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1. Introduction

The study of the molecular action of steroid hor-
mones has been greatly facilitated by immunochemical
techniques. In this respect, two glucocorticosteroid
inducible liver enzymes, tyrosine aminotransferase
(TAT) and tryptophane oxygenase (TO) have been
studied extensively [1-—4]. As most of the published
methods of purification of TAT do not yield pure
enzyme preparations we have attempted the purifi-
cation of TAT from rat liver cytosol to homogeneity
and the preparation of antibodies to the enzyme.

2. Materials and methods

2.1. Buffers

Buffer 1: 50 mM Potassium phosphate, 1 mM
EDTA, 2 mM B-mercaptoaethanol, 0.2 mM pyridoxal-
phosphate, pH 6.5.

Buffer 2: 50 mM Potassium phosphate, pH 6.5,
1 mM EDTA, 2 mM $-mercaptoaethanol, 2.5 mM
a-ketoglutarate.

2.2. Immunoprecipitation of TAT in rat liver cytosol
by antibodies to TAT
The precipitation assay consists of 200 ul TAT-con-
taining material, 1% Triton X-100, 1% sodium-deoxy-
cholate, 0.9% NaCl, 50 mM EDTA and a sufficient
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amount of antibody to precipitate the enzyme. The
amount of antibody has been determined before in
separate experiments (10 ul = 0.2 A5gq nm/aPProx.
1 enzyme unit precipitate).

2.3. Enzyme assay

TAT activity was determined by measuring the
formation of p-hydroxyphenylpyruvic acid according
to Diamondstone [5].

2.4. Polyacrylamide gel electrophoresis

Polyacrylamide gel electrophoresis was performed
either in the absence of SDS according to Davis [6]
or in the presence of SDS according to Weber and
Osborne [7] or to Laemmli [8].

2.5. Antibodies

Antibodies to TAT I and TAT II were prepared by
immunization of rabbits with the corresponding puri-
fied enzymes. The antisera were further processed for
IgG by ammonium sulphate precipitation and by
fractionation of the redissolved precipitate on Sephadex
G-200 (see Pharmacia gel filtration manual).

2.6. Countercurrent electrophoresis
Countercurrent electrophoresis was performed as
described in refs [9] and [10].
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3. Results and discussion

3.1. Purification of TAT

As starting material we used rats pretreated with
20 mg cortisol/100 g body wt for 8 h. The initial puri-
fication steps, starting from the 100 000 g cytosol,
involved ammonjum sulphate precipitation, heat
treatment, DEAE-cellulose chromatography and
Sephadex G-200 gel filtration, performed as described
by Valeriote et al. |11].

The specific activity of the enzyme preparation
obtained up to this step was 300—500 units/mg protein,
corresponding well to the results obtained by Valeriote
et al. | 11]. However, at this point of purification, the
enzyme preparation was still contaminated by protein

-
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Fig.1. SDS—acrylamide electrophoresis according to Weber and
Osborne [7] of different TAT preparations. E = TAT L, F =
TAT II, g = TAT preparation purified up to the G-200 step
of Valeriote etal. [11], omitting sucrose gradient centrifugation.
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impurities, so that further purification was necassary
(see fig.1). We therefore submitted the enzyme pre-
paration to fractionation on DE-52 cellulose. The
column was equilibrated with buffer 1 and eluted with
a linear 50—30 mM KCl gradient. The active fractions
eluting at 0.2 M KCl were further purified on a
Sephadex G-200 superfine column (2 X 90 ¢m)
equilibrated with buffer 1. Finally, the obtained enzyme
preparation was submitted to chromatography on
CM-50 Sephadex columns, as proposed by Johnson

et al. [12]. As seen from fig.2, two enzyme activities
were thus separated, enzyme I, with a specific activity
of 1400 units/mg protein and enzyme 11, having a
specific activity of 750 units/mg protein.

3.2. Criteria of purity and subunit structure
SDS—acrylamide electrophoresis of TAT I in the
system of Weber and Osborne [7] reveals the presence

of one main band corresponding to 95% of the total
protein, having a molecular weight of 44 000, smaller
than the heavy chain of 1gG, which indicates the
presence of two indentical subunits per enzyme mole-
cule (fig.1). SDS—gel electrophoresis of TAT II reveals
the presence of two main bands with molecular weights

TATIL

TAT I

enzyme activity

fractions

Fig.2. Separation of TAT I and TAT Il by Sephadex CM-50
superfine chromatography. (e-—e-—e) Relative enzyme activity.
(—~———) Linear KCl gradient. The active fractions obtained
from the Sephadex G-200 superfine column have been pooled,
supplemented with a-ketoglutarate (2.5 mM end-concentration)
and applied to a I ml volume column. Gradient elution was
performed with a linear KCl gradient (0—0. 35 M KCl in buffer
2) resulting in two active enzyme peaks [12]. Both peaks have
been concentrated by Diaflo pressure-filtration to a concen-
tration of more than 2 mg/ml and stored at -70°C.
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Fig.3. Acrylamide gel electrophoresis on gel-slabs according
to Laemmli [8]. (1) = Ovalbumin. (2) = TO. (3) = TAT L.
(4) = 1gG. (5) = IgG. (6) = Ovalbumin.

of 44 000 and 46 000 respectively, corresponding to
about 95% of the protein. Acrylamide gel electrophore-
sis of TAT on Laemmli gel-slabs reveals that the
enzyme comigrates with the heavy chain of IgG and has
a slower mobility than marker ovalbumin (see fig.3).
Approximately 5% of both preparations consists
of polypeptide contaminants with defined lower mole-
cular weights. An increase on the amount of small
polypeptides is observed if the enzyme preparations are
kept at room temperature in the presence of the
SDS-buffers.

3.3. Specifity of the enzyme—antibody interaction

The interaction of the antibodies with the enzymes
result in complete enzyme inactivation.

Specifity of the antibody preparations is demon-
strated by Ouchterlony double-diffusion tests and
countercurrent electrophoresis (fig.4). It appears that
both enzyme preparations (TAT I and TAT II) are
immunologically identical as shown by the formation
of identical precipitates in cross experiments.

As it is well known that the Ouchterlony test does
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Fig.4. Countercurrent electrophoresis at pH 8.2. Antibody to
TAT was applied to each well of the upper row. Wells of the
lower row were filled with the following preparations: (A)
Hepatic cytosol of cortisol treated rats. (B) Hepatic cytosol
of untreated rats. (C) TAT L. (D) TAT II.

not always discriminate antigens with similar molecular
weights, we performed the following experiment in
order to clarify whether the 46 000 band of TAT Il is
a modified TAT subunit or a contaminant.

[®H] Leucine and cortisol have been injected into rats
and the animals killed after 3 h and 12 h. Cytosol
prepared from both animals were enriched in TAT by
heat denaturation and batchwise DE-52 column chroma-
tography and then immunoprecipitated with TAT I
antibody. The immunoprecipitate was further submitted

to polyacrylamide gel electrophoresis on Laemmili [8]
slab-gels, which were then subjected to fluorography
[13]. As seen from fig.5 only one labelled polypeptide
band is evident which is comigrating with the 44 000
subunit. Thus both the enzyme induced after 3 h
administration of cortisol as well as the 12 h induced
enzyme have the subunit structure of TAT 1. We can
therefore draw the conclusions that the 46 000 compo-
nent of TAT II has no common antigenic determinant
with TAT I and represents contaminating material.

Our results show that the molecular weight of TAT
I'and TAT 1 is approximately 90 000 on the basis of
Sephadex G-200 superfine gel filtration. TAT I and II
show in SDS—gel electrophoresis one main subunit of
44 000, TAT II in addition a 46 000 band which, on the
basis of the immunoprecipitation experiments described,
is a contaminant. Both enzymes seem therefore to be
composed of two subunits each, identical in respect
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Fig.5. Fluorography of [*H]leucine labelled immunoprecipi
table TAT derived from cortisol induced animals. Two rats
were injected with 20 mg/100 g cortisol. After 2 hrat A
was injected with 500 uCi, rat B with 2 mCi of [*H}leucine
(spec. act. 60 Ci/mmol). After 3h and 12 hrats Aand B
respectively were killed. The cytosols was enriched for TAT
activity and precipitated with antibodies against TAT L. The
immunoprecipitates were washed, submitted to SDS—acryla-
mide gel electrophoresis and further to fluorography [13].
(1) = aliquot of immunoprecipitate of rat A cytosol. (2) =

5 X aliquot of immunoprecipitate of rat A cytosol. (3) =
aliquot of immunoprecipitate of rat B cytosol. (4) =5 X
aliquot of immunoprecipitate of rat B cytosol.

to molecular weight. Iwasaki et al. [14] have deter-
mined the molecular weights of three forms of TAT by
SDS—acrylamide gel electrophoresis. They found mole-
cular weights 120 000 — 160 000 and conclude that,
due to difficulties of protein dissociation under the
conditions used, these values probably correspond to
the undissociated enzyme molecules.

Using Sephadex G-200 gel filtration, they have esti-
mated the molecular weight of the three forms to be
approximately 107 000, a value closer to the one
estimated by us.
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Two other groups have determined the subunit
structure of TAT. Bond [15] has found a subunit of
25 000 and a molecular weight of 100 000, whereas
Auricchio et al. [16] a 31 000 subunit, the respective
molecular weight of the enzyme being 115 000.

Due to the presence of impurities in these preparations,
these values should be regarded with caution.

Johnson et al. [12] suggested that, in the early
stages of induction TAT I is the main protein induced,
whereas later in the induction period TAT Il and a
further TAT form, TAT III, predominate. Our results
exclude major modifications in respect to molecular
weight as an explanation for the possible transformation
of one enzyme form to another.
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