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SUMMARY

1. The addition of human and animal sera to guinea pig serum or Escherichia
coli asparaginase (L-asparagine amidohydrolase, EC 3.5.1.1) has been shown to
enhance the enzymatic activity in vitro.

2. The enhancement by human serum is independent of pH, substrate and
product concentration and is not readily destroyed by heat, although all these factors
influence the enzyme activity.

3. Enzyme activity was increased after the addition of various plasma fractions
to E. coli asparaginase, but not by high molecular weight glucose solutions (see also
Ho anD JoNEs, Biochim. Biophys. Acta, 171 (1969) 172).

4. Tt is suggested that the enhancement of asparaginase activity by serum and
fractions is due to a non-specific protein stabilisation of the enzyme molecule.

The n vitro activity of asparaginase (L-asparagine amidohydrolase, EC 3.5.1.1)
derived from guinea pig serum or from Escherichia coli* is increased by addition of
human and various other animal sera? but not by high molecular weight glucose
solutions?.

Experiments were carried out to determine whether the enhancement of L-
asparaginase by human serum was influenced by changes in pH heat, substrate and
product concentrations. Substrate, product concentration and heat had a similar
effect on the enhancement of the enzymes from guinea pig serum and E. colt extracts
(EC, and EC,)%. The variation of pH showed a greater increase in the asparaginase
activity of E. coli extract EC, than E. coli extract EC, and guinea pig serum at acid
and alkaline pH values.

Asparaginase activity was assayed as previously described®. The enzyme-
containing solution (0.5 ml) was added to 1.0 ml of 0.01 M borate/boric acid buffer
(pH 8.6) to which 20 umoles asparagine were added (0.5 ml). The reaction was stopped
by adding 0.5 ml ice cold 159%, trichloroacetic acid. Liberated ammonia was de-
termined by direct nesslerisation of the protein-free supernatant and the absorbance
read at 480 nm. One international unit of enzyme activity will catalyse the formation
of 1 ymole of ammonia/min under the conditions of the assay.

To determine the influence of human serum, aliquots of enzyme-containing
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Fig. 1. The influence of product inhibition on the enhancement of EC, asparaginase in a system
containing 2o ymoles asparagine, 10 ymoles sodium borate buffer (pH 8.5). A—A, asparaginase
assayed in aqueous solution; A— — — —/\, asparaginase assayed after the addition of human
serum.

Fig. 2. The influence of pH on the enhancement of EC, asparaginase. A—A, EC, asparaginase
assayed in aqueous solution; A— — — —A, EC, asparaginase assayed after the addition of
human serum.

solutions were diluted 1:1 with borate buffer (pH 8.6) or with serum. The rate of
liberation of ammonia was determined over a 4o-min period; if enzyme or substrate
was omitted ammonia was not detected. Enzyme enhancement was demonstrated
by an increased rate of ammonia production. If the incubation continued until
substrate depletion occurred, the total volume of ammonia generated was unaffected
by the presence of serum but this caused substrate depletion to occur sooner. When
changes in asparagine and aspartic acid levels were used as indices of asparaginase
activity, the addition of serum caused more rapid utilisation of asparagine with a
stoichiometric increase in aspartic acid production (measured by the method of
PrLEIDERER®). Following the heating of the serum to 37°-66° for 10 min, or at 56°
for 4 h, there was no decrease in enhancement.

Asparaginase was assayed in a medium containing 20 gmoles of asparagine
plus 0-8o pmoles aspartic acid in a total volume of 2 ml at pH 8.6. Fig. 1 shows that
the enzyme activity was inhibited by 509, and 809, at concentrations of 35 and
60 pmoles of aspartic acid. Product inhibition is dependent on the pH of the assay
and may be demonstrable at pH 8.5 but not at pH 5.0 or pH 7.48. Thus the relation-
ship between inhibition and product concentration reported here is valid only at one
pH value. Human serum did not alter the pattern of product inhibition measured at
pH 8.6 (Fig. 1).

The maximum rate of ammonia liberation remained constant when the concen-
tration of asparagine was increased to 80 umoles and the enhancement by human
serum was not affected by these changes in substrate concentration.

The effect of pH on activity and enhancement was assessed using the following
buffers, ranging in pH from 3 to 11: KoLTHOFF’s? borax/succinic acid buffer, pH range
3-5, KOLTHOFF’s? borax-monopotassium phosphate buffer, pH range 6-6,8 and
CLARKE AND LUBs’® borate-hydroxide buffer, pH range 8.6-11.

In buffer, guinea pig serum asparaginase showed the maximum activity be-
tween pH g and 10, whereas E. coli asparaginases EC, and EC, had maximum activi-
ties at pH 7.5; EC, being more stable in acid solutions. The addition of serum to the
asparaginases increased activity at all values of pH, the degree of enhancement
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varying with pH (Fig. 2). At pH 5 the 509, enhancement of EC, is comparable with
that reported by Ho aND JonEs®.

All human plasma fractions (Baxter Hyland Laboratories) reconstituted in
borate buffer (pH 8.6) at a concentration of 7 g/100 ml, enhanced enzyme activity
to the same extent as whole serum. Various macromolecular solutions produced no
significant enhancement (Table I), which is similar to a previous report3.

There is some evidence that the activity of asparaginase in vitro depends on
the protein content of the medium. The enzyme from E. coli is more stable after the
initial precipitation to remove the smaller protein molecules than it is in the crude
extract®. Pre-incubation with human serum % witro alters the isoelectrofocussing
pattern of E. coli asparaginase and similar changes occur after the enzyme has
circulated in the mousel?, possibly due to its stabilization by serum proteins. Thus

TABLE Tj

INFLUENCE OF A VARIETY OF MEDIA ON ASPARAGINASE ACTIVITY

EC, asparaginase was diluted 1:1 with the various fractions before assaying as described in the
text.

% Enhance-

Medium Aspara-

ginase ment

activity

(I.U.[ml

enzyme

solution)
Bauffer, pH 8.6 0.60 —
Fresh serum 0.80 33
Reconstituted whole plasma 0.72 20
a-Globulin 0.75 25
f-Globulin 0.80 33
y-Globulin 0.80 33
Albumin 0.80 33
Aminosol* 0.60 o
Rheomacrodex** 0.54 o
Intradex*** 0.62 3

* 39, dialysed casein hydrolysate in 5%, glucose.
** 109, dextran (mol. wt. 40 000) in normal saline.
*** 69/ dextran (mol. wt. 110 000) in normal saline.

the enhancement of asparaginase activity by human serum may result from non-
specific protein stabilization of the enzyme molecule. This may occur, together with
a decreased denaturation of the enzyme, via adsorption onto the walls of the assay
vessels, as proposed by other authors3!t.
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