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1. Introduction

Although w-amino acids occur widely in a variety
of animal tissues, plants and microorganisms in the
free or conjugated forms [1], little attention has been
given to the enzymic transamination of w-amino
acids. Taurine-a-ketoglutarate aminotransferase was
found in Achromobacter superficialis [2], purified to
homogeneity, and crystallized to elucidate the physico-
chemical and enzymologic properties [3]. In addition
to taurine, several other w-amino acids can serve as
an amino donor, but a-ketoglutarate is the exclusive
amino acceptor in this amino-transferase reaction.

Recently we demonstrated the occurrence of a
new w-amino acid aminotransferase, taurine-pyruvate
aminotransferase, in the cell-free extract of Pseudo-
monas sp. F-126 [4].

In the present communication the purification,
crystallization, and some properties of the enzyme
are described.

2. Materials and methods

Pyridoxal 5'-phosphate was obtained from Kyowa
Hakko Kogyo, Tokyo; $-alanine from Nakarai
Chemicals, Kyoto; sodium pyruvate from Ajinomoto,
Tokyo; DEAE—cellulose from Midori Juji Company,
Osaka, and Sephadex G-150 from Pharmacia,
Uppsala. Hydroxyapatite was prepared by the proce-
dure of Tiselius et al. [S]. 0-Aminobenzaldehyde was
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synthesized by reduction of o-nitrobenzaldehyde
according to the method of Smith and Opie [6].

2.1. Enzyme assay

The standard assay system consisted of 20 umol of
B-alanine or other amino acid, 20 umol of sodium
pyruvate, 1 umol of pyridoxal 5'-phosphate, 100 umol
of potassium phosphate buffer (pH 8.0) and enzyme
in a final volume of 1.0 ml. In a blank B-alanine was
replaced by water. After incubation was performed
at 30°C for 30 min, the reaction was terminated by
addition of 0.1 ml of 25% trichloroacetic acid followed
by centrifugation. The enzyme was assayed by
determining alanine (method A) or malonic semial-
dehyde (method B) as follows. Method A. Alanine in
the supernatant was determined with ninhydrin after
separation by circular paper chromatography [7] or
with an amino acid analyzer (Nihon Denshi JLC-6 AH).
Method B. To 0.5 ml of the supernatant were added
0.1 ml of 0.8 M KOH, 1.0 ml of 1 M glycine—KCl-
KOH (pH 8.0), and 1.0 ml of 0.025 M o0-aminobenzal-
dehyde (in 10% ethanol) [8]. The mixture was incu-
bated at 37°C for 30 min to develop yellow color,
and then an absorbance was measured at 440 nm
with a Toshiba-Beckman Specta 20 spectrophoto-
meter.

One unit of enzyme was defined as the amount of
enzyme which catalyzes the formation of 1 umol of
alanine or the change in 4 440 of 1.0. Specific activity
was expressed as units per mg of protein. Protein was
determined by the method of Lowry et al. [9].

Pseudomonas sp. F-126 was grown, harvested
and washed as described previously [4]. 8-Alanine
was the best inducer for formation of the enzyme.
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3. Resulis and discussion

3.1. Purification and crystallization

All subsequent operations were performed at
about 5°C. Step 1. Sonic extraction. The washed cells
were suspended in 0.02 M potassium phosphate buffer
(pH 7.4) containing 0.01% 2-mercaptoethanol, and
subjected to sonication for 20 min in a 19 kHz
oscillator followed by centrifugation. Step 2. Poly-
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was added 0.1 ml of 10% polyethyleneimine solution
(pH 7.4) per 100 mg of the protein with stirring.
After 10 min, the bulky precipitate was removed by
centrifugation. The supernatant solution was brought
to 70% saturation with ammonium sulfate. The
precipitate was dissolved in 0.01 M potassium phos-
phate buffer (pH 7.4) and dialyzed overnight against
100 vol. of the same buffer. The insoluble materials
formed during the dialysis were removed by centrifu-
gation. Step 3. First DEAE—cellulose column
chromatography. The enzyme solution was placed on
a DEAE—cellulose column (11 X 100 cm) equili-
brated with 0.01 M potassium phosphate buffer

(pH 7.4). After the column was washed thoroughly
with the same buffer, the enzyme was eluted with
the buffer supplemented with 0.05 M NaCl. The

active fractions were pooled and concentrated by
addition of ammonium sulfate (70% saturation). The
precipitate was dissolved in 0.01 M potassium phos-
phate buffer (pH 7.4) and dialyzed against 100 vol.
of the same buffer. Step 4. Second DEAE—cellulose
column chromatography. The enzyme solution was

subjected to DEAE—cellulose column chromato-

graphy (a column: 6 X 70 cm) in the same manner
as mentioned above. The active fractions were
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concentraied by ammonium suifate (70% saturation)
and dissolved in 0.01 M potassium phosphate buffer
(pH 7.4) followed by dialysis against 100 vol. of the
same buffer. Step 5. Hydroxyapatite column chromato-
graphy. The enzyme solution was applied to a
hydroxyapatite column (4 X 45 cm) equilibrated with
0.01 M potassium phosphate buffer (pH 7.4). The
column was washed with 0.1 M potassium phosphate
buffer (pH 7.4), and the enzyme was eluted with
0.3 M potassium phosphate buffer (pH 7.4). The
active fractions were concentrated by ammonium
sulfate (70% saturation) and dissolved in a small
volume of 0.02 M potassium phosphate buffer
(pH 7.4). Step 6. Sephadex G-150 column chromato-
graphy. The enzyme was applied to a Sephadex G-150
column (2.5 X 100 cm) equilibrated with 0.02 M
potassiuin leprlldlC buffer \pu 7 ‘l—), and eluted
with the same buffer. The active fractions were
collected. Ammonium sulfate was added gradually
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Fig.1. Crystals of w-amino acid-pyruvate aminotransferase.

Table 1
Purification of w-amino acid aminotransferase

Step T. protein  T. activity? S. activity? Yield

(mg) (units) (units/mg) (%)
Sonicate 140 000 9800 0.07 100
Polyethyleneimine 102 025 7243 0.07 78
First DEAE—cellulose 6205 5026 0.81 53
Second DEAE—ceiiuiose 2760 4305 1.56 46
Hydroxyapatite 992 3204 3.23 33
Sephadex G-150 736 2590 3.52 28

2 The enzyme activity was determined by method A
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to the enzyme solution until a faint turbidity was
obtained. The pH of solution was kept constant at
about 7.4 with 1 N NaOH solution. On standing
overnight crystal formation occurred. The crystals
took the form of rectangular plate (fig.1). A protocol
of the purification is presented in table 1.

3.2. Properties

The purified enzyme was shown to be homo-
geneous by the criteria of disc-gel electrophoresis
(fig.2) and ultracentrifugation (fig.3). The molecular
weight of the enzyme was determined to be approxi-
mately 178 000 by the gel filtration method of
Andrews [10]. The enzyme exhibits absorption

mravieva at VRN and 245 nm and a chanldar at 200 nm
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(fig.4) with molecular absorption coefficients of

174 400, 23 890 and 13 952, respectively (fig.4).

The enzyme activity was inhibited by phenylhydrazine,
hydroxylamine, D-cycloserine and aminoxyacetate.

Fig.2. Disc-gel etectrophoresis of w-amino acid amino-
transferase, The crystalline enzyme preparation (60 ug) was

ransierase slalliine enzyme preparation was

electrophoresed under the conditions of Davis [11].

Fig.3. Sedimentation pattern of w-amino acid aminotrans-
ferase. Sedimentation pattern was obtained at 5.2 mg/ml of
protein concentration in 0.02 M potassium phosphate buffer
(pH 7.4). Picture was taken at 50 min after achieving top
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The aminotransferase was resolved when incubated
with the above mentioned inhibitors (e o. 0.00SM
phenylhydrazine, at 37°C for 30 min) followed by
Sephadex G-25 gel filtration with 0.02 M potassium
phosphate buffer (pH 7.4). The apoenzyme does not

have a soulder at 390 nm, but does still a 345 nm
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Fig.4. Absorption spectrum of w-amino acid aminotransferase.
Absorption spectrum of the enzvme was measured in 0.05 M

LDEOIDLION Specirum of the enzyme was measureg m Q.o M

potassium phosphate buffer (pH 7.4).
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peak. Reconstitution of the enzyme with pyridoxal

5'-phosphate was carried out with difficulty, though

the more detailed investigation is now in progress.
The enzyme has a maximum reactivity in the pH

range of 8.0—8.5 for §-alanine-pyruvate transamination.

The aminotransferase catalyzes the transfer of
amino groups of various w-amino acids to pyruvate.
The relative activity is 100 for S-alanine, 3.6 for
taurine, 79.8 for 3-aminopropanesulfonate, 39.7 for
y-amino-n-butyric acid, 35.2 for 7-aminoheptanoic
acid, 96.4 for DL-B-amino-n-butyric acid, 54.2 for
B-aminoisobutyric acid and 0.36 for glycine. Amino-
methane sulfonate, p-aminobenzoic acid, D- and
L-lysine, L-ornithine, DL-a-amino-n-butyric acid,
L-phenylalanine, L-glutamic acid, and L-carnosine
are not amino donors. a-Ketoglutarate is inert as
amino acceptor.

Although the enzyme was designated previously
taurine-pyruvate aminotransferase [4], ‘cw-amino
acid-pyruvate aminotransferase’ is employed here
because this terminology is more relevant from the
viewpoint of the substrate specificity.
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