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Table II. Differences in the ribonuclease activity of adherent and non-adherent cells cultured from the peritoneum and the thymus of normal

and cortisone-treated mice

Cells obtained from

RNAse content of cells after 2 hin cultures:®

Adherent cells Non-adherent cells
Peritoneum from normal mice 12.0 + 5.0 28.0 & 8.8
From mice 1 day after cortisone ¢ 13.2 4+ 44 255.3 4 68.1
From mice 2 days after cortisone 10.8 +2.7 249.0 4 49.5
From mice 3 days after cortisone 144 £ 4.6 56.0 £ 15.1
Thymus from normal mice 0.6 4+ 0.3 1.6+ 0.5
From mice 1 day after cortisone 0.54 4+ 0.3 1444+ 5.5
From mice 2 days after cortisone 0.60 + 0.2 724+ 2.8
From mice 3 days after cortisone 0.63 + 0.1 1124 54
Lymph node from normal mice 1.5 4 0.5 504 1.9

» Expressed as 10715 g of crystalline pancreatic ribonuclease per cell.  Cells were pooled from 5 mice for each of the 3 separate experiments
(mean of 3 separate experiments + S.D.). ¢ 5 mg cortisone acetate (Frederiksberg Chemical Laboratories Ltd., Copenhagen) given s.c.

possibility that this difference can be ascribed to the
presence in the peritoneal cells of a much higher proportion
of phagocytic cells than are found in suspension of cells
from the thymus and lymph nodes, was tested by remov-
ing glass adherent cells by culturing these cells in plastic
petri dishes or in siliconized glass tubes. Similar results
were obtained in both types of vessel, and the data
shown in Table II are for cells maintained in plastic
vessels. The difference in RNAse content is very great,
the non-adherent cells from the peritoneum contain some
twenty times as much RNAse than do those from the
thymus.

The non-adherent cultured cells from both peritoneum
and thymus contain more RNAse (see Table I} than the
average of the cells before separation, the values for which
are shown in Table I. The non-adherent cells recovered
after culturing are, by morphological criteria, mostly
composed of lymphocytes, yet their RNAse content
varies widely and suggests that different populations of
lymphocytes may be distinguished on the bases of the
amount of alkaline RNAse they contain.

We have shown previously® that after high doses of
cortisone (2.1 mg per mouse), which leads to a marked loss
of lymphoid cells from the thymus and lymph nodes, the
RNAse content expressed per mg of tissue rises sharply.
The data shown in Table I confirm these results but show
in addition that the already high RNAse content of the
peritoneal lymphocyte is raised still further by treatment
of the mice with cortisone. The results in Table II show
that cortisone does not significantly alter the RNAse
content of the adherent cells.

There is a 160X difference between the RNAse
content of non-adherent cells from the peritoneum of
cortisone-treated mice as compared with that of the
non-adherent cells from the thymus of normal mice.
In terms of 6 marker, the proportion of T-cells will be

greatest for the thymus and less in the lymph nodes and
peritoneal cellsi®.

The RNAse content of the adherent cells from the
peritoneum is considerably greater than that of the
adherent cells from thymus and lymph nodes, but this
data is difficult to interpret. While the adherent peritoneal
cells are made up of at least 95%, of macrophages (the
peritoneal cells when taken from a non-stimulated cavity
contain approximately equal numbers of lymphocytes and
mononuclear phagocytes4), the nature of the relatively
few adherent cells separated from the thymus and lymph
nodes is uncertain. It is noteworthy that cortisone pre-
treatment does not affect the RNAse content of any of the
adherent cell populations studied.

Zusammenfassung. Die Aktivitit der alkalischen
Ribonuklease in Peritonealzellen bei Mausen ist 21- bzw.
7mal stirker als die Aktivitit in Thymus- und Lymph-
knotenzellen. Die meisten ribonukleasereichen Peritoneal-
zellen haften nicht an plastischen Oberflichen. Die
Ribonuklease-Aktivitit von nichtadhidrenten Zellen
wird erhoht, wenn Miuse mit Cortison behandelt werden,
und diese Wirkung ist besonders auffallend im Gesamt-
bestand der peritonealen Zellen.
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Evidence for the Allosteric Nature of IAA Oxidase System in Phaseolus mungo Hypocotyls

The synergistic effect of sodium metabisulfite with TAA
in the production of adventitious roots in hypocotyl
cuttings of Phaseolus mungo reported earlier from this
laboratory !lends support to the view that IAA effects are
caused through IAA oxidation products?-3. This is
contrary to the view of other workers®-8, who consider
that IAA oxidase causes detoxification of IAA in the
plant system.

In in-vitro-experiments that are carried out to de-
termine the activity of TAA oxidase in tissue homogenates,
the concentrations of TAA that are used as substrate are
fairly high (10-% M). If the destruction of TAA in vivo also
occurs at this rate, the plant tissue will be depleted of its
endogenous TAA within 1-10 min, as its biosynthesis is
considered to proceed at a very slow rate®. As the main-
tenance of a proper balance between the synthesis and
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degradation of TAA is necessary for normal physiological
function in plants, it seems rather improbable that TAA
degradation in vivo can occur at the high rates at which
it occurs in vitro experiments with tissue homogenates.

The present paper deals with the results of some
experiments that were carried out to shed light on this
point, using IAA oxidase system in the tissue homogenates
of hypocotyls of Phaseolus mungo.

Seedlings of Phaseolus mungo were raised as described
earlierl. 3 cm portions below the cotyledonary nodes were
used for TAA oxidase activity determined by the method
described elsewhere!?, It was found that the acetone-
precipitated proteins that were dissolved in citrate-
phosphate buffer at pH 6.0 were able to oxidize only
4.0 pg of TAA in 60 min (Figure 1). The TAA oxidase
activity of the acetone-precipitated proteins was then
determined at 7 different pH. The activity curve is
hyperbolic with a peak at pH 4.0 and decreasing values
both with the increasing as well as decreasing pH (Figure 1)

Another experiment was carried out to study the effect
of enzyme concentration on its activity in relation to
substrate level. 2 concentrations of enzyme proteins, i.e.
437.6 pg and 4,000 pg, were dissolved in citrate-phosphate

40r

60pg IAA added

301

20

10r

pg IAA oxidized in 60 min

25 30 35 40 45 50 55 60pH

Fig. 1. TAA oxidase activity of acetone-precipitated proteins ex-
tracted from hypocotyl cuttings of Phaseolus mungo dissolved in
citrate-phosphate buffer at different pH.
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Fig. 2. TAA oxidase activity of the 2 concentrations of ‘acetone-
precipitated proteins dissolved in citrate-phosphate buffer at pH 4.0
at varying concentrations of the substrate (IAA).
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buffer at pH 4.0 and the concentrations of TAA used as
substrate varied from 30 to 150 pg.

The activity curve shows sigmoid tendency with the
higher concentration of enzyme proteins (Figure 2). Thus,
the oxidation rate increased linearly with the increase in
the substrate concentration from 30 to 100 pg IAA but
decreased with further increase in substrate level. In
marked contrast to this, a considerably higher oxidation
rate was recorded with lower (437.6 ug) concentration of
the enzyme at lower substrate (30 and 45 pg TAA) levels.
However, the activity in this case decreased with the
increasing concentration of substrate till 60 pg IAA,
beyond which it did not change much.

The results thus show that, at low substrate levels, the
rate of TAA oxidation was much higher with lower than
with higher enzyme concentrations, although the activity
with higher enzyme concentrations exhibited a sigmoid
relationship with the change in the concentration of
the substrate.

This behaviour of TAA oxidase is characteristic of
allosteric enzymes with 2 sites, a primary binding site and
a secondary site!. This behaviour may be explained on
the basis of a model assuming 2 binding sites, or it may be
conceived that TAA oxidase system consists of 2 closely
associated enzymes, one of which may be an oxidase and
the other a peroxidase. These may represent 2 binding
sites, as postulated earlier 1. The primary site has a higher
affinity for IAA but low catalytic activity, where as the
secondary site has a low affinity for IAA but high
catalytic activity. The secondary site (site IT1) opens as a
result of the allosteric transformation, when the primary
site (site I) is saturated. Such a model can explain why
TAA oxidation is high at low enzyme concentration with
low substrate levels but low at high enzyme concentration
with the same substrate level.

This model also explains the two views regarding the
role of TAA oxidase in plant systems. Most workers have
studied the activity of the enzyme in diluted tissue
homogenates in vitro experiments, using high concentra-
tions of TAA as substrate. The high activity that is
reported in these experiments is due to low enzyme
concentration and represents the activity of site IT. This
may not be the case in intact cells, as the concentration
of TAA available endogenously may not be adequate
even to saturate the primary site (site I). Due to allosteric
transformations, therefore, IAA oxidase system increases
or decreases the rate 6f TAA degradation, depending upon
the amount of IAA available in its vicinity.

The presence of such an enzyme system is very signifi-
cant as site I, the oxidase site, may be considered to be
concerned in the production of oxidation products which
cause physiological responses, while site 11, the peroxidase,
may perform a regulatory role and may cause detoxifica-
tion of the excessive TAA when present in a plant tissue.
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Such a close association between ITAA oxidase and
peroxidase can be visualized from the evidence presented
by a number of workers -5, This is also supported by the
fact that a unique IAA oxidase enzyme has not been
found, except in the tobacco root extracts?®é,
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Summary. The IAA oxidase enzyme extracted from
Phaseolus mungo hypocotyls appears to show allosteric
behaviour with 2 sites,  one representing the oxidase
(site T) and the other peroxidase (site II). It is considered
that the site I is concerned in the production of active IAA
oxidation products, while site IT merely acts to detoxify
the excessive TAA.
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Inhibition of Cathepsin A Activity by the Potato Protease Inhibitor

Only a few of the natural inhibitors of intracellular
proteolytic enzymes have so far been discovered. Nothing
is known about the natural inhibitors of cathepsin A.
Inhibitors of cathepsin B and C occur in the cytoplasm of
liver cells! and in the hen’s egg-white? Cathepsin B,
activity is inhibited by o,-macroglobulin3, the carbo-
hydrate inhibitor associated with haptoglobin4, and
leupeptin®. Cathepsins D and E are inhibited by pepsta-
tin3:®, A specific serum antibody inactivates cathepsin D7
and cathepsin E is inactivated by an inhibitor isolated
from Ascavis lumbricoides®.

Our preliminary experiments showed that acid cellular
proteases of a spleen homogenate were partly inhibited by
the potato protease inhibitor (PPI) when tests of their
activity on haemoglobin at pH 3.5 were made® 10,
In these investigations, an attempt was made to determine
which of these enzymes was inhibited by the PPI.
Purified preparations of intracellular proteases and spe-
cific substrates were used for these experiments. Since, of
all the intracellular proteases, only cathepsin A and
particularly cathepsin D bring about the degradation of
haemoglobin!, particular attention was paid to those
enzymes.

The PPI was obtained by the method previously
described1?. Cathepsin A and D were obtained from hen
muscles according to the method given by JoDIcE et al. %,
The source of cathepsin B, and C was 10%, homogenate of
ox spleen.

The effect of PPI in various concentration (0.0062 to
0.1 mg/ml) on cathepsin A (0.6 mg/ml) activity was
tested according to the method of Jopice et al.1l. The
substrate was N-a-carbobenzoxy-r-glutamyl-L-tyrosine
(6.2 mM) in a 0.1 M acetate buffer (pH 6.0). Incubation

Inhibition of cathepsin A activity by various concentrations of
potato protease inhibitor (PPI) measured on N-g-carbobenzoxy-1-
glutamyl-L-tyrosine»

PPI, final concentration a-amino-nitrogen Activity
(mg/ml) (maf/ml) (%)
0.100 2.3 1.0
0.050 5.8 2.5
0.025 61.0 27.1
0.012 120.0 53.3
0.00625 150.0 66.4
Control 225.0 100.0

* Final concentration: of enzyme, 0.6 mg/ml; of substrate, 6.2 mM.

was carried out for 1 h at 37°C. The reaction was stopped
by adding TCA and the g-amine-nitrogen released was
determined by the ninhidrin colorimetric method 12,

The effect of PPI (0.1 mg/ml) on cathepsin B, activity
was investigated according to the method described by
KerLova and Toma8ek 2. The substrate was N-a-benzoyl-
D,L-arginine-p-nitroanilide (1 mg/ml) in a 0.1 M phos-
phate buffer (pH 6.0) containing 1 mM EDTA and 25 mM
cysteine-HCI for activation. Incubation was carried out
for 1 h at 40°C. The reaction was stopped by adding glacial
acetic acid. The p-nitroaniline released was determined
spectrophotometrically at 405 nm.

The effect of PPI (0.1 mg/ml) on cathepsin C activity
was investigated by the same procedure as that used for
cathepsin B, activity? except that glycyl-L-phenyl-
alanine-p-nitroanilide (0.1 mg/ml) was used as substrate.

The effect of PPI (0.1 mg/ml) on cathepsin D (0.4 mg/
ml) activity was determined by using as substrate urea-
denaturated haemoglobin (10 mg/ml) in 0.04 M Britton
and Robinson universal buffer (pH 3.5)1%, Incubation
was carried out for 1 h at 37°C. The reaction was stopped
by adding TCA, and the tyrosine released was determined
by means of the FoLIN-CIOCALTEU reagent 4.

The PPI inhibits cathepsin A activity (Table). The
degree of cathepsin A activity inhibition depends on the
PPI concentration. In the presence of the PPI in a final
concentration of 0.1 mg/ml, approximately 1%, of the
activity of the enzyme remained. This inhibitor does not
inhibit the activity of cathepsin B,, C and D. Cathepsin A
isinhibited by diisopropylofluorphosphate serine carboxy-
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