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A and negate the effect of the buffer anions on decreasing
amounts of RNase A.

The phenomenon of anion binding to proteins is com-
mon>-® RNase A contains 4 arginine residues and 11 lysine
residues® and the positively charged side groups on these
residues may interact with the phosphate groups in sub-
strates. In addition, the binding of phosphate from buffers
has been demonstrated by dialysis and gel filtration ex-
periments'®, The paper electrophoresis experiments of
Crestfield and Allen'! demonstrated a marked decrease in
the isoelectric pH (from 7.8 to 5.9)-as the ionic strength of
phosphate buffer was increased. When the ionic strength
was held constant, the isoelectric pH value in phosphate
buffer was 6.4 whereas in ammonia-ammonium acetate
buffer it was 9.1 These data demonstrated the differential
effect of buffer ions on the mobility of RNase A. Electro-
phoretic experiments by a number of other authors!>!®
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demonstrate the variation of isolelectric pH with changing
ionic strength of various buffers. Comparison of the iso-
electric pH values determined from RNase A mobility vs
pH curves with the pl values determined by isoelectric
focusing also suggest that the unusually low isoelectric pH
values determined for RNase A are artifacts owing to
interaction with buffer anions.

Our present results with RNase A provide a caveat in the
use of electrophoretic mobility to discriminate proteins. We
suggest that the phenomenon portrayed here may be partic-
ularly likely to occur with other RNase enzymes, and
perhaps other cationic proteins, present at low concentra-
tions in comparison to the buffer ions in electrophoresis.
The use of equally sensitive zymogram techniques for other
enzymes or improved methods of protein detection should
allow a determination of whether this phenomenon is
relatively common or is as rare as presently appreciated.
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Properties of y-glutamyltranspeptidase, and glutathione levels in rat mammary gland
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Summary. y-Glutamyltranspeptidase activity and glutathione levels were studied in rat mammary gland during the
lactogenic cycle; both increased during mid-lactation. The enzyme’s specific activity with several amino acids showed that
glutamine and methionine were the best substrates. Maleate decreased the transpeptidation reaction and increased the
hydrolytic activity. These results suggest that y-glutamyltranspeptidase from the mammary gland is similar to the enzyme
described in other tissues in relation to these properties and the physiological role proposed in amino acids transport.

y-Glutamyltranspeptidase is a widely distributed enzyme
which has been specially studied in kidney!. As it is a
membrane-bound enzyme, an important role in the trans-
port of amino acids into the cells has been atributed to it;
this is achieved in a cycle of six enzymatic reactions known
as the y-glutamyl cycle’. The natural substrate postulated
for the enzyme is reduced glutathione (GSH), a metabolite
which is found in high concentrations in tissues like liver,
kidneys, the intestinal mucous villi, erythrocytes, etc., which
contain some or all of the cycle enzymes.

The metabolism of this tripeptide, the functions of which
are the protection of —SH groups, detoxification, the
provision of a reservoir of cysteine, etc.**, has not been
studied in the mammary gland. In a previous paper we
described the hormonal dependence of y-glutamyltrans-
peptidase of rat mammary gland®; now we present a study
of the activity of the partially purified enzyme with some L-
amino acids as substrates; the effect of maleate on enzyme
activity, and the GSH levels in the lactogenic cycle.
Materials and methods. L-y-Glutamyl-p-nitroanilide, GSH
and glycylglycine were obtained from Sigma Chemical Co.;

L-U-"“C-glutamic acid from the Radiochemical Centre,
Amersham.

Primiparous Sprague-Dawley rats (150-200 g b.wt) were
taken at different stages of the lactogenic cycle. During
lactation the rats were maintained with 8-10 pups.

The enzyme assay was carried out using L-y-glutamyl-p-
nitroanilide as donor and glycylglycine as acceptor®. The
enzyme activity was also assayed with GSH as the p-
glutamyl moiety donor, and glycylglycine and several ami-
no acids as acceptor substrates; when L-U-"C-glutamic
acid was used as the acceptor, the transpeptidation product
was isolated by paper electrophoresis® and counted in a
Searle Delta 300 scientillation counter. GSH was assayed as
described by Ball’ and proteins were determined by the
Lowry method®. Enzymatic activity for all methods is
expressed as pmoles of product formed (or y-glutamyl
donor utilized) per min at 37 °C (units); specific activity is
expressed as units per mg of protein.

The enzyme was purified from lactating mammary gland
using the method already described for the kidney en-
zyme®. For the kinetic studies the double reciprocal plot of
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Table 1. Activity of mammary gland y-glutamyltranspeptidase
toward various amino acid acceptors, and kinetic parameters for
both y-glutamy! donors studied

Acceptor Specific activity (U/mg protein)

y-glutamyl donor

L-y-glutamyl- GSH

p-nitroanilide (5.0 mM)

(2.5 mM)
None (control) 1.12 6.80
L-methione 20 mM 1.86 11.13
L-glutamine 20 mM 1.77 27.93
L-alanine 20 mM 1.23 15.67
L-glutamate 20 mM 1.46 6.90
L-arginine 20 mM 1.31 5.50
L-phenylalanine 20 mM 1.26 6.30
L-valine 20 mM 1.19 6.67
L-aspartate 20 mM 1.43 15.83
L-serine 20 mM 1.48 13.20
K., GSH? 1.0 mM Vmax 90.9 pmoles/mg

Ky L-y-glutamyl- 0.6 mM
p-nitroanilide?

Viax 11.1 pmoles/mg

2 Both with glycyglycine as acceptor.
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The effects of increasing concentrations of maleate on the hydroly-
sis (-O-0-) and transpeptidation (-@ -@®-) reactions of y-glutamyl-
transpeptidase of rat mammary gland.

Lineweaver and Burk was used and the product never
exceeded 15% of the substrate concentration.

Results. The y-glutamyltranspeptidase of rat mammary
gland was purified 130 times with a sp. act. of 8.67 units/
mg protein when L-y-glutamyl-p-nitroanilide was used as
the substrate. The enzyme proved to be quite stable for
long periods (6 months). Table 1 shows kinetic parameters,
K, and V_, for L-y-glutamyl-p-nitroanilide and GSH as
well as the substrate specificity for the amino acids studied.
This specificity is coincident with that observed in mam-
mary gland extracts during the lactogenic cycle (not shown)
and with transpeptidases from other sources, i.e. glutamine
and methionine are the best acceptor amino acids when the
synthetic substrate is used, and glutamine, aspartic acid and
alanine when GSH is the donor® !, The effects of different
concentrations of maleate on the hydrolytic and transpepti-
dation reactions are shown in the figure.

Discussion. The analysis of table 1 shows that the activity of
y-glutamyltranspeptidase with GSH as the substrate is from
4 to 16 times higher than the activity with the synthetic
substrate using glycylglycine or amino acids as acceptors.
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Table 2. y-glutamyltranspeptidase activity and GSH levels

through the lactogenic cycle

Condition y-Glutamyl- GSH
transpeptidase <Vumoles )
(mU/mg) g fresh tissue

Virgin (controi) (G} 67+ 0.72 0.35£0.03

15 days pregnancy  (5) 183+ 3.0b  0.88+0.08

20 days pregnancy  (5) 323+11.3b 0.62+0.11

1 day lactation (€Y 80.0+ 14.70-  0.34+0.09

10-15 days lactation (3) 143.7+ 6.3b  240+0.12°

20 days lactation 4 106.7+13.0 1.13+0.25¢

The number of determinations is given in parentheses. 2 SEM;
b Significantly larger than control; p<0.05. ° Significantly larger
than control; p<0.05.

The kidney enzyme activity with GSH is only 50% of that
obtained with the synthetic substrate. This has a special
significance considering that GSH is the natural substrate
of the enzyme.

It has been proposed that the effect of maleic acid on the
reactivity of y-glutamyltranspeptidase, i.e. enhancement of
the hydrolytic activity and decrease of the transpeptidase
activity, is achieved when it is bound at the acceptor site of
the enzyme'!. With the mammary y-glutamyltranspeptidase
(figure) the enzyme behaviour can be explained in a similar
way: maleate enables the hydrolysis of y-glutamyl enzyme
and prevents binding of the acceptor amino acid or peptide.
It has also been shown that maleate makes the kidney
enzyme susceptible to inactivation by serine modifier
reagents> but we found no change in activity with di-
isopropylfluorophosphate at the maleate concentration
which produces the maximum effect (0.1 M).

The K, value for GSH is roughly equal to GSH concentra-
tion in the mammary gland during lactogenesis, a common
feature for many metabolites. As shown in table 2, there is
an increase, both in enzyme activity and GSH concentra-
tion during lactation, which would support the proposed
role for y-glutamyltranspeptidase in amino acid transport
in the mammary gland, a distintive feature of tissues in
which there is evidence of this function!2,

The increase of GSH can be explained by an active
resynthesis or by blockade of its reoxidation, as glutathione
reductase does not change during the lactogenic cycle®. An
additional physiological meaning of this increase may be
provided by the —SH group protection of enzymes and
other proteins which are induced during the lactogenic
cycle, and also in the detoxification functions which take
place in such a short and important period as lactogenesis.
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