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mammalian tissues or fungi to prepare L-amino

Introduction
D-Amino acids were once regarded as
unnatural compounds, but that is not the case.

It

acids.

D-Amino

products.

acids were produced as side-

We

first

using

microbial

is now highly probable that D-amino acids

aminotransferases

prebiologically occurred in the primordial soup.

prepared, and found a few new aminotransferases

The L-amino acids of the racemates synthesized on

such as L-lysine ε -aminotransferase(5) and

the primeval Earth were selectively incorporated

taurine

into proteins leading to the production of enzymes

screening the enzymes participating in D-amino

and eventually the birth of the first organisms.

acid metabolism as well.

Accordingly, the first organisms were quite likely

account of my biochemical research on D-amino

emerged in the presence of racemic or D-amino

acids with a perspective.

acids.

by

studied

aminotransferse(6).

L-amino

We

acids

undertook

I describe here a brief

In fact, D-amino acids are found in both

free and petidyl forms in hyperthermophilic

Results and Discussion
We found that various species of Bacillus

archaea, which are presumed to be the most
primitive organisms.

Various D-amino acids are

abundantly

produce

D-amino

acid

now demonstrated not only microorganisms, but

aminotransferase, and purified and characterized

also in higher plants, insects, marine invertebrates

the enzymes from B. sphaericus(7) and a moderate

and mammals (1-3). Only recently, it was reported

thermophile, Bacillus

sp. YM-1 isolated from a

that D-histidine and D-lysine react with respective

dust

The

aminoacyl-tRNA synthetases of Escherichia coli

thermophile is thermostable.

(4) : D-amino acids may be incorporated into usual

structure,

proteins to produce unusual proteins, though very

mechanism, suicide-substrate reaction mechanism

slowly.

and stabilization mechanism by using the enzyme

In the late 1950’s when we began to study

of

sauna(8).

enzymological

enzyme

from

the

We showed the

properties,

reaction

produced by the clone cells of E. coli (9).

The

D-amino acid biochemistry, only a few scientists

stereospecificity of enzyme is absolute: D-amino

were interested in D-amino acids, and we were

acids are the exclusive amino donors and the

engaged in enzymological study of microbial L-

products from the amino acceptors.

amino acid aminotransferases.

Only several

structural specificity is very low: a variety of D-

kinds

commercially

amino acids and 2-oxo acids are the amino donors

of L-amino acids were

available,

and expensive.

Accordingly,

we

and

acceptors,

respectively.

However, the

The

primary

synthesized the racemates chemically, and resolve

structure of D-amino acid aminotransferase is

them by means of aminoacylase isolated from

significantly homologous to that of branched-chain
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L-amino acid aminotransferase of E. coli, though

re-face

both enzymes fall into the same subgroup of

aminotransferase, in which the residues are shown

aminotrqnsferases on the basis of the primary

on the si-face side(12).

structure, and show no similarity to all other

aminotransferase is peculiar in the substrate

aminotransferases(10).

specificity,

The

circular

dichroism

side

in

the

contrast

to

aspartate

Thus, D-amino acid

primary

structure,

the

spectra of various L-amino acid aminotransferases

stereostructure of the active center and the

such as aspartate aminotransferase show positive

stereospecificity for the hydrogen transfer.

bands at the wavelengths where their internal

Amino acid racemases are unique in the

Schiff base intermediate absorbs, but that of D-

substrate stereospecificity and mode of the reaction.

amino acid aminotransferase shows the negative

They apparently catalyze a simple reaction, namely

band at 430 nm.

the

removal

of

α -hydrogen

from

either

proceeds

enantiomer of a substrate amino acid, and

through an external Schiff base (Fig. 1). D-Amino

subsequently a non-stereospecific reprotonation

acid aminotransferase and branched-chain L-amino

occurs

acid

unique

enantiomers. Almost all the enzymes catalyze

stereospecificity of hydrogen transfer between C-1

various reactions with only one of an enantiomeric

of the amino acid moiety of

and diastereomeric pair of chiral compounds, but

The

aminotransferase

aminotransferase

reaction

show

the

aldimine Schiff base

to

attain

equilibrium

between

both

intermediate and C-4’ of the coenzyme moiety of

the racemases lack the stereospecificity.

ketimine Schiff base intermediate through the

them require pyridoxal phosphate as a coenzyme,

carbanionic intermediate.

Both catalyze the pro-

but some others such as glutamate racemase and

R specific hydrogen transfer in contrast to other

proline racemase require no coenzymes and no

aminotransferases

metals:

aminotransferase

such
and

as

aspartate

ornithine

aminotransferase as shown in Fig. 2
three-

dimensional

structure

aminotransferase is peculiar.

of

δ
(11).

The

D-amino

The catalytically

they

are

requirement.
practically

diverse

in

the

Most of

coenzyme

Almost all the racemases show
the

absolute

substrate

specificity.

Glutamate racemase acts exclusively on D- and Lglutamates.

In contrast, arginine racemase and

important amino acid residues including the

amino acid racemase with low substrate specificity

internal Schiff base lysine 145 are located on the

from

Fig. 1.

Pseudomonas

bacteria

Reaction Mechanism of Aminotransferase (Half-reaction)
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found

in

our
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Fig. ２. Stereochemistry of Hydrogen Transfer by Aminotransferase.
AspAT; Aspartate Ainotransferase
OAT; Ornithineδ-Aminotransferase AlaAT;
Alanine Aminotransferase DAAT; D-Amino Acid Aminotransferase
BCAT;
Branched-Chain Aminotransferase

laboratory catalyze the racemization of a variety of

poly- γ -glutamate in abundance, which is a

amino acids except for acidic and aromatic amino

polycation composed of D-glutamate and L-

acids (13). We showed that the hydrogen

is

glutamate with the molar ratio of about 80:20.

between the

The ratio depends on the species and the growth

transferred

non-stereospecifically

amino acid C-1 of the aldimine Schiff base

conditions.

intermediate and the coenzyme C-4’ of the

isozymes of glutamate racemase, Glr and YrpC.

ketimine

intermediate

in

the

We showed the occurrence of two

transamination

Glr participates in the poly-γ-glutamate synthesis,

catalyzed as a side reaction by alanine racemase

and YrpC is produced only on cell division, and

(Fig 2).

involved in the synthesis of petidoglycan of cell
wall by a supply of D-glutamate, an essential

Glutamate racemase is a typical coenzymeindependent

amino

acid

racemase.

We

constituent.
Poly- γ -glutamate

characterized the racemase from a lactic acid

synthetase

catalyzes

bacterium, Pediococcus pentosaceus

synthesis of the polymer from D- and L-glutamates

(14). The enzyme consists of a single subunit with

in the presence of ATP(15).

molecular weight of about 29,000, and contains an

group of a C-terminal glutamate residue of the

essential cysteine residue at the active center,

growing poly- γ -glutamate is first activated to

which probably serves as a catalytic base to

form a phosphate ester with hydrolysis of ATP.

abstract the substrate α-hydrogen.

It shows no

An amino group of a substrate glutamate attacks

structural similarity to other enzymes, but the

the activated carboxyl group as a nucleophile to

structure of active center is closely similar to the

elongate the polymer: this is an ATP and

heme binding site of hemoglobin and myoglobin.

glutamate-dependent γ -ligase reaction.

Hemine stoichiometrically binds to the enzyme

showed that poly-γ-glutamate synthetase consists

active center to inhibit the activity.

of three components. Component PgsB, which is

the producers of Japanese and Korean
fermented

Chungkookjang,

food,

respectively

Natto
produce

We

found inside the cell membrane, catalyzes the ATP

Several species of B. subtilis, in particular
soybean

The γ -carboxyl

and
and
viscous

glutamate-dependent

probably

in

association

γ -ligase
with

PgsC.

reaction
This

component occurs in the hydrophobic region of

- 83 -

Viva Origino 34 (2006) 81 - 85

Component PgsA is not involved

as a sweetener or a medicine in bound forms, if

in the poly-γ-glutamate chain elongation directly,

more effective methods for production of D-amino

but severs as a kind of transporter, and protects the

acids are developed and industrialized.

polymer formed from the enzymatic and non-

research of molecular evolution of D-amino acid -

enzymatic depolymerization.

metabolizing enzymes and D-amino acids also will

cell membrane.

reaction is peculiar.

The synthetase

The D,L- ratio of the poly-γ

The

stimulate biochemistry and molecular biology.

-glutamate is not regulated by the enzyme, but
depends on the D,L-ratio of substrate glutamate,
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