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From extracts of the aerial parts of Lobelia inflata 1. plants, a 100-fold
purified preparation of L-phenylalanine:2-oxoglutarate aminotransferase
(EC 2.6.1.5.) was obtained by salting out with ammonium sulfate and
chromatography on Sephadex G-75 and G-200. The optimal activity of the
enzyme was in the pH range 8.0—9.0. The apparent Michaelis constant for
L-phenylalanine was 5.3 X 10-2 m and for 2-oxoglutarate 4.6 X 10—5 M. The
enzyme catalyzed the transamination not only of phenylalanine but also of
other aromatic and aliphatic amino acids in the presence of 2-oxoglutarate
as amino group acceptor. The most active amino group donors seemed to be
L-aspartic acid and asparagine.

One of the basic precursors for biosynthesis of lobeline in Lobelia inflata plants i
phenylalanine [1, 2]. Transamination reaction catalyzed by the appropriate amino:
transferase (EC 2.6.1.5.) plays a significant role in securing its proper level in plants by
transforming phenylpyruvie acid to phenylalanine [3—5].

In connection with the study of lobeline formation in Lobelia inflata plants, we followed
in our previous work [6] the correlation between the formation of lobeline and activity
of phenylalanine aminotransferase during ontogenesis. In order to know more about the
properties of this aminotransferase, we partly purified and then characterized this enzyme
by kinetic data as well as by study of substrate specificity.

Experimental

Plant material

The seeds of Lobelia inflata were sown in the middle of March in a greenhouse. The
plants were transplanted at the beginning of May and cultivated under normal sol
conditions. The aerial parts of plants in phase of flowering (21st— 24th week of growth
were used for experiments.

Determination of enzyme activity

The activity of L-phenylalanine:2-oxoglutarate aminotransferase was evaluated b
determining the formed phenylpyruvie acid spectrophotometrically according to Gambory
and Wetter [7]. The reaction mixture contained 50 pmoles of L-phenylalanine, 2.5 umoles

* For Part XXVII. see Ref. [1].
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if 2-oxoglutarate, 0.1 umole of pyridoxal-5-phosphate, 50 umoles of phosphate buffer
(¥a*) of pH 8.0, and the enzyme solution corresponding to 180—600 g of proteins in
e final volume (2.0 ml); the temperature was 38°C. The enzyme preparation was
peincubated for 30 minutes with the solution of pyridoxal-5-phosphate before adding
the substrate. Immediately after adding the substrate, 0.5 ml of the mixture was with-
fawn and made up to 2.5ml with 0.5 N solution of sodium hydroxide. The further
amples were taken similarly after 15—60 minutes’ incubation and absorbance measured
i 320 nm against the control samples (the mixture incubated without exogenous amino
%id). The amounts of the formed phenylpyruvic acid were read off on the calibration
wrve.

The unit of the enzyme activity (U) was defined as the amount of enzyme that catalyzed
the formation of 1 pmole of phenylpyruvic acid per minute under the mentioned experi-
mental conditions (mU = 1 X 10-3 U). The specific enzyme activity was expressed in
nilliunits per 1 mg of proteins (mU mg P—1; P = protein).

Determination of proteins

Proteins were determined spectrophotometrically according to Warburg and Christiar
(8. All spectrophotometric measurements were taken on a Spectromom 202 in 1l-cm
cells.

Extraction and purification of enzyme

The extraction and purification of L-phenylalanine:2-oxoglutarate aminotransferase
were carried out at 0—4°C. The fresh plant tissue (60 g) was disintegrated with sand
ad extracted two times always with 60 ml of 0.025 m phosphate buffer (Nat) pH 8.0
fr 15 minutes. These extracts were filtered through a silon cloth and the joined filtrates
entrifuged at 10,000 g for 20 minutes in a Janetzki K-50 cooled centrifuge. The super-
wtant (denoted as crude homogenate) was fractionated with ammonium sulfate to
1-30, 30— 60, and 60—1009, saturation. The individual protein fractions were cen-
uifuged at 10,000 g for 20 minutes, dissolved in & minimal amount of 0.025 M phosphate
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fig. 1. Blution of proteins (I) and specific activity of rL-phenylalanine:2-oxogluterate
aminotransferase (2) from a Sephadex G-75 column.
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buffer pH 8.0 and dialyzed against the same buffer for 20 hours. The precipitates forn:
during dialysis were centrifuged at 10,000 g for 20 minutes and the enzyme activity
determined in supernatants. The fraction obtained from 30—609%, saturation wi
ammonium sulfate was applied to a column of Sephadex G-75 (2.8 X 50 cm) previou
equilibrated with 0.025 M phosphate buffer pH 8.0. The proteins were eluted with }:
same buffer at a rate of 10 ml/hour; 5-ml fractions were collected. The evaluation ¢
proteins in fractions was carried out by measuring the u.v. absorption at 280 nm (Fig.

The fractions 24— 26 emerging from Sephadex G-75 were pooled, applied to a colun
of Sephadex G-200 (2.8 X 35 cm) previously equilibrated with 0.025 M phosphate bufi:
pH 8.0 and eluted with the same buffer at a rate of 6 ml/hour; 3-ml fractions were collecte
(Fig. 2).
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Fig. 2. Elution of proteins (I) and specific activity of wL-phenylalanine:2-oxoglutant
aminotransferase (2) from a Sephadex G-200 column.

Properties of enzyme
pH optimum

The dependence of enzyme activity on pH was followed at pH 6.0—8.0 (0.1 m phosphat
buffer), 7.4—9.0 (0.2 m Tris-HCI buffer), and 10.0 (0.1 m carbonate buffer). An enzyum

solution of a specific activity 21.7 mU mg P-! obtained from Sephadex G-200 was us
for these experiments.

Effect of temperature on enzyme activity and thermal stability of enzyme

The effect of temperature on the enzyme activity was followed under the mentiont!
experimental conditions using the enzyme of a specific activity 9.2 mU mg P! fror
Sephadex G-75. The reaction mixtures were incubated at 20—80°C for 15 minutes.

For thermal stability determination, the enzyme solution of a specific activil
14 mU mg P! from Sephadex (-200 was used. The enzyme solutions were heatd

at 30— 80°C for 10 minutes, cooled to 0°C, and their activity established after 60 minute
incubation.
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Substrate specificity

To study the substrate specificity, the enzyme solution of a specific activity
2 mU mg P-1 from Sephadex G-200 was used. L-Aspartic acid, asparagine, L-leucine,
lysine, L-methionine, L-ornithine, L-serine, L-tryptophan, L-tyrosine, and wL-valino
were used as amino group donors and 2-oxoglutarate as acceptor. The concentration of
smino acids in the reaction mixture was 2.0 X 102 M except that of tyrosine which was
10 x 10~2 M. The transamination reactions were evaluated by determining the formed
glutamic acid after 90 minutes’ incubation in 0.1 ml of the reaction mixture as described
inour previous work [6]. The enzyme activity was expressed in pumoles of formed glutamic
acid during 90 minutes per 1 mg of proteins.

Results and Discussion

Results of the r-phenylalanine:2-oxoglutarate aminotransferase purification extracted
from the aerial parts of Lobelia inflata plants (phase of flowering) are presented in Table 1.
For characterization of the enzyme, eluates from Sephadex G-200 and G-75 respectively,
were used. The rate of transamination reaction was directly proportional to the enzyme

Table 1

Purification of L-phenylalanine:2-oxoglutarate aminotransferase from the aerial parts
of Lobelia inflata L.

Specific
activity o il

[mU mg P-1] purification

Volume Proteins Activity

Mode of purification [ml] [mg] [mU]

I. Crude extract 102.0 1271.15 378.0 0.297 1
I1. 30—609%, (NH,),S0, 15.6 505.75 312.0 0.617 2
II1. Sephadex G-75 fraction 25 5.0 6.15 829 13.490 45
IV. Sephadex G-200 fraction 44 3.0 0.47 14.7 31.277 105

concentration for 90 minutes under the mentioned experimental conditions. The optimum
enzyme activity in phosphate buffer was at pH 8.0; in Tris-HCl at pH 9.0 (Fig. 3). In the
pH range 7.4—8.0, the enzyme activity in Tris-HCl was 40—609%, lower than that in
phosphate buffer. Similar effect of Tris-HCI on the activity of L-phenylalanine:2-oxo-
glutarate aminotransferase was found also by other authors [9].

The activity of r-phenylalanine:2-oxoglutarate aminotransferase increased up to
35°C (Fig. 4), the activation energy over the range 30—40°C was 17,640 cal mol-!. The
tzyme was relatively stable against the inactivation by temperature. After 10 minutes’
heating at 55°C, 65%, of the original activity retained. Total inactivation of the enzyme
tppeared only at temperatures higher than 70°C (Fig. 5).

Preincubation of the enzyme with pyridoxal-5-phosphate increased its activity by
thout 179, in comparison with the control samples (without exogenous cofactor).

The effect of concentrations of L-phenylalanine and 2-oxoglutarate on the reaction
nte is shown in Fig. 6. The enzyme activity was determined after 1-hour incubation
uder the described experimental conditions. The L-phenylalanine concentration in the
faction mixture varied in the range from 1.25 X 103 m to 4.0 X 10—2 M at the constant
tncentration of 2-oxoglutarate (1.25 x 10-3M). The 2-oxoglutarate concentration
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varied in the range from 5.0 X 10-5 M to 1.25 X 10-3 M at the constant concentratiy
of r-phenylalanine (2.5 X 10-2 M). Transamination reaction was inhibited by increas
concentration of 2-oxoglutarate (>3.0 x 10-3mM). The apparent Michaelis constant,
determined graphically according to Dizon and Webb [10], was 5.3 X 10-2Mm for 1.
-phenylalanine and 4.6 x 10-3 u for 2-oxoglutarate. Also other transaminases were found
to have greater affinity to keto acid [9, 11, 12].
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Fig. 3. Effect of pH on the activity of Fig. 4. Effect of temperature on the
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Fig. 6. Graphical determinstion of Ky for 2-oxoglutarate (a) and for L-phenylalanine (b).
vis expressed in pmoles of formed phenylpyruvic acid during 1 hour per 1 mg of proteins.

Table 2

Transamination reaction of amino
acids catalyzed by aminotransferase
from Lobelia inflata L.

L-Amino acid Activity
aspartic acid 8.79
asparagine 0.86
phenylalanine 0.63
leucine 0.36
lysine 0.00
methionine 0.23
ornithine 0.16
serine 0.00
tryptophan 0.59
tyrosine 0.18
valine 0.18

Purified enzyme preparations catalyzed transamination reactions of aromatic and
tliphatic amino acids with 2-oxoglutarate as amino group acceptor (Table 2). The most
itive amino group donors were L-aspartic acid and asparagine. The rate of transamination
raction of other amino acids, with the exception of L-tryptophan, was substantially
bwer than that of L-phenylalanine. The problem whether the reaction is catalyzed by
tne or more specific aminotransferases, will be the subject of further study.
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