ikenaka, Y.; Nanba, H.; Yajima, K.; Yamada, Y.; Takano, M.; Takahashi,

S. Biosci., Biotechnol., Biochem999 63, 91—-95.

®
(©)
®)
(6)
)
®)
(©)

Wakayama, M.; Yoshimune, K.; Hirose, Y.; Moriguchi, M.Mol. Catal.
B 2003 23, 71-85.

Tokuyama, S.; Hatano, KAppl. Microbiol. Biotechnal1996 44, 774—
777.

Galkin, A.; Kulakova, L.; Yoshimura, T.; Soda, K.; Esaki, Wppl.
Environ. Microbiol. 1997, 63, 4651-4656.

Asano, Y.; Nakazawa, A.; Kato, Y.; Kondo, K. Biol. Chem1989 264,
14233-14239.

Asano, Y.; Kishino, K.; Yamada, A.; Hamamoto, S.; Kondo, Recl.
Trav. Chim. Pays-Bad4991 110 206-208.

Asano, Y.; Mori, T.; Hanamoto, S.; Kato, Y.; Nakazawa, Biochem.
Biophys. Res. Commuth989 162, 470-474.

Asano, Y.; Ito, H.; Dairi, T.; Kato, YJ. Biol. Chem1996 271, 30256~
30262.

(10) Komeda, H.; Asano, YEur. J. Biochem200Q 267, 2028-2035.
(11) Asano, Y.J. Microbiol. Biotechnol200Q 10, 573-579.
(12) Ahmed, S. A.; Esaki, N.; Tanaka, H.; Soda,Agric. Biol. Chem1983

47, 1149-1150.

(13) Ahmed, S. A,; Esaki, N.; Tanaka, H.; Soda, KEBS Lett 1984 174,

76—-79.

(14) Ahmed, S. A.; Esaki, N.; Tanaka, H.; Soda,Agric. Biol. Chem 1985

(15)
(16)
an
(18)

(19)
(20)

(21)

(22)

(23)

(24)

(25)

(26)

49, 2991-2997.

Ahmed, S. A,; Esaki, N.; Tanaka, H.; Soda, Biochemistry1986 25,
385-388.

Ahmed, S. A.; Esaki, N.; Tanaka, H.; Soda,Agric. Biol. Chem1983

47, 1887-1893.

Boesten, J. W. H.; Raemakers-Franken, C. P.; Sonke, T.; Euverink, W. J.
G.; Pieter, G. WO03/106691, 2003.

Naoko, N.; Oshihara, W.; Yanai, Biochemistry of Vitamin & Birkhauser
Verlag Basel: Boston, MA, 1987; pp 44952.

Nakamura, N.; Oshihara, W.; Yanai, A. Japanese Patent S63-129984, 1988.
Ahmed, S. A.; Esaki, N.; Tanaka, H.; Soda, KEBS Lett 1982 150,
370-374.

The standard reaction mixture for assaying the amino acid amides’
racemase activity contained 100 mM potassium phosphate buffer (KPB),
pH 7.0, 2uM pyridoxal phosphate, and 100 mMamino acid amide.
The amount ob-amino acid amide was determined by high-performance
liquid chromatography (HPLC) equipped with a Crownpak GR ¢olumn
(Daicel Chemical Industries, Ltd., Tokyo, Japan). One unit of enzyme
activity was defined as the amount of enzyme that catalyzed the formation
of 1 umol of b-ACL from L-ACL per minute.

The relative specific activities (at 100 mM each) to ACL (350 U/mg at
100 mML-ACL) were achieved with-2-aminobutyric acid amide (2.7%),
alanine amide (2.1%), threonine amide (1.7%), norvaline amide (1.7%),
norleucine amide (1.5%), leucine amide (1.3%), methionine amide
(0.94%), serine amide (0.47%), and phenylalanine amide (0.052%).
The enzyme activity was assayed by the formatiop-oitroaniline from
p-alaninep-nitroanilide as follows. A reaction mixture contained 50 mM
KPB (pH 7.0), 50 mMb-alaninep-nitroanilide, and an appropriate amount
of the enzyme. The enzyme activity was monitored by the change in
absorbance at 405 nm with a Hitachi U-3210 spectrophotometer. A linear
change in absorbance for 1 min was employed in the kinetic study. One
unit of the enzyme was defined as the amount of enzyme that catalyzed
the formation of 1umol of p-nitroaniline fromp-alaninep-nitroanilide

per rlninute by using an extinction coefficientmhitroaniline, 7620 M1

cm L.

The amounts ofL-alanine amide andL-alanine were determined with

a HPLC equipped with a Crownpak CR-) column at a flow rate of 0.6
mL/min, using the solvent system of 60 mM HGIQ\bsorbance of the
eluate was monitored at 200 nm (Supporting Information, Figure S2).
The identity ofp-alanine formed by the ACL racemase, and DAP of
L-alanine amide was confirmed by its isolation. The reaction mixture
contained 1.0 mmol (124 mg) ofalanine amideHCI, 1.0 mmol of KPB

(pH 7.0), 20 nmol pyridoxal phosphate, 6.75 nmol (34§) of ACL
racemase, and 230 pmol (28) of DAP. After the mixture was incubated

at 30 °C for 8 h, p-alanine formed in the mixture was isolated by a
procedure involving deproteinization by trichloroacetic acid and column
chromatography on a Dowex-X8 (B column. The isolated-alanine
(0.92 mmol, 82 mg) was recrystallized from watenethanot-isopropyl
alcohol-ether. The optical purity of the isolatedalanine was more than
99.9%.

WhenpL-alanine amide (45 mM) was used as a substrate in the same
reaction condition,pL-alanine amide was completely converted to
p-alanine.
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